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1. OBJECTIVE 

The objective of this study was to evaluate the potential reproductive toxicity (estrous cycle and 
reproductive organ histopathology) of Soy Leghemoglobin Preparation in female rats 
continuously exposed to the test substance in the diet for at least 28 days. Additionally, estrous 
cycle evaluation was also performed for 14 days prior to dosing. 

2. SUMMARY 

Four groups of adult Cr!: Sprague-Dawley CD® IGS rats (15/group) were maintained on diets 
calculated to provide target dose levels of 512, I 024, and 1536 mg/kg/day Soy Leghemoglobin 
Preparation, which correspond to 250, 500, and 750 mg/kg/day of active ingredient (Soy 
Leghemoglobin). 

The animals were observed for viability, signs of gross toxicity, and behavioral changes at least 
once daily during the study and weekly during the test substance exposure period for a battery of 
detailed clinical observations. Body weight and food consumption measurements were collected 
throughout the study and used to calculate the mean overall daily intake of test substance. Gross 
necropsies and histological evaluation of selected organs and tissues were performed on study 
animals. 

The test substance was considered to be homogenously distributed in the diet preparations at all 
study concentrations. Animals were considered to have received target dietary concentrations of 
Soy Leghemoglobin Preparation. 

There were no mortalities during the course of the study. There were no clinical observations 
attributable to the administration of Soy Leghemoglobin Preparation. Mean estrous cycles for 
female rats in Groups 2-4 were comparable to control Group I values throughout the study. 
There were no changes in body weight, body weight gain, food consumption, and food efficiency 
attributable to Soy Leghemoglobin Preparation administration. 

There were no macroscopic and microscopic observations or organ weight changes attributed to 
the Soy Leghemoglobin Preparation administration. 

Under the conditions of this study and based on the toxicological endpoints evaluated, 
administration of Soy Leghemoglobin Preparation at dose levels up to 1536 mg/kg/day or 750 
mg/kg/day in active ingredient (Soy Leghemoglobin) did not cause an effect in the estrous cycle 
of female Sprague Dawley rats. 

3. TEST SUBSTANCE 

A. Source 

The test substance was provided by the Sponsor. 

B. Identification 

The test substances were identified using the following information provided by the Sponsor and 
Product Safety Labs (PSL) identification number. 

Test Substance: Soy Leghemoglobin Preparation 
PSL ID: I 60720-5R 
Lot#: PP-PGM2-16-088-301 
Physical Description: Red/brown powder 
Composition: Soy Leghemoglobin 48.82% 

675 



Page IOProduct Safety Labs 	 Study Number 44856 

Storage Conditions: Frozen 

Expiration Date: Not Applicable 


Documentation of the methods of synthesis, fabrication, or derivation of the test substance is 
retained by the Sponsor. 

C. 	 Analysis 

The test substance, as received, was expected to be stable for the duration of the study. The 
Sponsor was responsible for all analytical work required to characterize the neat test substance 
and validate its stability. Stability of the test substance in the dietary matrix and that of the 
concentration of the test substance in the test diets was determined to be stable over IO days in a 
previous toxicity study (Product Safety Labs, 2017). 

D. 	 Hazards 

Appropriate routine safety precautions were exercised in the handling of the test substances. 

4. GENERAL TEST SYSTEM PARAMETERS 

A. 	 Animal Requirements 

4.A.1 	 Number of Animals: 60 

4.A.2 	 Number ofGroups: 4 (3 dose levels per sex+ I control group per sex) 

4.A.3 	 Number ofAnimals per Group: 15 

4.A.4 	 Sex: Female; nulliparous and non-pregnant. 

4.A.5 	 Species/Strain: CRL Sprague-Dawley CD® !GS rats 

4.A.6 	 Age/Weight: Seven to eight weeks at initiation; the weight variation did not exceed 
± 20% ofthe mean weight for each sex. 

4.A.7 	 Supplier: Charles River Laboratories, Inc. Rats were shipped in filtered cartons by 
truck. 

On February 2, 2017, sixty-four (64) CRL Sprague-Dawley CD® IGS rats (females) arrived from 
Charles River Laboratories, with an assigned birth date December 16, 2016. The rats were 
designated by the supplier to be approximately six to seven weeks of age upon arrival. 

B. 	 Test System Justification 

The Sprague Dawley® rat is the system of choice because, historically, it has been a preferred and 
commonly used species for dietary toxicity tests. The current state of scientific knowledge does 
not provide acceptable alternatives to the use of live animals to accomplish the objective of this 
study. 

C. 	 Animal Husbandry 

4.C.1 	 Housing 

The animals were individually housed in suspended stainless steel cages which conform 
to the size recommendations in the latest Guide for the Care and Use of Laborat01y 
Animals (Natl. Res. Council, 2011). Litter paper placed.beneath the cage was changed at 
least three times/week. The animal room had a 12-hour light/dark cycle and was kept 
clean and vermin free. 
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4.C.2 Animal Room Temperature and Relative Humidity Ranges 

19-23°C and 35-56% 

4.C.3 Acclimation 

The animals were conditioned to the housing facilities for five days prior to testing. 
Body weights and clinical observations were recorded at least two times prior to study 
start. 

4.C.4 Feed 

2016CM Envigo Teklad Global Rodent Diet® (Envigo Teklad, Inc.) was stored in a 
dedicated temperature and humidity monitored feed storage site and available ad libitum 
during acclimation and study Days 0-13. Test diets were prepared as described in 
Section 6.B using 2016CM certified Envigo Teklad Global Rodent Diet® and were 
available ad libitum during at least study Days 14-42. 

4.C.5 Water 

Filtered tap water was available ad libitum from an automatic watering access system. 
Water analysis was conducted by Precision Analytical Services, Inc., Toms River, NJ and 
South Brunswick Municipal Water Supply, South Brunswick, NJ. 

4.C.6 Contaminants 

There are no known contaminants reasonably expected to be found in the food or water 
that would interfere with the results of this study. Routine analysis consisting of each lot 
of feed used in this study was received from Envigo Teklad, Madison, WI. Water 
analysis was conducted periodically and the records are kept on file at Product Safety 
Labs. The date of the most recent analysis is reported in Appendix B. 

D. Identification 

4.D.l Cage 

Each cage was identified by a cage card indicating at least the study number, dose level, 
group assignment, individual animal identification, and sex of the animals. 

4.D.2 Animal 

Each animal was given a sequential number in addition to being uniquely identified with 
a Monet® self-piercing stainless steel ear tag. 

5. EXPERIMENTAL DESIGN 

A. Route of Administration 

The test substances were administered in the diet. 

B. Justification of Route of Administration 

The dietary route of administration was selected by the Sponsor. This route of administration is 
recommended in the referenced guidelines (Section 8.C.) and a potential route of human 
exposure. 
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C. Control of Bias 

Animals were randomly assigned, stratified by body weight, to test groups. 

D. Dose Levels 

Fifteen female rats were randomly assigned to each of the following test groups: 

Group 
No. Animals/ 

Group 
(F) 

Target Exposure of Active 
Ingredient (mg/kg/day) 

Target Dietary Dose Level of 
Test Substance (mg/kg/day)' 

I 15 Basal Diet Control 
0 

0 

2 15 
Low Dose 

250 
512 

3 15 
Intermediate Dose 

500 
1024 

4 15 
High Dose 

750 
1536 

a Based on 48.82o/o active ingredient (AI, Soy Leghemoglobin) of Soy Leghemoglobin Preparation (Lot# PP-PGM2­
16-088-30 I). 

E. Justification of Dose Level Selection 

The Sponsor, in consultation with the Study Director and based on a 28-day dietary toxicity study 
(Product Safety Labs, 2017), selected target dietary dose levels of512, 1024 and 1536 mg/kg/day 
that correspond to target dose levels of 250, 500 and 750 mg/kg/day of the active ingredient, Soy 
Leghemoglobin. To maintain target dietary dose levels throughout the study, concentrations in 
the test diets were calculated based on the most recent group body weight and food consumption 
data. Diets for females at each dietary dose level were made separately each week. 

6. GENERAL PROCEDURES 

A. Selection of Animals 

Sixty (60) healthy female rats were used on test. Animals were selected for this study on the 
basis of adequate body weight gain, absence of clinical signs of disease or injury, and a body 
weight within ±20% of the mean within a sex. Selected rats were distributed by randomization 
according to stratification by body weight so that there was no statistically significant difference 
among group body weight means within a sex. The animals weighed 157-204 grams and were 
approximately seven to eight weeks of age at initiation of dosing. The rats used on test were 
randomly distributed, stratified by body weight, among the dose and control groups on the day of 
study start. 

B. Diet Preparation and Sampling 

6.B. I Diet Preparation 

The test substances were processed to decrease particle size using a grinder and then 
added to 2016CM Envigo Teklad Global Rodent Diet® and thoroughly mixed in a high­
speed mixer. Control diet (Basal Diet) was mixed under the same conditions as the diets 
prepared with the test substance. All diets were kept frozen following preparation, unless 
presented to the test animals on the same day as diet preparation. All diets were prepared 
approximately weekly. 
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6.B.2 Diet Presentation 

The control diet was presented to all animals on Days 0-13 of the study. On study Day 14, 
the control and test diets were presented to their respective groups. The diets were replaced 
concurrently with food consumption measurements on Days 17, 21, 24, 28, 31, 35 and 38. 
Additional diet was provided as needed throughout the study to ensure ad libitum feeding. 
Animals were exposed to the control or test diets for at least 28 days. 

6.B.3 Sampling 

The neat test substance and selected prepared diets (at each concentration), were sampled 
in duplicate. Samples were frozen until analyzed and/or discarded upon completion of 
the study. 

6.B.4 Stability ofTest Substance 

The neat test substance stability was previously determined to be stable under normal 
laboratory conditions for the duration of a 28-day study (Product Safety Labs, 2017). At 
the initial diet preparation, a sample of the test substance (neat) was retained. 

6.B.5 Stability in Dietary Matrix 

The test substance in the dietary matrix was previously determined to be stable over JO 
days in a previous toxicity study (Product Safety Labs, 2017). Stability of the test 
substance in the dietary matrix was not assessed in this study. 

6.B.6 Homogeneity 

Samples to evaluate homogeneity of the test substance distribution were collected from 
the initial diet preparation. Samples were taken from approximately the top, middle and 
bottom of the diet mixer. Basal diet control samples were collected fr9m the middle of 
the mixer only. Chemical analysis to verify the diets as homogeneous and of accurate 
concentration throughout the study was performed by Impossible Foods. 

6.B.7 Concentration Verification 

Samples for concentration verification were collected as part of the homogeneity analysis 
during the first week of the study. Diet preparation calculation was verified and test diets 
were mixed according to PSL's standard operating procedure. Nominal diet 
concentrations were used to determine the total intake of the test substance for each 
group. 

6.B.8 Sample Preservation 

Upon sampling, diet preparations and neat test substance samples were stored frozen. 
Samples were considered stable from the point at which they were frozen. 

6.B.9 Sample Analysis 

A single set of the frozen diet samples described above was sent to Impossible Foods for 
analysis of diet preparation and neat test substance samples. A signed, analytical report 
was provided to the Study Director. This report included the methodology, pertinent 
measurements, study results, and tabulated results. All raw data is retained by Impossible 
Foods. Any remaining sample material was retained at Product Safety Labs until 
issuance of the final report. 
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C. Analytical Chemistry 

6.C. l Sample Storage 


Upon receipt, all samples were stored and maintained frozen prior to analysis. 


6.C.2 Method Validation 

Prior to sample analysis, the suitability of the method was demonstrated. Method validation 
included, but was not limited to determination oflinearity, precision, and accuracy. 

6.C.3 Reference Substance 


An aliquot ofthe test substance served as the reference standard. 


6.C.4 Chemical Analysis 

Analytical test methodology was validated by Impossible Foods personnel. Samples were 
analyzed in replicate. A detailed description ofthe analytical test method(s) was documented. 
Any remaining sample material was retained until the issuance of the final report. 

6.C.5 Data Reporting 

Data was captured on standard raw data sheets and as instrument output, as necessary, and 
summarized in tabular form. 

6.C.6 Analytical Report and Records to be Maintained 

A signed, analytical report was provided to the Study Director. This report included the 
methodology, pertinent measurements, study results, and tabulated results. All raw data was 
maintained by Impossible Foods. The analytical report was incorporated into the main study 
report. 

D. Clinical Observations 

All animals were observed at least twice daily for viability. Cage-side observations of all animals 
were performed daily during the study. All findings were recorded. 

On Day 14 and approximately weekly thereafter, a detailed clinical observation was conducted 
while handling the animal, generally occurring on days that the animals were weighed and food 
consumption measurements taken. Potential signs noted included, but were not limited to: 
changes in skin, fur, eyes, and mucous membranes, occurrence of secretions and excretions and 
autonomic activity (e.g., lacrimation, piloerection, pupil size, unusual respiratory pattern). 
Likewise, changes in gait, posture, and response to handling, as well as the presence of clonic or 
tonic movements, stereotypies (e.g., excessive grooming, repetitive circling), or bizarre behavior 
(e.g., self-mutilation, walking backwards) were also recorded. The date and clock time of all 
observations and/or mortality checks were recorded. 

E. Estrous cycles 

Estrous cycle in the female rats was determined daily on Days 0-13 and Days 29-42 of the study, 
by vaginal lavage to evaluate for regular cyclicity. A vaginal lavage was also performed at 
termination to determine the stage of estrous cycle at sacrifice. Cytological evaluation was 
performed without knowledge of treatment group assignment. 

F. Body Weight and Body Weight Gain 

Individual body weights were recorded at least two times during acclimation. Test animals were 
weighed on Day 0 (prior to study start) and approximately weekly thereafter (intervals of7 days± 
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1). The animals were also weighed prior to sacrifice. Body weight gain was calculated for 
selected intervals and for the study overall. 

G. 	 Food Consumption, Food Efficiency, and Dietary Intake of Soy 
Leghemoglobin Preparation 

Individual food consumption was measured and recorded on Days 3, 7, JO, 14, 17, 21, 24, 28, 31, 
35 and 38 and at the end of the study. Food efficiency and dietary intake of the test substance 
(mg/kg/day) were also calculated and reported. 

H. 	 Terminal Sacrifice and Histopathology 

6.H. l 	 Scheduled Sacrifice 

At terminal sacrifice, all survivors were euthanized by exsanguination under isotlurane 
anesthesia. 

Plasma samples were collected from all animals, at their respective sacrifice, and stored 
frozen (approximately -80°C) for future possible analysis. 

All animals in the study were subjected to a necropsy, which included examination of the 
external surface of the body, all orifices, muscu!oskeletal system, and the thoracic, 
abdominal and cranial cavities and their contents. The following tissues (of all animals 
sacrificed by design) were weighed wet as soon as possible after dissection to avoid drying: 

uterus 	 ovaries with oviducts (combined) 

The following organs and tissues from all animals were preserved in 10% neutral buffered 
formalin for possible future histopathological examination: 

vagina 1 uterus cervix 

ovaries oviducts 


6.H.2 	 Histopathology 

Histological examination was performed on the preserved organs and tissues of animals from 
both the control and high dose groups (Groups 1 and 4, respectively). The fixed tissues were 
trimmed, processed, embedded in paraffin, sectioned with a microtome, placed on glass 
microscope slides, stained with hematoxylin and eosin (HE), and examined by light 
microscopy. Slide preparation was performed by Histoserv, Inc. and histological assessment, 
by a board-certified veterinary pathologist, was performed by Regan Path/Tax Services 
(Amendment 1 ). Prior to data recording, initial histopathological evaluation was performed 
without knowledge oftreatment group assignment. 

7. STATISTICALANALYSIS 

Product Safety Labs performed statistical analysis of all data collected during the in-life phase of 
the study as well as organ weight data. The use of the word "significant" or "significantly" 
indicates a statistically significant difference between the control and the experimental groups. 
Significance was judged at a probability value ofp<0.05. 

Mean and standard deviations were calculated for all quantitative data (e.g., weekly body 
weights, daily bodyweight gains, daily food consumption, food efficiency, daily dietary intake, 
organ weights, organ-to-body weight ratios, and estrous cycles). If warranted by sufficient group 

1 Anterior-most portion of the vagina. 
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sizes, data within groups were evaluated for homogeneity of variances and normality by Bartlett's 
test (Bartlett, 1937). Where Bartlett's test indicated homogeneous variances, treated and control 
groups were compared using a one-way analysis of variance (ANOVA). When one-way analysis 
of variance was significant, a comparison of the treated groups to control by Dunnett's test 
(Dunnett, 1964, 1980) for multiple comparisons was performed. Where variances were 
considered significantly different by Bartlett's test, groups were compared using a non-parametric 
method (Kruskal-Wallis non-parametric analysis of variance; Kruskal and Wallis, 1952). When 
non-parametric analysis of variance was significant, comparison of treated groups to control was 
performed using Dunn's test (Dunn, 1964). Statistical analysis was performed on all quantitative 
data for in-life and organ weight parameters using Provantis® version 9, Tables and Statistics, 
lnstem LSS, Staffordshire UK. 

8. STUDY CONDUCT 

A. Testing Facility 

Jn-life 	 Product Safety Labs 

2394 US Highway 130 

Dayton, NJ 088 I 0 


Test substance and dietary analysis 	 Impossible Foods Inc. 

525 Chesapeake Dr. 

Redwood City, CA 94063 

P.l.: Rachel Fraser, PhD 


Histological slide preparation 	 Histoserv, Inc. 

19526 Amaranth Drive, 

Germantown, MD 20874 

P.I.: Pratiba Vohra 


Clinical pathology and histopathology 	 Regan Path/Tox Services 
evaluation 	 1457 Township Rd. 853 

Ashland, OH 44805 
P.I.: Karen Regan, DVM, DACVP, DABT 

B. GLP Compliance 

This study was not performed in full compliance with GLP standards, but was conducted in a 
GLP-compliant facility. 

C. Test Procedure Guidelines 

This study design conformed to the following guidelines: 

• 	 OECD Guidelines for Testing of Chemicals and Food Ingredients, Section 4 (Test No. 407): 
Health Effects, Repeated Dose 28-Day Oral Toxicity Study in Rodents (2008). 

• 	 US FDA Toxicological Principles for the Safety Assessment of Food Ingredients, Redbook 
2000, IV.C. 4. a. Subchronic Toxicity Studies with Rodents (2007). 

9. FINAL REPORT AND RECORDS TO BE MAINTAINED 

The original, signed report and paper raw data will be sent to the Sponsor. A copy of this signed 
report, together with a copy of the protocol and all raw data generated at PSL, will be maintained 
in the Product Safety Labs archives. 
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The following records are maintained: 

A. Information on test substance includes the following: 

Storage Disposition 

Usage 


B. Information on animals includes the following: 

Receipt, date of birth Food consumption 
Initial health assessment Individual necropsy records 
Dosing Histopathology data 
Body weights Selected organ weights 
Cytology data 

C. All other records that would demonstrate adherence to the protocol. 

Prepared slides and pathology data is maintained by Product Safety Labs. Test substance and 
dietary analysis data are maintained by Impossible Foods Inc. 525 Chesapeake Dr. Redwood 
City, CA 94063. 

Any electronic raw data generated by the Test Site was maintained in accordance to the Test Site 
SOPs. 

10. PROTOCOL AND PROTOCOL AMENDMENT 

See Appendix A for the Protocol and Protocol Amendment. 

11. RESULTS 

A. Test Substance and Diet Analysis (Tables 1A-B, Appendix C) 

The test substance was considered to be homogenously distributed in the diet preparations at all 
study concentrations. Animals were considered to have received target dietary concentrations of 
Soy Leghemoglobin Preparation. 

I I .A. I Analysis ofSoy Leghemoglobin in the Neat Test Substance 

Neat test substance samples from the initial diet preparation (Study Day 14) were 
analyzed for the active ingredient Soy Leghemoglobin. The result of the analysis of neat 
Soy Leghemoglobin Preparation was 102.7% (Table IA, Appendix C). 

11.A.2 Homogeneity 

Homogeneity analysis of the initial diet preparation (Study Day 14) resulted in a relative 
standard deviation (RSD) of3.22, 2.27, and 0.60%for Groups 2-4, respectively. Average 
percent of target concentrations in the top, middle, and bottom samples were 93.80, 
93.89, and 93.91% of the diet preparations for target concentrations of 512, 1024, and 
1536 mg/kg/day Soy Leghemoglobin Preparation, which correspond to 250, 500, and 750 
mg/kg/day of active ingredient (Soy Leghemoglobin) for Groups 2-4, respectively (Table 
1B, Appendix C). The test substance was considered to be homogenously distributed in 
the diet preparations at all study concentrations. Animals were considered to have 
received target dietary concentrations of Soy Leghemoglobin Preparation 

8. Mortality and Clinical Observations (Tables 2 and 3, Appendix D-F) 

There were no mortalities during the course of the study. There were no clinical observations 
attributable to the administration of Soy Leghemoglobin Preparation. 
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The fate of all animals is presented in Appendix M. 

Incidental in-life clinical observations included slight to moderate alopecia of the abdomen, back, 
and left/right flank/forepaw in 4/15 Group 1, 3115 Group 2, 3115 Group 3, and 1/15 Group 4 
animals and a broken upper right incisor in 1115 Group 2 animals. 

Corresponding findings during detailed clinical observations included hair loss in 3115 Group 1, 
3115 Group 2, 2115 Group 3, and 1/15 Group 4 animals. 

C. 	 Estrous cycles (Table 4; Appendices G) 

Mean estrous cycles for female rats in Groups 2-4 were comparable to control Group I values 
throughout the study. 

Mean number of estrous cycles for Groups 1-4 females were 1.9, 2.4, 2.3, and 2.1, respectively, 
prior to test substance adminstration (Days 0-13) and 2.3, 1.9, 2.1, and 2.1, respectively, during 
test substance administration (Days 29-42). 

D. 	 Body Weight and Body Weight Gain (Tables 5 and 6; Appendices H and I) 

There were no changes in body weight and body weight gain attributable to Soy Leghemoglobin 
Preparation administration. 

Mean weekly body weights and daily body weight gain for female rats in Groups 2-4 were 
comparable to control Group 1 throughout the study, with the exception of an incidental 
significant increase (p<0.05) in mean daily body weight gain for Group 2 animals on Days 21-28. 

E. 	 Food Consumption, Food Efficiency, and Dietary Intake of Soy 
Leghemoglobin Preparation (Tables 7-9; Appendices J-L) 

There were no changes in food consumption and food efficiency attributable to Soy 
Leghemoglobin Preparation administration. 

Mean daily food consumption and food efficiency for female rats in Groups 2-4 were comparable 
to the control Group I throughout the study, with the exception of an incidental significant 
increase (p<0.05) in mean food efficiency for Group 2 animals on Days 21-28. 

Mean overall active ingredient dietary intake was calculated based on body weight and food 
consumption measurements collected throughout the study. For Soy Leghemoglobin Preparation 
target doses of 512, 1024, and 1536 mg/kg/day that correspond to active ingredient 
concentrations of 250, 500, and 750 mg/kg/day, the calculated nominal dietary intake levels 
(Days 14-42) were 513.0, 1016.5, and 1512.5 mg/kg/day forthe female rats, which correspond to 
active ingredient concentrations of250, 496, and 738 mg/kg/day. 

F. 	 Sacrifice, Macroscopic Observations, and Histopathology (Tables 10-13; 
Appendix N-R) 

There were no macroscopic and microscopic observations or organ weight changes attributed to 
the Soy Leghemoglobin Preparation administration. 

11.F. l 	 Macroscopic 

There were no test substance-related macroscopic observations. 

The only macroscopic observations were urinary bladder thickened (size recorded as 13 x 
5 x 8 mm) and urolith present for 4F 7047, and uterus fluid-filled for animals IF 7003, IF 
7013, 2F 7026, 3F 7040, 4F 7053, and 4F 7060. Per protocol, the urinary bladder was 
not saved for microscopic examination. Fluid-filled uterus correlated with the proestrus 
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stage of the estrous cycle as determined from the microscopic examination; dilated/fluid­
filled uterus is a normal physiologic change at to proestrus stage of the estrous cycle. 

11. F .2 Microscopic 

11.F.2. l Blind Evaluation 


Estrous cyclicity was comparable across all test groups. 


11.F.2.2 Unblinded Evaluation 


There were no test substance-related changes in microscopic observations. 


11.F.3 Organ Weights and Ratios 

There were no test substance-related organ weights and organ-to-body weight ratio 
findings. 

Mean absolute and relative organ-to-body weights for female rats in Groups 2-4 were 
comparable to control Group I throughout the study. 

12. CONCLUSION 

Under the conditions of this study and based on the toxicological endpoints evaluated, 
administration of Soy Leghemoglobin Preparation at dose levels up to 1536 mg/kg/day or 750 
mg/kg/day in active ingredient (Soy Leghemoglobin) did not cause an effect in the estrous cycle 
of female Sprague Dawley rats. 
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TABLE IA: CHEMICAL ANALYSIS RESULTS 


Result for Neat Test Substance Sample 


Sample Name Sampling Day' Measured
Recoverv (%) 

NT-1 A DayO 102.7% 

1 Day relative to initial dietary preparation (Study Day 14). 
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TABLE IB: CHEMICAL ANALYSIS RESULTS 


Results for Homogeneity of Dietary Preparation 


Sample Target Measured 
%ofDay' Group 

Location 
Concentration Concentration 

Target3 

lnnm)2 loom) 

1 Middle 0 ND NA 

Top 5545 94.57% 

2 Middle 5863 5649 96.36% 

Bottom 5304 90.46% 

Top 10633 93.65% 
0 

Middle 10433 91.89%3 11354 

Bottom 10915 96.13% 

Top 16008 94.52% 

4 Middle 16936 15882 93.78% 

Bottom 15822 93.42% 

Average 
%of RSD(%) 

Tar!!et 

NA NA 

93.80% 3.22% 

93.89% 2.27% 

93.91% 0.60% 

NA =Not Applicable; ND =Not Detected 

1 Day relative to initial dietary preparation (Study Day 14). 

2 Concentrations calculated using Study Day 14 group animal body weights, food consumption, and target dose 

levels. 

3 % ofTarget =Measured Cone. (ppm) I Target Cone. (ppm) x 100. 
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TABLE 2: SUMMARY OF IN-LIFE CLINICAL OBSERVATIONS 
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Day numbers relative to Start Date 

Sex: Female 
0 512 1024 1536 

mg/kg/day mg/kg/day mg/kg/day mg/kg/day 

Alopecia 
Number of Observations 75 56 15 19 
Number of Animals 4 3 3 
Days from - to 6 43 0 43 5 43 21 39 

Broken Tooth 
Number of Observations 8 

Number of Animals 1 
Days from - to 35 42 
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TABLE 3: SUMMARY OF DETAILED CLINICAL OBSERVATIONS 
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SUMMARY OF DETAILED CLINICAL OBSERVATIONS 

Days 14, 21, 28, 35, and 42 

Group 1 2 3 4 
Dose Level (m,,/k<r/dav) 0 512 1024 1536 

Number of Animals in Grouo 6 6 6 6 
Observations During 
Removal From Cage And Score' 
Handlin" 
Handling Reactivity 0 0 0 0 
Vocalization 0 0 0 0 
Palpebral Closure 0 0 0 0 
Lacrimation 0 0 0 0 
Eyes 0 0 0 0 
Mucous Membranes 0 0 0 0 
Salivation 0 0 0 0 
Emaciation 0 0 0 0 
Piloerection 0 0 0 0 
Fur/Skin 3(3) 3(3) 2(3) 1(3) 
Muscle Tone 0 0 0 0 
Respiratory Pattern 0 0 0 0 

Onen Field Observations 
Activity/Arousal 0 0 0 0 
Convulsions 0 0 0 0 
Tremors 0 0 0 0 
Posture 0 0 0 0 
Gait 0 0 0 0 
Locomotion 0 0 0 0 
Vocalizations 0 0 0 0 
Defecation 0 0 0 0 
Urination 0 0 0 0 
Unusual Behaviors 0 0 0 0 

Punillarv Resnonse 
Pupillary Reflex 0 0 0 0 

1 An entry of O indicates that all animals in the group appeared nonnal when evaluated for the specified observation, or that all 
animals did not exhibit the specific clinical sign. An entry greater than 0 indicates the number of animals in the group that 
exhibited the specific clinical sign. A number in the parenthesis (if present) represents the score given for the observed clinical 
sign. 
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TABLE 4: SUMMARY OF ESTROUS CYCLES 
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Num!J<.TofCydl'tl 

Sex: fcrrnile 

Da)i~) R~iativ" to Start Dat.:­

0
mg!kg!day 

liTOllJI I 

512 
mgil:g/day 
C'iroup 1 I 

' 

102•1
mwJ>Wdny 

Gr.111113 

l!i)(.)
m1tikfl/day 
Group •I

0 --· 13 Mi:ru1 

SD 
N 

1.9 

0.5 
15 

'' 0.6 
15 I 

2.3 

0.6
15

2.1
Oj

" 
Stlhshcal Ti:~t: G~iter.1li~"'d An,1v.1.IA.z1cm".1. Test Tmnsfornmlmn: ldenhly (No Tnm~fonuatnm) 
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NumbcrQfCydC!' 

0 512 !02'1 1536 Sex: l'cmnlc 
m~g/dny mg/kg/day mg/kg/dny mglkg/dny 
Group l Group 2 C-rroup 3 Gro1q14 

Day(s) Rcluti\·c to Stan Date i 
29 _,. ,12 J\·[l'an 2.3 1.9 2.1 2.1 

sn 0.6 05 0.3 
N 15 °'" 15 15 

Stnt1st1~-ul. Tc>t: GL11L'fulm:d A11ovu/A11co\ll TL'S! Tnmshm11nho11; ldcnllly (No Trnmrforn111t1on) 
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TABLE 5: SUMMARY OF MEAN WEEKLY BODY WEIGHTS 
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!3odywt.ii:d11 (g) 

0 512 1536 
Sc:-:: Female 

mg/kg/d11y m~g/day 
Group I C-rronp 2 

I 
102•1 

mg/kglday mg/kg/day 

Dn\~~) Rch1ti\•c to Stan Date 
I Group 3 C'.lf<'ll!l 4 

,, I 
0 /l.h!an 119.i 180.\ 

SD 13.5 \J.O I 
179.5 180.7 

N 15 I 
14.0 13.8 
15 15 

7 Mca11 198.9 
" ,, 198.5 

SD 1·1.0 
N 15 

I 
I 200.2 201.0 
I 

13.S 1.\.7 1·1.9 

I J:':i I 15 15 

l•l ti-Icon 213.7 ,, 212.7 212.9 215.6 

SD 15.3 

N 15 I 
1•1.5 
\.\ I 

]7.l ISA 
15 15 

21 /\·lean 228.3 I' zz,1.s 22.J.2 230.1 
SD 17.S 

N 15 I 
18.3 19.5 22.2 
15 15 I I 15 

28 /'.·ICM 235.7 ,, 237.1 

I 
233.7 239.0 

SD 19.5 20A 2L6 27.6 
N 15 15 15 15 

" Mean 2•IO.i I' 2433 
' I 2·12.5 2'17.7 

SD 21.2 ! 21.0 
N 15 " I 

23.0 

" 
27.9 

,, 15 

" Mea11 2·19.9 251.7 I 252.5 257.3 
SD 22"1 

N 15 I 
22.7 22.4 

1 15 I 15 I 
28.6 
15 

·13 Menn 2·19.9 I' 253.1 253.3 259.0 

SD 21.8 23.1 I 
I 

22.9 

N 15 15 I 15 I 
29.6 

15 

Stnt1st1.::nl 1 c~t: c,c11crnhscd ' /\m.wn/;\11.::orn " lc~t I m1U1lonnnllon: Automntu::

1 [R ·AulcmalicTransformation: Rari<J 

2 p • Automa~c Traisformalion: Identity (No Transformation)] 
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TABLE 6: SUMMARY OF MEAN DAILY BODY WEIGHT GAIN 
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~kan Daily Bl>dy Wt.igl1t Gain (glday) 

0 512 1536
S~c Fcmnk 

mg/kg/day mg/kg/day I ' 
102•1 

mg/kgfdny mg'kg/day 
Group I Grou11 2 

Dny(s) Rclntiw to Start Date ,, I I
0Tl.'llJ13 Grnup 4

0 _,. i ll,foan 2.75 2.63 2.96 2.90 
SD 1.02 0.59 

N 1; 15 I 
1.07 L07 

15 15

; ...• 14 Menn 2.10 I' I 2.03 LS! 2.Q<J
SD 0.77 I O.@ 

N 15 I I 0.89 O.SS 
15 15 

14 ...• 21 Mciln 2.10 ,, " 
l.C..S IAS 2.08 

SD I.OS 
N 15 I 

JOO 
15 I 

0.99 0.83

15 15

21-28 ll,knn 1.05 R' 1.81 '" 1.50 1.27 
SD 0.61 

N 15 I 
0.56 I 

15 I 
1.0~ 

15 I 
1.09 

15 

28 .... 35 Mean 0.72 R' ' 0.88 !.27 l.2·1 
SD 0.68 

N 15 I 0.51 0.62 l.10 
I 

15 I 15 15

35 -~· 42 Mean !.31 
SD 0.69 " 1.21 

0.85 ! 
1.'12 1.)8

I 
0.82 0.69 

N 15 15 15 15

0 ····<12 Mean l.67 R' L70 I 1.7•1 1.82
SD 0.38 0.3•1 0.41 0.·18 

N 15 I 15 I 15 I 15

Stati5tical Test: Generalised Anova/Anco\'ll Test Tr.msfonnation: Automatic 

1 ~ •Automatic Trmsfor1mtion: Identity (No Transformation)) 

2 [R •Autormtic Transfonnatioo: Raril) 

3{d ·Test O...m 2 Sided p < 0.05] 
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TABLE 7: SUMMARY OF MEAN DAILY FOOD CONSUMPTION 
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~kan Daily Fl'l(td Co1~~umpti1.111 (it/day) 

0 512 102•1 1536 Sex: Female 
mg/kg/dny mg/kg/day mgikpday mg.lkgldoy 
Gnl1~1 J Group 2 Group 3 Gn111p4 

Day(~) Relative to Sta11 Date I I 
3 ..... i Me;u1 18.23 R' 18.75 

SD 3.93 2.03 ! 
18.93 18.55 

I I 
2.07 2.06 

N 15 15 

7 • JO Mcm1 19.38 ,, 15 15 

17.82 18.20 19.13 

SD 3.40 

I 
2.00 

N 15 
I 2.09 

10-·• l·l Mean 19.28 " 
2.38 

i 15 15 

" 19.18 i 19.97 19.93 
SD 2.25 I 3JO 
N 15 I 

1.50 2.68 
15 i 15 15 

14 -· 17 Mean 20.31 " I 
19.36 I 19.20 !9,IJ 

SD 2.55 '.!.(,.! 2.79 2.15 
N 15 I 15 I 

17 ,. .• 21 Mean 20.52 20.72 I '
" l!>.80 20.37 "

SD J..14 " 
I

2.48 2.28 2.60 
N 

21 .--.:M Mean " 19.11 ,, " I 15 

19.80 i 18.60 " 18.'.!0 
SD l.97 

I 
1.75 I 2.45 2.86 

N 15 15 I 15 15 

24 -·· 28 Mean 20.33 '.!0.07 20.17 20.13 
SD '.!.·\.! " 

I 
2.18 I 2.80 

I 
3.09 

N " " i " 15 
28--·· 31 Menn 19.I t " 19.58 20.13 19.56 

SD 2.38 

I 
1.73 2.54 

15 15 
I 2.14 

N ! 15 I 15 

31 --· 35 1'.foan 19..17 ,, I 19.05 i 19.'.!3 19.02 
SD 3.48 1.97 ' '.!A'.! 

N 15 15 I 2.63 

' 
15 15 

28 ..... .lS 1'.foan 19.31 L' 19.21! 

SD 2.88 1.8! 
I 19.62 I ]9.25 

N " I 15 I 
2.18 

15 I 
2 . .53 

15 

35 ·-· 38 MC1111 20.16 

SD 2.27 " I 20.29 20.27 20.13 

I 2..13 
N 15 15 I I 

2.35 2.61 
15 15 

3 -•38 M.;-w1 19.59 " l9Ai I 19A7 19.'M 
SD 1.73 

I 
1.76 

! ' 2.16 2. Ii 
N 15 15 

! 

St:ati~ticnl Tc~l: G~·m'l'11li~"dAmw11fA11co\11 Twt Tr.m.~fonmuion: A1111mmlic 
" " 

1 [R •Atrtomaic Transformation: Ralil] 
2 [l ·Automatic Transformation: log] 
3 p • Au!oma!ic Trmsform<tion: ldentty (No TransfOfmation)) 
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TABLE 8: SUMMARY OF MEAN FOOD EFFICIENCY' 


1 Food efficiency"" Mean Daily Body Weight Gain 

Mean Daily Food Consumption 
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Fo..'ll Efficiency 

0 512 JOH 1536 Sex: Female 
mg/kg/day m~g/day 
Group l Grnnp 2 I 

mg/l.:g!dny mg.1kg/dny 
Grnnp 3 Orn1q14 

Day(s) Relative t<.> Stan D:itc i 
0-7 M~~.u1 0.149 I' ' 0.1.12I

SD 0.053 o.o:w I Q.157 0.157 

N I I 0.05'.! 0.050 
15 I 15 

7 -·· ]4 Mci!n 
" 
0.110 I' 

" 
I O.lffi 0.09'.! 0.106 

SD 0.041 o.o:u O.O·M 0.0•10 
I ! 

N 15 I 15 
I '

J.1 "'' 21 Mean O.IOO I' "0.081 " 0.07·1 0.103 
SD 0.0.1'.! 

I 
0.046 

N 15 
I 0.045 0.035 

21 -28 Mcw1 0.052 R' 
" 
0.091 d' " " 

' ' 0.07·1 0.062 
SD 0.029 0.027 ' 

N 15 " I 
0.049 

15 I " 
0.051 

28 ---· 35 r.-tcnn 0.037 I' 

I 
0.0·16 

SD 0.035 0.026 I 0.06•1 0.062 

I 
0.029 o.oso 

N " I " " 15 

35 . "12 M=i 0.065 I' I 0.059 0.070 0.069 
SD 0.031 

i 
O.O·IO I 0.04'.! 0.032 

N 15 " I 
0 ...• 42 Mc:u1 0.085 R' 0.087 " 0.089 "0.093 

SD 0.017 

I
0.012 0.016 0.017 

N I 15 I 
Sl:itJN\l~al Test: G~'!l~>rah~cd Anova/Ancovrs T"""t 

" 
Tramfomiah\ln: Aufomat1.: 

" " 

1p·Automatic Trmsform<tion: lden~ly (No Transformation)] 
2 [R •Aulooutie Transformatioo: Rari<.J 
3 [d ·Test Oum 2 Sided p < 0.05] 
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TABLE 9: SUMMARY OF MEAN DAILY DIETARY INTAKE OF SOY LEGHEMOGLOBIN 

PREPARATION 
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Dietary lntuk<.: Vuriublc (mg/kg/duy) 

0 512 102•1 1536 
Sex: l'cmnlc 

mg/kg/dny mgA;gtday mg/kg/day mgl}.:gldny 
Gmupl C"iroup 2 Group3 C"JTOUJI 4 

Day(~) Rclntivc fl' Sum D:1tc I I 
l<I- Ji Mean 0.0 I 535.0 1023.3 1502.3 

so 0.0 76.8 121.0 131.2 
N 15 I 15 15 

17 ·-·21 11.ll'lm 0.0 528.0 1036.3 1574.2 
" 

SD ,13,0 76.0 96.8 
N 

21 ...• z,1 Mean " 
0.0 

I 1, 15 15 

0.0 505.5 974.7 1406.2 
so 0.0 

I 
33J 108..! 153.I 

N 15 15 " 15 

2·1-28 Menn 0.0 .51.5.0 1059.3 160.3.l 
SD 0.0 38.2 100.6 

N 15 I 15 I 15 I 
181.1 

15 

28 ..., 35 Menn 0.0 5035 1028.6 1536.3 

SD 0.0 
N 15 I 

29.2 
15 I 

60.9 I 18.8 
15 15 

35 .... 3g Mwn 0.0 5•10.1 1062.1 1609.2 
SD 0.0 

N 15 I 
64.6 99.0 109.5 

15 15 15 

14 '"•42 Mean 0.0 51'.tO 1016.5 1512.5 
SD 0.0 31.5 60.9 77.7 

N ,1s I 15 I 15 15 
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TABLE 10: SUMMARY OF NECROPSY OBSERVATIONS 


705 



R~ Re=att All 

~ofA!lfl'".81 

r.\.mbfl' ofCompld:«I Anntair 

Dary bladder 

-· "" 
"""' 
"""""" ..,..., 

,.,,

·-_,'" .,,_'"' -"" .... 0 

, ....."'""'- 15 15 .~-" 15 IS" " 
I 

1 

15 15 15 15 

1 I' ' 

Page 40 
PSL Study Number 44856 

.. 

706 

http:ofA!lfl'".81


Page 41 
PSL Study Number 44856 

TABLE 11: SUMMARY OF MEAN TERMINAL BODY AND ORGAN WEIGHTS 
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1024 Sex: Female 0 512 1536 
mg/kgfdllf mg.'kglday mglkglday mglkg.lday 

Grot.p 1 Group 2 GlO\lp 3 Group 4 

Oay(s) Relitive to Sl<ri O<te 

Terrrunal Mom 249.9 2511 253.3 259.0 
BW SD 21.8 2'1 219 29.6 
(g) 

N 15 15 15 ! 
i 15 

Ovanuv.;1h Mom 0. 1311 I' 01343 0.1234 I 0.1370 
Oviducts 'M SD 0.0174 

,, 
0.0209 0.0128 0.0156 

15 i 
i 

(g) 
N I 15 I 15 15 

uteru$ Mom 0.604 0.547 0.570 0.703 
'M SD 0221 0.102 0.162 0.223 
(g) 

N 15 15 15 I 15 

1 p • Aut001alic Transforma~on: Identity (No Trensformalionn 
2[R -Automatic Transformation: Rank] 
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TABLE 12: SUMMARY OF MEAN ORGAN-TO-BODYWEIGHT RATI051 

1 [organ weight/body weight] x 1000 
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1024 Sex: FemBe 0 512 
mg/kg/day mglf.:Wd!lf mg.lkglday '"" 

Day(s)Relltive to Stai Date """' 
mglkglday 

' Gtolf12 Group3 Group4 

Ovariesv.ith 0.5270 I' 0.5325 0,4886 
I ' 0.5332 

ovickiclsfTBW 0.0733 
(Ratio) 

"""' SD o.on2 0.04137 ! 0.0667 
I N 15 ,, 15 15 I 

Uterus " 
ITBW 
(Ratio) 

"""' 2412 2166 2.276 ' 
SD 0.841 0.390 I 0.731 i 

2.745 

0.957 

N 15 15 I ' 15 I 15 

l p·Auhmalic Transformaliort ldentily (Na TrmsfllrmRiorl)] 
2[R ·Automatic Trans.fOl'mation: Raik] 
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SUMMARY OF ESTROUS CYCLES 


Blind Histopathological Determination (Day 43) 


Stage 
Number of Animals oer Stae:e of Estrous Cvcle 

Group I 
0 m!!lk!!ldav 

Group 2 
512 me:/kg/day 

Group3 
1024 me:/k!!ldav 

Group 4 
1536 m!!lkaldav 

Proestrus 3/15 1/15 2/15 5115 

Estrus 3115 2/15 1 3115 3/15 

Metestrus 6115 2115 1115 2115 

Diestrus 3/15 10/15 9115 5/15 

1 Animal 7027 appeared to have a prolonged estrus (PE) based on morphology of the ovaries (large atretic follicles, 
multiple CLs at a similar age/ stage of atresia) and the presence of squamous epithelial metaplasia in the uterus. 
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APPENDIX A: PROTOCOL AND PROTOCOL AMMENDMENTS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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PSL ID: 16072Q..5R 
S1ud11• No: .J4856 

SOY LEGHEMOGLOBIN PREPARATION: 


AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAY 


PRE-DOSING ESTRUS CYCLE DETERMINATION 
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PERFORMING LABORATORY 

Product Safety l"'1h• 
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STUDY DIRECTOR 
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28-Dny Oictaf}' Toxicity Study
Product Safety Labs 	 Protocol fi: P703.02 llvlP 

PSL ID: 160720-5R 
Stud\• No: 44856 

1. 	 TITLE OF STUDY: SOY LEGHEMOGLOBIN PREPARATION: AN lNVESTIGATIVE 
28-DAY DIETARY STUDY IN RATS WITH A 14-DAY PRE·DOSING ESTRUS CYCLE 
DETERMINATION 

2. 	 OBJECTIVE 

ll•c objective of this sludy is to ~\'i1luate the potential n;:producti\•e toxicity (e1ttrus cycl-e :ind 
n.'Jll·oductivc orgi1n ht,..itof""'thology) of Soy U::gl1<.111oglohitt Prq)\trnlion tn fcmak r;1t." 
C(lntinuously exposed to the test substance in th~ diel i-01' at l~t 28 day..,. Additionally. estrus 
C}'cle evaluation with all!o bc-pcl'fimncd for 14. d>1ys prior to do!iirig, 

3. 	 STUDY DIRECTOR 

J~~ Chi.'tl, PhD 

Study !)[rector 

Tel: 732-438-5 IOO xtS82 

Email: J.nyronChenr~ftPrucluc.tSnfetyL;1bs.c(JIJl 


4. 	 NAME AND ADDRESS OF THE TESTING FACILITY 

Product S•fely !..ab• !PSI,) 

2394 L'S ~foghway BO 

Da)1nlL NJ 088Hl 

Tel: 7.l24l8·5lll0 


5. 	 SPONSOR 

Impossible Foo<!> Inc. 

525 Chcs:i1ic;1ko Dr. 

R~d\~ood City. C1\ 94Q6~ 


6. 	 SPONSOR REPRESENTATIVE 

Rachel Ft011K:t'. PhD 

Unpoliffiblc F(lo~ Inc. 

525 Chesapeake I.Ji:. 

Redwood Citv. t".,-\ 94063 

En1ai)'. racl1ci.fi·3.1'cr:g•_Unpo~1Jihlc!Onds.com 


7. 	 OATES 

Propi)'ed In-Life Start Dalee Fcbrunry 8, ll) 17 

PropnsedE:i-:pcrimcnb\ Tcnuination Date: :ii.larch 23. 2017 

8. 	 TEST SUBSTANCE 

8.A 	 Source 

The li:81 sub!i:lanc<: Wil I he; provided by the Sponwr. 

8.B 	 Identification 

·n,c l1::11l fiumir~o~ will be idcnti.tic;'d using th.:; folJ.owioB informatioo pr,J\idc::d by Ute Sponsor .,nd 
ProduclSafcl)· I.abs (PSI.) identification number. 
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28,Dny Dies.ary To,.icity Study
Product Safety Labs 	 Protoool «: 1'703.02 IMP 

PSL ID: 160720-5R 
Sludv !\'o: 44856 

Teat Substanct:.: Soy-Lcgh~mogJobin PtcpAmllon 

PSL ID: 16-0720-SR 

Lot~: PP·PGM2·16·088-30l 

Ph}-sk.:tl Description: lled:lirown powder 

Cotnpnsition: Soy Legh<;iTioglobin 48.82ilo 

St'or.lgc Ccmdilion~: fro1.t1n 

Expir:ition DutQ: Nol Applic.ablc; 


Dot:umcntalion of the mcthodr;· of !1\11.thcsis. fabrication. or derivation of the lC11l sUbsbnci.: is 
n:Laini.:d by lln: Sponsor. • 

8.C 	 Analysis 

Tiu: lt:sl ~o.tb!llanet:. 111> n:ccived. is c..xp~tcd to be !ltuble for tJu:: duration af the stull.y. The 
Spom;ot will he respon11ible for all .:malytical wmk required lo charactcri7.c the neat lcsl mhi;lllncc 
.:ind \'nlidate lt.s :stability. Stability of the llilil subslmlca in the diclinJ ma.1.ri'<. and Lhnt of the 
corv..'Wlrution of th~ le<Jl ~tih8!"1nce in the t~l diet5 w.~g d~t-ettnined to be stahle O\.'CT 10 da:ys in a 
l'n.'Viou~ toxicity stml.Y'. 

8.0 	 Hazards 

Appropti.'lte ro1J1it1l! s;11tety pr~ulioM will h~ cxe:i~ist;d io 1b~ handling or tlt@ l~t .Huhstaric~ 
unlc.."ls othcrwilic lodic~ted hy the Spon~or. 

9. 	 GENERAL TEST SYSTEM PARAMETERS 

9.A 	 Animal Requirements 


9.•'\. I N11mhcr of .,\,nimalo;.: 60 


9..A.2 t\'"tlrnbcr ofGroups: 4 (3 <lose lm.~ls. ~ I control group) 


9.A.J 	 t'\umbt:t of Animals~ Gruup: 15 

9.A.4 	 Sc.I\: fi:malc: tCtnnk~ will be nul1iparou<i .tml rl(Jn"Pfcgnant. 

9.A.5 	 SpCC:~'Str:1in: CRL Spn1guc--I~wk:y CJ)a' IG~ r.tl.'t 

9.A6 	 Agt!·'\\!cight: Sa·'cn to ei,ght weeks at initiation; U1e weight variution will not r.:.x~ 
.:: 20~·u ofthe mt:.m weight fot t:ltclt s~ 

9.A.7 Suppli<f, (')101'1"" Ri1" Labural<Jri"'. ht<:. lfat; ,.;11 he ship.,00 in f.llcml c;irl"1~ hy 
airfreight and·or truck. 

9.B 	 Test System Justification 

'l11c Spraguc..f).iwlc·y.w r~l i~ Hie S)'$1'-'ffi of clKtice becllu.~c. hi~ori'cally. it ha.>s: been .a prcf"'"'ITcd .and 
oonlmorily us...::d ~'-it;tS for dititary toxicity l~t'.I. The .currerit ~ta.te of:~a:ienHfi.; kno~\·ledg.~ do~... 
f'UJt provide .icc.cptabk .-llcmath~ Co the ll~ flf live :1nin1:dr. to accompli.'h lh-i:: ohjce~h·c ofthi~ 
Mudy. 

· l'roiilct Mtciy Lu\::. (201<iJ &i)• J.egl:.t:1~vllin f'rL'fUl'illil'llr -;;i 18·i:hy Div1ruy Study In R..us.. 	 ~L Stud~ ~~3160 1llr1X•rl 111 
prtpuntlifft1) 
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2S~Dny Diesal)' Toxicity Study

Product Safety Labs 	 Protocol ff: P703.02 lMP 
PSL ID: 160720-5R 
s1ua1· No: 44856 

9.C Husbandry 

9.CJ Hotising 

The anim:iJl!i wiU be iildividuallJ' housed in !l.USpt.'lttletl stainless sti:.-cl C.1.Jgt:s \vhich conform to 
lhc siu n:iXlmm~11dation.i; in Uw latelll Gu1ck :fOr 11Je·l....ar({ unJ [,:~e r:f'U1borarory· Anmia/:$l, 
Litter p.i.pcr placed ~lh the- c.:igo 'viii he ®ngl!<l i\t )1!11$1 lltt~ 1imcs•'\\·ock. The :tttlrri.-.1 
room '~ill bav~ <1 t2~hour lightiilirk C}~le- ilrid will be kept clean and \'¢mlin ~e. 
Emiroomcnta1 cool.mis ~re t5d lo ®inbin tcnipc::r.iture :ind rcla.J.ive hum;dity mnp of 21 t 
re imtl 30..7()ll.u, ~t."Cf.ively, ()l1gt!i'\~ ra:Jl!,~ will be doc.umt:nt~ in the r.aw data.. 

9.C.2 . .\cclimatioo 

'Ille. iltlimali> will be. conditioned to the !towing bci1il.i.:5 f<S at lca!il fhe dii~ prior lo resting. 
Body \\'ci~ts and clinl~l Dhli\!l"\'ntions wlll be reconl.00 a[ l~l lwo link:$ prior to l>tudy start. 

9.t-:3 Feed 

2016 C~ified En\'i.bro Tektad Global RodE.1'11 Diet;)!.· (Envlgo Tc.idotd, Inc.) will be ;1Jturi:d in ;1 
dodicaicd lcn1pcr.Uurc ntid humidity niooir01~ fo.-d 1dor,_gc ·~itc arid avaiL'llilc 1l(/ /Jh1111n1 

during acclimation ;ind 11tudy Days 0-13. Test dk.1.1> will ~ piX..'Par-00 as described in Section 
11.B ll)it'ig 2016 f'~iticd Envigi' Tcld:td Ulob:1I Rodr.:t11 Diet1 ~1 11nd will In:. availahlr.: ad 
lihllum cluring~t knM ~tudy Da)-,;i l,._42 

9.C.4 \\'ah::r 

filtered tap water \viii he avail:i.ble ad libitJHn from indi\'idual bottlai ntt.3chcd lo the c.a~ or 
from an oulomlrlic: watering ilCo;:N> syslcm. \Val.er MW]ysis 'is CQT\dut:Wd by Preci~ion 
An"1)1i"11 Sm·""'· Inc.• To"" Ri\,... I\~ w1'I Suuth lkun!1>icl< Municip>I Wat.:r Supply. 
SoulhBnmsv.-ick, 'NJ. 

9,C,5 Cont.nnirumls 

Tht:rc nru no knu\'rn contuminunts reasonably ti~k:d to bi: fc>tmd ln tru: food '-1r watci:r lh.:il 
woukl interfere with there-$i.lb O:fth.l$ .'!tudy. Routine i111."tlyisi11 COAAisting Of each Jot:of feed 
us..xJ in !his study will be t'e\!t:i\'ed from E.ii\;go Tckl:ttl. lVladiHon. \Vl \V<1tr.;r Jinalysi!I is 
1:ondUdCd pdi.odically and the nx:.onk 01re k~ oo fil~ at Product Safety Loil>!. Tin::: dilttts) of 
lhc ttt~t ~flt ;mab1i::C6 Y•ill he rq:iortcd in ~ fmnl report. 

9.D Identification 

9.D.I c,i!" 
E.ncll ~gr;: will bo idi:ntifiod b)• a cage card indiC"iiting at Jca...111 lhc: .study nwnlx.'f, dose level 
group ai.'iignmd'lr. individual >1nitn:ll idc.11tificntion. Mtd :wx ofthe anbnul. 

9.D.2 Animal 

E,'teh animal w1JI be- given a RCqUcnti:.ll number in addi1ioo t1.) hc~ig uniquel}' id~ruifii:d with .l 
t\.fnnel·~· sclf""Piacing st:.iinlesi; steel car b~, 

: \liitioonl Res~rireh Council. (:21} J I l Griid~ /1.~ Hrt Cirh' 11nd F.'>'." r,ifW(lrlJk.'•t')'.·fJrJXrr.u/,t ISi' ed I, \\"eosbingtlvi. oc- The N:t!U.Tilll 
,\c-flilemias l'rl.:5o 
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28~Dmy Didary To;cicity Study
Product Safety Labs 	 Protocol Ii: P703.02 lll.olP 

PSL !Do 16072().SR 
Stud\' N~: 44856 

10. EXPERIMENTAL DESlGN 

10.A Route: of Administration 

The lcsl suhslanci:: 'viii be adminisltn:d in rhc did. 

10.B Justification of Routt! of Administration 

'l11c dic:t:uy route ofadmini!IU'.Elllon was. ~electQd by the Spott.omr. Thi!i ro11lc: ctf ndmini-~lrntion i" 
n::commcndc.."il in the n:fen:nccd gttidelino; (St:ction l4.C') and .1 potential rlH.lli.: of humnn 
o.:pois:un::. 

10.C Control of Bias 

Animals will bt: r:indumJy a:s.<Jigncd to tet.t groups aci:onlin~ lo PSL SllP IJ7 l.t. 

10.D Dose L.evels 

Fil\etm·f1:rrrnle rabl wiU be rundondy as~4:rned taCilch uftlw:i folW,~ing tt::st groupfl: 

Gtoup 
No. Animals.I 

Cn'Oup 
(F) 

Target Expo11urc of Active 
lngn:.dicnt (mglkg.1d.1.y) 

Targal Dictacy Dose Lr.·vcl of 
T~lSuMlanCc(mg/kgid..iy)• 

I 15 Ba.~I Diel Control 
0 0 

2 15 Low l)1>sc 
WI 

512 

3 15 lntc:rmcdialc Tlose 
500 l024 

4 IS 
High f)o..'>e 1536

750 
• Uas~d on <l8.~2a:. acti\•a IJ!gf~i.b~nt iA!, Soy L~glwi1togl11tuhJ o(S11y j..l)gl~oc.._'11.k>but l1ft!f.ll1f:illL'tl lWI it Pl)·J1UM:?­
Jo.{JIP.l.-30l l. 

10.E Justification of Dose Level Selection 

·n1c Sponsor. in .con..~ull~lion with tl>e Sn1dy Ditx..--ctor and biJ:!.ct1 on .a 28-da}' di~t<il)' toxi""'~ty 
study1

, scloctod t.argct dietary dose levels of Sll!. 1024 and 15~6 mglkg/day th.al coocspond to 
1.n!gct do..<>c IC\-e.ls tlf 250~ St)() iind 7,S(I mg'ksida)' of the uctivc ·ingn:dicnt1 So}' f.eghcmo.8Johin. 
To m~inwi1111u)2.:tdlctarv dt)selcvcl!i lh.rou?.hout the stud\'. con1Xntn1tiooo i11 tbc test dlclR will he 
cukulatcd b.:1s.ed nn the most rooe:nt -group l).ady weight and fCWJ.i ~onsumption dnL.1, J)iel" fnr 
fi::male<> al cae?h dic:tary ~level will be made se;iparntcly ~cli wock. 

11. GENERAL PROCEDURES 

11.A Selection of Animal• 

Sixt)' (60) healthy fcrruilc rnb will-be used on tt:St. .Animal'l- will be: scb."1.cd far this .~lUd}· on tl1c 
baYia of ndt:ttUll\-.;: bud~· Y.dght ,gain. a~o;;l: of ~linical 11-i!P'S 01' di81;;a~t: or injury. i.llld a body 
weight within =2(}1.1.f.t of U1r:. mt:ian. Sck:ctal rnls will be dii;.tributod by randomtr.nfion accor.din~ lo 
~tratificatioa by body \.,.uighl :;o th.at I.hen: \\·ill In: 11l1 !llolti~ticall~· s.ignificant llilTt.:rem.:e amnng 
group body \1ieight means. 
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PSL ID: 160720-SR 
S11"11· N-0: 44856 

11.B Dose Preparations and Procedures 

l l,B. I Did Pn.1UJrutions (PSL SOP Ji605} 

The lc:st subs~ will b~pro::esi;ed. as n=tkd. lo '1¢i..'re.ll!lt: particle si:t.e using a ~dcr and 
th<:n addi:...J to 2016 Certified En\'i~'C) Tell1d Global Rrnltmi Dit:it* and lhocoughly nti."ied in <1 

lti:gh-spoed 1nix1..-r. Cootrol d~ (&al Di.et') will lw mi.xC(1 ondt..>r the s~~ c.Oridilim\~ a~ d~ 
dids prep.ired with the t~t su~~- All dir..1.'!l wiU be h.>pt frozen following prepat~ti-On. 
Ufl~. preM.-'11led lt1 Lhtt lest .mlm;lls on ·thi;: sanu: (L1y ;~ dici pf(p.'ftlltion. All di"t."" will ~ 
prcjl:trcd appro:\im.:itcly weekly or mot-c fit:ql.ICtltly,as·ncQ.fcd 

1.1.B.2 Oict Plu<icnlation 

The control diet \Viii prc:8CDtcd to all nnimalc;;; on Day!{ 0-1 ~ of U1c lllUdj·. On stud)' 03y l•t 
the conlml und l.e'il did!!. \vill be prcst:nli..-d to their ~ocli-.<c groups.. "The ilidfi will be 
r1.1plnccd cuncurrentl~· with 1000 conswnption tn~W'mlfl:nl!I on Days. 17. 21.. 24. 28. 31, 35 
a:n,d 38.. A<ldltioonl <lid m.:iy be provided all needed ihroughout. lhc study lo ensure ad libit1u11 
J'Wdin!!- .An.imalti will b~ t:..'q)O!IOO to the \.!Unln11 or tesl dtets. fOr al 1cast2S d.J~"!I. 

l l.B.3 Snmpling (PS], SOP '6Q7) 

Thi! nt:at lt.::!il substan~ and sdectOO prepared dit::t"I (at e.teh e<m~tr.rtkm), will bt: s:implcd in 
duj)Jicato. S.Unple!:i will bo frob."11 tmti1 anatyzed '1nd•'or 1n.,'lybo dl11Card~J upon 1.!0mplctioo of 
I.he study. 

11.B.4 St.1bilny of'l'<Af S11Mnnoc 

·nw tle".\I wat tw!Mbn~ w~ pN\-';i.1U$l~· ~1ti11ninOO lo be ~tahlci unlb not100I }Jhiot;:docy 
coodition-;. for the duration \)f ~ 28-Wy study1

. N the initi;1I diet rrrcpmuion..· a ;.i~npk: of the 
W.t~f.ne11t) \\ill be rctaipcd 

11.B.5 S1Jlbili1y in Diru1y 1'Lnrix 

'l11c 1cst 11uh!-;1a11!.!(: in the dietary matrix w~"<i prc•,:ioimly dcit:nninCd to be '11~hlc O\'CI' 10 dilyK 
in a pn.!"ia.m to:-cii:ity );tudy1

• Sl:llbifity of lhc test !illhst..ani...--c f;n lhi: dict.:u;v matrix uilJ not be 
as.qdlscd in this study. 

1 l.B.6 Homog"""1)' 

Sampl'C!i to t:v.il lut1lc homoganJ:ity 11f Litt: Lust iiub~t.wcc dislribtJtion will bi; oolll!.'Clcd from 
lht: inifuJ diet prepar11tion.. Samples will be lal..'\!D from 3PProximately the lop, 1niddlc 
and bllllum ur 1111: dict mixer. B•'"11 diet control "mplt11 will be colkd'd irum tl1c 
middle ofthe mixer onh·. Oh.mi~al ::inllh--:sis will \'t:rifv th~ diets a11· homo2eneous and tJf 
accm·:ctc -C01t-l;(..-t1ttation 1hrouglwut the study, · ­

ll.B.7 Coocartratton VcrificatiQn 

Samples for t.Xlnccnt.r:ilic}Jl wrlfic.ation will be i:::oJltx:tod ~ part of the hl)mogcncity 
annlyi;.i~ during tl~c firal wed; af the !itudy. Diet prcparm.ion c-alculation wiH he v~rifkd 
'Qnd test dic:L" u·i.11.l"" mixed ~ccordifig t1.1 PSL.5 !l"tandard opcrnling proe<:durc, No1nin;1l 
diet ooncentrations will be used to di:h:::rminc the totnl ifltake of the test sub~tancc for each 
!Jl~up. 

l J.ll.8 Saiuple Pt\.-s~rvati.un 

lip<m 11ampling. did prt:pJUllfums ;rod nt:at tw 5U~Ulnce will he .stcmil litr.ll.'ll... Sampb will 
he OOr1sidercdstilble from lhe poitlt:it whicl1 the:y Oltc ih:r;m 
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1 Ul.9 S.mplo Analy.;, 

A single duplicate of the: fmn.-n diet snmpl~ d~trihod ahovc \vill be !iCJll to Impossible 
F<>Oils fur nn:dysi.ti of dic::l preparation and ru:at lc!il subsl:ance sample.~. A !figrt-cd. 
analytical tePort will be::- provi~ to llk: Study Din.~tot'. This report \Viii inc.lude llu: 
rnetflodtllogy~ p(ftlJumt me;isurct1t.ent10, s.tudy N.1ult~. •tttd t<abol11h:d r;;~u1ts. ,.\ti raw doita 
will be rctaincd by lntprJ11fl:iblc Food.,., .-\ny rcm<tiniltg s.atnplc rnatcri.:d u·ill be retalti.cd al 
Product Saf~ly 1.aho!. until i!l..<tUnni::c nfthe tin.al fqlort, 

11.C Arndytical Chemistry 

11.C.1 Sa1nplc.Stor<11gc 

tl(lOtl 1\!COipt. aU :1alt'J)~ i,vilt he "torecl and m.'liutaincd.&ozen priort(l M:tfyi~is. 

I l.C.2 MeihodVnlidation 

Prio_. lo !WOplc .nna\y11ici. the g.uitllhiljty of lhe method will h:: dcml)rutr.ltccl ~-fcthod 
v.Jli&lion \•;ill include, bul is not limited lo dd~in.alicm oflinearity, prcci!iia.n .nnd accum...'1'· 

l 1.C.3 Rcferaicc Suh;.~ 

.i\n aliquot r:Jf thc fe.4t 1<ul:stnncc "ill 11ervc: A'> ~le rcfcn.-ncc standnnl 

l 1.C.4 Chemical Analysi!i 

Anal~iical t.cst mdhrnlolfl!j' will he "\.'lllidnlcd by lm~iblc Foods. pc:nanncl. S:m1p!es will 
be :nW.;:mrl in n:plicate.. A detnlle<l di:Sa1ption of lhc arilllylic:al li:!il meth.od(s) ~\ill ~ 
docurn~too. Any rum.tining s.<Lmpli; materi.11\Yilt11~ ~tained until the issuance of the firu1l 
rtjlu~. 

11.C.5 Da1a R•i>orting 

Oat:i will be Cl'.llltureJ on !ifandard raw dat:i lihl:i::l!! and :JK instnnn1..'tll oulptl.I.. 3$ n~ary. and 
sununarized in i.-bulil:r ti'>1m. 

U.C.6 .-·\.nalyli~I &.110rt and ~ordK to be 1·bi:ntain~i.I 

i\3igncd,mud)1ic.:il n:purt will b~ pruvide<l to llw Stui.ly Oir~ur. This n:p:>rt will include the 
nh..1h00<ilogy. ~>rt.irumt mf;:aSllretnents, RbM.ly 1-e~nlb. -and tabul:lted l\.>solls, ;\II raw data will 
be m;iinttiinod by lm~ihlc Foo(l'J. 11tc MIUl)1icul rtpOrt will be incorporalcd into tlu; n1ain 
Kludy l"<]l<lrl. 

11.D Clinical Observations 

All :inin1nls will he: observed at IC{lst twice: daily for viuhility. Cagc-5:idc obscrvntion~ of all 
nnimitL'i will be pafanncd daily during-the s(udy. /\II fmdin_g_K "·ill he r~rtlod. 

()n D.ay 14 and nppr(r.(iQl.llt,ely weekly therenlla-. n dclailcd ohoscn·ation will b.c conducted (PSJ.. 
SOP #726) while handling the .animal. gene-ally on da~ that the illlimub nrc weighed and food 
eonsumpticJn ml:lliiilrt:m~riti; are. takc..-n. Po1et1Lial :sigru; nu!ed 11.hould indudt:. bul 11ol be limitu:l to: 
cb;mites in skin. :fur. e\·eii. and mu.cow: membt·att~. Qea.Jrren1.:1;; uf sei.'t-et1oos i1ncl .:XCNtiuns and 
:iutorlontk. actf\'"ily (~.g.. lacritn:'ltion, pilocn:..::tton. pupil size. uousu.11 rcspirMf.tf)' pattern)-. 
Likewis.e_. c.hange$ ir1 g~til.. ~tUN and t'e$potl'S~ to h.nndling ::i:s well ~ the p~~c.1:: of cfonic or 
tonic 1novi.:mcnt~~ ~tcrcoljJliC'?i (c,g.• cxc~sivc gn~mting.. n.'}'lctitivc ch1;:1ing), or btz"1·rc bchavior 
j_e;.g,, i;elf·mulil<ltio.n, W31.kjng b-ac~'"\\""ard.~) should ttlso he r-r.::cordcd. The d:1te and cll.lCk time ofall 
flb!icrvnti.ons and/or mortality chock!l.will be.ro::orded. 

Page~! of 14 
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'Ille: .Study Diredor \ ...in ~c pronrpUy n¢tified of S-e\'cR:lrcml\ttahle dinical ohin:ni:1ti<Jn11, will be 
onJ,..·Un:<l wl11:n an animal -i!I J'oond in a muribund. ;.:orulitiun. and m11~ authrn:it.c ~lllhunasiu ilnd 
11tlctlftl"Y ~11 ~~;:uy lt~. avt:1id ~he. lv11s ,.,f l)U:1ftt}' Jati~ .\IJ ti:ui:b a.utburizatfrm~ will I~ 1'u."lllfdOO 
ltt II~ fi'IW. iL11.a 

11,E 	 Eslru• Cycles 

F::.o\.tn1s u1 tit~ teruak 1•1t'J w.ill t"C 1Jctci·1n1ni::(l .i:l.11lj· ® l1~)"$ H·t3' ;Jnd l};4y~ 2942-1,1fthli!111\LCJ_y, h}· 
'l.'llgln.11 ~1:\l;i:gi:i to ~valuatq lbr ri::gulJr ~'clii:rty. i\ '"'f:Jl'MI l-3\·,ige \\~ .1IS:O pcrlflnncd al 
tcnni.Mtion IQ-deli:no•Oi: lhc ~la~ ori:stru.it nl sa.-:ri'fJce. C;1al1;>F.ii:al t:v.11{u.nf.io.o \l'iU N. p::rform.:d 
wiU1oul knuwl~e- of lt:l."3tmct1I goo.up 3-!i~i{!.Umtmt. _l.\J the end "r Ow pn:-dl),_~ing e:;tnm 
~...lu:Uln:n, the Slwl}· l)tr~nr will c..\.-aluaic: q1rnts. cy..:.lt: data ilnd ""·iU ~udc .!!,!)~' ~wd; .afll1TI~I 
C(lmlidercd to exhibit .!UyPical ¢!11TUJJ cycling. Jf11tce~:r;:n'y, nnimnb Jll:4Y be rea..-;..gigncd.·10 ~Jl<I~ 
bal~dnumbaa~ ~oups. 

11.F 	 Body Weightand BodyWeight Gain 

Inili\~idunl btHiy wcight11 willbc..ri::.t»rdcd .ut te.11.~l two time.~ illlring .tn.~•.-limatiOOl. Tt:St imlln;ih will 
bi.:: w~.i~llOO on Day n tpriot If.I stu<l~ ~turt) ilnlf.;iprrf1Ximaw.l~ W~Jo tb.::te:tftet (IDtt.•t\!<1111. -Uf 7 
~YI!:! l~ 11t~ tlHIUU~.I;; will ;dW be. WQjghiXI JN1•,r to ~i'lt;filiei?-, ~ti~ need llQ\ b1,1. \.\".aighi.;tl 
t~y 'vclghl.J?liu \fill. b~ ~lcubn.;.-d lhr·si;l-ccicd inroJi.'-11~ ;ind H1r thc-.6tm!y ln'Crtill 

11.G 	 Food Consumption, Food Efficiency, and Dietary Intake of Soy 
Leghemoglobln Preparadon 

fndividlllll fnod crn111umption will be n1~11uml 11nd rt:oordtd on. [)llyi; ,1,. 7. 10. l•I, 17. 2l~ ~. 28: 
3 L3.'i it11d-38: .a.od Bl lhc·~rid ultbe9ludy. Food dlicii:nc>' and dic:Lmy inlakc:oflhti (C:SI ~obstnncc 
~mg/l;g.1M_y) \¥ill-a.ls~' hi: 1!,1lct1l11ted .ind n:p-Ortli<d­

11.H 	 Tennlnal !;acrlflee and Hli>topathology 

11.U.J 	 S<:l1C<lulcd s....,;1;:.,, 
.o\t lt<rminoJ encrilll!C, :dJ SIJJ1.il'lJos will b¢.o~ b~ c.u::mguiitalion unJ~ isnl1nt-imt1 
ttn~U~i,. 

PlamJa iwmp!Ci; \ViU ht! w~led .frCmt all anima~, al tb~r r~~tiv~~CC<-.m4 ~lorl:tl 
frn:r.en titppn>.-ci~atc:ly -SU~C) for futurc-po~!l.iblc an:ilyiiis. If pctfonncd. 1ht: de:;~ription 
uf ilnil1~m will ·ht: tnldr:d hy ;unimtJffi¢DL 

:\!l~nimah,. in lh• <tud.' (1.twluding tl<>.«'OOtrl<l IYill ho 1ubj•~lutl to" notwp•}'. wbid1 will 
irtdudi:: e-::tamlla<tlko of du:: ~t1;1mul '!IUJ'ibc.: r1f lht: bo1i;v~ .'.Ill t:n-ifii::es, mui;euJo!lkeli:tal 
~y'lteiu. 31.Ul lht: tlil)r.aiitc. ;ibdom~Mi!l antt ~.,n~tl .eio1ti~ ~u1d thdr ~m1enta, 'fh~ ftlltowiuy 
Ii~~ for '111 .:«rim.1ls ~~nil..::i=:.:I hy design) wi11 be wci~I ~,·ci AA. "fl)()O :iM JX111~ihlc after 
li~~.oo 1u a"1i'(J1tl dr,.iiog; 

'Tiii; fo11o\\tn~ ut·g.imn .und t.k6uei:i from all DI)inUJfa will lie. pr~>r\•00 i11 1(1'1·;• 11'i!Ut.t3l bul:filretl 
t1:innillil1 lhr .PO~ihkl tilllll\I histupath:nlc~g~1 «<attUn.i1il'tll' 

Ult1ru.~ ccrvi:... 
,·~Y1>:1Lli::t!> 

A'1ditioc1~~ liAfitlef m.:.y hi;; ptt:."ii,;:r\-\."lt if iodi~t~ bl 11·ig1a. c1f Ul&.idty or h'll'~ 111@\n 
im'Qh:an:;:nJ ~t tba ~.crct~n t1f dte Study Dfu.~tor, tltau~ nUl_Y bi: di.iican1<td' U{)Qll 

lii1alU~iti1m of 1h1.1: r;Uu:ly with <iJ'lfh1i\•ill t'rO!tJ Ila; ~ponuir. 
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11.112 ti>lichcdukd Slli:rilio:e 

Any mt lb.at diC.<1 ar is ~crif~ b::cawic. of .11 ml'nifl'llpd L!mditim wil.1 be examined far lhe 
l!ttU!it: 1.tftlt::1th or mon"bund conilition on lhc dnJ' lhCJ obs~v.:il'ioo *ma(li:. The mtimal(ll !'will 
ht: ~alualcil fut gn)!..'1 bkrrn; (h~r1s ;im1 tiir._~ll~ will bi: e;.:r..>i,~l \\'4'lf\bto'\1 (U.'{(.;~I ftti 

~11i1ual! tO"ml 1Wl. an\I Vf~"l'"O .,"" ili...""1t.:ribi.."'Xl 1Qr·1ho)lt.i! at1itnal11 ?(J.J.COJ'ji;i:J.1'}' 1b~1L 

I I.HJ Hi•lnJ>"lhoio!!Y 

His1ologic:il C'<otnlinati<ll\ will hci pi?rfhrin<:d M th~ pl'C8131Ycd m'k_aritii and 1i~4~ of Min'ral~ rni-JYl­
holh flit: conlrol arn:l high do~e grc1~-fC'"1:1ups land 4, ·1'C<Spcx:.ff\'ClY) ~n.d from aoy -auim~t l"-:JL 
dks: du1irrg lh-i:; oom'ior.: of die 111udy. '111~~ .cx:11nln~~lo1~. moiy ~ ~lctid~d to (:1thcr tiil~n~ .-rn1 
org.:t"~ i11t!ludhnr li!>Sm;:ii: ·Cmn1 llu=: lnw a..od h1k:n:ncdia.te grtJUJlH -ar I.hi: :~C!ll' nf .P.ntl~olng~!j.L iJl 
c'f.lrts1,dto:!l:icm 'ril..h lho ~tnd~· Dire:::tor and Spol™rr. to further· irwi;:aiigatc \:han2.i:a ·<>b:<.c.rvcd il'l tbc 
bigb llD~ ~·oup. The f~r.::d tis.~ll~ ,..mbi.: lrimmi:<l_ protzt:S1:ililt~ c:mbeddi.:d mpnraUin. Sc~tion<;:J 
with <11t1i..:.J.-oh11nt:.. plao:.d on gfa~ niicrl).!j~Qpe--jjliJ~"itainr:d with hc1natt;)X)'li1~ and eoRh1 (llE). 
~Jul isx:1111tt1~ l1y ligh1 m~l'li:ot~Y· \dd-hkroal llJ)OOial ~ti'fft)" ~'l.n l)rS :l(ld~d h;•~·cd l~n UE. 
01.ralW1~i-ou .Jll 1bc di:tcrctio.rt-of tl\..: !(ludy pad1ologi~1~ m c:onimJtmiou Viii.I\ lbi= $tudy '()i~c:h.tl' 11.od 
5jh111~(q, .Slid"' _p1·epa,aiion ;)ttd hl--,tokigicill a&~CS!ltm.11t. h:y ;) ht>t\t'tfwcurtdlcJ· \/('.lt.Cl'itl~' 
pt1tfwlogio;(, ~·ut ·hc pqfomi¢ ill Hi~h>-!';~~11til11.! {\~.'INh t.~bomtoric.\' H~SRl.~. Pri~lt· l<:J iWUt· 
fe\!01·ding. intlial hi!!l"pAtholwgicnl cvalu111ion will he performed withoul knov..tci.I~ of tr~tmCfll 
gmup as.c;ignmt.11l. 

12. STAT1S11CALANALYSIS 

PI'od.Ll~t Saf-t-l}' I ..1b!. \\·ill p~rlOrm stntistic.JI ll.ctD.l~-s·is. of nU dnla ~clli.:dc:d durins the in--litC -p-has~ 
(If the.11tudy !l!- wt.::Jl :t!\ orgv.n w~i~1t J<rta, if ilflf}\~·I<:. TI1~ lttic ot the word "-t>ig11ilicant.- or 
·~igni1l1o1.1nllyH indlcatci1 11 !llafutii.::odl~· significant Jill'crcnce b1.:tw~n lhu canh'QI 11nd ibti 
expt1lmi:ntal ·gnmps. Sl£:nificancc will l1c judgtnl Lii ·a pru~btlit)" valui.:: of /J -- 0.05. 

~le.an •Hill !ilinuLtrd Ji.rvi..tliomi, ''ill h~ ~afoulati:id fa.- i1U ttUmtilativc daU. tt.!.ft., w~IJy body 
Wdiyhl<$. da~y ·bodyweight ~1.tiw.1. daily f<.100 L!omu1ruption. food efllcienc.~·· dnil~ di(;:ttry iutti°k"t:, 
org:iiu Wi.!\!!hl!J., rirg•111-f1).b(ldy wd_gbl JTUk1.ii. and CS-lnt1: ~~do,e.;}, ti' w.~ll-3Af<:d by ~ulfi~l..tu gi'l1u11 
.si7..c!!, dat~ wlOlitl @roup.~ Vlitl he t.."Vatwi.!od for b•J(ll~ndJ,\• of varni.11ce<1=' and norm:tllty. \Vltcr0 
l111ma~OOIJ?YQOa~ ~nd m::mn1d d~lrlbutkin (..-'> almcr.•cd. lr'<iibnCJll nnd conlrol group!t ·will he 
cumpa:ri.::.tl using a on~Wii)' anal.r-si& pfv.rrim~ t.ANOV~·\J. \VhLm uni:..,~·~ nnalysi..q of-..•ari.ml.X.! 
Li; KiEnificant:. .a i.::flhlpAriAfln of the- tre•tod .W'O~p!l to i.::nn1rol ,rill.bl! ,pcrtbnn-cd. \\'itb u multiple 
c.omparisaM [t:;!!l (u.g_ bunncl.L'!i lt:.!;[) 4 ·~. \\-'b~ru· varian~ arc cnnBidm:U 5fgnlrtc;intly dlfforl.3ll, 
1~""Jlil \\'TIJ LI• OObil\1•"1 u.ihy 6 l\<)tt·~M·i1l!01fic b\Ctll•J , .. g. KJ•111ikill:w4l1;, bO•"JilWJ1Uouic 
Tifl°'ly11i~ of\·~m10:.)t.. \\'~ t'll1t1,;p.'ll'tlrtttltrk ;;u1al~~·~-t1f\!.Wit1J1U::;; i'! :'l:fgtiiiictu1t.. a 1.:dmjlariMOH i'tf 

tte.1tcil g«•~J).\r to ~flnlrol wi·n he pcrrtOrmt\t {t,J.,_g, L1U1111 '~ 11.!'Sl ~~ 

lf \~1·ra-i1tt.:d tiy suOic.::k.•nl group sit:~<;, ihi;:- i1..cid<::n~ of ~lin1MI o~'r.t.-.tlon.~ n\itY he rt'"~·11hr.'lti.;:d 
thn)ugh -~t;'(Jll<Ql1ti;ll 11w1Jl.!:ttion of 3 11~1~ lei:il'' OtJt~r pnu.~Cl)uo:!:I wtll fllC: w:o:cd lf ~JJJlfQprla~ .iud 
'viii bc.da.~crihcd in rbe fin11l'report. 

'[fanlct!. ~.h. 111}-Jq, i•t<;,19.!:W~~ of :11i!fr~ktll;j .:t!W ":!t>itlSJ.k~l t·a.t~ l'ro~n<tlm;,:; o/ lb~ /&.~1'{1/ .S:id1•IH1fU"r1/.o-w. ,')r;rl,..:.,•I, lrJtt. 
~1f..'{~1s1 

' Dllfll»tl, (:.w 1, t!INl)' 1!:11f•,I:\_'-$: 111Wtij!l<! l!01H)l01'.-<i;lr~ Ut ll"I' llll~ll»tl l'flilil~·Cll'..~ " A.til<!P". SmJkN -~· -:5_ -1•\'i-HUt:i 

' (JIJrU~. (~ \Y fl'li\.i\ 1Ww-1n•1I(!!;; 1\-ltllTilhll~~ i!(ll!Jlmi!>l$ ..-,,!_h tl)torril /l/flfffo.'fi't('I, ,Jtn ..1~1 
~ /l,ff.lOJ.::.tl.. \V H. iild Wutth.> ·w .A. ( 1M'.'l::l1 Ll~i.' o~ illu~ u~ ~'t"N·1.:1i11:t1lq1 2i1a!r«l$-qfnii'tml~- .r, ,JtPJJ..,., :St11tf.JJ, •.~r.•l"". '.IKI·~~ 1 

Dllttl'- L\.f (N~'i.11 Mnfli['l~ 1,~N111~11. u&tfR ~ t11iw.. 1";.>,_oJrtu1.1•11"'1J·Jr--1. t}-, ll! ·:l. ~. fl)("i-:l. 
· -\c!lC':!ll. .."\ r..:!OJ!IJ l '1u...~~Ul' ltu1.t'"'Wr,r:Y-A!f·_Jj1•1!:d1.ti1~0. Jnlit1 Wil~y& ~t.lte:i, Lt1...-.11oh.ML ."J 
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28-Dny Dicta.I)' Ttixicity Study
Product Safety Labs 	 Protocol#: P703.021Mi> 

PSL IP: 160720-5R 
Stud~·!\;.-.: 44856 

St.llti.!itical analysis will be L-onductcd by using onl:" or more of the follow·ing ~.otlw.nre 11pplic.a1ions: 
!>mvmitist vcl'8ion 9. Tables md Stali!itiC'J, Insh..'m LSS_ Staffordsh.iru. Li"K; INSTAT or Pris.m 
Bi0$tati11-tic~~ Gr:iphfad Soth\o'<t:r~•. S~ Di~go. C...\.: Statview_, \~'!OU:ln 5, SAS Institute In..:., Cary~ 
NC~ attd SigmaSt:.t. vt::tsion 2, Syswt Sofhl.'at'e, San Jose. CA. 0th« s.t.1tis1iC<JI motl1od') \Yill be 
u.~cJ if .upproprintc. :it the time of ~nplyl!loi11 .,pd described in the final rcpQrt, 

13. FINAL REPORT 

.•\ signed study report will be PJO'.'ided to the Sponsor. TI1is final rep0rt will include the 
pra«dut\.'1t illld ccmclui;lon.i;: dra'vn h)' 1hc Smd)' Director, 'l'hi.8 report wiU i.ncludt;:. but not he 
litnih;J to. the following informatt.:111: 
• 	 individu;d anim.nl d;Ua (and o:1vi.:ril.,£:t.:a wbt:re nppropri:ite) for actwal 1:0T11.x:nlrt1tilm Qflc:si 

substance n:ll.!civc..-d: 

• 	 time ofohsco·MIDn of each abnormal sign and its sub..;:cquc:nt ~ursc~ 

• 	 cslnUI cycle: 

• 	 body wc.-i,ghL~. hoJy weight gain. fOt'd coruiumptioo. nnd food cffi<."iem::y \·l'.llUC'S: 

• 	 Sclect~d org.1n W\!ighl~ ;ind org.nn-tCl·body \\1eighl ratio~ 

• 	 lli;ct"O'pll.}' and pathology findin,gtr~ 

14. STUDY CONDUCT 

14.A Testing Facility 

ln-lil"o 	 l'roductS.-lf~y L.1bs 

2394 vs Hlg1l\Wl}' 1.'() 

Dayion. N.108810 


TC!lt suhst.ancc Md dictttf)' analysis 	 lmpMSihle Foodii-·lnc. 

525 Cht:sapeaki:: Dr. 

Redwood City. CA 94063 

Prospectn.·c P.I.: Rnchd Fraser. PhD 


llistologic.al i1lid~ prep:.rntion 	 1-Iisf(l·Sch.'tltific: ~C"arch Uborntotics 

5930 t\1ain Stfc.'ci 

ri.·l<lunt Jn.:bon, VA 22842 

P.l (hi<lology): Craig Zook 

Histolagic,iil slide C\11luation 	 Hilito-Sciaitir£ Rcsc:'sn::h l.JJboratoriC!'i 

~930 Mam Str<cl 

!\·fount Jackson,. VA 22842 

Pro8p.."Ct1vc PJ, (p;1tJ1ology): 

l..nura E. El"><k. DVM. PhD. DACVI' 


14.B GLP Compliance 

·111is stud}' will nnl he pufomtcd in t'u1J corntlliancc wit11 OLP sta11d01rd'4. but will be conducted In 
~1 GLP-compliant focilrty. 

14.C Test Procedure Guidelines 

Thi!t study design i~ ~lied on lhe: foUcH,,.ing guidelines: 
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28-Dny Dietary Tn>:ic:ity Stud>·
Product Safety Labs 	 Protocol#: P703,U2 IMP 

PSL JD: J60720-5R 
Studv !\~-0: 44856 

• 	 OECD Guidelines JOr T~ting ·of ChemiC;J]s ttnd Food Ingn:di-t:nb, Section 4 (Pm -107): 
Hi:allh Eft(:1.'18, RqMired Dose 28--Duy Oral To..'l:J(,,'i~~· Stiu{~· in Rodent!J· (2008). 

• 	 CS FDA 'foxi¢(11ogl~I Princl1,lc!4 tOr tho S.Jfcty :\.~cS$mcitl of Food Jngrcdictil51. Rclillook 
2000, IV.(~. 4. n.. Sul:-e.hrr»H9 To:i.·tcity &'rndies with Rl)(/ents (2()07) 

15, 	 RECORDS TO BE MAINTAINED 

Tlu: original signed re[Nlrl .nod pnper f.l\\" dat.:1 witl he sent to the Sponsof. ,-\copy of the !lign~ 
report togothct'wiih copy of~ protocol and nll rnw dnln gencra!cd Ill Producl Safd.y Lnbs, vrill 
be rn.1inl4in~ in the Produi:t Safety l;ih!i arcliivc11. 

The following r~rds ·will be maintained: 

,\. 	 lnfonnation on test substance will include but not bt: limited lo the following: 

StorJg~ 	 DiKJ>~if.ion 
Lisagt:" 

B. 	 IntOrm~tiou on animals will include but not be limited to tlie tOUowing: 

Recttipt ~1te ofbirth food consumption 

Initial hcahb i\Ssc.-s!l1netit Indhidlltt.l ni;.i.::r<JflRY rccQr<\8 

Dosin1i llistopilthology data 

Rody ~'·cight.'l Seli:ctcd org:tn wcighl-;. 

C)1ology dat., 


C. 	 All oi.ha- rcconl"' thul WQuld dcmonstrntt: ndhcrcncc lo the protocol. 

Prep:ntd slidc.<1 and p.athologr d.:tta will be maintninod b~· Pmduc:I Safct.Y l.nhs· andior by llSRI .. 
~\·fount Jackson, 'VA Test substmi_cc: .and dit:lary analysis data \viU be mnintain1..-d by hnpossibh: 
Food,-.,_~. 525 011.!S:ipc:akc Dr. ~dwti()d City. C'A. 94063.. 

Any cll!ctronii:i raw data gt.11l!r.nted by tlu: Tt;st .Silt: will b1: 1n<1in1.aini:d in :iccorJanet;: lo lht: l't.-st 
Site SOPs. 

16, 	 PROTOCOL AMENDMENTS ANO DEVIATIONS 

All amcndmcnb rutd'or dt.'\'lutioni; {{) thi:io protocol nnd lhe l"Cil..!IOTIS- th~refore. i;hnll be 
.oippt'tlpiiuttly OO\:utnl.111t:d. signt:d by tht: Slucly Director" and dc::s.c1ihcd in the final repo-tl 

17. 	 DISPOSITION OF TI:STSUBSTANCE 

A n:s.en't: s01mple or the te:sl :subsbnei.! and reo:or<ls of s.amph: dispoi;ition \til1 he maintuinlld at 
Produc1 S:itety t...b:5. All reru.1ffiing test sub:!ot3tv.:.e will be r~t:.ined fVJ· at le.'t.'!;t (Jn~. }'l!itt frlRn 
wccipL unh.u ollv..-rwise i;pecificd by the SpOOMlr, .:.\II 1'tmaining t~t 1mll!lbnc\: will hi: rdumc:d 
to dw Spo1ts-01· u11le8.-; otlimii·i~ d!~cted. 
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2&-Day Dielnry Toicici!y StudyProduct Safety Labs Protocol N: P7C>J.02 IMP 
PSL 10: l G0720-5R 
Study No: 448)~ 

18. PROTOCOL Al!J!ROVAL 
(b) (6)

____, 

Sii:llllture:_ Signllture:-,
(b) (6)

Raebel F111m, PhD Jay100 Chen, 1'110 

Spilosor Repn:scntatlve. 
 Study Director 

lmp="ble Foods Inc. 
 Pradll(t S!lfoty Lll.oo 

Date: z.\\\ \r 
(b) (6)Signature: 

Odete Mendes, DVM, PhD, DACVP, DABT 
Dlmctor, Toxicology and Pathology 
Product Sdfcty L11bs 

Ott1c: --, Rh _ • ··1''f 

P~ge 14 of' I~ 

727 

http:P7C>J.02


Page 62 
PSL Study Number 44856 

Product Safety Lab-"-s-··-·~·-------

PROTOCOL AMEN!!~IENT 

SOY LEGHEMOGLOBJN PREPARATION: 

AN INVEST!Gi\TIVE 28·DAY DIETARY STUDY IN RI\TS WIHI A 14-llAY PRE-t>0$1N<i 


ESTRUS CYCLE DETERJ\·IL'IATION 

PROTOCOL NO.: P703.0; IMP AMENDME1'.T NO.: I 

STiiDY NO.: 44856 PSL NO.: 16072().5 R 

PllOTOCOL SECTION: 
I) 11.H.3 Hfatoparhok1&,y 

Change From: 

Slide prcparati{lo and hi:•tological as.5-eSS111e1n. lly a board--;;ertified veterinllry p11111o[Qgl~t. will be 

performed at Histo-Scicritifi.c Research l,.nhoratnrics (HSRI,) 


Cbao~eTo: 
Slide prepi.1tation will be pc-rrrnmed by fli_s{oscn- lnc. Hh;tol-ogical assess.merit,. by n hoard-ccrtH1od 
veterinary patfl.t1logist. will be perfonncd at Regnn P.ath/Tox Services. 

2) 14.A Tc-.!::ling Facility 

Chanic From: 
Hi.5totogic.al slide preparntkm Histo-Sr;it:ntifi~ kescarch Lnbor.at-oric~ 

5930 fVlain S~t:1 
1'.1oun1 Jackson, VA 22842 
P.1. (hisfolog~d: Craig. Zook 

Hb.10-Scicntillc Rc~n:h Labormories 
5930 \.tain Stre.1..1 
r-.·1ourtt J<ickson. VA 22842 
Prospcc.tl\·c P.l. (p<i!Jiology): 
Li'!ura. E. Ekt:Kk.. OV/\.ot. PhD, DACVP 

Chani:;e 'l'n: 
Histological sit-de prepl1I<ltion 	 Hi:;;tc).C;cr.·, Inc. 

J 9526 Anutranth l)ri.,·c 
Gt::mllmlUwn. htD 20&71~ 
r.L: .Proliba Volira 

Histological slide evulwition 	 Regan Pathilt'x Scr\·k~'!_; 
14.57 Towntliip R.d ..l'.15.3 
A>hland. OH .\4805 
P.I.; Karen Regan, DVr-.1. DACV.P. DABT 
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REASON: To change the tc:iot facility for the his1nlogical .~lidc pri:patation and C\'illtrntion 

EFFECTIVE DATE: February I). 2017 

li'k.ir ;15 . J..,, f­
r----­

Date: 
St11dy Direc1or 
f'roduct Snfory Lnhs 

(b) (6)

ky~1cm·c11cn 
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APPENDIXB: FEEDANDWATERANALYSES 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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APPENDIX B: FEED 


'Irae copy o'foiigin~i +++~·:.-
<l!lt1! ~Y-----

datc----t-NVIGO. 
Teklad Certified Global 16% Protein Rodent Diet (MEAL) 

Lot Number 2016CM·020717MA Alwlys1s , Rcsul! (~•J 

Date of Manufacture _0~2/_0_7/~1_7______ • ' • :· ) • '~ : - ! • ' ' ' ~ ' ~ '. 

Report Oate _0_21_2_01_1_7_____ Protein 15.90 

Fat 3:ss 
Laboratory Diet Certification Report Fiber 3.60 
The following data is a consolidation of results obtained from one 12.01Moi6ture 
or more independent testing laboratories. The actual laboratory 

Ash 5.02 
results are available upon request. (b) (6) 1have reviewed 

ca1Cium 0.9~ 
J !his document 

Phosphorus 0.10 
-.·­•.".".~!=·1;....~ 2017 .02.20 

- .. - 10:38:19 ·06'00' 

'Established Maximum 
Analysis Result U~its ' Concentration 
~ . 

r • • ' • • ' ' ~ ," - ' ._ • , , ; • ' • , ~ 

Arsenic 0.12 ppm 1.00 
Cadmium <C>.10 :,:;:.P.Jim.''·· ·0.60. 
Lead <0.20 ppm . 1.50 

Mercury !C9·~ ·. ~/·,~·c:ppms.;~ .. ~-. .J. ·'0:20 ,. ' 
Selenium 0.03 ppm 0.50 

Aflatoxin 81, 82, G1, G2 <5.00 ppb 5.00 

Aldrin < 0.01 ppm 0 .03 

Lindane <0.01 · ppm 0.06 

Chlordane < 0.01 ppm i 0.05 

oot'& related substances ~c;:03'; i · · .(f,~: \ liPiic:·..," : ·cJ'~· :l : .. · : 
Oieldrin <:0.02 ppm 0.03 

Endrin <o.~·.· ~ ~:~·PPJiJ:~ ~.' o.03 · · 
Hep!achlor < 0.01 ppm 0.03 
Heptachlor Epoxlde <0'.~1 <ii1>in·· o.o3 
Toxaphene < 0.10 ppm 0.15 
PCB's <.q.10 - ) :ppl'I). . ,p;tl$ 
a·BHC < 0.01 ppm 0.05 
b·Bf/C ~j>.itk ' . ..-·.. . ~; -~~ ~~~:-;_pjfq(· '.·.: ",\ ~ '. o:oi' : ··>· · 
d·8HC < 0.01 ppm 0.05 
Hexachlor<>benzene <Cl.Of '~Piirii~; ;, .. . ...o.p~.; .. .. 
Mlrex < O.D1 ppm 0.02 

Melho,hlor .;e.o:oa: xxr ·· >,,,i.i:wy;•···: \.'t«:>o.50j;.":·1 
Thime\ <: 0.15 ppm 1 0.50 I' 

oraz1non ....C:~;14.1•°H": '. ;--•;J ;:~!-W!lliif\·;,,:;.1 I;/{·! ·'o.~:::· 1'.i·"'/: 
Disutlaton < 0.15 ppm I 0.50 
Mettiyt Parathion ·< o:'l.t >···~ . ·~~lliiin, · ' •: ?::.:· o~r;o \ ;;.. 
Malathion < 0.14 ppm 0.50 
Parathion < -~·1i · : .'.r:H¥n.t.· ··· 9:~1r'>: ::.. 

Thiodan < 0.02 ppm 0.50 

Ethion <0;14 • : · · · ·~ilm· '·:6.~o ·' 

Trithion < 0.15 ppm 0.50 
T•~Gbbal OC.11 • • 1r.ad1m.t.Ot GJ env~o. c EnY;go 20-15 

Envigo Teklad Diets + Madison Wf + envigo.com t tekladinfo@envlgo.com + (800) 483·5523 
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APPENDIX B (cont.): WATER 

In March 20I7, water was analyzed for contaminants. 

LABORATORY: 	 PRECISION ANALYTICAL SERVICES, INC. 
726 Bernice Court 
Toms River, NJ 08753 

Results of water analysis for possible contaminants were acceptable within regulatory standards. 
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CERTIFICATE OF ANALYSIS 

lbll1ll:~W••Pn>Ject 11:1: ls! <N..W 
FMPnojoct Ill ' Pl"12311 _.,.,,.:l/1•11<>"7 

._.._,,,.,. ;Q\ MOI. 11(1MS~M> C-.ID ...­ Slolj>IH°"" Mllraod --
P11•123&-01 -. .. ~oso Ollll!> SMnua )/21/l] 11:10 !{>Vil lj""'I>~· '"" OO)S >.<10•· J{ll/"7 U;1t1 anJ/l1 u~11PlM2H.C1 -... O.OlU5 S'-"'1Utlt'&/l""" ""' "" ._PU'·UJS-Dl 3/U/11 U:lO l/U/11 1!:)0o.9lJ• SMUUDlad NO 0.001 

P17•1m-o1 """ l CAl/llll)ftl '51.<tma J/ll/17 11:10JC:OUlOOtni. otaVIOlm!--·· '., 
f.Col!/Coll!m "',JM>. l/11Jl7 ''"° """"' .....,._... l (D1J100ml l/UJI1 lllo·.AO111'11·123&01 T~tlilcan!nrm I c.ot•fttt lCoVlDCml Oc;,1/1°""'1. Sl-Ull.U l/2!117 11:10 -·· """""' 

P'J?·Ula-Oi O.DU> Wl111b "21/" 11:20uo­ lfll/17 ~"'•o' ­-·11 °"""""" 5.0)""1'17-Ula-Ol l/'U/ll 11'1)-..u 0.0~ O.Olli WllUD J/lVl7 11!20•o """'P11·W&-Ol 0.00046'2 3/l'o/1' 11:20Al:!c!m•U OJ>1$" 5MlUlG J/lJ/1' >HS"'Cl\. o.oo:z - ~"' 

-
""" .,,,.,., ...........
.P174U~ tC'otJl~l leo:/lCDml 06'1/IOC""­ SM'U)I Jnv11 s:-:20 llll/17~L o:tl/ O:IOP11:-•u _,,,P17·Ula-4) JnL/l'1lJ:'2D"'4.tAr. OCoV'HIOt•!\l 'l/l'l./17 UAO~•Jl l<:blt:;d'J~/eow.n I Col/IO<>a< lCA/lOOrll\L s.Mtl.Ull 

...,.,,. l .JQ·'>11·llJS.OJ 'Jhl/H U~t 
,J).l.ll&<.G 

~·10 o.450 o.ous JMlllU >/U/1111$"" HQ O.tl~ O.OIUI :;.~· l/1lJl7 .ll:JO Jfll/17 l2'.I~5M>Ulll"°""'WIO llot """1'11-WS-0) ~•10 .... HO 0.002 0~2 o.ois• SMJUJI l{llJ17 ll:lO J/22111 l3:.J9 

Pl7·12.J.8.W. l'.ootnllD l r.oJ/lOQnoil 3/21/11 lf.40 

P11•Ull-«l 

(.ColJ/ C<>\lcn ~ """ .... lc:ol/lOOml $-..tl.?:SI 3/H/H 11:ia-.. O(o!Jl""°"l. 

R¢0l11#10 ...... 1c.v1-.t 1<.ol/l»i!L 00>(/ll>lltnl SM912> B '!f.11117 n~o l{llJ17 16>'0'TatfJ Col'tbm fCoW'" "'"'""' 
P11~Wa.o4 ~ tM ,.,_au,_, sto1uon o.oso 0-"i,!$ 1M !lll t )/)l/11 ll,00 !/Wl71Hol>.01$ ~...c..... me/I. 

!.(IQ""PU·Wt-04 ROOtra~Pt"'"'tw~ NO 0.02S o.oua ~31Uft J.Jl\11"1 11:-60 >r>J/11 in1l><>< 

"° QJ)Oltt1-llla44 ODCDl6l 'J/W).1 ~0.01s• WUUIbm•~"1u•"te.\?a~ ..... ""''...A l/)1/11 """-P.17·U""'°" ~-lt~staUon lCol/1-l l<o(/lflolmt OC.OVIOOml S\49llU lf.1tl17 11~ !/211\7 lt<-IOf. Coll/'"""'1 "'"' ......,........~.l)trt~~ >l>t/l7 !O;olOh7·l:U.'°" f<:Jbt~/CdJcn l ColllllOoll 1Cdll~ Oc:o<fllll)ftl S>'9lllft 'fll/17 ll;<ll - ,_,...S'l7·l131-0S l.i;dl 10>(/l-.i. l<d/ut:ml >J(d/l~ SM till l • MOO 3{21/17 U"5 llV./1.1 11 :10"" l'l'M.lJ,S-<15 l/2Ul7 ll..:lDTotal Cdif0trn Cd/lDOnol l~ l~l Q~lOJ!n'~ >nl/17 11"5™">l•"" 
.....,....911-lll&-4l$ l(.QIJ1COaL l/HJ17 U;.15.-roo LOdl ~'O 1CoJl~i O<ol/lllCml WfllU•,_.IJG a./U/17 ll:JO 

'17~lllS-05 fcipct fott 103'./lClOfl'll, J/1.'JJl"I !J:AS 3/l.1/J.7 ll:\0O(',ol/loo..lHD Col/1-L lGol/IO<ml SMmHToul"""""" 

&IQ•W..0.-~l.... 
IQl.•Pnitt.W~t..,., "".............~ ..~""""' 

Mbl,,.........bl....UitM HWtHt,,....Q4'*1Mtotofl~'""'"" 
l"O•MlfrlM•i.t...~ -·­(b) (6)
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\:···}\).'\"\ ('.c'-'. ·k ., )···· (·.t•. \ r~\: 1...,c\,,,,,,··, "' 

\ -~( \', "1o-l' L\ :-) \\,~ \\~ .. ;.;,,.·~ I(.(.,........ 1\ l,• \';::._ 

C l\t- '"',)=)1/ ) ,_'.I+ 
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APPENDIX C: CHEMICAL ANALYSIS REPORT 

Submitted By: 
Impossible Foods Inc. 

525 Chesapeake Dr. 


Redwood City, CA 94063 


PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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IMPOSSIBLE" 


!'r!!kt<tTI!I~: 
Analysis ofSamples fronl Study: 

Soy Leghemoglobin Preparation: AN INVESTIGATIVE 18-DAY DIETARY STUDY IN RATS 

Willi A 14-DAY PRE-DOSING ESTRUS CYCLE DEffRMINATION 


Snonsor 
Impossible Foods Inc. 
525 Chc..<apc>ake Dr. 

Redwood City, CA 94063 

ANALYTICAL REPORT 

Test Substance: 

160720·5R 

Author: 


Rachel Fraser. PhD 


A11.aJy_tjsal R~ll9X!.C.!11!!1!.!W9.llJl~J.!'; 
M<1rch T7, 2017 

Analytical Services: 

lmjl(lssible F0<'<1s 
525 Ches.api:nki: Dr. 

Rcdwo<'<i City, CA, 94063 

!'.rnk~tldy1i.t.i.fl!.'.'!!il'RJ'i.\!!1t~~r: 

Impossible Food> Study Number IF-14856 

Page I of IS 
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IMPOSSIBLE. 


GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT 

Soy Leghemoglobin Preparation 

Tiiis analysis was conducled in 11 non-OLP certified f{lciltty. Methoo v11lidation and ~ilJl\ple analysis w~ 
performed an<I documented according lo GLP. Ch.amct.criia.1ic'.m of reference subs11u1c~ Wll.!l documented 
ucrording to GLP. 

Principal lnvcstigalor 

 

Date: 2J_rr\j_1=:_ 
~ 

Name ofSigncr:~.bsJJ'Jl!:'i!i!.J~.Wl.--..---­

Name ofCompany: lmpoAfiblc Foods 

l'llgc 2 ofJS 
Anal~1ir;nl Repo11 

Study Number 11' 44$S6 
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IMPOSSIBLr 

SIGNATURE 

Soy Leghemuglobi11 Prepw-ation 

I. the undersigned, declare ths.t the methods, results and data contained in this rc?CJrt fai!hfu!ly reflect the 
procedures u~cd and raw data cDllocte<l during the study. 

(b) (6)

_________r--­ 3} ttl\3-:­
Kacne1 1·raser, "MiU • 

_ 

Date 

Principal ~ientist 


lmpossibl~ Foods 


Page) af 18 
AnnlytiJ:al Ropprt 

S111dy Number IF 44856 
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IMPOSSIBLE" 
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IMPOSSIBLE" 
STUDY INFORMATION 
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PSl. Rcfcrc11ce No.: 
 16072o.5R 

PSL Stui.ly Nwnbcr: 
 44856 

Sponsor: 
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1. SUMMARY 

This tepott presents dt-c dietary mi~lure ru1d' test ~ubstmcc analysis phase of rsL SruLJy Numbe1· .ws:;6! 
Soy Lcgh:cmog.lobin Prcpannion: AN INVESTICiATIVE 2~-UAY DIETARY STlJIJ\' JN !(ATS \'.-Tlll 
,.\ 14-l>AY P'RE-f>OSJNG ESTRUS C\'CLE llEl'ERt\11NATION. Smnpkr- wi:rc c0lk~te<l during thr: 
firs.I fCcd prt!paralinn uf lhi! do:-.ing rha~c of the s.lutly for nl!ul Lest subsmnce c<inci::ntrolion \'erifii:alhm 
tNT) am.I fi!cd hnmogendt) tl-l{l) 11rn..I L'lincetllrat.lon Vl!rificutitm {JlL-rli:'innr.:d on lhc HO sampl~s) tmd 
trunsfotrod IL) the unal,:tic1.1J luburatv11· of Impossible 1:lN.)ds. Tor urttcle s1abili1y J11cat w1d in fill feed) 
was previously demonstrated in PSL Stud)' Number 43 f(,6: Soy L~ghtmoglobin Prc1xinui()1J: ,.\ 28-D/\ Y 
DIETARY Sll.JPY IN RATS ~ni.i lhtrclOrc was m)t rcpcnli:d.in !hi~ ~tud~. Thi:>. mc1h~1d wai; "~lid:lted in 
1cnns. l}f linearity, ::;:pcd1ici1y, prccis.kin. and accuracy, All ssmples were rccei\'cd fr{l1.en and \\:en: 
m.nimf!incd ti"oT.cn prior 10 cxlmction. 

Samples: 

Neal test substunc~~ li.-:ir con\.'{.:ntrRtion \Jcrific.itk111: ~'eek 1 

NT I A 

1niti.nl (On~· 0) Diclar)· Samples R1r C'onccntr.aHcm VcrificalfM and Ht1Jlll~gencit~· ~T =lop. ti.·1 =middle, B 
= hron~1mJ: 

HOI AM 
H02AT 
H03AM 
H04All 
1105AT 
H06AM 
110 7 All 
HOXAT 
JIO 1>A ;\1 
HO IOA R 

Pa.gc6ofl8 
An;tlyticnl Report 
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2. 	 PROCEDURE FOR THE DETERMINATION OF SOY LEGHEMOGlOBIN 

PREPARATTON BY HIGH PERFORMANCE LIQUID CHROMA TCllGRAPHY (HPLC) 

A. 	 Reramnce Standard 

N(lli:; ·111c neu1 test suhstunci.= Wfls u..~r:d a<> thi= ren:·rcncc ~landard, No purity corn:clinn was 
applh:d. Rc!<iulls wt:re reported n..'\ test $1.lbstant'C ci1no.-ntr11lion (\·cr:;us ac:ti\·c ingrcdk'nt 
t.""\.inccnttutiott). 

Nunt!!: Soy Lt!ghi.=rnoglohin Prepmalit1n 
Lol/Bah:h N: PP-l)Gf\.·12-16-088-301 
PSL N~1.: l(,0720~5H 
Purity: ..J8,82~'1.1 
E\p. D~lc: June 2017 
Supplied by: lmpo~sihlr: Food~ Inc 

8. 	 Method Valldation 

Linearity . .S)·stem suitabilit)'• six-cificity. 1:wcc1s1on, nnd a'ccuracy (spik!!'. ti.:coYeryJ 
1lciermlna1ions were rcrforrn~d prinr t~i itnl\lrsi:>, 

~\'-'ICk_§tl!!.1.~~r.t;l.-2.~!!!l~l!V A srn.ndttrd solution was P"''J"~(OO b) weighing U.1 grnms or 
ref~ri:ncc- "!'ilflndiird iruu t1 50 mL pol~·Jlf\)Jl}·knc lube, diluling \\·lth 25 g of l.~·:"iis 
lteagcnt, !ilmkin~ thr 60 mi11u!r:s. and mixing well. 

2.H.l lkt~"Ctor Linearity: The l1nt:i11ily .._,f dc:toctor rc:;pons..: 't\·.115·assc:isCd using rctC:rcnce 
substnnc~ solutioni; la:ry,ctcil In ~nu:Kcc the 1..-xpct."kd conoollratN.~ !Or !he urml)11:. 

Linm1rih· Stan<lard i'rc[IW'llllon: 1-·jvC' standunl solutions \•tilth C(1m.."e.111ru1ions rungi.ng 
from opproximmdy 0.125 lo:'! mg.lg (LIN I - LIN 5) wen: pn::pur<.'ti by prcpurin,g 
lndh•idual Jllution.'i of the stock St:tindu.rd ·!iohetion in L)·sis R~ugt.>nl b~· weight i:1llil 
tuixing \~di. l.inenrit~· solu1ion slwfflife is 3 dftys.at 4C 1)r f2 nt11r11hs. m -soc. 

L.i11cur L~'Ss.lon of thl! anul)·lc pl"'..ik gave oocllit::k'11lS .._1f t.!ttcnninuckm (R:) l)f 

0.9998, which wure .:t'l~ii<kted acctptcible. 

2.B.2 Sysh:m Sulmllility: Piv~ roplk.at~ inj~t.::IknlS of the mid"Poi1~1 linc:af'it;· solution {LIN 
3-1) prudOC\.'d rela1i1,i:: seu1.1rJarJ d\.-via1ions for this scui.!J ·of0.4·().7"4. f1Jt p~ik f\.'!'ifl\J!lse and 
(), lo/u ror tt.'tenti(!ll time. 

:LB.3 	 Spcdticit}: Sj'.X!cificit) was dt.-mons.tr;'itcd by 1he :absence ~~rsignilicam intt.'tfctcnces 
in re11lk<Ue liUl":ilrity {LIN t~A) om.I control R~.J sai11ph..~ ~HO I l\M·I ). ilackg1\>urtd was. 
<.'io/(l ()flhc k~west stan.:lun:l sig.n~l. 

2JJ.4 	 Accuracy !Spike rcco\·cryt :.1nJ PJC\!ision: 

Duplicate QC s1uck solutions wcrt: prepared b) weighing uppro:..;im,1t~r~· 0;5 grrun of <i 

con1r\1I i;ample (1-1() I AM) inh) scparUlc 50 mt polypr,)pylcnc ccntrithg.o: 1ubi::;. adding 
1.2.1 g ~QC LCIW) I.Ir 2.~ s (QC Jl.i.gh) (lf ~ rn1 :i;tin:k iotandurd suluti~n. und adtllng !t7S 
g (QC Highl or 7.5 g (QC 1-llg,h) of Ly$i,!; lti:..-agcot intC'I each lithe. Eru;h mixture wns 
capped nnrl ploci.!d in a mcchunko! shak.cr -!11i- 60 minutl!S- ·1 ·hc ivalul ion'> wi::rc 11Howt."li 
t<.1 settle IC.r 30 u1inu1c~ 1111d lil1itretl lL..,ing -1.1 0.2µm 96-wcll Hiler plute~. Flhr.i.tc wa...; 

Pa_gc 7 of 18 
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c1;ll!~ctcd in l.t(,..wdl cl)nical h.Jtt~1m plate thr HPI .{: nnolysb, 

Cl11\)1TI'1IO£.rnphy 11rche \~orking QC $olul~Jns dt..'1llitnstm1ed 1tecllrJI;)' (% rc~ncry) to fle 
1>6.ill:/., fiw QC l..nw und r)8,Jo/I) tQr QC High. llic ''l<1RSD wm~ I.4% t~)r QC r.ow and ll.3U.~ 
tor QC J.Hsh J~)r prccisivit. 

C. Analysis by High Pertonnance Liquid Chromatography (HPLC) 

2.C.I Slllndurd Prt!:rarntit>n: The: linearity soluli\lns wcr-c injc:cted iiml U:-;.!d !Or 
in.tcrpulatiun ofll!isl!y results.. -1ni::: result is sho\YTI in 2.B.I. 

'Nl)IC: All diet !'.llmpks wen:: rcn111't·cd fi-nm the frccl.cr and i1llo1.rwcd tn CiJuilihratc 10 rol)m 
1i.:.inpcru1urc hcihrc weighing. 

2.C.2 'fc:s1 S:1mpk Pn:punuinn IC.r Neal Tc~I 1'uh:;111ncc: Samp~ \H.'tl.! prcpu.ri!i.l in 
triplicate, 1\pprn.-:imatd! II.I g ~ifthi= t.L"SI suhsWnce- was wdg.hcd into .SU mt. poJ)·pn.,p)'1t:ne 
c~nlrifll,!,~ tube~. tliluttit..I with 25 g Jy.sis rcug~rn... und plm:.cd in a mccltimku.J shaker for 6lJ 
n1[r\ut\:'S_ Scl).:mdut)' dilulions were -~1'fonn1.."tl as 1iti..""ts'!Wll)'. Sruuplcs \\'ere mixtX! \\·ell and 
filt~txf usi11g u 0.2~1m 96-vrdl tilh:r pknes. Filtratl)" \\'as. oolkx'tl?d i11 96-wdl coniei.J lx,ttom 
plme for MPLC analyS.i$. Filtr.:ttr.: srutlf lifo lit 3 d~ys.. till 4C ''r 12 moo1hs al ·&OC, 

2.C.3 SanlJ}ic Preparafo:i11 r~1r Dicta!)· &lmJ>le.1t: E~L.":h santplc: wru._ Pfl.'P'ltcd in a·iplk'fl[I."'. 
t\ppro:"iimately 0.5 g of a !Hll1lfl1.: was \\Ci"ghed ink1 u 50 mt 1x1•yprop~·lenc Ct!"~tU'lfugtZ" tube 
and dih11cd with I.y~i:o Rc~gi::nt us ncccs!iary ,.higher ~l~tion ~m~-.lC.'i h'1d ~·higher 
dilutkin). 'lhc ~lutkm Wa'i rnppcd urnl plac.:d 'inn mcctmnic:1I sh~kcr for (,O m.im1!e._<;. lb:= 
solutH1n~ wcrc ::itlowcd to scttlc tOr ,10 minut~ and tillcl'l.-rl u..i;;ing a 0.2~m1 96-wdl lil!cr 
r.il<tk·s~ Flhrntc wus col11.i.ch!J in 96-wcll i.:onk'Ul bottom pla!i.! Jbr J.IPLC i1t'l1llys.is. Filir.:itc shi:lf 
lift is 3 days at .JC 1.lr 12 nwntlt~ at--IWC, 

2.C.·l Analysi~·: Al thi: ~ginning 1lfthc wialy~i5. th~ jnstrumt!nl was t:quilihrmcd until ii 
gave- a s1able. oornistt.'nl basdioe. ·n.e S(11nda/'\b ruKl san-iple-s W(!f'e injected :ill O)tl5;is1cn1 ti1ne 
inler.,als in ortlcr t<.1 maintain u s1eady ha.setinc. A S1.'l~·m1t blank ;:md s-iandan.b. Wc..-n: ruti; all 
san1plcs were injcct;.o:d in siflglet t-.'X~pl for tht? spik-i: r~over_y sam·ptes. ~~'hkh were inj'l.-'tled in 
~tuplicah:. 

-2.C5 C;.1kulations: Rcsul1s wl)"rn determined as t~lllows.: 

Cakulntc..-d Con<:. 1mg/gJ,,.. Peak Ar.c;a -1nt<:n:::l?"Pl 

"""" 
[>o~e Cj)11c- (prmH"" C:1k:. Cnni:-. 11u1:1.1gt 's r:.-:1roc1i.wi illlffer Wt. lft! x lflnO 

Sruupk w-ci~hl i.st 

111-cU«tiL-al Sp1ki: Cone. (m!V,gt- ~J."-'.[~~4__,_J.gL__ x Std. Com:. lmmf1P 
f.•\lTlk.:hotl Buffor \'/1 ti!'! 

Html C.:oni: img/gl- lh~lll\!li(:al Spil;~ l\>11>:. (m_g/gl ~\\'I. {ll ':ia111f'k Aliquot fl.tl 1Furnt \\11 ig) 

'ho Rtt(,\!Ccy = ~~!g.,__(t~~f::__ .IJJ!S/.\!L l!. I (10 
r-inal Cone.(mg/g) 

Page. &(.•f JR 
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~1.)!-iigrml I O~l<.g.H11.md'" ~I.IN 1.,\ urlfqfJ?~mro~ \ 100 


Avg.. Cm1!r<ll area a'S~ 


'Yo Tnrgel - DetSe Con.;. 1,ppm' I <..'orrcc_ted IJoS'C L.cvd (ppm t :-; !fill 

3. RESULTS 

A sumn1ary l,fthc-analytkal d1emistfy resul1s is presenk'tl i11 Tabk IA4 1l, JIPLC \.)llerating condition:'. are 
pn:S4.'11ted in Tobh: 2. Tl•c: 11nt1lytic11J mmhod passed all validutlon parumekrs {Jim::arity. :i;)'Slt:lll suirnbility. 
spL.-eificit)', p~i:;i1.ln. u11d accurm;y) ilnd teSults. are rcp1.,tted in Tabh: 3. DetnilOO resull5 1.~fncat test artir.":le 
concentration vcritic;:1tion nnd tec<l tromogcncity a11d conccmraiion \'Crilicmion a~ prescntc<l in Tables 4­
5. Ch1>.1matograms are m~1intuin<..'d in 1hc niw dala h111 were 0()1 inr.:lud-cd in lhis n:pnrt. 
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TABLE 1A: CHEMICAL ANALYSIS RESULTS 

Rl!!sult fnr Nt!llt l'est Subst1uu:e Sample 

Sampling Day 
~1tasured 

Rec<>ve-ry (o/!!) 

Day 0 102.7% 

Pag-e roof I& 
Am1lyli~11l Rcp<lfl 
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TABLE 18: CHEMICAL ANALYSIS RESULTS 

Rtsultoi for Homogeneity of Dietary Preparation." 

Sample T•rg<l ~1easured 
o/. or 

Dll)'
1 Group Conc:tnrntion Concenlration

Lucation 
hmml lllPml 

Ta~~t2 

I ,\.1idl.lk 0 ND N.-\ 

fop 5545 ~.i.511'10 

2 ~tiddl~ 5863 5649 96.36~l) 

Bollom lJ(l.l 90.46% 

T1.'p IQ6J3 93.65% 
0 

NHddlc3 11354 10433 Yl.X9% 

Butt.om 10915 96.1],;1 

lop IMIH3 94.5P.4 

•I ~1kldlc l(1ll36 15882 lJJ. 7WYo 

Bottom 15822 Q:l,42~{1 

A"Verage 
01. or RSD (0/ol 

Tal'i!et 

N.-\ NA 

93.800/o J.22o/o 

93,89% 2.27,(, 

C)~.9J% U.6Uo/11 

' Da}' rdn.ti,1¢ w i.nitfal dicta!)' pr~p1trmm11. 
1 'YoJ-ofT01g1.'1 - l\11:.mmn:<l Cone_ (ppm I/ Targo;::t Cone. tppm) ~ 100 

Pag-cllofl8: 
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TABLE 2: HPLC OPERATING CONDITIONS 

lns.trutnenl Agilent 1100 Si:ries HPLC Sys.tcm. wilh DAD 
Column Water.> J\cuuity xBridgt!' BEH 12.S SEC. 1.8 x I.SO 1nrn 11) 3.5µm 
f:lcH~ r.:n..:- (ml/min> 0.116 
lnjcclion Volume ( µ.L) 2~ 

"\VrrH,':icn,g1h <nm> 44.JS 
Culwnn Tc..'lnpcr.i.~urc (uC) ,,.\rnhie11t 
Tmy lc:mpi:rntun: ("C) 4 

Run time (mi11) 
Flo\\ ra.1c 
(ml/min) 

HPl.C-Grack \V1ucr 
(!}~') 

~O mrvt P\1tossiu1n Phoopluu~ 
pl I 7 .4.' rnM $(1dium Chk1rid~ 

(11/c~) 

0-14.00 min 0.86 0 100 

14.01~ 19.00 min o.K6 100 0 
19.0J tl1 30.00 min 0.86 II llHl 

Page 12of18 
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TABLE 3: METHOD VALIDATION RESULTS 


I .ini=arll)' 


(1\m1Jyzi.:d on o:v15.!2l.1l7) 


Tb(!oretical 
Samplr 10 PeukArca Conttntration 

(mg/~) 

11.9% II. 134 
I.in l 

12.2;\Q II. I 3 I 
2·1.821 ll.2(14 

Lio 2 
24.928 ~l-'.~64-

49.916 ll.54(1 
Lin 3 

51.512 IJ.517 
l0lL7•19 1.(>14 

Lin.l 
1111.589 l.GJb 
t~>l-)_()7(1 2.l).06 

I.in 5 tt>lJ. ll15 2.(~58 

S1oDt; %.983 
1n~ni: --0.:'i I_:! 

Corrcbttiun Coefficient (r): 1.0IHl 

­

Page 1Jofl8 
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TABLE 3 (cont}: METHOD VALIDATION RESULTS 

S)·;;tc~ Suh.ahility 

(i\nnlyzcd on 03/1512017) 

Thtoretkal 
Samplf" 10 Rrttntlon thnt­ Peak Attn 

Cone. (mg/g) 
(111ia) 

4.369 50.061 

4 . .110 50.093 

I.IN J.f 0.540 4.370 50.091 

4.377 !50.0~~8 

·l.368 50.SJI 

Average ·l ..l71 50.165 

STD EV O.CK14 0.20(t 

o/oRSD 0,1~· OA~'.i. 

Accur4cy .nnd Precision 

(Analyzct.l on Ol115J2017) 

Thcoretir~I Cakulated A\·enage •,t,. 
S111m1lle % Cone. Peak Are~ Cone. Reco\·ery 
Nan1e Reco\"ery 

{mg/g) (mg/g) (SO/%RSO) 

48.209 0.502 97.60% 
0.515 

QC 48.105 0.502 97.59'!~1 116Afl% 
J,rt\Y (0.01 I IA3L)..V.! 

46.804 0..188 95.l \o/o 
O.llJ 

46.8% 11.489 ~5.JOo/il 

97.509 1.011 98.0S'!'i> 
l.OJO 

QC 97.413 l.OllJ 97.98l-Y.1 98.JZI!.~ 

High (~l.00: H.J4~11I 
98.277 1.019 98.(•21!11 

1.033 
98.267 I .019 . 98.(i!<J.'I> 

y = 96,98x • o.~ I 

Pa:g~ 14 of l8. 
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TABLE3(contt: METHODVAUDATIONRESULTS 


Spedlicit)· {Anal~·zc.'ll on 0.)il 5/2017) 


Ptak Arca Snttlnclt\' 

I l.996 

LIN 1-A 12.2;9 
HO I AM·I ND NA 
HO I AM-2 ND 

HO I AM·J Nil 

Page 15ofl& 
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TABLE 4: NEAT TEST SUBSTANCE CONCENTRATION VERIFICATION ANALVSlS 

r\nBly7.cd <.1n HJJ 15/2017 

Surapli:­ final CnkuJaud .\'-'R• 
Day1 Si!!mplt % SOf 

\\'ciJ:hl Cone. Pt11k ATt'll Co11t. % Namr Rtrovcf}· "ARSO 
(gl (mW°~) lmg/g.') R(C"('U\'l'ry' 

<I llH7 0 515 50477 l):i.:!6 Ill:! 01~;:. 
0.(12 . 

0 NT I A 0.1!~(} 1),j I! ~1 l'.>3P l},S_;~ llJ~_lH% H):!~ri''• 
~.1)11'!~

0 1022 05(19 '19.JOJ f) 514 lOO. IJ3':';, 

~ ~9t'l9Hx·ll5! 

' Day~ relnti\'C" IL~ th~ inifinl die! prepnrnllon. 

Pase l6ofl8 
Amtl~·Li;.:111 Rcp<l1'1 

Swdy Number u: 44-1l'i6 
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TABLE!: DIETARYMIXTURESAr.Fl.EANALVSIS 

~~·r~ .. ..}!J!!.'9._i--!-!!Lll..._ 
\fl~~A T-1 1)~11: !G'il.:'.l' 

HOJ/\~l·I !)51k~ 

HtJlA\t·:! •.'~·II" 

!IU ~ 1\ l-! 11.!0.'1 HO •IH1 

'fl J \ lo. !-;' II !OJ] rn Ill I~ 

!IL•~ A T·.1 . .•.'f~~~J.- "·.JE-~°:!".I 
-;((;f;;\\i:j 1) :<! ~ l•l "7.!11 

II! I~ i'- ~1·:! (, 5'10 10.•:•11_, 

HOl!AM·) •J.~21•! 111.~«!I 

IU.•0.'>l:H •!-~ll:! Jn(l.:lll! 

~.!!£.~El... ~.!L".!L'~ ......l~,.....,, 
tu)?AiJ...l •.'!-:!:! llf.Mlll 

lUl 

11 ;.u 

i <;!!~ ...... 

1~·. . . ..'.!11~ •u ~.,.,, 

Wi\r'<, 

I -u.''A 
i ~%''• 

; ~~·. 1-11.~s;.--

I ·•L Lil'". I 
: %~;:-. tJ!f<I•· ' 

~---;r~:'" ""---·----1 
I~ ~·-~"··1 
i '»!:!ti"~ I 

'l'rl.l'. 

'I) i'N~" 
:~:i·. 

I~ l~ufl!!: 
,.\nrr:t_11iral kcll"'rt 

!>1wl) Numt>.::t Ir .411.~ 
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TABLE 5 !cont) INDIVIDUAL SAMPLE ANALYSES 

S1uJ} 1~ II (.;w11.l c\n;d) h."J 1!11 0),'IJ.';!1>17 ··\I):' l6.'21ll' 

\ ~'lf•.~(.l);'I) 

!'l\!C I~ ~·f lH 
,\n;iMa;J.I J.t(p.1n 

~nw ~umi>cr II ·l~~~f, 

752 
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PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-0ay Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

1 1 
Group Sex Animal Clinical Sign Site 0 2 3 4 5 e 7 a s o 2 3 4 5 6 7 8 

f 7001 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7002 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7003 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7004 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7005 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7006 No Abnormalities Detected x x x x x x x x x x x x x 

Alopecia Abdomen 
Alopecia Left Forepaw M M M M M 
Alopecia Right Forepaw s M M M M M 

7007 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7008 No Abnormalities Detected x x x x x x x x x x x x x 

Alopecia Left Forepaw s s s s s s 
Alopecia Right Forepaw s M M M M M 

7009 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7010 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7011 No Abnormalities Detected x x x x x x x x x x x x x x x x x x 

Alopecia Back s 
7012 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7013 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7014 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7015 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Albpecia Left Forepaw 

Severity Codes: X = Present; S Slight; M= Moderate 

Group o mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 
Group Sex Animal Clinical Sign Site g o 2 3 4 5 6 7 a g a 2 3 4 5 6 7 

f 7001 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7002 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7003 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7004 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7005 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7006 No Abnormalities Detected 

Alopecia Abdomen 

Alopecia Left Forepaw M M M M M M M M M M M M M M M M M M M 
Alopecia Right Forepaw M M M M M M M M M M M M M M M M M M M 

7007 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7008 No Abnormalities Detected 

Alopecia Left Forepaw s s s s s s s s s 
Alopecia Right Forepaw M M S S S S S S S S S S S S S s s s s 

7009 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7010 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7011 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Back 
7012 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7013 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7014 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7015 No Abnormalities Detected x x x x x x x x x 

Alopecia Left Forepaw s s s s s s s s s s 

Severity Codes: X = Present; S = Slightj M= Moderate 

Group O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

3 3 4 4 4 4 
Group Sex Animal Clinical Sign Site 8 9 0 2 3 

f 7001 No Abnormalities Detected x x x x x x 
7002 No Abnormalities Detected x x x x x x 
7003 No Abnormalities Detected x x x x x x 
7004 No Abnormalities Detected x x x x x x 
7005 No Abnormalities Detected x x x x x x 
7006 No Abnormalities Detected 

Alopecia Abdomen s s 
Alopecia Left Forepaw M M M M M M 
Alopecia Right Forepaw M M M M M M 

7007 No Abnormalities Detected x x x x x x 
7008 No Abnormalities Detected x x x x 

Alopecia Left Forepaw 
Alopecia Right Forepaw s s 

7009 No Abnormalities Detected x x x x x x 
7010 No Abnormalities Detected x x x x x x 
7011 No Abnormalities Detected x x x x x x 

Alopecia Back 
7012 No Abnormalities Detected x x x x x x 
7013 No Abnormalities Detected x x x x x x 
7014 No Abnormalities Detected x x x x x x 
7015 No Abnormalities Detected 

Alopecia Left Forepaw s s s s s s 

Severity Codes: X = Presentj S Slight; M=Moderate 

Group 1 a mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

1 1 1 

Group Sex Animal Clinical Sign Site 0 .1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8 

2 f 7016 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7017 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7018 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7019 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7020 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7021 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7022 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Right Forepaw 
7023 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Broken Tooth Upper Right Incisor 
7024 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw 
Alopecia Right Forepaw 

7025 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7026 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7027 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7028 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7029 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7030 No Abnormalities Detected 

Alopecia Right Flank s s s s s s s s s s s s s s s s s s s 

Severity Codes: X = Present; S Slight; M= Moderate 

Group o mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 
Group Sex Animal Clinical Sign Site 9 0 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 

2 f 7016 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7017 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7018 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7019 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7020 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7021 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7022 No Abnormalities Detected x x 

Alopecia Right Forepaw s s s s s s s s s s s s s s s s s 
7023 No Abnormalities Detected x x x x x x x x x x x x x x x x x 

Broken Tooth Upper Right Incisor x x x 
7024 No Abnormalities Detected x x x x x x x x x 

Alopecia Left Forepaw s s s 
Alopecia Right Forepaw s s s s s s s s s s 

7025 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7026 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7027 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7028 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7029 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7030 No Abnormalities Detected x x x x x x x x x x x x x x x x x 

Alopecia Right Flank s s 

Severity Codes: X = Present; S Slight; M= Moderate 

Group O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

3 3 4 4 4 4 

Group Sex Animal Clinical Sign Site 8 9 0 1 2 3 

2 f 7016 No Abnormalities Detected x x x x x x 
7017 No Abnormalities Detected x x x x x x 
7018 No Abnormalities Detected x x x x x x 
7019 No Abnormalities Detected x x x x x x 
7020 No Abnormalities Detected x x x x x x 
7021 No Abnormalities Detected x x x x x x 
7022 No Abnormalities Detected x x x x 

Alopecia Right Forepaw s s 
7023 No Abnormalities Detected x 

Broken Tooth Upper Right Incisor x x x x x 
7024 No Abnormalities Detected 

Alopecia Left Forepaw s s s s s s 
Alopecia Right Forepaw s s s s s s 

7025 No Abnormalities Detected x x x x x x 
7026 No Abnormalities Detected x x x x x x 
7027 No Abnormalities Detected x x x x x x 
7028 No Abnormalities Detected x x x x x x 
7029 No Abnormalities Detected x x x x x x 
7030 No Abnormalities Detected x x x x x x 

Alopecia Right Flank 

Severity Codes: X = Present; S Slight; M= Moderate 

Group 1 o mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

1 1 1 1 

Group Sex Animal Clinical Sign Site 0 2 3 4 5 s 7 a s a 2 3 4 5 6 7 8 

3 f 7031 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7032 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7033 No Abnormalities Detected x x x x x x x x x x x x x x x x x x 

Alopecia Back s 
Alopecia Right Flank s 

7034 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7035 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7036 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw 
7037 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7038 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7039 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7040 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw 
Alopecia Right Forepaw 

7041 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7042 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7043 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7044 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7045 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Severity Codes: X = Present; S Slight; M=Moderate 

Group o mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 
Group Sex Animal Clinical Sign Site 9 0 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 

3 f 7031 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7032 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7033 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Back 
Alopecia Right Flank 

7034 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7035 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7036 No Abnormalities Detected x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw s s s 
7037 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7038 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7039 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7040 No Abnormalities Detected x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw 
Alopecia Right Forepaw s s s 

7041 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7042 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7043 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7044 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7045 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Severity Codes: X = Present; S Slight; M= Moderate 

Group O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

3 3 4 4 4 4 
Group Sex Animal Clinical Sign Site 8 9 0 1 2 3 

3 f 7031 No Abnormalities Detected x x x x x x 
7032 No Abnormalities Detected x x x x x x 
7033 No Abnormalities Detected x x x x x x 

Alopecia Back 
Alopecia Right Flank 

7034 No Abnormalities Detected x x x x x x 
7035 No Abnormalities Detected x x x x x x 
7036 No Abnormalities Detected x x x x 

Alopecia Left Forepaw s s 
7037 No Abnormalities Detected x x x x x x 
7038 No Abnormalities Detected x x x x x x 
7039 No Abnormalities Detected x x x x x x 
7040 No Abnormalities Detected 

Alopecia Left Forepaw s s 
Alopecia Right Forepaw s s s s s s 

7041 No Abnormalities Detected x x x x x x 
7042 No Abnormalities Detected x x x x x x 
7043 No Abnormalities Detected x x x x x x 
7044 No Abnormalities Detected x x x x x x 
7045 No Abnormalities Detected x x x x x x 

Severity Codes: X = Presentj S = Slight; M= Moderate 

Group O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

1 1 1 
Group Sex Animal Clinical Sign Site 0 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8 

4 f 7046 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7047 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Alopecia Left Forepaw 
Alopecia Right Forepaw 

7048 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7049 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7050 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7051 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7052 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7053 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7054 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7055 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7056 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7057 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7058 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7059 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7060 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Severity Codes: X = Present; S =Slight; M= Moderate 

Group 1 D mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 
Group Sex Animal Clinical Sign Site 9 0 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 

4 f 7046 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7047 No Abnormalities Detected x x 

Alopecia Left Forepaw s s s s s s s s s s s s s s s s s 
Alopecia Right Forepaw s s s s s s s s s s s s s M M M M 

7048 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7049 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7050 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7051 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7052 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7053 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7054 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7055 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7056 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7057 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7058 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7059 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 
7060 No Abnormalities Detected x x x x x x x x x x x x x x x x x x x 

Severity Codes: X = Present; S Slight; M= Moderate 

Group 1 O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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Individual Animal In-Life Clinical Observations 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Day numbers relative to Start Date 

3 3 4 4 4 4 
Group Sex Animal Clinical Sign Site 8 9 0 1 2 3 

4 f 7046 No Abnormalities Detected x x x x x x 
7047 No Abnormalities Detected x x x x 

Alopecia Left Forepaw s s 
Alopecia Right Forepaw M M 

7048 No Abnormalities Detected x x x x x x 
7049 No Abnormalities Detected x x x x x x 
7050 No Abnormalities Detected x x x x x x 
7051 No Abnormalities Detected x x x x x x 
7052 No Abnormalities Detected x x x x x x 
7053 No Abnormalities Detected x x x x x x 
7054 No Abnormalities Detected x x x x x x 
7055 No Abnormalities Detected x x x x x x 
7056 No Abnormalities Detected x x x x x x 
7057 No Abnormalities Detected x x x x x x 
7058 No Abnormalities Detected x x x x x x 
7059 No Abnormalities Detected x x x x x x 
7060 No Abnormalities Detected x x x x x x 

Severity Codes: X = Presentj S Slight; M=Moderate 

Group 1 O mg/kg/day Group 2 512 mg/kg/day 
Group 3 1024 mg/kg/day Group 4 1536 mg/kg/day 
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APPENDIX E: DETAILED CLINICAL OBSERVATIONS ASSESSMENT METHODS 

SCORING KEY 


PRODUCT IDENTIFICATION 


Soy Leghemoglobin Preparation 
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Removal from Cage and Open Field Observations 
Activity/ Arousal 0. 	Alternating behaviors - animal goes through normal repertoire of behaviors during 

observation period. These consist of exploring, sniffing, grooming, rearing, etc. 
I. Inactive/Alert - animal sits in one place during the observation period but appears to be 

aware of its surroundings. It may go through its normal repertoire of activities but the 
majority ofthe observation period is spent not moving. 

2. Hypoactive/Not alert - animal sits in one place during the observation period. Animal 
appears to be unaware of its surroundings or in a stupor. 

3. Hyperactive/Hyperalert - animal appears excited. Animal may dart and freeze during 
the observation period or animal may sit in one place and jump at any sound or 
movement. 

Convulsions 0. None 
1. Clonic - alternating periods of contraction and relaxation of muscles 
2. Tonic- orolonged neriod of muscle contractions 

Defecation 0. None/Normal 
I. Soft (partially formed) 
2. Diarrhea (waterv feces) 

Ease of 0. Slight/moderate resistance - animal is easy to handle, may squirm or vocalize 
Removal/Handling occasionally. 

I. No resistance - animal is limp/flaccid when being handled. 
2. High resistance - animal is difficult to handle, and/or squirms continuously. 
3. AQQressive - biting or JunQinQ behavior snecifically directed at handler. 

Emaciation 0. Absent 
I. Present (confirmed using body weights) 

Eyes 0. Normal 
I. Exophthalmos - abnormal protrusion of eyeball 
2. Enophthalmos - sunken eyeball 
3. Eye damaged- mechanical damage (e.g. orbital bleeding, etc.) 

Fur/Skin AQgearance 0. Normal 
1. Unkempt - coat rough or ungroomed, may be slightly stained 
2. Urine stained/wetness (ano-genital staining) 
3. Hair Joss 

Gait 0. Normal 
1. Abnormal - limbs exaggerated/splayed, hind limbs and/or forelimbs show exaggerated 

placement or movement 
2. Non weight bearing (Limping) 

Lacrimation 0. Absent 
1. Present - lacrimation noticeable. 
2. Excessive - animal has excessive amount of tearing. 

Note: Descriptors (i.e .. color ofocular discharge will be noted on daily observation 
sheet). 
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LQcomotion 0. Normal 
I. Somewhat impaired 
2. Totally impaired 

Mucous Membranes 0. Normal 
1. Present - mucous noticeable 
2. Excessive - animal has an excessive amount of mucous present 


Muscle Tone 
 0. Normal - muscles are resilient and firm and the hind legs go through their full range 
motion. 

I. Increased - muscles are rigid, hind limbs will not go through their full range of motio
2. Decreased - muscles are flaccid, hind limbs have little or no resistance to movement 

Palgebral Closure 0. Eyes wide open 
I. Eyes halfway shut 
2. Eves completely shut 

Piloerection 0. Absent 
1. Present 

Posture 0. Normal (awake)- alert, sitting, standing, or rearing 
I. Normal (sleeping) - curled up, usually with head down 
2. Hunched - abnormal posture 
3. Flattened !nrone)- limbs spread out lying flat or on one side 

Resgirator:y Pattern 0. Normal 
I. Slow 
2. Rapid 
3. Rales (Moist or Dry) 
4. Gasping 
5. Labored - Dvsonea 

Salivation 0. None 
1. Present - salivation is noticeable around the edge ofthe mouth 
2. Excessive - salivation extends to the fur around the iaw 


Tremors 
 0. None 
1. Slight - localized to one area, or a twitch/spasm of a localized area 
2. Severe - more than one area or involving whole body 
3. Fasciculation -wave-like rinnles of a muscle or group of muscles 


Unusual Behaviors 
 0. Absent 
1. Present - Be soecific in describinll all unusual behaviors on data sheet. 


Urination 
 0. None/Normal 
1. Excessive 


Vocalization, removal 
 0. Absent 
frnm caJJe 1. Present - animal vocalizes unprovoked or continuously vocalizes when bein_g handled.
Vocalizations, ogen 0. Absent 
field observations I. Present 

Manipulative Tests 

Pugillary reflex 
 0. Normal 

1. Slow or absent- ouoil reaction is slow or absent. 

of 

n. 
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APPENDIX F: INDMDUAL ANIMAL DETAILED CLINICAL OBSERVATIONS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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Individual Animal Detailed C6nical Observations 

PSL Sl:tx!y Number 44856 

Say Leghemoglobin Preparation: Anlnves!iga!Ne 28·0ay Dietary Study 


in Rats v.ilh a 14-0ay Pre.Dosing Estrus Cycle Detennination 


Sex: Female ~(s)Re!ativeloS!artD;;te 

0 Oe!OinObs (Removal from Cage) 
mg'kg/day Ha:idling Handling Handing H<11dling Handling Vocalization VocSizal.ion Vocali2alion Vocahzation Vocaizalion Palpebral IPalpebral Palpebral Palpebra 
Group 1 Reactivity Rea:IMty Reactivity Reactivity Reactivity (RC) (RC} (RC) (RC) (RC) c"""" I cro..,. Clostre Closure 

14 ' 
! 21 28 35 42 14 21 28 35 " I 14 ! 21 28 35 

7001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7007 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7009 0 0 0 

I 
0 0 0 0 0 0 0 0 0 0 0 

7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7011 0 0 0 0 0 0 0 0 0 0 

I 
I 0 0 0 0 

7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7014 0 0 0 0 ' 0 0 0 0 0 0 I 
7015 0 0 0 0 0 I 

0 
0 0 0 I 

0 0 0 
0 0 0 0 0 0 
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lndlVidua Animal Detailed Clirieal Obseivalions 

PSL 9ucfy Number 44856 

Soy leghemog!ohin Preparetion: An Investigative 28-0<rf Dieta-y study 


in Rats v.ilh a _14-0ay Pre.Dosing Estrus Cyo!e Determination 


Sex: Female D<rt(S) Relative to Start Date 

0 DetainObs (Removal tom Cage) 
m9'k9"day M.Jcous I IVIUCOus Sa!wation SalNation Salillalicn Sahvation Salivation Emaaation Emaci<tioo Emaciation I Emaciation 1Emaciation! PooerecOon !Pl!oerecHon 
Groop 1 Membranes Membranes 

1 

I I I I 'r I , I ! I 
35 ! 42 14 21 35 42 14 21 28 35 42 14 i 21I I I I I i 

7001 0 0 0 0 " 0 0 0 0 0 0 0 0 0 0 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7007 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 
7008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7015 0 0 0 0 I 0 0 0 0 I 0 0 I 0 0 0 0 

I
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lndivklllt4 Animal DetaUed Ctir1cal Observations 

PSl Study Number 44856 

Sey Leghemoglobin Preparalion: An lnvesligaWe 28·0ftf Dietmy Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female Day(s)Rela!ivetoStartOatc 

0 OetaioObs (Removal from Cage)
m!frgi'day P~oerection Piloerecticm Piloerection FtJ'/Skin r-ur/.:iiun rurfokm n.irl~~· tur/Skm IYUSCIC lllfl rvuscle ToncMJscle ToneMISCle Tone'M.1scie Tone' Resi;tra!ory
Qoup1 I I PRtem 

I I 
I ' 
' I 

28 35 14 21 28 35 14 21 28 35 14I ' I I 
7001 0 0 " 0 0 ' "0 0 0 0 0 0 0 0 " 0 0I 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7004 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0
7005 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0
7006 0 0 0 3 3 3 3 3 0 0 0 0 0 0
7007 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7008 0 0 0 3 3 3 3 0 0 0 0 0 0 0

7009 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7011 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7014 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7015 0 0 0 0 0 3 3 3 0 0 0 0 0 0
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!ncfrvidual Animal Del:!iled Ctinical ObseNB!ions 

PSL Stud)' Number 44856 

Sri( leghemoglobi't Preparalion'. An lnvesligative 28-0a'f Oieta-y study 


in Rats Wth a 14-0ay Pre-Dosing Estrus Cycle ~termination 


Sex Female Day(s) Relative to Start Date 

0 
mg'kgfday Respiratory IRespiratcry 

Pltlem Pattern 
j "....OelC!inObs 

Pltlem 
,,.I 

(Removal 

.,.,"" 
fi"om Cage) DetClinObs (Open Field Obs) 

""'"'' 
PupiUay l"'Up:llary l'UpiB<ry Pupi9ary Activity/ Activily/ I h:\Nity/ AotMtyl Activity! 

Reflex Rellex Reflex Reftex Rd1u Arousal AroUMI Arousal '"""" 
i 
I "'""' 

I I I I 

21 I " 35 42 i 14 21 28 35 
I 

I 42 14 I 21 I 28 35 42 
I 

7001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1004 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7007 I 0 0 0 0 0 0 0 0 
7008 0 0 0 0 0 I 

0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

I 
7009 0 0 0 0 0 0 0 

I 
0 0 0 0 0 0 0 

7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
70!1 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7012 0 0 0 0 0 0 0 0 
7013 0 0 0 0 I 

0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

7014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 

7015 0 0 0 0 0 0 0 I 0 0 I 0 0 0 I 0 0 
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lndNidual Anlma1 Detailed C~Acal ObseivaHGns 

PSL 9.udy NumbC:f 44856 
Sey leghemog!obh Preparation: AA Investigative 28·011)' Diet!'I)' Study 

in Ratsv.ith a 14-0ay Pre-Dosing Estrus Cycle Oelermination 

Sex: Female Day{s) Relative lo Start Date 

0 DetClinObs (Op•m Fteld ctis)
mg'kg/day CorTJUlsions jConvulsions ConvUsions Cotmllsions ConvUsions Tremors 1remora 1remocs Tremora Tremors Posture!Posture Poslue Posture 
Grwp1 I 

I I 
I I 
I 
I ! I

14 ! " 28 35 I 42 I 14 21 28 35 I 14 I 
I I 28 35 

7001 0 0 0 0 0 0 0 0 0 " 0 0 " 0 0 0 
7002 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7007 0 0 0 0 0 0 0 0 

I 
0 0 0 0 0 0 

7008 0 0 0 0 0 0 0 0 0 0 i 0 0 0 0 
7009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7014 0 0 0 0 0 0 
7015 0 0 0 0 0 I 

0 0 0 0 0 0 0 0 
0 0 I 0 0 0 0 0 0 0 
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!ndiVidual Animal DEl:liled C~nical ObseNatiOM 

PSL S:udy Number 44856 

Soy leghemoglobin Preparation: An Investigative 28-Dll'f Dietay Study 


in Rats Wlh a 14-0ay Pre-Dosing Estrus Cycle Determination 

Sex: Female Oaj(s) Relative lo Start Dale 

0 DelC~nObs (Optn Field ctJ$) 
mg'k{;'day Posture I {.:la~ G<it Gad Gal Locomotion locomct1on locomolion 
G<.. \ I I "'' LoromoOoo ILooomOiooIvo•l°'""°'"IOofu«ioo 

I 

I 
42 I 14 21 28 I 35 I 42 14 21 28 35 42 I 14 21 28 

7001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7004 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7007 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7015 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
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Individual Animal Detiiled Clirical Obseivatinns 


PSL Slu:ty Number 44856 

Sey Legl'lemoglobin Preparaliott AA lnvesliga!Ne 28-Day Dietay Study 

in Ratsv.ith a 14-0ay Pre.Dosing Estrus Cycle Determinalicm 

Sex: Female Da'f(S) Relative to start Dille 

0 OetClinObs (Open Field <m) 
mg'kglday I uefeealion uefecaion Urination Ulination Urination Urination Urination Unusual Urusual Unusual Unusual Urusuttl VoealintionjVocalization
Group 1 Beh:Niots Behaviars Beha.oiors Behaviors Behaviors (OF) I {OF) 

! 

i 
I 

35 42 f4 21 I 28 35 42 ! f4 21 " 35 42 I I f4 21 

7001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7007 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7008 0 0 0 0 0 0 0 0 0 0 

I 
0 0 0 0 

7009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7013 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7015 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 
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Sex: Female En/(ti) Relative lo Start Dale 

DdClinObs (Open Field Obs)0 
mgkglday Vocalization Voca~zallro lvoeauzs:K>n 
Grrup 1 
 (OF) (OF)(OF) 

I 

28 I 35 


7001 
 00 
7002 
 00 

07003 
 0 

7004 
 00 
07005 
 0 
07006 
 0 
07007 
 0 

7008 
 00 
7009 
 00 

07010 
 0 
7011 
 00 

07012 
 0 
7013 
 00 

07014 
 0 
7015 
 00 

42 


0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

lncfr.oidua Animal Detailed Clirieal Obse111aoons 

PSl Slrly Number 44856 

St:Jf Leghemoglobin PrepataHort An Investigative 28-0!?f Oielay Study 


in Ratsv.ith a 14-0ay Pre-Dosing Estrus Cycle Determination 
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lndividlm Animal Det91ed Ctirical Obseiva~ons 

PSL Study Number 44856 

Soy Leghentoglobin Preparalion: An lnvestigatr.le 28-0ay Dietl'f}' Study 


in Rats v.ilh a 14-Day Pre-Dosing Estrus Cycle Determinalioo 


Sex: Female Oi?f(s)RelaliveloStertOatc 

512 OetOinObs (Rerrmval tom Cage) 
m9'kgr'day Hmdling Handling Hand!ing Haldhng Hand~ng Vocalization Vocalization Vocalization vocahzabon Vocal1zatioril IPalpebral I

I 
Palpebral Palpebral ] Pa!pebra 

Group 2 Reactivity Rea::!Mty Readivity Reactivity Reactivity (RC) (RC) (RC) (RC) (RC) Cl~ore Clo~ Closire I Closure 

14 21 " 35 I 42 14 21 I 
7016 0 0 0 0 0 0 0 " 0 " 

I 

I 35 I 42 14 I 21 I 35 

0 0 0 0 0 0 

7017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7018 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 

7019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7020 0 0 0 0 0 0 0 0 0 0 

I 
0 0 0 0 

7021 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7025 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7026 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
702!! 0 0 
7029 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
7030 0 0 I 0 0 0 I 0 0 I 0 0 0 0 0 0 0 
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lnr:frviduS Animal Del<i!ed C~nieal Observations 

PSl SIOOy Number 44856 

Soy Leghemoglobin Preparation: Anlnvesligative 2B·Dllf Diela-y Study 


in Rats v.ilh a 14-0ay Pre-Dr:ising Estrus Cycle Determination 


Sex: Female Di:rJ{S) Relative to Start Dalo 

512 DetOinObs (Rcmovff tom Cage) 
mg'kg/day M.icous I MUCOUS Sahvatmn S••<ioo I$'"""" -~ Sal"ation Emacia:ion Emacia!ioo Emacia:ion 
Group 2 Em•ci•ioo I"iloerection I t""JloerecHon 

"'m"'~' l"'mOrao~ I '""'"'"' 

I ! I 
35 42 14 21 I 28 35 42 14 21 28 35 I 42 I I 21 

7016 0 0 0 0 0 0 0 0 0 0 0 0 
" 
0 0 

7017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7021 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 I 

I 
0 0 0 0 0 0 0 0 0 0 0 0 0 

7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7025 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
7026 0 ' 0 0 0 0 0 0 0 0 0 0 0 0 0 
7027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7028 0 0 
7029 0 

I 0 0 0 0 0 0 0 0 0 0 0 0 
I 0 0 0 0 0 0 0 0 0 0 0 0 0 

7030 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
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PSL Stud Number 44856 

Individual Animal Detliled C§rical Obsetvations 

PSL S.udy Number 44856 

Soy leghemoglobin Preparation An Investigative 28·0Bf Dietary Study 


in Rats llilh a 14-0ay Pre-Dosing Estnis Cycle Determination 


Sex; Female Da'/(s) Relative lo Start Dale 

512 DelC~nObs (Removal tom Cage) De!OinObs (Open Field Obs)I 
mgkg/day Respratory I Pupillaiy Pupi~i.=ry l-'Ui:tllary Pupi&ay PupJlary Aclillityl AciMly/ I ktivity/ Activity! Aelivityl
Qoup2 Pittem i Pattern Pattern Plflem Reflex Re11ex """"''"I""'"""'\""''"'" Reflex Re~x Arousal Arau~\ I Arousal""'~ Aro""'"'"'" 

I 
< < I I

21 28 35 42 14 21 35 14 ! 28 42 ! 28 35 42I I I i I I !" 
7016 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
7017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7019 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7020 0 0 0 0 0 0 0 0 0 0 0 0 0 0

< 
7021 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7025 0 0 0 0 0 0 0 0 0 0 0 0 0 0
702' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7021 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7028 0 0 0 0 0 0 0 0 0 0 i 0 0 0 0
7029 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7030 0 0 0 0 0 I 0 0 0 0 I 0 I 0 0 I 0 0
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!ndiVidual Animal Detailed C6nica! Observations 

PSl study Number 44856 

Soy Leghemoglobin Preparatiol'I'. An Investigative 28-0ay Diet try Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female Oay(s) Relative lo start Date 

512 DetCfinObs (Open fldd Obs)
mg'kg/day Corwulsioris [Convulsions CorwUsions 'vornulsions ;t;OnvUsions TremCls Tremcas Tremors 1remors Tremors Posture i Posture I Poshre Posture 
Group 2 I i I 

I i ! 

14 I 21 28 35 I 42 14 21 I 28 35 I 42 I ' 14 21 
i I 28 35 I 

7016 0 0 0 0 0 0 0 0 0 
I 
I 0 0 0 0 0 

70!7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7021 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7025 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7026 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7028 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7029 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7030 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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lndMdual Animal Detailed C~nical Obseiva~ons 

PSL stud)' Number 44856 

Sey Leghemog!obin Prepara1iort AA Investigative 28·Day Dietiwy Study 


in Rats v.ith a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female Oay(s) Relalive to Start Date 

512 DetCfinObs (Open Flc!d ())s)
mg'k!P'd<IY Posture Galt Gal Gait o.:.art Gal Lcx:omobon Loeomo\100 locomotion Locortiotioo Loeomciion Defecation Defucalion Oefeeation
Grcop2 

42 14 2t 28 35 42 14 I 2t I 28 35 I 42 I 14 2t 28

7016 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7018 0 0 0 0 0 0 0 I 0 0 0 
7019 0 0 0 0 0 0 0 I 0 0 0 0 

0 0 0 I 0 0 0 0 
7020 0 0 0 0 0 0 0 0 0 0 I 0 0 I 
7021 0 0 0 0 0 0 0 0 0 0 0 I 0 0 

0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7025 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7026 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7028 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7029 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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lrxlividtld Animal Dd<iled C~nieal Observations 

PSL StOOy Number 44856 

Sey leghemog!obin Preparation: An Investigative 28·Day Diehry Study 


in Rats v.ilh a 14-0ay Pre-DO$ing Estrus Gycie ~termination 


Se:t Female 08'f(s)Relativelostarl0ale 

512 OelClinObs (Open Field Obs) 
mg'kg/day Oefecction !Defecalion Urinalion unnation lkiM:ion Urination Urinalion Unusual UrtJsua! Unusual I Unusual 
Group 2 Behaviors Behaviors Beha..tiors I Urusual Voc<liztitioniVocalization 

BehaviOt"s Behaviors (OF) ! (OF) 

I 
! I 

35 I 42 " I 21 I 28 35 42 I 14 21 28 I 35 42 14 21 i 

7016 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
! 7017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7021 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 
7022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7023 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7025 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7026 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7028 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7029 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7030 0 0 0 i 0 0 0 0 0 0 0 I 0 0 0 0 
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PSL Stud Number 44856 

lndivid~ Animal Detailed C6nical Obseivatioos 

PSL Study Number 44856 

Soy Leghemoglobin Preparallon: An lnvesHgaWe 28·Day Dietiry Study 


in RBis v.ith a 14-Day Pre-Ooslng Estrus Cycle Oe!erminaticm 


Sex: Female Oay(s) Relative lo Start Date 

512 DelClinObs {Open Field Obs) 
mg'kglday Vocatization Voeahzatiro Voca'izdion 
Group2 (OF) (OF) (OF) 

" 35 42 

70!6 0 0 0 
7017 0 0 0 
7018 0 0 0 
7019 0 0 0 
7020 0 0 0 
7021 0 0 0 
7022 0 0 0 
7023 0 0 0 
7024 0 0 0 
7025 0 0 0 
7026 0 0 0 
7027 0 0 0 
7028 0 0 0 
7029 0 0 0 
7030 0 0 0 
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PSL Stud Number 44856 

Individual Animal Detailed Ctirfoal Observations 

PSL Stu:ty Number 44856 

Sey Leghernog!obi'I Preparatiorc An Investigative 28-0ay Oietsi:y Study 


in Rats Wth a 14-0ay Pre-Dosing Estrus CyGle O!temlination 


Sex: Female OorJ(s) Relative to Start Date 

1024 DetainObs (Renwval lrom CRQC) 
mg'kg/day 

ReacWity """'"' IReacH;1fy """""' 
Handing 

Reactivity """'"· IReactivity "'"'""' 
Voca!i2alion Voca'ization Vocaliza!ion Vocal!zation 

Reactivity (RC) (RC) (RC) (RC) v""""''"' (RC) I P••""" Closuie IP'"''"'' ...-alpebtal Palpebr3 
Closure C!osll"e Closure 

""'" 3 

I I I I 
14 I 21 28 35 42 14 21 28 35 I 42 I 14 I 21 28 35 

7031 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7033 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7036 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
704-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7041 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7042 0 0 0 0 0 0 0 0 0 0 0 0 

I 
0 0 

7043 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7044 0 0 0 0 0 0 0 0 0 0 0 0 

I 
7045 0 0 0 0 0 0 0 0 0 0 0 0 I 

0 0 
0 0 

788 
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PSL Study Number 44856 

lnclMdual Animal Detailed Cliri!cal Observations 

PSL Stu:fy Number 44856 

Saf Leghemoglobin Preparation: An Investigative 28-Dat Dietiry Study 


in Rats v.ilh a 14-Day Pre-Dosing Estrus Cycle Detenninalion 


Sex: Female IRf{s) Relative lo Stall Date 

1024 OetOlnObs (Removal tcm Cage)
mgkg/day Pa\pebral [Lacnmabon Lacrimation Lacrimition Lacrimation latrimalion ,,, ,,, ! MJcous Mucous M.1coos
Group 3 Closure I '"' "' 
 "' IMembranes Membriries Membranes 

I I I 
42 ' 14 21 35 42 14 21 35 42 14 21 28

! I I I I I " 7031 0 0 0 0 0 0 0 0 " 0 0 0 0 0 0 
7032 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
7033 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0I 
7036 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7040 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7041 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7042 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7043 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7044 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7045 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0
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PSL Stud Number 44856 

lndivfdUEI Animal Detliled C~nical Observations 

PSL Study Number 44856 

S1Jy leghemoglobin Preparation: An Investigative 28·Day Dietary Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female D<rt(S) Relative lo Start Dale 

1024 
mgkg.lday MJcous I Mucoos Salivaticn Salivalion 
GrrupJ fli1embranes M!mlmmes 

I 
35 ' 42 " 21I 

7031 0 0 0 0 
7032 0 0 0 0 
7033 0 0 0 0 

7034 0 0 0 0 
7035 0 0 0 0 
7036 0 0 0 0 
7007 0 0 0 0 
7038 0 0 0 0 
7009 0 0 0 0 
7040 0 0 0 0 
7041 0 0 0 0 
7042 0 0 0 0 
7043 0 0 0 0 
7044 0 0 0 0 
7045 0 0 0 0 

DetOinObs (Rcmovel tom Cage} 
Salivation ~kvation SaWalKln t:maci<tion Emac1atioo <:1naciation IEmacialion iEmaciation 

I I 
I I 

I 28 35 42 14 I 21 " I 35 I 42 

0 0 0 

I 
0 0 0 0 ' 0 

0 0 0 0 0 0 0 I 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 I 0 0 0 0 0 

Piloered10n IPdoerection 

I 
14 i 21 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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PSL Stud Number 44856 

ln<fividual Animal Detailed Cijnical Observations 

PSL stld( Number 44856 

SCI( Leghemoglobin Preparation: An Investigative 28-0at Dielll)' Study 


in Ratsv.ith a 14-0ay Pre-Dosing Estrus Cycie DelerminatiC111 


Sex; Female Dcr/(s) Relative lo Start Dale 

1024 DelOinObs (Remov~ tom Crige) 
mglk!}'day Piloerection !Piloe<ection Pdaereclion ftJ/Skin Fur/Skin Fur/Skin Fur/Skin 
Grwp3 I '"'"'" r~,,''T''' '"'""'"''I TooiMi~to"""''""'Too•:""""'"•I i 

I 
I P~•m 

' ; I

' l I I 

28 I 35 42 14 I 21 28 35 I 42 I 14 I 28 35 42 14 
I 

7031 0 0 0 0 0 0 0 0 0 
" 
0 I 0 0 0 0 

7032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7033 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7036 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7040 0 0 0 0 0 0 3 3 0 0 0 0 0 0 

7041 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7042 0 0 0 0 0 0 0 i 0 0 0 0 0 0 0 

7043 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7044 0 0 0 0 0 0 0 0 

7045 0 0 0 0 I 
0 0 

0 I 0 I 0 0 
0 0 0 0 I 0 0 

0 0 0 0 
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PSL Stud Number 44856 

lr.:lillid~ An!mal Detailed Clirical Obsel\laHais 

PSL Sllli'.fy Number 44856 

Soy Leghemoglobin Preparatiorr Anlrwes!igative 28·DB'f Oietay Study 


in Ratsv.llh a 14-0ay Pre-Dosing Estrus Cycle Oetennlnation 


Sex: Female D<rJ(s) RelaWe to start Date 

1024 DetCfinObs (Remova tom Cage) DetOinObs (Open Field Obs) 
mrjkglday 

'"""' 
Respiratory IRespiralay Kespira:ory Respratory Pupillary PUpill11)' Pupitlary Pupillay Pupinary Activity/ Activity/ I Activity/ Activrtyl Acili.ily/ 

Pmtem Pattern p..~ Pat!em Refle:.: Reteic Reflex Reflex I"""" Atouu1I ""'"''' I "'""" 
I 
I I 

--· Arou~ 

21 I " 35 42 I 14 21 28 I 35 42 14 21 28 I 35 i 42 

7031 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7DJJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
703S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7040 0 0 0 0 0 0 0 0 0 0 0 

I 
0 0 0 

7041 0 0 0 0 0 0 0 0 0 0 0 I
7042 0 0 0 0 0 0 0 0 0 I 

0 0 0 
0 0 0 0 0 

704J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7044 0 0 0 0 0 0 0 0 0 0 
7045 0 0 0 0 0 0 0 0 I 0 

I 0 I 0 0 0 
0 0 0 0 0 

792 
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Page 127 
PSL Stud Number 44856 

lndivldtm Animal Detailed Ctinical Obseivahons 

PSL Stldy NumbCf 44856 

Soy leghemogklbin Prepara1iorc An Investigative 28·Day Dietsy Study 


in Rats v.ith a 14-0ay Pre-Dosing Esbus Cycle Determination 


Sex: Female Oaj{s) Relative to Start Dil'le 

1024 Dd.CflOObs (Open field cts) 
mg'kgfdil)' Col'M.llsions iCoflV\rtsions 1..oov!Ji:fons Corrrolsionsl,,,;onvUsions Trem(l(s 1remors Tremors Tremors Tremors I Posttlre Posture Poshre Posture 
Group 3 I 

I 
' I 

I I l 
14 ! 21 I 35 I 42 14 21 I 35 42 I 14 21 I 35 

7031 0 0 " 0 0 0 0 
' " 0 0 " 

I 
0 ' 0 i 0 0 0 0 

7032 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
7033 0 0 0 0 0 0 0 0 0 0 0 0 

I 0 
0 0 

7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7036 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7041 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7042 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7043 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7044 0 0 0 0 0 0 0 
7045 0 0 0 ! 0 0 I 0 0 I 0 0 

0 0 I 0 
0 I 

0 0 0 0 
0 0 ' 0 0 
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PSL Stud Number 44856 

lndMdual Animal Detailed C~nieal ObseNations 

PSL SIOOy Number 44856 

Soy leghemoglobin Preparstiorc All Investigative 28-0sy Dieliry Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female D<r,-(s) Relalive lo Start Date 

1024 DetCfinObs (Open Field O>s) 

""'"'' 
m9'1<g/day Posture o.,ail Gal Gail Ga~ Gal Locomotion Locomotion Locomotion Loromob<T"""""°I Dofoo""" Dofo~boo IDore"';'" 

I ! j 
28 

70'1 " 14 21 I 35 I 42 14 21 28 35 I i 14 21 28 

0 0 0 0 0 0 0 0 0 0 " 0 0 0 ., 
7032 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7033 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7036 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7041 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7042 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7043 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
7044 0 0 0 0 0 0 0 0 0 0 0 
7045 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 

0 0 0 
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PSL Stud Number 44856 

lnc!Nidual Animal Detailed Clinical Obseivalions 

PSL 9.u:ly Numbel' 44856 

Sey leghernoglobin Preparation: An Investigative 28-0a'f OielffY Sh.ldy 


in Ratsv.ith a 14-0ay Pre-Dosing Estrus Cycle Oetecmina~oo 


Sex: Female Day(s) Relative lo Start Dale 

1024 oe1.cr100bs (Open Fte!d C
mg'kgfdey I uefecation I

bs) 

Defecabon j Ulinabon urination Urination Urination Urimt1on unusual Urusual Unusual I Unusual Urusual 
Group 3 

I 1Vocalizction1Vocalization 
BehBJiol'i 

I 
Behaviors Beh:r.-lors I Behaviors Behaviors (OF) I {OF) 

' 

I I I i I I 
35 I 42 14 21 28 35 42 14 I 21 28 I 35 I 42 I 14 I 21 

7031 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7033 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7034 0 0 0 0 0 0 0 0 0 0 I 

0 0 0 0 
7035 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7036 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7039 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7040 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7041 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7042 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7043 0 0 0 0 0 0 0 0 0 0 I 
7044 0 0 0 0 0 
7045 0 0 0 0 0 I 

0 0 0 
0 0 0 I 

0 0 
0 0 I 

0 0 0 0 
0 0 
0 0 I 

0 0 
0 0 
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PSL Study Number 44856 

!ndividutl Animal Detailed Cfinical Observations 

PSL Stl.Xfy Numbtr 44856 

Sat Leghernog!obin Preparation: Anlrwes!igatille 28-Day Oietay Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycie Determination 


Sex: Female OiJj(s) Relative lo Start Date 

1024 
mg'k!jlday 
GrOl.rp3 

OelCfinObs (Open Fi
Voca5zalion jVoea~za!ion 

{O~ ' (O~ 

I 
I 
I 

eld Obs) 
Voca'ization 

(O~ 

28 
I 

35 " 7031 0 0 0 
7032 0 0 0 
7003 0 0 0 
7004 0 0 0 
7035 0 0 0 
7036 0 0 0 
7037 0 0 0 
7038 0 0 0 
7009 0 0 0 
7040 0 0 0 
7041 0 0 0 
7042 0 0 0 
7043 0 0 0 
7044 0 0 0 
7045 0 0 0 

796 
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PSL Stud Number 44856 

Individual Animal Detailed Ctirical ObseNalions 

PSL study Nl1mber 44856 

Soy LeghemogTobin Prepara1ion: AA Investigative 2B·DB'f Dietaiy Stud'f 


in Rats v.ith a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female Oi?f(s)RelalivetostartOatc 

1536 OelO-U\Obs (Removal tom Cage) 
mg'kgfday HaidJing Handling Handing Him!Jmg Handling V°'"""''"["'""'"'iV<><•i,•ioo Vocabzahon1Voc3tz3:ionl Palpebral I Palpeb.'al Palpebral Palpebral 
Group4 Reactivity Reaclivify ReactNity Reactivity RellCl:ivity (RC) [RC) I (RC) (RC) (RC) Closure I Clowre Clo~tte Closure 

I I 

I I I 
14 ! 21 " 35 " 14 I 21 i " I 35 I 42 14 I I 21 I 

7046 0 0 0 0 0 0 0 0 0 0 0 0 
" 35 

7047 0 0 0 0 0 0 0 I 0 0 
0 0 0 0 0 0 0 

704l! 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7049 0 0 0 0 0 0 0 I 

0 0 0 0 0 I 
0 0 0 0 0 0 0 

7050 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7052 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 

I 
0 

7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 ' 0 0 0 0 0 I 0 0 0 0 0 0 0 
7056 0 0 
7057 0 0 I 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 

I 
0 0 0 0 0 0 0 0 

""' 0 0 0 0 0 0 0 0 0 0 I 
0 0 0 0 
0 0 0 0 
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Page 132 
PSL Study Number 44856 

lndividu8 Animal Detailed C!irical Obseivations 

PSL study Numbet' 44856 

Soy Leghemoglobin Preparali0it An Investigative 28-0ay Dieley Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Determina~on 


Sex: Female Oay(s) Relative to start Date 

1536 DetainObs (Remov~ tom Cage) 

""'"'' 
mg'kg.lday Pi=::: il"'m"'"ll'mm,Ooo U.oom•'" l"'m'""' """"'""' Eye Eye Eye Eyo "' Membran~ ''""" I MembrauislMembranes "'~""'"'

I 
~ i 14 21 28 ~ G 14 21 28 35 42 14 21 i 28 

7046 0 010 0 0 0 0 0 0 0 0 0 
7047 0 0 0 0 0 0 0 0 0 0 0 0 
7048 0 0 0 0 0 0 0 0 0 0 0 0 
7049 0 0 0 0 0 0 0 0 0 0 0 0 
7050 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 0 0 0 0 
7052 0 0 0 0 0 0 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 0 0 
7054 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 0 0 0 0 0 0 0 0 0 
7056 0 0 0 0 0 0 0 0 0 0 0 
7057 0 0 0 0 0 0 0 0 0 0 0 
7058 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 0 0 0 0 0 0 0 0 0 
7000 0 0 0 0 0 0 0 0 0 0 0 

798 
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PSL Stud Number 44856 

Individual Animal Detiiled C!irical ObseivaHons 

PSL Study Numbef 44856 

Sey leghemoglobin Preparation: An Investigative 28-0a'f Oietmy Shldy 


in Rais v.ith a 14-0ay Pre-Dosing Estrus Cytle Oetermina~on 


Sex: Female D<r,o{s) Relative lo Start Dale 

15>; DetOinObs (Rcmova from Cage)
m9'1<gfdey M!Cous 

I
! Mucous Sabvalioo ISaivct1on Salivation Sakvation .::.ahvation Emaaa1an IEmac1abon IEmacial1on IEmacial1on) Emac1abct1 Piloerect1on P1loerection

Group 4 Membranes Mem~mmes 

I I 
! I 

I I 
I I 

35 I 42 14 21 28 35 42 I 14 21 35
I I I 42 I 14 21

7046 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 

7047 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7048 0 0 0 0 0 0 0 0 0 0 0 0 0 0
704S 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7051 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7052 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7053 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7055 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0
7056 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7057 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7059 0 0 0 

I 
0 0 0 0 0 0 0 0 0 0 0

""' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Page 134 
PSL Stud Number 44856 

lndillidl!S Animal Detailed Clirical Qbseivatinns 

PSL S.udy Number 44856 

Sey Leghemoglobin Preparaliort AA tnvesHgalive 28-0iry Diet!l'Y Stlldy 


in Ralsv.ilh a 14-0ay Pre-Dosing Estrus Cycle OelerminaHon 


Sex Female Day(s) Relative lo Start Date 

1536 OetainObs (RemO\/ai tom C~)
mgkgfday Plloereetion IPiloetection Wiloereclion l"ll'/Skin Fur/~n Furl:skin l"Ulfvrwo
Group4 tm/Sklo r"''ToT'''Toof"'"°"f"''T,, 

"'...sde 1one' 
I 
ResJ:iratory
P~em

I I 

28 I 35 42 14 I 21 I 

0 " 35 I 14 21 I 28 I 35 I 14

70'6 0 0 0 0 0 0 " 0 0 I 0 0 0 " 0 0
7047 0 0 0 0 3 3 3 0 0 0 0 0 0 0
7048 0 0 0 0 0 0 0 0 0 0 0 

I 
0 0 0 

7049 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7052 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7056 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7057 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7059 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

800 



1536 DetC~nObs {Removal from Cage) Dd.ainObs (Open Field Obs)
m9'1<gi'd;iy 

R~ I"""''···· ResJ)ratory 

I 
\ Pupillaiy Pupill;ry Pupllaiy Pupi8ay PupiUary Activity/ Aehity1 I 

Group 4 ""P!ttem ...... ,j Pattern ..., Pattern "'"' 
A:!ivity/ Acl!Vrtyl Aeb111tyl

Reftel! Reflex Re~x """ Arousal Aro~•
e Aro"'" 

Arous~ 
...m I """"'

I 
---' --

21 
' 

28 35 ' 42 14 21 28 35 I 42 14 I 21 I 28 35 42

""' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7047 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7048 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7049 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 I 0 0 0 0 0 ' 0 0
7052 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7053 0 0 0 0 0 0 0 
7054 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0

0 0 0 0 0 0 0
7055 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0
7056 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0
7057 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0
7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 0 
7000 0 0 0 I 0 0 0 0 0 0 

0 0 0 0 I 0 0 
0 0 0 I 0 0 0

0 0 0 0

Page 135 
PSL Stud Number 44856 

lnd'roidl!S Animal Oelll!ed C6rical Observations 

PSL study N1.1mbet 44856 
Sat leghemoglobin Preparation: An Investigative 28-Day Oietll)' Study 

in Rats v.ilh a 14·Day Pre-Dosing Estrus Cycle Determination 

Sex: Female OCl'f(S) Relative to start Dale 

801 
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PSL Stud Number 44856 

lndillidud Animal Detailed C~nical ObservaliMs 

PSL StudyNumbcr44856 

Sey Leghemoglobin Preparation: M lnvesbgaWe 28-0gy Dietay Study 


in Ralsv.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female DaJ(s) Relative lo Start Date 

1536 DetClinObs (Open Fit!d ctis) 

"''"'' 
rn!ik~day Col'Mllsions [Convulsions Corwl.lsions Corl.lu!sions Convtlsions iremors T~"' Tremors Tremors r,_,. I Poshre 

I I 
p,.... I Posture i p""~ 

I I 
I 

I 

'i I I I ' 'i 
14 i 21 " 35 42 14 21 " 35 I 42 ! 14 I 21 I 35 

7046 0 0 0 0 I 0 0 0 

I 
0 0 0 0 0 " 0 0 

7047 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7048 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7049 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7052 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7056 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7057 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

802 
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!ndividu3 Animal Odiifed C~rieal Observations 

PSl study Numb et 44856 

Sey Leghemoglobin Preparation: An lnvesligative 28-D<rt Dietary Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle Detennination 


Sex: Female Oaf(s) Relative to start Dale 

1536 DelCfinObs (Open Field Cbs) 
m9'1<gfday Posture I Gail Gat "'' Gail Gat Iloo~otiooIloc~oloo Locomotion L()COlTIOtion I I ILocomotion IDefeea!ion IDefecation Defecation 
Group 4 I 

! ' ! I 

I I I 
42 14 2t 28 35 

I I I 
I I I I 42 -.-.-i 2t 28 35 I 42 

I 
I 14 

I 
2t 28 I 

7046 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 

7047 0 0 0 0 0 0 0 0 0 0 

I 
I 0 I 0 0 0 

7048 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7049 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7052 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 

7056 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7057 0 0 0 0 0 0 0 0 0 0 0 

I 
I 0 0 0 

7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1o;o 0 0 0 0 I 0 0 0 0 0 0 0 I 0 0 0 

803 
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lncfrvldu<i Animal Odailed Clirical Obseivations 

PSL study Number 44856 

Soy Leghemoglobin Prepamli0rt An lnvesHgalNe 28-0irt Dietll')' Study 


in Ratsv.ilh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex; Female Oay{s) Re!a!ive to Start Date 

1536 
mg'kglday Defecation I difeCalloi\ -Urinalion Uri,.,., DelCfinObs (Open Field Obs) 

lkinat1on Urination Urinalion Unusua Urusual """"" Unusual Ull.ISual VocarraionlVocaliza!ion 
Group 4 Behmiors Behaviors Behiuiors BehaiAori Behaviori (OF) (OF) 

! 
I 
I
I 

35 42 14 21 ,. I JS 42 I 14 I 21 " I 35 i " i 14 ! 21 

7046 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7047 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7048 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7049 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7051 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7052 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7053 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7055 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
7056 0 0 0 0 0 0 0 0 0 0 
7057 0 0 0 0 0 0 0 0 0 0 

I 0 0 0 0 
0 0 0 0 

7058 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7059 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7050 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 

804 
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tn:lividual Animal Oelaled Clirical Observaboos 

PSI.. Stldy Number 44856 

Soy leghemoglobin Preparation An Investigative 28-Dey Dielll)' Study 


in Rats v.ilh e 14.Qay Pre-D~ing Eslfus Cycle Determination 


Sex: Female D1r1(s) Relative to S1art Dale 

1536 OelCtinObs (Open Field Obs) 
mll"g/.., 1voc:atization IVocalizabon Voea12at1on 
Group4 (OF) (OF) (OF) 

I ---­ "2"8' L·35 ----­ ----.-42" .. 

I 
7046 0 0 0 
7047 0 0 0 
7048 
7049 
7050 

I0 0 0 
0 0 0 

0 I 0 0 
7051 0 0 0 
7052 0 0 0 
7053 0 0 0 
7054 0 0 0 
7055 
7056 

0 i 0 0 
0 0 0 

7057 0 0 0 
7008 0 0 0 

7009 0 0 0 
7000 0 0 ' 0 

805 
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APPENDIX G: INDIVIDUAL ANIMAL ESTROUS CYCLES 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 

806 
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PSL Stud Number 44856 

Individual Anlmal Estrus Cydes 

PSL Study Numher 44356 

5-0y Leghemoglohin Preparation: An Investigative 28-Dll'j Oietay Study 


in Rats Wth a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex Female SI.age of Estrus 

0 Day(s) Relotive
mgikg/d8f 1oStmt Date
Group I 

10 I 11 I 12 ' I 
13 r 

..,... ·-·--­
29 I "' 

7001 D D E D E E 
r 31 T 32 33 

r r 34

D D p E
7002 p E D D D p E D D p

7003 D p E D D D E E D D
7004 E D D p p E D D p E
7005 D D p E E D D D E D
7000 E D D p p E D D p E
7007 p D D p E D D D E D
7008 E D D p D E p D D p

7000 E D D p p E D D p E
7010 p D D p E D D D E D
7011 D D p E E D D D E D
7012 E D D p D E D D p E
7013 p E D D D p E D D p

7014 E D D p p E D D p E
7015 p E D D D p E D D p

808 
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lodividu<I Animal Estrus Cycles 

PSL Sllldy Number 44856 

Soy Leghemog!obin Preparation: An trwdgative 28-D:q Did.a,> Study 


in Rats Wth a 14-0ay Pre.Dosing Estrus Cycle Determinalion 


Sex: Female stage of Estrus 

""""'" 
0 Day(s) Relative 

Gmup 1 -· ·35· ·r 
to Start Dale 

36 T
~·"-'' 

37 I
···~-"' 

" r,,---1-.,····1···· 41 r 42 
--·~43··· 

7001 E D D D p E D D p 
7002 E D D p E D p E E 
7003 p E D D p E D D D 
7004 D D p E D D p E D 
7005 D p E E D D E D D 
7005 D D p E D D E E D 
7007 D p E D D p p E D 
7008 E D D E D D p E D 
7009 D p p 
7010 D p E I E D p p D D 

7011 D p E I 
E D D D E D 
D D p E D D 

7012 D D p 

7013 E D D I E D D D E D 
p E E D D D 

7014 D D p 
7015 E D D I 

E D D p E D 
p E D D p E 

809 
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IOOr1idua Animal Estrus Cycles 

PSL Study Number 44856 

Soy Leghtmoglobin Preparation: An lnvesligative 28-0ay Oii!:lay Study 


in Rats Wlh a 14-Day Pre-Dosing Estrus Cyi* ~termination 


Sex: Female Stage of Estrus 

512 Day(s) Rel alive 
mwKglday lo Siar! Dale 
Group2 

... 

10 I 
--­ 11·­ ..

' 12 T 
, c· 

13 >J 
! I 29 I 31 32 r --'3:3 r 34 

7016 D 0 p E I D D 0 0 E 0 
7017 E D p E E D D 0 0 E 
7018 0 D p E E 0 D p E 0 
7019 E 0 D p p E E D D E 

"'" E D D p D p E E D D 
7021 p E E D p E D D p E 
7022 D D p E E D D p E D 
7023 D D D E E D D E E D 
7024 0 D p E E 0 D p E D 
7015 D D p E E D D p E D 
7029 p E E D 0 p 0 0 D p 

7027 D 0 E D D D p E D D 

""' p E 0 0 0 p E p 0 D 
70>l D D p E E D D 0 E D 
70>! D D p E E D D E E D 

811 
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Individual Mimal Estrus Cydes 

PSL study Number 44856 

Soy Leghemog!obin Preparation: An lnvestigalive 28-Da; Dtettry Study 


in Rats v.ilh a 14-0ay Pre-Dosing Estrus Cycle De!ermination 


Sex: Female stage of Estrus 

512 Day(s)Reiative
mgll<.gi'day to Start Date
Group2 

36 37 ~"'r 38 42

7016 D p E D D p E D D
7017 E D D p E D D p D
7018 D p E D D p E D D
7019 D D p E D D p E D
7020 p E E D D p E D D

7021 M D D p p E E D D
7012 D p E D D p E D D
7023 D p E D D p E D D
7024 D p E D D p E D D
7025 D p E D D p E D D
70"1 E D D p E E D D D
7017 p E D D D E D p E
7028 E D D p E D D p E
701!l D p E D D p E D D
7030 D p E E D D p E D

812 
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Individual Animal Estrus Cycles 

PSL study Number 44856 

Soy Leghemog!obin Prepamti<ln: An Investigative 28-0a'j Oieli1y study 


in Rats v.ith a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female stage of 

1024 Day(s) Rel~We 
m(;OXg/d;ry to Start Date 
Group3 

' I ' T­ ... .... 

1 2 ' J 4 r --5·­ I 6 ·7 8 l 9 

' i I 
7031 D D D E E D D p E E 
7032 E E D D p E D D p E 
7033 p E D D p E D D p E 
7034 p E D D p E D D p E 
70'5 p E D D p E D D p E 
7036 p E D D p E D D p E 
7037 E E D p E E D D p E 
7038 p E D D p E D D p E 
7038 D D p E D D p E D D 
7040 D D D p D D D p E D 

7041 D p E E E D D p E D 
7042 D p E D D p E D D p 

7043 p E D D p E D D p E 
7044 D p E D D p E D D p 

70'5 D D E E D D p E D D 

Estrus 

813 
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Individual Animal Estrus Cycles 

PSL Sl.lldy Nwnber 44856 

Soy Leghemoglobin Preparation: AA lnves~gative 28-D(Pf Oietiry 5rudy 


in Rats llith a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Female stage of Estrus 

1024 Osy(s) Relalive 
m!l'ltWday to Start Dale 
Group3 

10 T 11 I 12 r 13 I " .,-.,-r 31 

7031 
I 32--·'" 33 I 34 

D I D p D p E I 

I 
D D D E 

7032 D D E D E D D D E D 
7033 D D p E E D D 
7034 D D p E E D I p E D 

I D D E D 
7035 D D p E E D D p E D 
703' D D p E D D E D 
7037 D D p ' ' ' ' D D D ' D 
703' D D D E D D D D 
7039 p D ' ' ' D D p ' D D p 

IMO D p E D D D p E D D 
7041 D D p E D D I p E E D 
7042 E E D D D p E D D p 

7043 ' D D p E D D p E D 
7044 ' D D p p E D D D 
7045 ' ' D D p D D E D D p 

814 
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Individual Animal Estrus Cycles 

PSL study Number 44856 

Soy leghemoglobin Preparation: An ln'JeStigative 28-Day Dietwy Sit.id)' 


in Rats Wth a14-0ay Pre-Dosing Estrus Cycle Deterroina~on 


Sex Female stage of Estrus 

1024 Ozf(s) Relative 
mg/kg/day to Start Date 
Group3 

'35· i 36 I 37 
,. 

I " I
--·--40 -­ i ··-·42 

I I " 41 

' ' 
1 I 43 

7031 D D p p E D E D D 
7032 D p E D p E E D D 
7033 D p E D D p E D D 
7034 D p E D D p E D D 
703' D p E D D p E D D 
7036 D p E D D p E D D 
7037 D p E D D p E D D 
703Jl D p E D D p E D D 
7039 E D D p E D D p E 
7040 p E D D p E D D D 
7041 D p E E D D p E E 
7042 E D 0 p E D D p E 
7043 D p E D p p E D 0 
7044 D D p E D D p E D 
7045 E E 0 D D E D D D 

815 



ia> 0. 0. WWW 0. W 00. 0 W 0. W 0 0 

.-'­ -----.·---·---------­

:,.... 0 0 0 0 0 0 0.. 0.. 0 a. 0 0 0 a. a. 

:..:i w w o o aw a aw o ow a o o 

0..0 0.. 0.. 0. 0 WWO W 0.. 0 0.. WW 

M ooooowa.a..oo..oooa..a. 

N 0W000W00W00WQOQ 

WOW WW Cl... 0 00.. 0 WC.. W 00 

C.. 0 W 0 W 0 0 WQ WO.. 0 0.. WW 



Page 151 
PSL Study Number 44856 

rndividu<I Animal Estrus Cycles 

PSL Study Number 44856 

Soy Leghemoglob!n Preparalion: An Investigative 28-Day Oietay SllJdy 


in Rats v.ith a14-0ay Pre-Dosing Estrus Cycle Determination 


Se:c Female Sl:age of Estrus 

1536 Day(s) Re!itive 
mg/Kg/day loStartDll!e 
Gioup4 ' -10 11 I 12 i 13 T 29 T '° 

-·-~T---

31 T 32 .. 33''" ­
T ' i 34 

! I 

70'6 E E a a p E D a p ' E 
7047 E D a p p E D D p E 
7048 D D a E a D D D a E 
7049 a D p E E D D p E D 
7050 D D a E E D D p E D 
7051 E D a p p E D D p E 
7052 D D a D D D p p E D 
7053 a a E D D D p E D D 
7054 E D a p D p E D D p 

7055 D p E D D D D E D D 
7056 D D a p p E D D E D 
7057 E a a E E E D D p E 
7058 D D p E E D D D E D 
7059 D p E D D D E E D D 
7000 D p E D D D p E D D 

817 
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lni:fNidtll'J Animal Estrus Cycles 


PSL StlXfy ~bef 44856 

Soy Leghemoglobin PreparaliOlt AA Investigative 28·03'{ Diel.tty study 


in Rats \ldlh a 14-0ay Pre-Do$ing Estrus Cycle Determination 


Sex: 

,,,. 
Female stage of E~rus 

Oa'f(s)Relative 
m!;'11g.'daf toS!artDBle 
Group4 35·-­ ,. l ·· 1 ., -·· ---~ .. . ·­ ·43 .. 

35 36 37 41 -1 42 

7045 D D p E E D D p E 
7047 D D p E D D D E D 
7048 D D p E D D p E D 
7049 D p E D D p E D D 

7050 D p E D D p E D D 
7051 E D D D p E D D D 
7052 D p E D p E D p E 
7053 p E D D p E D D D 
7054 E D D p E D D p E 
7055 p E D D p E D D D 
7056 D p E D D p E D D 
7057 D D p E D D p E D 
7056 D p E D D p E D D 
7059 p E D D p E E D D 
7060 p E D D p E D D p 

818 
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PSL Study Number 44856 

APPENDIX H: INDIVIDUAL ANIMAL WEEKLY BODY WEIGHTS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 

819 
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IOOividual Mimal Mem Wieek!y Body Weights 

PSL study Number 44856 

Soy leghemoglobin Preparation: An Investigative 28·Dat Dielary Study 


in Ra\sv.ilh a 14-0ay Pre-Dosing Estrus Cycie Dcterminalion 


Sex: F~'lludc !3odyw~1ght (g) 

0 
mglkg/d11y 
Group I ,. .... 

0 ' 14 

Day(i:) Rellllive 
10S1art Dale 

21 I 28­ 35 r 42 

7001 160 
7002 180 
7003 182 
7()().1 159 
7005 200 
7006 170 
7007 195 
7008 191 
700:> 191 
70!0 17·1 
7011 Ii-I 
7012 179 
7013 176 
7014 164 
7015 200 

186 
196 
2ll9 
174 
229 
197 

'°'216 
205 
200 
189 
191 
l>l 
ISi 
208 

200 
211 
231 
182 

238 
21'1 
220 

232 
208 
218 
212 
203 
218 
192 

226 

2119 21-1 
220 235 
2·16 249 
1% 202 
2·18 263 

233 Z.IJ 
256 264 

2..16 253 
225 232 
226 237 

225 23·1 
222 22·1 
238 246 
198 199 
2J7 2•l0 

218 

244 
258 
208 
273 

4-B 
273 

261 
235 
2<12 
246 
22,1 
z,19 
203 

234 

229 

263 
270 

209 
287 

250 
275 

266 
247 
250 

2H 
231 
26'1 
212 
2-12 

Menn 17~1.i 

SD 13.5 
N 15 

198.9 
14.0 
15 

213.7 
15.3 
15 

228.3 23.'.i.i 
17.8 19.5 
15 15 

240.i 
21.2 
15 

2·19.9 
22.4 
15 

820 
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IOOivklu~ Animal Mern Weekly 80dy Weights 

PSL Study Number 44856 

Soy Leghemoglobin Preparation: An lnvestigatr.-e 28-0<rj Dielay study 


mRats v.ilh a 14-0ay Pre-Dosing Esbus Cycle Determination 


S\'x; Fenrnle lfo<lyw~'lght (!_t) 

512 Day(~) Rcllllh·e 
mg/kWd11y to S1an Onie 
Grm1p 2 ......--..-.----~ 

7 -----,:;--­ I I 
••M•3·5 0 21 28 

I 
r--,,-­

70\6 200 215 227 231 252 255 265 

7017 163 179 204 211 215 223 
7018 185 198 201 '" 210 222 229 237 

7019 195 217 229 258 276 279 288 
7020 li6 192 209 224 235 2•10 2-17 

7021 187 202 219 235 247 252 267 
7022 180 200 212 222 237 2.J.t 252 
7023 17·1 "~ 202 201 215 222 224 
7024 175 19·1 207 226 235 2·17 251 
7025 201 223 239 256 268 279 289 
7026 171 191 215 230 :!:.13 2·13 265 
7027 167 19.'i 21,1 221 232 2.-\2 237 

7028 159 177 194 207 213 214 116 
7029 193 216 233 2-12 258 267 277 

7030 176 190 199 200 213 221 228 

MC!1llt ISO.I 198.S 212.i 22.\.5 237.1 243.3 251.7 
SD 13.0 13.8 14.5 18.3 20.4 21.0 22.7 

N I.I 15 15 15 15 15 15 

821 



Page 156 
PSL Stud Number 44856 

Individual Animal Mem W~kl'f Body Weights 

PSL Study Number 44856 

Soy Leghemoglobin Preparation: An Investigative 28·0!rf Diel~ Study 


in Rais v.ilh a 14-0ay Pre-Dosing Estrus Cy* ~tttmina!ion 


$c,'I;: f1emale Bo<lyw~-igltt (.g) 

!OH Day(;::) Relnli\'C 
mgikzldny 10S1art Onie 

C'Jf<lllp 3 
0 I 

' 14 --ii "'28 " 42 

7031 17' 190 192 200 
r

200 
l 

202 220 
7032 172 1'8 213 231 239 251 262 
7033 20~ 221 233 2.10 26' 270 269 
7034 199 22:.-1 237 238 248 262 273 

7035 180 20-1 219 221 233 2•16 253 

7036 157 173 182 188 202 213 21'1 
7037 190 200 199 21).1 2D 224 237 
7038 183 198 212 221 242 251 260 
7039 176 1% 21,1 229 23'1 241 259 
7Q.IO 162 195 2!0 221 223 233 242 
70-11 19·1 217 237 2·19 255 272 282 
70-·12 176 1&1 198 211 21,1 217 221 
70-13 164 1.­ 202 205 226 234 252 

'"" 192 217 236 260 27:5 282 290 
71).15 169 203 209 230 237 2.m 253 

Mcw1 1795 200.2 212.9 223.2 233.i :2'12.5 252.5 

SD 14.0 14.7 17.J !9.5 21.6 23.0 22.4 
N 15 15 15 15 15 15 15 

822 
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PSL Study Number 44856 

APPENDIX I: INDIVIDUAL ANIMAL MEAN DAILY BODY WEIGHT GAIN 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 

824 
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PSL Stud Number 44856 

!ndvid.lal Arimal Mean Daily Body Weiflll Gain 

PSL Study Number 44856 

Soy Leghemoglobin Pieparation: An Investigative 28·0!ff Dietay Study 


in Rats Wlh a 14-0ay Pre-Dosing Estms Cycle Oeterminafon 


S<"x: F~·mal<.' M~w1 Daily Bl'dy W~"ight Gain (gl<lay) 

0 Day(~) Relntiw 
mg./kgldtly 10S1m1 Dnl"' 

Gn:uqi I 

r -· 21 ii ·-::;· 28" r·2s-:.-:;·35···1 ·35:·_~--~-2 ··1 0 : . " ~z·--

7001 3.7 2.0 l.3 0.7 0.6 1.6 1.6 
7002 2.3 2.1 1.3 2.1 L3 2.7 2.0 
7003 ·'·9 3.1 2.1 0.4 1.3 1.i 2.1 

7004 2.1 LI 2.0 0.9 0.9 OJ 1.2 
7005 4.1 1.3 IA 2.1 1,4 2.0 2.1 
7006 3.9 2..1 2.7 IA 0.0 LO L9 
7007 \J 2..3 5.1 LI L1 0.3 L9 
7008 3.6 2.} 2.0 LO LI 0.7 L8 
7009 2.0 0.'I 2A LO OA 1.7 1.3 
7010 3.7 2.6 LI L6 0.7 LI 18 
7011 2.1 }J 1.9 l.} 1.7 LI 1.9 
7012 17 1.7 2.7 O.J 0.0 LO L2 
7013 3.3 2.7 2.9 LI 0..1 2.l 2.l 
7014 2..l 1.6 0.9 0.1 0.6 1-3 LI 
7015 LI 2.6 1.6 0.4 ·0.9 LI LO 

~kan 2.75 2.10 2.10 1.0.S O.i2 l.3-1 l.6i 
SD 1.02 0.77 L05­ 0.61 0.68 

N 15 15 15 15 15 I 0.69 0.38 
I:' 15 
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lnd'o'id.lal Arimal Mean Daily Body Weiljll Gan 

PSL Study Numbtt 44856 

Soy Leghemoglobin Preparation: An Investigative 23·Dat Dietay Study 


in Rais Wth a 14-0ay Pre-Dosing Estrus Cycle Oeterminaticn 


:kx: l'<-'mal<.' M..-an Daily 13l'llY Weight Guin (gl<lay) 

512 Day(s) Relniiw 
mg/kg/day lo Stnrl Dutil' 
Oroup 2 .. 

0--:~;·7 l • 14 14 -~· 21 :ff·:-:;·23·1 28 ::;·3s·r·is--~-;-:i-i-
1 0 ~:.-~:z--, 

7016 2.1 1.7 0.6 3.0 OA IA 1.5 
7017 2.3 1.7 1.9 LO 0.6 LI 1..1 
7018 1.9 OA 1.3 1.7 1.0 LI 1.2 
7019 3.1 1.7 •1.1 2.6 OA 1.3 2.2 
7020 2.3 2A 2.1 1.6 O.i LO 1.7 

7021 2.J 2.'1 2.) 1.7 0.7 2.1 1.9 
7022 2.9 1.7 u 2.1 1.0 II 1.7 
7023 2.1 1.9 -0.1 2.0 J.0 O.J 1.2 
7024 2.7 1.9 2.7 1.3 1.7 06 1.8 
7025 3.1 2.3 2..1 1.7 1.6 IA 2.1 
7026 2.9 3A 2.1 I.•) 0.0 3. I 2.2 
7027 .1.0 2.7 1.0 1.6 1..1 -0.7 1.7 

7028 2.6 2A 1.9 0.9 0.1 1.7 1.6 
7029 3.3 2 . .t Ll 2.3 1.3 IA 2.0 
7030 2.0 1.3 0.1 1.9 I.I LO 1.2 

Mcw1 2.63 2.03 I.GS I.SI 0.88 l.21 1.10 
SD 0.59 0.69 1.08 0.56 O.Sl 0.85 0.34 

N 15 15 15 1; 15 1; 15 
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lndvil'.ilal Arimal Mean Daily Body Wel!#lt G<ln 

PSL study Number 44856 

Soy Legtiemog!obin Preparation: An Investigative 28-Day Diday Study 


in Rais v.ith a 14-0ay Pre-Dosing Estrus Cycle Dete1mination 


}.hwt Daily Body w.,.i;ht <Jain (g/<la)·) 

1024 rr.1y(s) Relatiw 
mYkWdny 111 S1nrt Onie 

Group 3 -·--u-.·:;-i 7 ... J.j IJ -•21 

7031 2.J 0.3 I.I 0.0 0.3 2.6 I.I 
7032 3.7 2.1 2.6 I.I l.7 l.6 2.1 
7033 2.4 1.7 l.O 3.4 0.9 ·0.1 1.5 
703·1 3.6 l.9 0.1 1.4 2.0 l.6 l.8 

7035 3A 2.1 0.3 1.7 L9 l.O 1.7 

7036 2.3 l.3 0.9 2.0 1.6 0.1 IA 
7037 1.4 -0.I 0.7 1.3 1.6 l.9 I.I 
7038 2.1 2.0 13 3.0 1.3 1.3 1.8 

7039 2.!) 2.6 2.1 0.7 1.0 2.6 2.0 
71J.10 4.7 2.1 l.6 0.3 1..1 u 1.9 

7(}11 3.3 2.9 1.7 0.9 2.4 1..1 2.1 
70.12 I.I 2.0 l.9 O..t 0..1 06 I.I 
70.13 2.7 2.7 0.4 3.0 I.I 2.6 2.1 
71J.14 3.6 2.7 3.4 2.1 1.0 I.I 2.3 
70-15 -1.9 0.9 3.0 J.O 0.'I 1.9 2.0

l\fow1 2.% I.SI IAS I.SO 1.27 IA2 1.74 
SD l.07 0.89 O.•JI) 1.04 Oh2 
N 15 15 15 15 15 I 

0.82 DAI 
IS 15
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!n<ivid1al Arimal Mean Dady Boify Wei!jlt G:in 

PSL Sti.dy Number 44856 

Soy leghemoglobin Preparation An Investigative 28·03'( Dielay Study 


in Rats v.ith a 14-0ay Pre-Dosing EM!s Cycle Determination 


Sl'X: fl'J11ale Mean Duily Body \Vcighl Gain (g/tlay) 

1536 Day(s) Relative 
mW};glday to Start Date 
Group'1 --·;:r.::-r ,. --1·----ix-­ 14-21 -fi"-~ 2S-T-2s-:.:.:.:"Js-­ -:tf=..-~:c

1 0-·12

70.16 3.1 2.i 2.0 2.i -0.1 2.0 2.l 
7Q.l7 2.9 3.3 JA 3.4 -0..t 0.1 2.l 
7().18 2.9 0.6 3.3 I.I 2.0 L9 2.0
7049 2A 2.3 L9 3.0 

"''° 2.3 1.3 LO 0.4 I 2.0 L9 2.2

1.9 1.3 1.4
7051 2.3 L9 3.6 2.0 0.0 2.3 2.0
7052 3.6 I.? 2.6 0.4 
7053 ·1.9 3.7 2.3 0.7 I L6 L9 2.0

2.3 1.3 

705·1 LO 1.7 2.1 0.4 1.3 2..t " L5 
70.55 t.9 L6 1.3 -0.-1 0.7 I.I LO 
7056 2.7 IA 1.3 I.I 0.3 LI ]_)

7057 2.3 LI I.I LO OA 0..1 LI
7058 ·1.6 2.3 L6 1.6 1.-l LO 2.1 
7059 -1 ..t 3.1 2.1 LI 3.7 0.4 2.5
7060 2.3 2.6 L6 0.3 L6 1.6 L6 

~.. lean 2.90 2.09 2.08 1.27 1.24 l.38 1.82 

SD 1.07 088 0.83 1.09 1.10 0.69 0.48 
N 15 15 15 15 15 15 15 
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APPENDIX J: INDIVIDUAL ANIMAL MEAN DAILY FOOD CONSUMPTION 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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ll'YJividual Animal Me<11 Oa~y Food Consllllption 

PSL StOOy Number 44856 

Soy Leghemoglobin Preparaliorr AA Investigative 28-Day Oietay study 


in Rats Wth a 14-0ay Pre.Dosing Estrus Cycle Determination 


Sex: Female Mean Daily Food Consumptico (g.lday) 

0 Oay(s) Re!liive

m9'<o'"r lo Slat Dale
Group 1 

-3::;yl -:;-~-frj - -10·.::.:-:;-4 -r- ,-4-~-,,-T-,r~:11-r21-.::·24-·r24·=-2ii"'J-2s=--3r-r3,--.::-3s- r3s-.::-39-r--j"::;3j'"­

7001 13.3 16.0 19.8 20.0 19.5 17.7 18.3 18.0 1<3 18.7 17.9 
7002 20.0 21.0 228 19.0 200 17.3 21.5 20.3 21.0 23.0 2L3 
7003 9.3 19.0 19.0 19.3 205 19.7 18.8 19.0 18.3 18.3 18.0
7004 23.0 15.3 17.0 17.0 1a8 16.3 16.5 16.3 16.B 17.0 17.5 
7005 16.0 30.0 21.8 19.7 225 24.0 22.0 22.3 21.3 22.3 22.0 
7006 16.8 19.J 20.3 22.7 20.8 19.7 21.0 17.3 19.8 20.0 20.0
7007 19.3 17.7 13.8 25.7 nJ 20.3 25.3 22.3 21.0 21.0 20.8 
7008 19.8 18.0 21.8 21.7 21.0 20.0 19.0 19.3 1'3 21.0 20.1 
7009 21.5 20.7 20.3 24.0 220 20.7 20.0 23.0 30.0 22.1 22.5
7010 18.0 18.0 19.0 18.0 19.3 20.0 18.5 I 18.0 18.3 19.0 18.6
7011 16.8 19.0 20.8 19.0 20.3 20.0 19.5 19.7 19.0 19.3 19_3
7012 17.8 17_7 17.8 18.7 19.5 17_3 17.0 I 16.7 103 19.7 17.8' 7013 20.0 21.7 19.5 23.3 2l0 19.3 22.8 I 21.7 21.5 24.7 21.7 
7014 16.5 16.0 17.5 18.0 100 17_3 23.0 16.0 163 16.7 17.6I
7015 17.8 19.3 18.5 18.7 20.5 17.0 22.0 I 16.7 17.3 19.0 18.7

1'23 19.38 19.28 20.31 20.52 19.11 20.33 19.11 19.47 20.16 19.59 
SD ''"" 3.93 3.40 2.25 2.55 1.4' 1.97 2.4' 2.38 3.48 2.27 1.73
N 15 I 15 I 15 I 15 I 15 15 15 I 15 15 15 15
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lrx!Mdu~ Animal Mean Dody Food Consuni;tion 

PSL study Number 44856 

Soy Leghemoglobin Preparation: An Investigative 28·Dat Oid:<ry Study 


in Rats v.ith a 14-0ay Pre-Dosing Estrus Cycle Oe!erminafon 


Se:c Female Mean Daily Food Consump1ion (g/da'f) 

512 Oay(s) Relitive 

mg/kg/"' !o Slat Drle 
Group 2 

3-7 1-10 14-17 ! 17-21 21·.:.::-24· r24·.::··28"l'2il
I 

10-14 ..:.:.."3i­
I

31-35 I "_.:;:ia·1 3-38 

7016 16.0 16.0 17.8 17.3 ' 19.3 19_7 10.5 18.7 ,., 18_0 
7017 16.5 16.7 17.8 20.0 203 1"7 19.3 18.3 ,., 21.3 I 180 

18.7 
7018 17.0 15.0 16.5 17.0 1ao 17.3 16.B 17.3 16.B 17.7 16.9 
7019 23.8 21.0 no 24.7 2'5 n7 25.0 22.7 23.3 25.0 23.6 
7020 

"'·' 
17.5 19.3 20.0 18.7 19.5 1aJ 21.0 2JJ.O 20.0 19.0 19.4 

7021 19.7 19.8 

,., 
18.3 23.0 21.3 20.5 20.7 19.5 22.0 20.6 

7022 18.5 15.7 18.8 18.7 19.3 20.0 19.3 18.J 18.8 18.0 18.6 
70Zl 17.0 16.0 25.0 18.3 20.0 18.0 17.7 16.8 20.3 18.6 
7024 17.3 15.7 18.3 21.7 21.5 203 20.0 19.3 I 19.8 19.3 19.3 
7025 21.0 18.7 20.5 19.3 220 21.7 21.8 21.3 ' 2\.0 21.J 20.9 
7026 19.8 21.0 20.8 19.0 25.S 21 0 23.0 21.7 21.3 24.7 21.8 
70ll 19.0 18.3 19.0 18.0 19.3 18.3 19.6 21.0 18.0 16.7 18.8 

7028 17.0 18.3 18.3 17.3 1a5 16.3 20.0 17.3 17.0 19.3 18.0 
7029 20.5 19.3 21.3 19.7 21.8 21 7 21.3 21-0 20.8 21.7 209 
7030 17.8 16.7 18.8 15.7 19.0 19.7 17.0 18.3 17.5 20.0 18.0 

"'~ 1a1s 17.82 19.18 19.35 20.72 
so 203 2.00 1.50 2.64 I ,., I "" 20.07 19.58 

I 
1.75

N " I " I " " I ' " " I 
2.18 1.73 I 

19.05 20.29 19.47 
1.97 2.43 I 1.76 

" I " " " I " 
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lr.<INidual Animal Woean Da~y Food Consunption 

PSL study Numbe 44856 

Soy Leghemoglobin Preparation: An ltwestigabve 28·0iJt Dielay Study 


in Rats v.ith a 14.Qay Pre-Dosing Estrus Cycle Determination 


Sex: Female Mean Dally food Consumption (g/d<l'J) 

Oay(s) Rel&ive "" m<Vl<gl"'Y to stat Dae
Group3 --3:::,--T-f-:....1(, ·i·o-.:::;14-­ ·1·4·::.:·17 I ,,.:.;,,~ ·21":::2-.f· r14::·28... 2s·.::3·1· 1--·31·:::·35· 1'5 .:.;"T 3-38

I 1 1
7031 16.8 15.0 16_5 15.7 16_3 133 15.5 17.7 I 14_3 19.3 16.0 
7032 20.3 20.0 21.8 24.0 2lO 223 21.3 220 21.0 21.0 21.6
7033 19.5 19.0 20.0 19.0 20.5 21.7 24.3 20.3 20.8 19.7 20.5 
7034 24.0 23.0 27.0 21.3 220 20.7 23.5 23.0 23.8 2i7 23.5 
7035 19.5 18.0 18.8 I 18.0 18.B 20.0 19.5 19.7 18.8 20.3 19.1
7036 16.8 15.7 16.3 15.7 17.0 17.3 17.5 19.0 16.8 17.0 16.9
7037 16.5 1'1l 16.0 I 15.3 15.8 1'7 16.5 16.7 17.5 18.7 16.4
7038 18.5 19.0 19.5 18.0 220 19.3 21.5 21.7 225 Zl.7 20.6
7039 17.8 19.0 19.5 18.3 19.5 16.3 18.0 18.0 I 18.3 20.0 18.5 
7"' 19.8 18.7 18.5 23.7 19.3 17.7 213 21.0 17.B 17.7 19.7
7041 20.3 19.7 23.0 22.0 225 187 23.3 23.0 20.3 20.7 214

16.3 16.7 17.5 17.3 18.3 17.7 17.3 17.3 17.3 17.3 17.3"'" 7043 20.8 17.3 20.8 18.0 200 20.0 21.3 20.3 19.8 21.7 20.1 
7044 17.8 19.0 26.0 20.7 21.8 21 0 21.3 23.0 21.0 22.0 21.4 
7045 19.8 18.0 18.5 21.0 20.5 17.3 18.B 19.3 19.0 19.3 19.2 

1893 18.20 19.97 19.20 i 19.80 1860 20.17 20.13 19.23 20.27 19.47 """'so 207 2.09 3.30 2.79 I 228 245 2.00 2.14 2-42 2.35 m
N 15 15 I 15 I 15 I 15 I 15 15 I 15 I 15 15 15
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PSL Stud Number 44856 


Individual Animal fkill Da~y Food ~j:ticin 

PSL stlJ:fy t-.\lmbef 44a56 

Soy Leghemoglabin Preparatiort An Investigative 28·Day Oietay Study 


in Ratsv.lth a 1-1-0ay Pre-Dosing &lrus Cycle Oeterrrinalion 


Sex: Female Mean Daily Food ConSi.Jmption {9/dll'/) 

1536 
 Day{s) Rell:t111e
m~gMf lo stiJlOite
Group4 

3-7 
 10 __, 14 
 17 ..... 21


7048 
 19.0 20.3 20.8 20.0 24.5 21.0 20.3 20.0 19.8 22.7 20.8
7047 
 18.3 19.0 223 
 22.3 21.5 20.3 22.5 19.3 21.0 21.7 1JJ.9 
7048 
 19.5 18.3 19.5 21.0 2t3 19.7 20.3 21.0 21.5 24.3 20.6
7049 
 17.5 19.0 19.8 18.3 220 
 22.7 

,.,
21.3 22.3 220 
 22.3 20.7

7050 
 16.5 15.7 1<3 14.7 17.0 147 
 15.5 15.7 16.3 18.0 

,.,
16.1

7051 
 20.8 23.7 263 
 21.0 ns 22.3 20.7 18.8 23.0 21.8
7052 
 17.0 17.0 1ao 1ao 100 
 17.0 22.3 19.7 17.8 1R7 
705.1 20.3 20.3 21.8 20.3 228 
 1'7 24.5 22.0 20.5 20.3 21.3
7054 
 17.0 17.0 18.0 18.7 18.S 1>0 17.3 17.7 18.8 20.3 17.9 
7055 
 15.5 16.J 16.5 16.0 17.J 14.3 15.6 17.3 153 
 17.0 16.1
7056 
 17.5 17.0 17.5 17.3 

,,, 

17.0 1'7 16.3 16.3 15.5 15.7 16.6 

7057 
 19.5 21.7 225 
 20.7 17.S 15.7 16.3 17.3 16.5 17.7 18.5
7058 
 19.8 19.3 21.0 20.7 20.7 23.5 20.0 19.8 19.3 20.7 
7059 23.5 23.0 21.0 20.0 23.5 22.0 22 5 
 25.3 24.5 23.0 22.9 
7060 16.8 19.3 18.0 16.7 18.3 16.0 21.8 18.7 17.5 18.0 19.1

Mean 18.55 19.13 19.93 19.11 1'20 20.13 19.56 19.02 20.13 19.44
so 2.06 2.38 2.68 2.15 286 
 309 
 2.54 2.63 2.61 2.17

1
 
N 15 
 15
 1 15 
 1
 15 
 15 
 15 
 15 I 15
 15 
 15
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PSL Study Number 44856 

APPENDIX K: INDMDUAL ANIMAL FOOD EFFICIENCY1 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 

1 Food efficiency= Mean Daily Body Weight Gain 

Mean Daily Food Consumption 
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PSL Stud Number 44856 

lndi'-lidual Animal Mcrn Food EfliQency 

PSL Study Numb~ 44856 

Soy Leghemoglobin Preparation: An lnvesligative 28-Dat D1elcry Study 


in Ratsv.ith a 14-0ay Pre-Dosing Estrus Cyde Oete1mination 


Sex: l'emule 

1024 Day(!>) Re\111ivl! 
mgfkgfdny Ill S1mt Oat~ 
Group 3 --7<_-;-·14 2~1·::;·23-- 2s ·o··::".12'"~ I' --· 21 1 .;35135· :; ,·21 

7031 0.13 0.02 
I

0.07 0.00 0.02 0.14 0.01 
7032 0.19 0.10 O.IJ 0.05 0.08 0.07 0.10 
7033 0.12 0.09 0.05 0.15 0.04 -0.0l 0.08 
7034 0.15 0.07 0.01 0.116 0.09 0.06 0.08 
703.5 0.18 0.12 0.02 0Jl9 0.10 0.05 0.09 
70)6 O.H o.os 0.05 0.11 0.09 0.01 o.os 
7037 O.OS -0.0I 0.05 O.OS 0.09 0.10 0.07 

7038 0.12 0.10 0.06 0.15 0.06 0.06 0.09 
7039 0.16 0.13 0.11 0.0-1 0.06 0.13 0.11 
7010 0.24 0.12 0.07 0.01 0.07 0.07 0.10 
7(}11 0.17 o.n O.OS Q_().j 0.11 0.06 0.10 
7().12 0.07 0.12 0.10 0.02 0.02 0.03 0.06 
70.13 0.1.J 0.1•1 0.02 0.1·1 0.06 0.12 O.!O 
701• 0.20 0.12 0.16 0.\0 o.os 0.05 O.!l 

7015 0.25 0.05 O.H 0.116 0.02 0.09 0.lO 

~kw1 0.157 i 0.092
SD 0.052 I

0.07·1 I O.Q7•1 0.064 0.070 0.08!) 

0.044 0.0-15 I o.o.i9 0.029 0.042 0.016 
N 15 15 15 l1s 15 15 15 
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PSL Stud Number 44856 

lnttivk!ual Mimal fl.em Food Efficiency 

PSL Stu:fy Number 44856 
Soy leghemoglabin Preparaliorc AA Investigative 28·0iff Dietay Study 

in Rats v.ith a 14-Day Pre-Og,sing Eslrus Cycle Determination 

Se.x: Ftmmlc Foo<l Effideucy 

1536 
mg/kg/ilay 
Group·! 

0 _. 7 i-I'I 14 ­ 21 

Day(s) Relntive 
to Start Date 

ii" --28-fiS-~"35' '')'5~=·:12--1 0-·12 

70.16 0.16 
70'7 0.16 
7().18 0.J5 
70l9 0.14 
7050 0.14 

7051 0.11 
1on 0.21 
7053 0.24 

705·1 0.06 
7055 0.12 
7056 0.16 
7057 0.12 
7058 0.24 
7059 0.21 
7060 0.[J 

Mean 0.157 
SD 0.050 

N l:i 

O.l3 0.09 
0.16 0.16 
O.OJ 0.16 
0.12 0.09 

0.08 0.06 

0.07 0.16 
0.10 O.t'I 
0.18 0.11 

0.10 0.11 
0.10 0.08 
0.08 0.08 
0.05 0.06 
O.il 0.07 

0.14 0.10 

0.14 0.()<J 

0.106 I0.103 
0.040 0.035 

IS " 

0.13 ·0.01 0.09 O.JO 
0.16 -0.02 0.01 0.10 
0.{)(i 0.09 0.08 0.09 
0.14 0.09 0.08 0.11 

0.03 0.12 0.07 0.08 

0.10 0.00 0.11 0.09 
0.02 0.08 0.10 0.1! 
0.03 O.!l 0.06 0.12 
0.03 0.07 0.12 0.08 

-0.03 0.0·1 0.07 0.06 
Offl 0.02 0.07 0.08 
0.06 0.03 0.02 0.06 
0.07 0.07 0.05 0.10 
0.05 0.15 0.02 O.J I 
0.01 0.09 0.08 0.09 

0.062 0.062 0.069 0.093 
0.051 0.050 0.032 0.017 

15 '" " IS 
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PSL Study Number 44856 

APPENDIX L: INDMDUAL ANIMAL MEAN DAILY DIETARY INTAKE OF SOY 

LEGHEMOGLOBIN PREPARATION 


PRODUCT IDENTIFICATION 


Soy Leghemoglobin Preparation 
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lnclrvidua Animal Me<n Dai!y Dietary Intake 

PSL Study Numbef 44856 

Soy Leghemoglobin Preparation: Anlnvest:iga!ive 28-Dat Diel<1y Study 

in Rats W:th a 14-0ay Pre-Dosing &In.ts '*le Determination 

Day{s-) Rehitivc512 

loSlar1 Date mg/kg/dny 

Orn1~1 2 

·10·:~-~-14"] ix·::.-; --ifT--i 7----· ·2i- •""ii ""' 24"l i~-.::; :is" r·2s··:::;j"j r3I ---~-35··r ·35 ·:.; 38- r 3 --·38 


' I 

7016 
 448 
 477 
 487 
 4-16 
 451 
 424 
 456 
 -160458 

7017 
 545 
 614 
 568 
 524 
 555 
 528 
 563 
 640 
 564 

7018 
 472 
 -l59 475
481 
 496 
 491 
 -F2 498 
 482 


"' 5(>57019 
 563 
 632 
 566 
 503 
 '99 538 
 57ll 
7020 
 561 
 524 
 498 
 ~HJ 518 
 538 
 511 
 531 


7021 
 ""' 537 

7022 


529 
 -191 56-0 
 .520 
 .505 
 509 
 ·199 5"3 
-19(• 494 
 496 
 476 
 502 


7023 

519 
 516 
 516 
 "° 726 
 487
537 
 520 
 569 
 509 
 500 
 591 
 545 


7024 
 {>1'\517 
 5-1•1 515 
 500 
 516 
 505 
 525 

7025 


51' 
-17-1 492 
 484 
 49-1 
 -18-1 486 
 493 
 498 


7026 

503 


5,12 587
566 
 518 
 6-l! s:n 576 
 564 
 655 

7027 
 521 
 -19J ·198 -175 518 
 551 
 ·-180 ·Hi 

7028 
 "' 495 
 5&1 539 

7029 


552 
 52·1 511 
 ·152 571 
 513 

j).j495 
 512 
 501 
 495 
 50! 524 
 519 


7030 

535 

552 
 ·162 54-1 
 563 
 485 
 523 
 "' "' '" 

505.SMcwi 529.2 I515.o 502.7I '35.0 15~.0 
27.030.7 76.S 43.0 33.3 36.2 &1.6 33.0SD I'".I I""'I"'' I i~·2 N 15 15 15 15 
 15 
 15 15 15 
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102.t Da)'(~) Relative 

mg/kg/dll.y 10S1nn Dare 

Group 3 

-fa-~::·;--j4-i-1-:i----~:-i1-- --17··::;-:ff I'' -_ -;-z4·r24·:::;2sr2s-~xi-T3f--=-; 3"5"-r"Js-::·~~ifr-3 ~:;33·,. 

7031 976 926 9'9 779 952 1085 895 1214 976 
7032 ! 159 1279 116'1 IBO 1093 1131 1061 1061 1147 

7033 975 926 998 \055 1129 9,16 975 924 !004 
7034 1293 1022 1080 1015 1164 I !•ID 1150 1242 1166 
7035 972 933 991 1058 1028 1037 967 11)18 !021 
7036 10(.1 977 1057 1077 1065 1156 997 1012 1058 
70J7 913 875 902 897 952 962 991 1057 945 
7038 1044 964 1163 1022 1092 1100 1137 1196 1100 
7039 1035 973 995 

1000 "' 945 9,15 960 !053 996 
70!0 1280 1018 93-1 1281 1157 966 962 1093 
70.11 1102 105,1 1056 876 1120 1108 9-1•1 •)(_"! 104~ 

70.12 100,1 .;19..1 IOI I 978 991 995 1008 1013 1013 
7().13 1166 1012 1\.10 11.10 1155 1106 10;0 117.\ 1146 
70H 1251 994 978 9" 950 1028 944 989 1010 

7().15 \005 11.11 1042 881 972 1002 100,1 1022 1028 

M~1 1060.6 11036.3 11059.3 1059.9
1""·1SD 110.3 76.0 

N I""·' 121.0 108.4 100.6 76.3 71.4 99.0 (>6.8
15 15 

I'""; 
' 15 15 I 15 15 I""'·' 15 15 I""'·'15

lndivid~ Animal Mem Daily Dietary Intake 

PSL Study Number 44856 

Soy leghtrnoglobin Prepara!Kln: Anlnvesligative 28-Dat Oiel;;ry Study 


in Rats v.ith a 14-0ay Pre-Dosing Estrus Cycle Oe!ermina~on 
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Individual Animal Mein Dady Oietaiy Intake 

PSL Stu:ly Numb« '14856 

Soy LegMmoglobin Preparation: AA Investigative 28-Day Dietwy Study 


in Rats Wth a 14-0ay Pre-Dosing Estrus Cyi:le Determination 


Sex: Fcniulc Dicla1y Intake Vmiuhfo (mg/kg/Jay) 

!536 DB}~S) Relative
mg/kg/day !.:> S1art Date 
Grnup·l 

10-1•1 i";1·--J7·1 17-21 
 ii" ...."ii" j" j;i-~jS""i" 28-J"j 3·j-~j5··1 j5" ~-jg 3 ..... 38
; i 

70.16 1'170 \,H7 li25 1,179 \,116 1399
 l>\.12 1@5 1526 

7047 
 1617 
 1623 
 1490 
 1409 
 1523 1309 
 l.t95 1542 
 1523 

70.18 1522 
 1639 
 J577 H60 1553 161 l 
 162·1 1838
 J(.05
7J).J9 1556 
 l+l.J !719 
 1771 
 1623 
 1706 
 1655 
 1680 
 1648


7050 
 IJ.16 l'.N2 l.J63 
 1262 
 140.t \<119 l.t42 1597 
 1432 

7051 
 1908 
 1526 
 1571 
 1289 
 1556 
 L445 1364 
 1673 
 1599

7052 
 1555 
 16-12 
 1582 
 1415 
 1950 
 1724 
 154! 1620 
 16'4
7053 
 1·197 HOO 15·1i 
 1337 
 17•15 1567 
 1·133 1·122 
 1536


705·1 HOS !t57 I-MO 
 1152 
 1396 
 1,130 
 152! 16'19 
 1·1'19
7055 
 1519 
 l-l7J 1592 
 n:n 
 1577 
 1735 
 15<18 1725 
 1585

7056 
 1•197 
 1.183
 1·163 
 13·18 
 1438 
 1·1·15 
 1·113 1·129 
 1,189
I 
7057 
 193·1 I 1777 
 Jj.13 
 1361 
 1458 
 1555 
 1519 
 1626 
 !675

7058 
 1588 1563 
 1687 
 1567 
 18!7 
 1546 
 1527 
 1494 
 1629

7059 
 15·16 1473 
 1709 
 1600 
 1692 
 1905 
 1738
 1631 
 !BO 
7060 
 1487 I 
1377 
 1505 
 1320 
 1898 
 1629 
 1512
 1555 
 1581


Mean 15<i5.2 1502.3 11'7•1.2 11603.I 1561.6 15!8.2 1576.8
11·1062 116-092
so 157.5 111.2 96.8 153.1 ISi.i 159.8 97.7 109.5 
 s.1.0

N IS 15 15 15 I 
15 
 15 
 15 15 
 15
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APPENDIX M: ANIMAL NUMBERS, DOSE GROUPS, AND FATES 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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Individual Animal Fates 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Removal Removal Removal Time Removal Pathology 
Group Dose Level Sex Animal Cage Day Week Date Time Slot Symptom Reason 

a mg/kg/day Female 	 7001 7001 43 6 23/03/17 9:08 Term Term 
7002 7002 43 6 23/03/17 9:08 Term Term 
7003 7003 43 6 23/03/17 9:08 Term Term 
7004 7004 43 6 23/03/17 9:08 Term Term 
7005 7005 43 6 23/03/17 9:08 Term Term 
7006 7006 43 6 23/03/17 9:08 Term Term 
7007 7007 43 6 23/03/17 9:08 Term Term 
7008 7008 43 6 23/03/17 9:08 Term Term 
7009 7009 43 6 23/03/17 9:08 Term Term 
7010 7010 43 6 23/03/17 9:08 Term Term 

7011 7011 43 6 23/03/17 9:08 Term Term 
7012 7012 43 6 23/03/17 9:08 Term Term 

7013 7013 43 6 23/03/17 9:08 Term Term 

7014 7014 43 6 23/03/17 9:09 Term Term 
7015 7015 43 6 23/03/17 9:09 Term Term 

2 512 mg/kg/day Female 	 7016 7016 43 6 23/03/17 9:09 Term Term 
7017 7017 43 6 23/03/17 9:09 Term Term 
7018 7018 43 6 23/03/17 9:09 Term Term 
7019 7019 43 6 23/03/17 9:09 Term Term 
7020 7020 43 6 23/03/17 9:09 Term Term 
7021 7021 43 6 23/03/17 9:09 Term Term 
7022 7022 43 6 23/03/17 9;09 Term Term 
7023 7023 43 6 23/03/17 9:09 Term Term 
7024 7024 43 6 23/03/17 9:09 Term Term 
7025 7025 43 6 23/03/17 9:09 Term Term 
7026 7026 43 6 23/03/17 9:09 Term Term 
7027 7027 43 6 23/03/17 9:09 Term Term 
7028 7028 43 6 23/03/17 9:09 Term Term 
7029 7029 43 6 23/03/17 9:09 Term Term 
7030 7030 43 6 23/03/17 9:09 Term Term 

·-···-········--····-·······-····--·-····------------------------------------------------------------------------------------------------····- ­
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Individual Animal Fates 

PSL Study Number 44856 
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study 

in Rats with a 14-Day Pre-Dosing Estrous cycle Determination 

Removal Removal Removal Time Removal Pathology 
Group Dose Level Sex Animal _Cage Day Week Date Time Slot Symptom Reason 

3 1024 mg/kg/day Female 	 7031 7031 43 6 23/03/17 9:09 Term Term 
7032 7032 43 6 23/03/17 9:09 Term Term 
7033 7033 43 6 23/03/17 9:09 Term Term 
7034 7034 43 6 23/03/17 9:09 Term Term 
7035 7035 43 6 23/03/17 9:09 Term Term 
7036 7036 43 6 23/03/17 9:09 Term Term 
7037 7037 43 6 23/03/17 9:09 Term Term 
7038 .7038 43 6 23/03/17 9:09 Term Term 
7039 7039 43 6 23/03/17 9: 10 Term Term 
7040 7040 43 6 23/03/17 9: 10 Term Term 
7041 7041 43 6 23/03/17 9: 10 Term Term 
7042 7042 43 6 23/03/17 9: 10 Term Term 
7043 7043 43 6 23/03/17 9:10 Term Term 
7044 7044 43 6 23/03/17 9: 10 Term Term 
7045 7045 43 6 23/03/17 9:10 Term Term 

4 1536 mg/kg/day Female 	 7046 7046 43 6 23/03/17 9:10 Term Term 
7047 7047 43 6 23/03/17 9:10 Term Term 
7048 7048 43 6 23/03/17 9:10 Term Term 
7049 7049 43 6 23/03/17 9:10 Term Term 
7050 7050 43 6 23/03/17 9: 10 Term Term 
7051 7051 43 6 23/03/17 9:10 Term Term 
7052 7052 43 6 23/03/17 9: 10 Term Term 
7053 7053 43 6 23/03/17 9: 10 Term Term 
7054 7054 43 6 23/03/17 9: 10 Term Term 
7055 7055 43 6 23/03/17 9: 10 Term Term 
7056 7056 43 6 23/03/17 9: 10 Term Term 
7057 7057 43 6 23/03/17 9: 10 Term Term 
7058 7058 43 6 23/03/17 9: 10 Term Term 
7059 7059 43 6 23/03/17 9:10 Term Term 
7060 7060 43 6 23/03/17 9:11 Term Term 

------.. --.... -- - - - - - - - .... - - - . - - .. -........ -. -. -------... - . - - - - - - - - .. -........ --------- --.. - .. - .. - - - - - - - . - - ----.. -------- - - - - - . - ...... - - - . - --­
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APPENDIX N: INDMDUAL ANIMAL NECROPSY OBSERVATIONS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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lnd111idua!Anima Necropsy ObseNSlions 

PSL study Number 44856 

Soy Leghem~lobin Preparation: An Investigative 28·Dlff Dietll)' study 


in Rats v.tlh a 14-0ey Pre-Dosing Estrus Cyc!e Delerm1nation 


Animal: 7001 Group: Sex: Female 

Dose: 
Necropsy Dale: l/2312017 

Gron Pathology Obsorvations (Correlation]: 

No obseivalions f01.11d 

Mt remaining protocol reqi.ired tissues. Ydlich h<P.'e been examined. have IXI visible lesions 

Arimal: 7002 Group: Seii:: Female 

Dose: 0 
Necropsy Dale: 312312017 

Gron Pathology ObstMll:lons (Correlation]: 

No observaljons fot.nd 

My remaining protocol reqLired tissues, which hBVe been examined, hBlle no visible lesions 

Animal: 7003 Group; Sex: Female 

Necropsy Dale: 312312017 °''" 
GroH Pathology Observations (Corrolation]: 

uterus: ftLid filled 

My remaining ptolocol required ijssues. v.hieh he.oe been examined, have oo visible lesions 

Animal: 7004 Groop: Sex: Femilie 
Dose; O 

Necropsy Dale: 312312017 

Gross Pathology Observations [Correlation]: 

N1111bservali11ns fOl.rld 

My remaining protocol reqi.ired tissues. ..wiich hwe been examined. have no visible lesions 

Ardmfi: Group. Sex: Femal~ 

Dose; 
Necropsy Dale: 312312017 

Gron Pelhology Ob1ervitions (Comtlation]: 

No obseivabons fOl.nd 

My remaining protocol reqtired tissues. v.hich hme been examined. have oo visible !esioro 

Animal: 7006 Group: Sex: Female 

Dose: O 
Necropsy Dale: 312312017 

Lost Clinical ObseMJtions: 

Alopecia Abdomen, Sligh! 
Alopecia Left Faepaw. Mlderete 
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lnc!Nidual Animal Necropsy Observations 

PSL Suety Number 44856 

Soy leghem0$1obin Preparation: An Investigative 28·0111 Oieta-y Study 


in Rats w.th a 14-0ay Pre-Dosing Es!rus Cycle De!ermination 


last Clinical Observations (Continuod): 

Alopecia Right ForepmY. Moder~e 

Gross P~hology Observations [Correlation}: 

No obremtions fo111d 

My remaining protocol 1eqlired tissues. v.hieh hwe been examined have oo visible lesiol'IS 

Animal: 7007 Group: Sex: Female 

Dose. 
Necropsy Date: JJ2312017 

Gross Pathology Observations (Correlation]: 

No obselVlltionsfOlJ'ld 

My remaining protocol reqtiredtissues. Yrtlieh have been examined have no visible !Mions 

Anim<I: 7008 Group: Sex: Female 

Dose: 
Necropsy Date: 312312017 

Gross Pathology Observations [Correlation]: 

No observations fomd 

PJly remaining prnloc!Jl req1ired lis:sues. ..mich have been examined have no visible lesions 

Animal: 7009 Group: 1 Sex: Female 

Dose: 0 
Necropsy Dale: 312312017 

Grosa Pathology Observations [Correlation): 

No obsieivations fouid 

PJly remaining protocol reqlired tissues. v.tiich have been examiied have no visible lesions 

Animal• 7010 Group: Sex: Female 

Dose: o 
Necropsy Dale: JJ:ZJ/2017 

Gross Pithology Obamvations [Correlation]: 

No obse1VBhons fol.fld 

My remaining protocol reqlired tissues, v.hich hwe been examined heve no visible lesions 

Animal: 7011 Group: I Se~: Female 

Dose: O 

Necropsy Date: JJ2Jl2017 

Gron Pathology Obset'Vd:lons {Correlation]: 

No observal!ons fOU'ld 
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lncWidualAnimal Necropsy Obsef\181ions 

PSL Study Number 44856 

Soy Leghernqilobin Preparation: An Investigative 28·Dlrf Diela')' Study 


tn Rats w.th a 14-0ay Pre-Dosing Estrus Cycle Oe!ermination 


Any remaining protocol req1ired tissues, 'oltiich h;r;e been examined have no visible lesions 

Animal: 7012 Group: Sex: Female 
Dose: 

Necropsy Date: 312312017 

Gross Pathology Oburvsl:ions [Comtlation): 

No observations fomd 

Any remaining protocol requ'red tissues. \\ttich have been examined have no visible lesions 

Animff: 7013 Grwp: 1 Sex: Female 

Dose. 0 

Necropsy Date: 312312017 

Gross Pathology Observsl.ions (Correlation]: 

ulen.is: ft lid fiUed 

kly ramaining protocol reqlired ~ssues. v.tiieh have been examined have ro visillle lesions 

Animal: 7014 G1oup: Sex: Female 

Dose: O 
Necropsy Date: 312312017 

Gron Pathology Observal.ion1 (Comhdion]; 

No observations fouid 

My remaining protocol re qt.Ired ~ssues. v.hlch htue been e:i:amined. heve no visible lesions 

Animal: 7015 Group: Sex: Female 
Dose: 0 

Necropsy Date: 312312017 

Last Clinical Observation•: 

,AJopecia, lei\ Faepaw, Sligh! 

Grou Pathology Observations [Comllltion]: 


non correlated findng: no correlated firrJing [A!opecie, Left Forep!l'W. Sbi;tit (CJ] 


Any remaining protocol reqlired tissues. v.hich have been examined. have no visible lesions 


Animal: 7016 Group: Sex: Female 
Dose: 512 

Necropsy Date: 312312017 

Gron Pathology Ob1DrVations [Com1atlon]: 

No obseivaHons fOU"ld 

Any renmining p10\ocol req1ired tissues, 'lltiieh have been exAmined hme no visible lesions 

Animal: 7017 Group-. Sex: Female 

Dase: 512 
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lndNidual Animal Neaopay ObseMl!ions 

PSL Shxly Number 44856 

Soy leghem~klbin Preparation: An Investigative 28·Dl?f Diday Study 


in Rats wth a 14-0ay Pre-Dosing Eslrtls Cycie Determination 


Necropsy Date: 312312017 

Gron Pathology Observations [Correlation}: 

No obseivatinns fouid 

My remaining protocol reqlired ~ssues, Yd'lich have been ei:amined, have no visible lesions 

Animal: 7018 Groop: 2 Sex: fem!l!e 

Dose: 512 

Necropsy Date: 312312017 

Gross Palhology Observations [Correlation]: 

No observations fOU'ld 

My remaining pmtocol reqlired lissues. v.tlich have been examined. have no visible lesions 

Animal: 7019 Group: Sex: Female 
Dose: 512 

Necropsy Date: 3123/2017 

Gross Pathology Observations [Correlation): 

No observations fo1.11d 

My remaining pro!ocol 1eqiired tissues, v.tiich have been examined. have oo visible lesions 

Anlmal: 702-0 Group: Sex: Female 

Dose: 512 

Nec1opsy Dale: 312312017 

Gross Pathology Observations [Corro!lllionJ: 

No obse1V0tions follld 

Any remaining protocol re qi.ired 5ssues. \lotiich hiwe been e:.:amin!d. have no vi~ble lMioM 

Anim~: 7021 Group: 2 Sex: Female 
Dose: 512 

Necropsy Date: 312312017 

Gron PalholollY Observations (Correlation]: 

No obserwhons fouid 

Ari.y remaining protocol required 6ssues. \lotiich have been examined. have no visible lesions 

Anim8: 7022 Groop: 2 Sex: Female 

Dose: 512 
Necrop$y Date: 312312017 

Gross PatholollY Ob111Mltions (Correlation]: 

No observaliom fotlld 

Any remaining p1olcx;ol required lissues. Yotiich hi:r.re been examined, have no visible fe~ions 
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lncWidual Anina! Neaopsy OMecvstiOM 

PSL Study Number 44856 

Soy Ll!1lhem~lobin Preparaticn: AA lnves~galive 28-DS)' DietEJY Study 


in Rats wlh a 14-0ay Pre-Dosing Estrus Cycle Oe!erminalion 


Animal: 7023 Group: Sex: Female 

Ocse: 512 

Necropsy Date: 312312017 

Gross Pathology ObsONations [Corrolation]: 

No observalionsf0U1d 

flrrt remaining protocol reqtired tissues. Yotiich hme been examined have no visiO!e lesiom 

Animal: 7024 Group: 2 Sex: Female 
Dose: 512 

~cropsy Dale: 312312017 

Last Cllnlcal ObsoMtions: 

Alopecia, left Faepaw, Slight 
Alopecia Right Forepaw. Slight 

Gross Pathology Ob1erval:ion1 (Comlation]: 

No observations foU1d 

My remaining protocol reqtired tissues. v.tiich have been examined have no visible lesions 

Animal: 7025 Group: sex: Female 
D<ise: 512 

Necropsy Dale: 312312017 

Gross Pathology Observations [Comlation): 

No observations fomd 

Any remaining protocol reqLired tissues. v.tiich have been examined have no visible lesions 

Animal: 7026 G1oop: Sex: Female 

Ooce: 512 

Nec1opsy Dale: 312312017 

Gross Pathology Obs«Val:ions [Co1111latlon): 

uletll$ : flt.id filed 

Any remaining protocol reqlircd tissues. v.tiich have been examined have no visible lesions 

Animel: 7027 Group: 2 Sex: Female 

Dose: 512 

Necropsy Date: 312312017 

Gross Palhology Observalions fC01111lation]: 

No observations fot.nd 

Ally remaining protocol re qi.ired tissues, \\t.ich heve been examined have no visible lesions 

Anima: 7028 Gfoup: Se.JI: Female 
Ooie: 512 

Necropsy Dale: 312312017 
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lndNidlla!Animal Necropsy Observations 

PSL $udy Number 44856 

Soy Leghem~lobin Preparation: An Investigative 28-Da, Diel:ll)' study 


in Rats wth a 14-0sy Pre-Dosing Estrus Cycle Determination 


GroH P&hology Observationa {Corretation}: 

No observabons fomd 

My remaining p1otocol req1ired li$S\le$, which h<l'le been examined have no vi$ible lesions 

Animal: Group: Sex: Female 
Dnse: 512 

NecropsyOale: 312312017 

Gron Pathology ObsOMl!ions (Comilalion): 

No observalicM fomd 

My remaining protocol reqLired tissues. v.tiich have been exarnizled have rYJ visib!o lesions 

Animal: 7030 Group: 2 Sex: Female 
Dose: 512 

Necropsy Dale: 312312017 

Gross Pathology Observationa {CorrolationJ: 

No observalioro foi.nd 

My remaining protocol required tissues, v.tlich have betn examined have no visible lesions 

Animal: 7031 Group: 3 Sex: Female 
Ooie: 1024 

Necropsy Dale: 312312017 

Gross Pathology Obsl!l'Vlfions [Correlation]: 

No observa6ons fouid 

Any remaining protocol reqliredtissues. ~ch have been examined have no visible lesions 

Animd: 7032 Group: Sex: Female 

Dose: 1024 
Necropsy Dale: 312312017 

Gron Pathology OballMltiont [Correlation): 

No observations fomd 

My remaining protocol re qt.ired tissues. v.tiich hme been examined have no visible lesions 

Mimill: 7033 Group: 3 Sex: Female 

Dose: 1024 
Necropsy Date: 312312017 

Gross Palhology Obswvllllon& {Corrvlation}: 

N-0 observalions fomd 

Arrt remaining protocol reqr.ired ~ssues. ....nich hme been examined have ro visible lesions 

7034 Group: 3 Sex: Female 

Dose: 1024 
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lrx!Nidulll Animal Necropey ObsetVS!ions 

PSL stucfy Number 44856 

Soy leghemqilobin Preparation: AA lnvesUgative 28-0S'f Dietcry Study 


in Rats wlh a 14-0ay Pre-Dosing Estrus Cycle Determination 


Necropsy Date: 312312017 

Grolilt Pathology Obsorvations [CorrvlalionJ: 

No obseivahoro fomd 

fvly remaining protocol reqLired tissues. v.hich hme been examined, ha11e oo visible lesions 

Animal· 7035 Gn::up· 3 Sex: Female 

Dose: 1024 

Necropsy Date: 312312017 

Gross Plllhology Observations {Correlation]: 

No observations fouid 

My remaining prctocol reqi.utid tissues. 'Atlich hir.re been examined. have no visible lesions 

Animal: 7036 Group: 3 s~: female 
Dose:: 1024 

Necropsy Dale: 312312017 

Gro11 Pathology Ob1tJValiona [Correlation]: 

No observatioro foUld 

My remaining p1otocol reqlired tissues, v.hich have been examined. have no visible lesions 

Animal: 7037 Group: 3 Sex: Fl!male 

Dose: 1024 

Necmpsy0a1e: 312312017 

Gross Pathology Obslll'Vlll:iona (Comtlation]: 

No observations fomd 

Arr/ remaining protocol reqtired ~ssues. \ldlich have been examined have no visible lesions 

Animal: 7038 Group: Sex: Female 

Dtlse: 1024 
Necropsy Dale; 312312017 

Gross Pathology Observations (Corrolation]: 

No observations fo1.r1d 

My n:maining protocol reqiin:d fissues. v.hich hme been examined hme no visible lesions 

Animal: 7039 Group: Sex: Female 

Dose: 1024 

Necropsy Dale: 312312017 

Gron Pathology Obaerval:ions [Correlation): 

No obseivalions f0U1d 

My remaining prolocol reqlin:d tissues, v.t.ich h1'.'e been examined have no visible lesions 
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Individual Animal Necropsy ObsefVSl.10M 

PSL Study Numb~ 44856 

Soy LeghemCJ$1cbin Preparation: An llwesligative 28-Dllf Di.elsy Study


in Rats w.th a 14-0ey Pre-Dosing Estrus Cyde Delermrnelion 


Animal: """ Group: 3 Sex: Female 

Dose: 1024 

Necropsy Dale: 3J2312017 

Lo't Clinical Observations: 

Alopecia, Left Faepmv. S~gh! 
Afopecia Righi F0<epaw. Slight 

Gross Pathology ObsOMllions [Correlation]: 

uterus. ffLidiUed 

My remaining protocol reqlired tissues, Yotilch hme been examined. have no visible lesions 

Anima: 7()41 Grrup: 3 Sex: Female 
Dose: 1024 

Necropsy Date: 312312017 

Gross Palhology Obsomd:ions [Comihrtion}: 

No observations fomd 

Any remaining protocol reqtired tissues, \litlich have been examined. have ro visible lesions 

Animal: 7()42 Group: Sex: Female 

Dose: 1024 
Necropsy Date: 312312017 

Grou Pathology Obstrvations [Comtlation}: 

No observations fomd 

My remaining protocol reqlired tissues. v.flich have been examined. have ro visible lesions 

Animal: 7()43 Group: 3 Sex: Female 

Dose: 1024 

Necropsy Dale: 312312017 

Gross Pathology Observations [Correlation}: 

No observations f0U1d 

Any remaining protocol reqtired tissues. v.f\lch hme been examined. have no vi~ibte lesions 

Animal: 7044 Group: 3 Sex: Female 

Dose: 1024 

Neeropsy Date: 312312017 

Gross Pathology Observations [Correlation}: 

No obseNatons fOlJld 

My remaining p1otocol req1ired tiSiues. which have been examined have no visible lesions 

Anima: 7()45 Group: 3 Sex: Female 
Ooie: 1024 

Necropsy Date: 312312017 
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Individual Anim[j Necropsy Observations 

PSL study Number 44856 

Soy Leghem~lobinPreparation: AnlnvesUga!Ne 28-Day Diel:iry Study 


in Ratswth a 14-0ay Pre-Dosing Eslrus Cycle Delermina!icn 


Gross Pathology Obs!lfYations [Corrolotlon): 

No observations fomd 

My remaining p1otocol req1ired ijssues. l'rflich h'1/e be«i examined have ro visible lesions 

Animal: 7046 Group: 4 Sex: Female 
Dose 1536 

Necropsy Date: 312312017 

Gross Pathology ObsllfYations [Correlation]: 

No obseM1tioro fOU'ld 

My remaining protocol req1ired lissues. v.tiich have been examined have ro visible lesions 

Animal: 7047 Group: 4 Sex: Female 
Dose: 1536 

Nec1opsy Dale: 312312017 

Gross Pathology Observations [Corrvta!ion]: 

urinary bladder: 13x&8 mm 
urinary bladder: l!ick 
urinary bladder : urciith 

Mot remaining protocol req1ired lissues. v.tiich h<N"e been examined. have no visible lesillns 

Animal: 7048 Group: Sex: Female 
Dose: 1536 

Necropsy Dale: 312312017 

Gross Pathology Obscrvlltions (Correlation]: 

No obsetvations fomd 

fw/ remaining prntoco1 reqtlred tissues. v.tlich have been examined. have oo visible lesions 

AnimB: 7049 Group: 4 Sex: Female 
Dose: 1536 

Necrnpsy Date: 312312017 

Gross Pathology Obnivationa (Correlation); 

No obi'eivations fo\Jld 

My remaining p1otocol req1ired tissues, Yohich have been examined. have oo visible leslOl1$ 

Animal: 7050 Group: Sex: Female 
Dose: 1536 

Necropsy Dale: 312312017 

Gross Pathology Obsorvations [Cornhrtion]: 

No observaijons fomd 

Any remaining p1olocol reqiired fo:sues. Yohich have been examined have oo visible lesions 
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Individual Anmal Necropsy Observatinns 

PSL study Numbet 44856 

Soy LeghttnOf,llobin Preparation: An hwestigaWe 28·0Bf Di_et!ry Study 


in Reis wlh a 14-0ey Pre-O-Osing Estrus Cycle Oelerrmnatinn 


Animal: 7051 Group: SllX: Female 

Dose: 1536 
NecropsyOale: 312312017 

Gross Pathology Obsoivations (Comlation]: 

No observationsfomd 

hr/ remaining protocol reqlired 6ssue11. ..mich have been examined. have no visible lesions 

Animal: 7052 Group: Sex: Female 
Dose: 1536 

Necropsy Dale: 312312017 

Gross Pathology Obslll'Vations [Comlation): 

No observabons foll'ld 

fvrt remaining pro\ocol u:qlin!d 6S:Sues, vdlich hwe been examined, h!Ne no visible lesions 

/l.nimal: 7053 Group: Sex: Female 

Dose: 1536 

~cropsy Dale: 312312017 

Gron Pal:hology Observations (Correlation]: 

ulenis : ftlid filled 

Mt remaining p1otocol 1eqlircd 6ss11es, <Mlich have been exam{ied have no visible lesions 

7054 Group: Sex: Female 

Dose: 1536 
Nec1opsy Date: 312312017 

Gross Pathology Observltions (Correlatinn]: 

No obil:!!Vilti1ms folild 

My remaining protocol reqi..ired 6s:sues, Yitlith hwe been examined. have no visible lesions 

Animal: 7055 Group; Sex: Female 

Dose: 1536 

Necropsy Dale: 3123/2017 

Groaa Pathology Ob1ervalion1 (Col'nlllllion]: 

No observa~ons fmnd 

A1rf remaining p1olocol req\ired ~ssues. \lotlich have been examhed. have oo visible lesions 

Animal: 7056 Group: 4 Sex: Female 

Dose: 1536 

Necropsy Dale: 3/2312017 

Gross Pathology Observations {Correlation]; 

No obsenr.rtions foi.nd 
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Individual Animal Nettopsy ObseNetions 

PSl study Numb« 44856 

Soy leghemqilabinPreparaticn: An lrwellligative 28·D11J Di.ehry study 


in Ra!swth a 14-0ey Pre-Dosing Estrus Cycle Oe!erm1nation 


My remaining protocol req1ired tissues, \l!hich have been examined have no visible lesions 

Animal: '"'' Group: 4 Sex: Female 
Dose: 1536 

Necropsy Dale: 312312017 

Gron Pathology Obaervalions (Correlation]: 

No observations fOl.nd 

Ariy remaining protocol 1eqlired tissues. Yotlich hiNe been l!Xamined have no visible lesiort; 

Animal: 7058 Group: 4 Sex: Female 

Dose: 1536 
Necropsy Date: 312Jl2017 

Gross Pathology Obaervationa [Comlation]: 

No obseniaLions f01.11d 

Any remaining protocol reqlired tissues. \l!hich have been examined have no visible lesions 

Anim<i: '"'' Group: 4 Sex; Female 

Dose: 1536 
Necropsy Date: 312312017 

Gross Pathology Obeervatione [Comilotion]: 

N-0 obtoervations fO\nd 

My remaining piolocol reqlired ~ssues, l'Alich hme been examined have no visible lesions 

Animal: '"'' Group: Sex: Female 
Dose: 1535 

Necropsy Date: 312312017 

Gross Palhology ObsDrVations (Corrolation]: 

1rterus: ftlitl fiUetl 

/JJ'ry remaining protocol reqtired fo:sues, v.hieh have been examined, have no visible lesions 
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Individual Animal Necropsy Observations 

PSL Study Number 44856 

Soy Lei;itiemoglobin Preparallorc An lnvesliga!Ne 28-DBJ Dietiry Stu!fy


in'kalswilh a 14-0ay Pre.Dosing Estrus Cycle Octermmahon 


Codos 

(TGL) =Tmcknble Gross Lesion. (M'F) =M<jor Pathclogcal Findmg. t?l =Questionable. (E) =Excluded 
(C) =Clinical Ol>'Servalion, (M) =Mass. (G) =Gross Pathology, (H) =H1slo P<tholi:w 

Group Information 

' 2 

3 3 

4 

859 



Page 194 
PSL Study Number 44856 

APPENDIX 0: INDIVIDUAL ANIMAL TERMINAL BODY AND ORGAN WEIGHTS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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lndvidlal Arimal Terminal ij()dj and Organ Wei.r/lfs 

PSL Study Number 44856 

Say Leghemaglobin Preparatiarx AA Investigative 28·Day Dieta-y Study 


in Rats \\ith a 14-0B'f Pre-Dosing Estrus Cycle Determination 


Sex: Female Oay(s) Relative lo Start Date 

0 I 
m!P'kg'day Terminal Ova'ies>Mth Uterus 
Groq:i 1 BW Oviduds\\t Wt 

{g) 191 {g) 

7001 229 0.120 0.83 
7002 258 0.172 0.72 
7003 269 0.137 0.97 
7004 217 0.130 0.35 
7ore 291 0.125 0.54 
7tJre 249 0.134 0.49 
7007 271 0.128 0.58 
7008 271 0.109 0.40 
7009 247 0.158 0.69 
7010 252 0.139 0.47 
7011 255 0.129 0.57 
7012 234 0.109 0.37 
7013 258 0.129 1.10 
7014 210 0.108 0.42 
7015 237 0.139 0.56 

..m 249.9 0.1311 0.604 
SD 21.8 0.0174 0.221 
N 15 15 15 

861 



Page 196 

PSL Stud Number 44856 


lndivili.Jal Mmal Terminal Boctf and Organ Weigits 

PSL study Number 44856 

Soy Leghemoglobin Preparation: An Investigative 28·Dll'f Dietary Stud)' 


En Rais WI!'! a 14-0ay Pre-Dosing Estrus Cycle Determination 


Sex: Fema!e Dayjs) Relative to start Date 

512 

mgll:g'day TeJlllinal Ovcrieswth uterus 

Gr<fl4l 2 
 BW OvidudsWI WI 

{g) {g) {g) 

I 

7016 
 267 
 0.174 0.54 

7017 
 224 
 0.100 0.48 

7016 
 '" 0.124 0.49 

7019 
 290 
 0.144 0.54 
70;!) 251 
 0.153 0.55 

7021 
 269 
 0.171 0.57 

7022 
 256 
 0.123 0.49 

7023 

7024 

7025 


'"253 
I
 0.132 0.44

0.154 0.65 

290 0.100 0.47

70;,; 260 
I 

I 0.123 
 O.OI 

7027 
 235 
 0.128 0.51 


.. 
7029 
 223 
 0.117 0.58 

7029 
 0.130 0.62 

'"' "'' 231 
 0.130 0.43

., 253.1 0.1343 0.547 
so 23.1 0.0209 0.102 


N 15 15 15 
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lnlivid.Jal Animal Terminal Bolt( and Organ Wei[tits 

PSL study Number 44856 
Soy Leghemoglobin Preparation: An lnves~gative 2B·Dey Dietay Study 

in Rais Wlh a 14-0ay Pre-Dosing Estrus Cycle Determination 

Sex: Femalt Day(s) Relative lo Start Date 

1024 i 
m!P'k{>'day 1erminal v.aieswtlh Ulerus 
Groqi 3 BW Oviducts Wt WI 

(9) 191 (g) 

I 
7031 225 0.124 0.51 
7032 161 0.128 0.55 
7033 273 0.130 0.55 
7034 276 0.122 0.55 
7035 254 0.152 0.53 
70"3 219 0.106 0.4S 
70r7 23S 0.118 0.47 
7038 259 0.123 055 
7039 259 0.137 0.53 
7040 239 0.122 1.14 

7041 279 0.120 0.53 
7042 218 0.104 O.W 
7043 251 0.124 0.53 
7044 297 0.136 0.47 
7045 253 0.105 0.56 

"""' 253.3 0.1234 0.570 
SD 22.9 0.0128 0.162 
N 15 15 15 
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APPENDIX P: INDIVIDUAL ANIMAL ORGAN-TO-BODY WEIGHT RATIOS 

PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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lncividlal Arimal Organ-to&dj Weight Ralios 

PSL Slllfy twmba" 44856 

Soy Leghemoglobin Prqiara!iorc hi Investigative 28·Dirf Dielay Study 


in Ratsv.ilh a 14-0ay Pre-Dosing Estrus Cycle Oeleririnafion 


Se:c Female Day(s) Relative to Start Date 

512 ,,,.. OvanesV111h 
Gr0tp 2 oviductsmlW 

(Ratio) 

·-------- ----- ----- ­ , .. 

7016 0_652

Uterus 
ITBW 
(R<tio) 

•........


,,,
7017 0.473 214 
7018 0.525 '°'7019 0.497 1.66 
70;ro 0.610 219 
7021 .....
 212 

7022 0.4SO 1.91
7023 0.574 1.91 
7024 0."'9 257 
7025 0.366 1.62
7026 0.473 3.23
7027 0.545 217 
702Jl 0.525 260 
7029 0.461 220
7030 0.563 

0.5325 ''""SD 0.0772 
N 15 I 

1.66 

2166
0.390 

15

.... 
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!n<iviWal Arimal 01gan-lo-8odf Weight Rslios 


PSL Shdy Number 44856 

Soy leghemoglobin Preparalioo AA lnves~ga!ive :ZS.Day Dietwy Study 

in Ralsv.ith a 14-Dsy Pre-Dosing EElrus Cycle Oetemlinll~on 

Sex: Female D1r1(s) Relalive to Start Date 

1024 

m"1<11"" vvaneswnn U\Cl\IS

Gro"" 3 
 oviduetslIBW ITBW 
(Ratio) (Rftio) 

·---· . ·---·"--·., ·--~·-· . -··-· .,.,._
-~··"- ---··--­

7031 
 0.551 w 
7032 
 0.490 211 

7033 
 0.476 2.01 
7034 
 0.442 1.99 
7035 
 0.598 209 

7035 
 0.486 210 

7037 
 0.496 1.97 
7038 
 0.475 212 

7039 
 0.529 205 

704-0 
 0.510 •.n 
7041 
 0.430 1.00 
7042 
 0.477 275 

7043 
 0.494 211 

7044 
 0.458 1.58 
7045 
 0.415 221 


""m 0.4886 ,,,,
SD 0.0467 

N 15 I 
 0.731 
15
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lndvid.Jal Arimal Organ.to-Bod/ Weight Ratios 

PSL Stu:fy Number 44856 

Soy Leghemoglobin Preparaliml AA Investigative 28-Day Dieta-y Study 


in Rats Wlh a 14.0ay Pre-Dosing Estrus Cyde Determination 


Sex: Female Oa'f(s)RelaWeloStartOa!e 

1536 
mglkodoy 1.1vanes 'Mth uterus 
G1t1~4 oviductslTBW ITSW 

(Ratio) (R<tio) 

- ­ -----­ - ---··-­

,,, 
- ~.. ·-··· 

704' 0.512 
7047 0.4116 208 
704' 0.557 1.84 
704' 0.522 219 
7053 0.634 230 
7051 0.556 247 
7052 0.598 201 
7053 0.446 3.74 
7054 0.566 240 
7055 0.550 4.31 
7056 0.563 240 
7057 0.5l4 213 
7058 0.476 258 

7059 0.379 255 
700l 0.619 

0.5332 2745 
"' 

0.0667 0.957 

" 15 
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APPENDIX Q: INDIVIDUAL ANIMAL BLIND HISTOPATHOLOGAL ESTROUS CYCLE 

EVALUATION 


Submitted By: 

Regan Path/fox Services 

1457 Township Rd. 853 


Ashland, OH 44805 


PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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INDIVIDUAL ANIMAL ESTROUS CYCLES 


Blind Histopathological Determination* (Day 43) 


Group Animal ID Stage of Estrous Cycle 

7001 p 

7002 E 

7003 p 

7004 M 

7005 D 

7006 M 

7007 E 
1 

7008 M 
0 mg/kg/day 

7009 D 
7010 M 

7011 D' 

7012 M 

7013 p 

7014 M 

7015 E 

7016 D' 
7017 D' 
7018 D 
7019 M 

7020 D 
7021 D 
7022 D' 

2 
7023 D 

512 mg/kg/day 
7024 D' 
7025 D' 
7026 p 

7027 PE2 

7028 E 

7029 D 
7030 M 

P - Proestrus, E - Estrus, M - Metestrus, D - Diestrus 

* Estrous cycle determination was based on the blind evaluation of the anterior portion of the vagina, the cervix, the 
uterine bifurcation and horns, the oviducgts and the ovary by light microscopy with the knowledge of the vaginal 
estrous cycle determined by cytology evlauation collected immediately prior to scheduled sacrifice. 

1 Di estrus with evidence of early proestrus 
2 Prolonged Estrus 
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INDIVIDUAL ANIMAL ESTROUS CYCLES 


Blind Histopathological Determination* (Day 43) 


Group Animal ID Stage of Estrous Cycle 

7031 D 

7032 D 

7033 D 

7034 o' 
7035 D 

D7036 

7037 D 
3 

7038 D1024 mg/kg/day 
E7039 

p7040 

7041 E 

7042 E 

7043 o' 
7044 M 

p7045 

p7046 

7047 E 

7048 M 

D*7049 

7050 D 
p7051 

7052 E 
4 p7053

1536 mg/kg/day 
7054 E 

p7055 

7056 o' 
M7057 

7058 o' 
7059 D 

p7060 

P - Proestrus, E - Estrus, M - Metestrus, D - D1estrus 

*Estrous cycle determination was based on the blind evaluation of the anteri'or portion ofthe vagina, the cervix, the· 
uterine bifurcation and horns, the oviducgts and the ovary by light microscopy with the knowledge of the vaginal 
estrous cycle determined by cytology evlauation collected immediately prior to scheduled sacrifice. 

1 Diestrus with evidence of early proestrus 
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APPENDIX R: HISTOPATHOLOGY 

Submitted By: 

Regan Path/Tox Services 

1457 Township Rd. 853 


Ashland, OH 44805 


PRODUCT IDENTIFICATION 

Soy Leghemoglobin Preparation 
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Regan Path/Tox Se·rvices, Inc 

ANATOMIC PATHOLOGY REPORT 
fi1ml Ropm1 July 25, 2017 

SOY LEGHEMOGLOBIN PREPARATION; 

AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAV 


PRE-DOSING ESTRUS CYCLE DETERMINATION 


STUDY NUMBER 44856 

Prepared by: 

Regan Path/fox Services, Inc 

1457 Township Rd. 853 

Ashland, Ohio 44805 


Telephone {419) 651-8080 

Fax (419) 207-8086 


Submitted to: 


Product Safety Labs 

2394 US Highway 130 


Dayton, New Jersey 08810 
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I'f\11111.::t ~..11•;11,- l .1111,, •;t1Jll1· '1.:11· i·1.:i-~.r­

\1111l1•111i, l 1 111lf.lih1~•\ IJ.1,~11·rl 

INTROOF(.'f!ON 

'l1lc oh,1~cl.t\'ii! of thiB- isn1dy tv.as 1u t!Yaluate ll1t! potcmtinl r~prt"1du~th'e tox1c1t)· (-cs1rou~ cycl~ an<l 
rcproducliv~ organ his.lopatho1(~gy) of Soy Lcghcmo,globin Pr~panuion in fi:n11dc rnl~ 
..:-nnfinut1u&ly ~xv·~~.l.l to n.h¢' test !'Ubst&lci'.!" in thit di~' for. at l~ast :28 da'Y5. 

MF.THODS 

'l11e irtl:ldy Je:sign ii:; pr~i;~ntc..o.d in 'rcxt T:ible 1. T11e c.ompl~te ..study design is dea~tibcd in the­
&tudy pnlh.~i;.'()J mnl 111ni:11du1cnt I Brii.!tl_y. 60 fi.-nutlc ·C'IlL Sprag.uc~Datvli:y CV" lC1S nu~. 
•1ppro~in1atc.t;· 7~8 \V~"i nld~ wi.!-n;-assigni:d to th~ :;;tudy. 111~ lcl'il Rub!'ltan~ \v;IB .adruini.~1¢rctl in 
1he dh...>t: to llttee--griu1p:s oC-1.5 fi.enttt.113' ra.I& at target dictcll)' dt)Se lc\•(11~ uf 51.l. 1024 .afi.d 1536 
m1li~.g1.i.y lh•I <i>m-~f>Qnll0<l l•1 l~rgo! 4.,,q l~v~ls <lr ~(J, ~!)(I im~ 7~(1 mgi~g111<1i· vi' lho 'Qliw 
ingredient Sey Loghcmoglc,tbin. C1,1nc~1lroJions in tiw' 1~~'!.l diets 'v-0rc cal-:uhH~d ba~~d oo 1hc 
n1ost ·recent gn.1t1p bod)· '\\·.;:ig.hl and food coosu111_ption Jnta, J•\,r 14 day~ prior 10 the ~1nrl of 
dosii1g tsludy du)')i 0~1.l )•. vaginal lu\':tge \lr'i'l?; Jf~l'f(}tnlcd on all ral~ to evnlunt~ rhr n:.guhtr '-"~lrO\Lfi 
1.•yc'lil.1.ily. Vaginnl lav:tge- \\'a.~ also pcrfann.::d \1TI st.udy dt:i)~ 29...r2. 01nd at ,i;;ludy •~nninntioa on 
day ·13 to det:cnniu~ 1h.:: 8ta~·nf ~trus- at the sclt~dulixl nec:rnp~y.. Necrop~ies and l')fg.ttl \Vcight 
ru:-ticm1inutiQJl$ ~'~re pcrtAJmli!d 'h~ Ptl)dU1,1l S~Jt:~~ l.abJ5, Ti-!is\jt: pfoi:e:ssing anJ _qJldi: rr~p!inlliM 
\.\·cri: ~rfQnned by HistM('J"\', lnc .C-h;.-in11tnt1)\VI\. ~tD. Slides conhtini1~g follTinlin·fi:\cd,. {Jflnttlin~ 
il'OtOOdded. H&l::.-st~incd :::t¢ethm~ of ovaricf!i. u-.·i.duct.~. uti:rus. cervi:v: uud tlw untt.?cior-.1~t 
portion ~if th~·\•n-gi1u• lhr idl ani11111ls \\'t:n: tn1.ni;ff,nn~d tu R..:gun Pu1J1()h>sy.'To,,:'ic:oh'b'Y Scn•icl:;!'I. 
lno. Ashl>nd. OH, for n•i<ro,copic c~•mination by Knron S llog:tn [)\'lit, Dip! AC'VP, DABT. 
'l11..:? tnitial c:<a.mination \Vas. conduct~J \Vith lhc· pathologist hlinded to irentn1-enl groutl and 
invol·vc.d f1nly ~!!ill'i.JUs C)·L:lc ~l!lgjrlg Fur rill anTm.ab {th!! cyl!lc ,._,. Lk1:enn·h1~J. ftorn- Lhe- fJ11al 
\•agin:il l"V;lg~ ~in lhc dRy of !u::hl!dul~d 111.."(;fl:JP~Y \\'~:;. _provided tQ ·lhc ~1lholqgisf f9T 1tru.­
~xnn1in•lffon). (1nr.~ lhi~ initial ~xruuinulion \Vas -cotnplo?ted~ thi.: slide<> '''en: unblinded and th~ 
~prodUL'liv~ Ii~l-ll$ (10\•ari~. oviducii-. u1~n1J;, ~er\'IX und v~~1na) vr~~ .:;!:1illn1in.W 
n1i1.1n~:;c-npic;.i\ly fur 1dl 1111i11111.1s. in C'rroups I und 4. Gr~lduhl~ mkro,1:1.copit.: linding~ \Vt:rc giv~n '' 
sev~rity scor(J h~d upon i\ !'i'i;;~\lc of n1inin1aJ (gradi7: I>~ ntild (grade 2), 1nOOerat~ (grud11 .~). 
marl~c:d (grade. 4) and s~vc::re (grade 5·). Clinjc.al u11J Jh~1..'ti'1psy l)bsc.'T\'a!i1)J'I~ anJ t)rgrm \v~igh1 dari.l 
v.cn: providc<l lQ !he !i.htdy p~lhologi..'>t tl1r n:fincn1cnl c,f inlerpri:t~tion 1,rrc~ults, 

,.~TITbllSdlk'I \' ~l!tl" tu" • 

LJ)'OUp 

Numbtr 
or 

Fen1alH 
OroupNn.1ne 

Tiu'gtl'f Ki:posun.> of 
~\cth1 ~ lngredleut 

(meikwdnyJ 

Targct l>lotary Ooso LeYel 
of'l't.-St Substante 

fmeikeld•.,·J' 
I 15 Basa1 l)ict Coulrol 0 0 
2 IS Lo\\' D()s~ 250 SU 
3 IS Tnloe.m1cdinlc Dos~ 5i)O !024 
4 IS lfr•h °""" 750 1536 

' .•~ll 1m. ~~ s..~ "·~1¢H,'-t 111iµ-icdii:n1 {AL ::i!Jy J~ghllm.1,1glOOm1 ~1f !5uy !.-ltgitdmog.kll;tm l'r.i!p'll'l~wn (L..,11 H PfJ-PtJ\f;;;. 
16-lti(j(...3l)f} 
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lilP1ht..'l. .-...,1p~!f.· l "h~ '>1ui11 ·:i1 H ·'.'' 

•\11nl•HT111 ! 1 :1H11il,q~\ l~<;;u>r! 

RESULTS A,'o!D l>lSC'ltSSION 

,IJm1alitJ• 

'TI1.:N "''-'r.z no ~Uri'.\' dcftthl'l :\II ani1nnls survived 1o lhc st:.hcdnt.:d n\)1,:ropsyon Study f>a)· 4,;l, 


.\.fnattScopic fJhY.erw11ion!I 
'011.'T-C \\\."TC- no test substancc~rcta1cd macro;i.coplc obl'icrvntions, rhc 011.ly tnai:roEi~pii: 
1)!l'S~r.·11tions w~rc- urinary hluddr.:t thh.!kcni!tl (i.izc r\.'\."l)rdOO U.':> 1:1 x 51'1:t 1n1n) ll11d lt1·111ith prcsl!OI 
!Or 4F 71147. und 111<11•< tluiJ·lilloJ for nnimul• 1 F 7003, IF iO U, 2F 71)26, .JI' 70411. 4F 7Cl~J. 
and 4F 7(1(,(1, Pi.t J'rotocol1 lhc nrinnry hl.add1:r \,·:ts not s.avcd ror n1ii.;rosc-opi~ cxan1iruiHon 
rJuid-fiflc:J tJlCl'U.q t!Orrt!al\!d "ith the J'l'Ol.i.1J'W\. ~t.Bgc Of th!! t.-Slt'OUS i:yc)i: ID> Jctcnnini!d (iintt th~ 
ntil.!ro~i.:i}pji.; cx.1nuinnhon~ gitatcd/nuid-lillcd \U~rus is 11 nonnal physiologic chnngc nt thi.: 
prOl.'!!'tn1.1t !\tag.: of the c:slrotl~ cy\'.':f\.! S.cc. ~1ir.:ros1o"tlpic ()bS<:n.,11tions sCGtion, hcknv J\1r dis~U""-'>ion 
un t:!llt'OU,. cytlicity. 

Orilm• H'ei/thts 
ll1i:rc \\'«!ti! _ll<J t~st ani~lc-relah:J chw1,gc:~ in Uu: n1can \·ahtes of ahNulutt! wcigJ!l:-; uf thr: ov.arics. 
\V.ilh ovidui.:tio or 1hi: Ult!ru.'I. 

Alkrotc111M1.1 Ol1!rtJ1\•t11-im1l 
Indi\•idual 1.1nimal i;:stff.JUs l:)'i!lt:·siage Jdl:flllin~Uil)JW l.-'Ondtu.!1cd \\'ilhoui f.:.1uJ\\lli:Jge 1JftreotnH:nt 
grour at'" _pro,·i1..L;d in .:\ppcndix Tnbl~ J, Sumrnnry micros~opic ol:iserv(llion::o nre pri:si:nlcd in 
.Ap~nJix 1Ubl.: 2. and ludivltlulli r\11in1af t\:lici\lscopic l>aW arc prc:sttni~d i1L Appcudix_. Tahtc 3. 

·n1i.:r~ \\'\.-"'J"I! uo test :Subsuu1cc-rch1tcd tnicf'1lx1.:opi\'.: 0W;cn·1uions in the ri;!prt>ductivi: tis~u..~ 
cxrunintd. lktenntnution of the !>la~c of' the estrous ~\•clc ,,.as initiull\' i:onductcd \\•itlt lh.:! 
p111hok1gis1 hlindl!d hl lreatml!nl groUr. hut \hl! ci:;ttnll!i i:.yi:le st~!! M det..t!nninal th)111 vag;ool 
l1l\'11gc l>tTIC.UN ohtlri~d 11n lhi: day 1..1f ni.-t:n.lp~y \Vl\S pnn·idi.:d i(lf c:nch 11nitnat From thi.'<"e duth 
olom:. all bul ouc aulmal (21' 70271 were co11s1dcred lo be c-ycling nunnally. Animal 2f 7027 
n11pr:nn..U 1o have a prolongdd ~~tru.'-i ba.iol!d on morphology of dtt! ovnrit:.\I (h1rgc. :nrelh:· tbllicli.!S. 
n1ullip": CL.'i :U u simiJnr ngc.-'slugc di' .aln:s.iu) mtd 1hc pn;scncc ol' ~quamouN cpi1h"!liul fll(:lapln!"fll 
in thc utt...-us..~\ft.rt tn~aunent groups we~ r~"~OO. thi"i lin<Ung wru; cotLliidl!ted !<opllntaneou.~ and 
inL:id1.,"fltal hL-t1hl"i~ ~)f lht: la..:!\ ~)f ttimilur fjndin& 10 a11ln1nls ut the higher df~sl!' li:vi.:ls. 111c-rc w~-rc 
srim~ ditl"i:rcn.:i:~ bi:l\\.-a:n lhe iu;..,~sn1i:nt r)f cy..:h: !ttagc ohtllin.:d lh1nt lhc ''ligintt.l lavngc on lhi.: 
~· of ~tudy 1cnuinutsou and the i.:yck ~tagc us dt.1cmuned t'ron1 the n1icro~opic cxruninatiun.. 
'Tih:!lc <liff~n!OC~ll- nh1Y have arisen fro1tt timl11g (e\'1!11 ll t°C\\' houm h~t\\'!!'Cll obt11ining lhi! \':J.g_in01l 
l:l\·nge 1111<l cu1hu1111Nln nut~ cau.~ di1Tc:n:ncl!1t) m1tt.'•ir the fitcl that onl~·1hc :mt1.'Tior~1no~1 vugin:1 
\\'a<t pr~si:int ii.lr microscopic a...i;,'i~SSclni.l'nt_ ~nc::ra.Jly~ tl~ section ~d for cyde a&c;itssntenl 001n~~ 
fnnu the 1niJ \Tagina. In sor11~ aui1rtaJ~. vet~ Jiu.Jc \'<J.ginu \Vas flt'CSL..'1U filr n1icrosi.:oric cxrult 

lnl(Jott1unJy. t\!gardin_g ~strous i:ycJ~ data deti:nuinntio11. of ;i;tug~ alone ''·ithoUI n101phologi\! 
~:i:u.11innt1dn and °'1.:ord111g ,,f lh!! ri..'Vruductivr: 1jss11~~ tbr uth~r ctuu1~s ,,. 1111 inl..'On1pl1!tc 
a.~¢istncnt anU cnn be potl!f1tiuUy m1K1eoulins \\'ithoul ~onsidt:rJt1011 ur n11)rrho1ogy of the 
rti:pruducti\'V tU;su~s. ln th~ i;:urrenl su1dy. IHl\\'l?V\!f. ruicro~copic l!Xami111"illU ofthl! t'4ll"oduc1iv1? 
Ussui..-s for \°~th1.."1' \)l\r111g~ \\'fill -(.:onduct~d l.."ttl the: c11nttoJ and <Jroup 4 rutllua.b,. ·111cre \Vas- no 

' 
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t'n"hi:t ':--;11t'I~ ! ,lt"' Shh!~ "'i11 +lS3!1 
\n,\!1>1HI .. f'alhnh·i;~ Rt·p•IJI 

evidence of a test substance .. related effect in the tissues ex111nine<l fro1n these t\\'O groups. All 
animals in these l\\'O groups had evidence l.)f old and recent corpora lutea (CL; and follicles 1U 
various stages of de\'ck1pmcnt in the ovaries, and had rcrrrn.lucti\'t! tissue morphology consistent 
\Vith lhe ~1age of lhc: cycle they were in. One control unimal (7013) had Jnrgc: nln:tic follicles 
oh~ed in both ovaries. and one Group 4 animal (7048) hnd luteini1.ed follicles (follicles ,..,.ith 
eviUencc of lu1einization in lht:' \.\·ult hut havl! not ovulated) in both ovnries. Both of lhe.sc 
obscTVations are rcptlrtcd ns background linding..-; ubsr:rvctl in rats of lh~ str.i.in and ugc ~d in 
this study (Dixon et u1, 2014) und \\'ere considered incident.u1 btcausi: of their singular 
occurrences. 

SUMMARY 

TI1e lest substance. So)' Leghi:moglohin Preparation. \\'ll.'i administered in the diet 10 three gruu~ 
of 15 female rats at tnrget dietary dose levels of 512, 1024 anll 1536 n1glkg/ds)' that 
corresponded to target dose levels of 250, 500 and 750 rng/kg/Jay of the active ingredienL Soy 
J.eg.hcmoglohin. For 14 duys prior to the stnrt or Jvsing (:HUl.ly days. 0-13 ). \'Uginnl htva~.: \\'US 

pt:rfom\ed on ull raL~ tu evaluu1e fur regulur cs1rous cyclicity. Vaginal lavag.t! \\'ct.:; also 
perfr1mu:d on study days 29-42. and n1 study tcnnination (study dny 43) to dci.ennirn: the stage of 
estrus at the scheduled necropsy. Th\: ovari~. ovidU<:ts. uterus. cervix and antcrior·most portion 
of lhc vagina \\'CTC' collected from nll animals for potential microscopic examination. The tissues 
for all animals \\"Cfl! initially C\'8.lualed for stage of estrous cycle only: this \V3.S performed 
\\'ithout kno\vlodgc of treatment group. Follo\ving this as..11cs.'imcnt. the 1issucs \\'ere cvalu:ncd 
nticroscopically from nnin1als in Groups I and 4. There were no test substance-related changes in 
macroscopic or microscopic observations. organ \\'eights or estrous cyclicity. 

(b) (6)

REFERENCE 

Dixon. D: Alison, R: Bach, IJ: Colman. K: Foley. GI..: Harleman, JH; lfoworth, R; Horbert, R; 
Heuser. A: Long. G: Mirsky, rvt; Regan, K~ van Esch. E; \\'esh\"()(>d, FR; Vidul, J; )'oshida, 
Y. 2014. N\'lnprulifcrativc and proliferative lesion." of lhe ral unJ mouse female n:producti\'e 
!t)'stem, .T To:rfr:ol Pu1ho/ 27(3&4 Suppf): l S-107S 
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SOY LEGHEMOGLOBIN PREPARATION: 

AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAY 


PRE-DOSING ESTRUS CYCLE DETERMINATION 


Sun1n1ary and lndi\•idual Pathology l)ata Ta hies 
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Product Safety Labs Appendix.Tab!~ 1 
Study448$ lncfi\lldual Anlm•I EsttollS (yde Data 

uoy "' j !-'ert1nant 
Cytcklgy Bhnd estrus Macros.i::ar.ilr. 

Slide 10 Estrus determ1rt21llon• j An~mal 10 Group Obseri.oatlons 
1---'-----+--·--·-l---~--+~=--l-·--~~-+---------1 

35 ! 1078 P P 7001 _G:::'°::."::cPc...:.1_>---'"=".:.:""=---I 
34 I 1074 E E I 7002 Group 1 none-i+ 1003 D f-- "' I 7003 Group 1 uterus: fiuid-nllev 

-3n--i~}-~--~---1---6 I ~= ... ~::~:+=t--------~.c~c".=:---1 
__:::27-'-fl--'10=-6=-.1-·+--=D'--+---'M___+I·_7_008~-- -~~-u.e.!__ _____:n::.oon=•---I 

l--'1-'-1-1- ~~~2_3_-+-__D__-+-___E___L?~I- ·---~~~e-'1'--'i---'-"IO:c"="---1 
3a 10;2 D M I 7008 Groun 1 none 
5 I 000 D E_ .!~ ~~0.1:1~--~ (100(:! 

42 10~ o M !~~ c:;_~~.~e.1 rione 
7 __10__1_3,_...___D_____L:>__• ___,__70_1_1_.,_G_rt)UP 1 none 

-,0-j 1::_0;17_~+-- D,__+ __.:.:M__-+_7c_0__.1,i.__ ._()roUp 1 nO'W 
4 1005 D P 7013 Group 1 uterus: fluid-filled 

_31 1_0_00_.-+-I--D--+---M ±, 7014 -'Gcro.'-u~p_1,_,___n::.on'-e,___1___ ___ 
59 I 1181 E E 7016 _G:::'°cc.c""-P.:.:1_,___;.:non=e'---• 

---~r 1056 D D" 101e - Group 2 none 

1S ! 1042"-'-+---=D'--+---=D'-'---+-7~01,,_,_7_+-=G0ro=-u~p=-2=-+---.:.:"=-on.:.:•:____ 
,__r_,-l·-~10«1 D P 7010- Grouo 2 rione 

13 1028 D M 7019 Gl'OUU 2 nooe 

·---~~---··· !:_~--- 0 """""""-- .C?... ___________1~-- ?~~'!fl.~ -------· ..--~~,.·-------··· 
49 11 Ol D D 7021 (jroup .2. """" 
30 1064 D a· 7022 Group 2 none 
f.i3 1117 D D 1 7()23 Groupc..::2_,___n:=o...:ne=---i 

1
_22_-+-l_1_D.56__+-____f--__ 7024 

1
D D_'__~!_____ ~~~Pc..=2_,____n~o::.n;:e___ 

28 I 1062 D o• i 7026 Group 2 none 

l--'45~·-+--'10::.::96_+-__D__"_.__P___...:!_7~028:.==_t-=G~ro~u~p~2=-+-~';~eccFl!_5~~~-·fi_lled_ 
1---~-1--1068 E PE I 1021_-1_.=G::r=o=•p=2'-l---"=onc:•=---i 

15 1033 E E i 7028 Grouo 2 nona 
54 I 1~23 D I D j 7029 Group 2 J none 
48 ' 1100 P M 7030 Group 2 ! non.e 

....l~L...:1·.=D.::.63=-+--'Dc:...._+---'o._·___,__7_034__ =G.cro_u~p_3_,_,_l___nc_on~---
1 ! 1001

66f 1153___ 
D 
o 

0 
o I 

70SS 
70315 

. :·Groue_~_L__..cnc:o::.n.::.e___
1 

Groups· none 

._2_1_ 1002 D D 7037 Group 3 _!.____.:.:ncco::.n;:e___
1 

!57 
-41 

I 
! 

1164 
1088 

D 
E 

D 
E I 

7038 
7039 

...~roue_.3-.--li---""'°"="'----I 
Group 3 none 

23 1051 D P 7040 ..=G:::ro,,u,,P:;3o_1-=""""'"'"s"-:"r1'=:'i.=d.-li_:_,1:ol"1"d'­
12 1024 E E 7041 Grouo 3 
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1 

Product Safety labs App•ndl• Table! 
Study 44856 Individual Animal Estrous CVde Data 

37 

Slide to 
1080 

'-"'<'V4.> 
cytoklgy 
Estrus 

Blind estrus 
detetm1nauon• Atnmal ID Group· 

n:irt1nent 
Macroscopic 
Observations 

E E 7042 Group 3 none 

58 1166 D o• 7043 Group 3 none 
_43__~0_9_2___ 

40 1_0_8__7_+ 
18 1041 

D M 7044 
___D__+-___P___ 1_~704S 

E P 7048 

Group3 
Group 3 
Group 4 

none 
non.e 
none 

46 
9 _L__1_0_1_6_;___D__+-___E___,__7'!47 

~--ii 1097 D M 7048 
60 , 1264 D o• 7049 

1--~~r~o~u"p_4
Gro~e_4_
Group 4 

, 
-l----'n~o~n~e___ 

n_on_•___ 
none 

___ 1 

44 1093 O _ D .~~ ~'~?..~. ;·--­ ....~~ne 
24 

1 

__ 1055 D P 7051 __C!~_U.P,:~- none 
26 1056 E E 7052 Group 4 no"" 

-'2~0-f---1~0~43c,..-+--=D--+---=P---l~--c7=053~:-l-G~ro~uLp_4,..-1c-~~.ru-•-:n~u-io7~~.1~1ed~- 1 

B 1015 E E 7064 Group 4 none 

1--=2~1_,_~1~049_·
16 1038 

~-1--~D, 
D D 
__-1---~o~·---r-~70 n_o_ne____ 

7059 Group 4 none 
58:-=c-+-~G~r~o~up~4-1___ 

47 1099 P P 7080 Grouo 4 Llerus: ttuld--Mled 

"late diestrus/early ptoestrus 
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Product Safety labs Appendix Table 2 

Study 44856 
 Summary Animal Data - Groups l and 4 


Wilhin normal limits 

Within normal limits 

Not examined 

::__Y'{i~~_i_!:!_!:!gI~~IJ~~!~-­

OVi(fiJCts(tfO-:-Examiiedy-
Within normal limits 

15 15 

15 15 

(15) 
0 

14 

. (15j 
15 15 

Group 1 
 4 

1 Incidence Incidence 

Within normal limits I 14 
 14 

(f-carge· auet1ctomaes-- -- ... i 1 


Luteinized follicles i 0 

9 
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Product Safety l.lbs Appendix Table 3 
Study No: 411856 lndlvfdual Animal Data 

Group 1 

~nlma1Number(Group~J..I9CJ~1fj:l~7~0~02{:j_:_'\iiijMj'~i_:_'\jjjM~'_:_\:ijj\'oo~'_:_jj:ijji~t:\li~~j_:_jpf:tj-j:Blind slide ID iO?.~ l 1074 11.N.> 

~~s~~~~~ii~ -- :-- "l- - .. +-----_-__ •,'--- -------+_-------1-- i -----!-----+-----+-- ----, -----+-------+----+---------l-­

~i1~~-normaf-1fffiiiS-- - -T_-- -,l l- -v ··-··v· --· """Y'" ,.,,y---­

TaiiO:ifrii,iiOfriOTii_-- i 
uterus· , ---Ii ------------- ----­

W11_hj~~!~-~ll!__~? --- -_:_=-~:=~l-~~~~--l--Yc__,____Yc _ _,__Y, __ 1 __ !··---- I1 
i.1!:'_91~~--..-----~-----,.-

Not examined ·j
··w thlri-il0fmanTrilitS--·~;·-··;;:;-·-i--·-y-·-l----.,---l--.,y-c--yc--l-~~_,__~-i-~---l--.,-+~,----l---c,--l----'--I----,,--+ -.,+-,~-I1 
:::::=-===-=~=L=:::i=:1 ________ ,_____ -,__ -- ,__ 
~~~~!~~~~----~~'.:=~-----t~=-~--~1- Y, ,_Y_ ,_Y,_____ -1- •---'-~-----f-- -c-1--c--+--'---'---'-- I----'- -i-~---l----'--1--~ 
Estrous Cycle . ! 

-~~ia~:~===~=--=-=r~~~~-=F{=·-·::1---~Py,-+--~:';---'--~~~--+-~:--- ·---:o --1--'i:- -1---7.--+--}~--'--~.--1- --~ ---f--:c.-1---:";-+-"~--1 
------ -·--""!''' 

Within normal l1mJts 

•Late diestrus/carly procsirus "·One of pair present £·Estrus 
Y ·Present D·Diewus' ·Anterior vagioo only 

B· BHatcral M-Mctcstrus 
P ·Proestrus 

" 
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PrQll1,1ct S:ilfetv Labs Appendix Table 3 
Study No: 44856 lndivldual Animal Data 

Group 4 

•Late dle!>trus/early proomus f ·Estr<JS 
"·One of pa;r p1eserit ~Minimal tissue unHateral 0-0iestrus 
Y ·Present •Minim~! tissue bilaieral M·Metestrus 
'-Ariterior vagina only P • Proestrus 

" 
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NO CLAIM OF CONFIDENTIALITY 


No claim of confidentiality, on any basis whatsoever, is made for any infonnation contained in this 
document. I acknowledge that information not designated as within the scope of FIFRA sec. IO(d)(l)(A), 
(B), or (C) and which pertains to a registered or previously registered pesticide is not entitled to 
confidential treatment and may be released to the public, subject to the provisions regarding disclosure to 
multinational entities under FIFRA IO(g). 

(b) (6)

Submitter: Date:,_,_,_\ ~--2o<+-\:J:\~.~l 

Name ofSigner: Ro.<A'-' .\. ~E£flh1) 
Name of Company: Impossible Foods, Inc. 
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT 

Soy Leghemoglobin Preparation 

This study meets the requirements of Good Laboratory Practices as stated in U.S. FDA GLP: 21 CFR 
Part 58, 1987; which is compatible with OECD Principles of GLP (as revised in 1997): 
ENV/MC/CHEM(98)17, OECD, Paris, 1998; and EC Directive 2004/10/EC, Official Journal of the 
European Union, LS0/44, Feb. 20, 2004 with the following exception: 

Characterization of the positive control substances and verification of concentration of the positive 
control substances in their carriers during this study were not determined analytically; however, the purity 
of the materials used were certified by a reputable supplier and all preparations were thoroughly 
documented. 

Specific information related to the characterization of the test substance as received and tested is the 
responsibility of the study Sponsor (see Test Substance section). 

Study Director: _ ------­ Date: \ 2 \ o-i \ I ~ 
---­

Name of Signer: Mithila Shitur. BVSc & AH. fl1l),_____ 

Name of Company: Product S~fo!),'-'L,,,a.,b,,,s________ 

Date:,_\~7_'+-\;f-_,_\~\._lp~-
Name of Signer: (2,av\&!c fuseLJ Y bS::'> 
Name of Company: Impossible Foods. Inc. 

Sponsor: 

(b) (6)

Submitter: 

(b) (6)

Date:_\1J~\,.-'--q--"-~l~l/__ 

NameofSigner: \2.,?cL-Q,\, 8:-aSRf~ }~ 
Name of Company: Impossible Foods. Inc. 
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QUALITY ASSURANCE STATEMENT 

The Product Safety Labs' Quality Assurance Unit has reviewed this final study report to assure the report 
accurately describes the methods and standard operating procedures, and that the reported results 
accurately reflect the raw data of the study. 

QA activities for this study: 

QA Activity Date Conducted 
Date Findings Reported To 

Study Director And 
Management 

Protocol review Aug21, 2015 1 
; May 17, 2016 Aug21, 2015; May 17, 2016 

In-process inspection: 
Test substance preparation ofmain 

and confirmatory tests 
Apr 12, 2016 Apr 12, 2016 

In-process inspection: 
Main test colony counting of TAJ 535 

Apr 29, 2016 Apr 29, 2016 

Raw data audit May 17, 20I6 May 17, 2016 

Draft report review May 17, 20I6 May 17, 2016 

Final report reviewed by: 

(b) (6)

Date 

1 PSL's "generic" protocol used for this study was reviewed by the Quality Assurance group on this date. 
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SOY LEGHEMOGLOBIN PREPARATION: 

BACTERIAL REVERSE MUTATION TEST (AMES TEST) 


PROTOCOL NO.: 	 P600.AMES 

AGENCY: 	 EPA (F!FRA), OECD, EC Directive 

STUDY NUMBER: 	 42759 

SPONSOR: 	 Impossible Foods, Inc. 
525 Chesapeake Dr. 
Redwood City, CA 94063 

TEST SUBSTANCE IDENTIFICATION: 	 Soy Leghemoglobin Preparation 
Lot#: PP-PGM2-l 6-015-101 

DATE RECEIVED: 	 January 27, 2016 

PSL REFERENCE NO: 	 I60127-7D 

STUDY INITIATION DATE: 	 March 29, 2016 

DATES OF TEST: 	 April 12 -April 29, 2016 

NOTEBOOK NO.: 	 16-42759: pages 1-96 

1. PURPOSE 

To evaluate the potential for Soy Leghemoglobin Preparation to induce gene mutations in 
bacteria using the Ames assay. Point mutations which involve substitution, addition or deletion 
of one or a few DNA base pairs are detected in amino acid-requiring strains of Salmonella 
typhimurium (S. typhimurium, ST) and Escherichia coli (E. coli, EC) by their ability to 
functionally reverse mutations. These reverse mutations result in revertant colonies of bacteria 
with restored capability to synthesize the essential amino acid. 

2. SUMMARY 

The Ames test was conducted with Soy Leghemoglobin Preparation at levels of 23.384, 74, 
233.84, 740, 2338.4, 7400, 23,384, and 74,000 µg/plate corresponding to active component soy 
leghemoglobin concentrations of 1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate with the high 
level being the standard limit for this test. The main test was conducted using the plate 
incorporation method in both the absence and presence of metabolic activation (chemically­
induced rat liver S9 mix). The results of the test were confirmed using a similar study design but 
employing the pre-incubation modification of the Ames test. 

No signs of precipitation or contamination were noted in any of the strains. No signs of toxicity 
were noticed in any strains in either plate incorporation or pre-incubation method in presence or 
absence of S9. 
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Eight dose levels without precipitation, toxicity or plate contamination were evaluated for all 
strains, therefore bacterial mutagenicity was adequately assessed. 

In conclusion, based on these findings and on the evaluation system used, Soy Leghemoglobin 
Preparation did not elicit evidence of bacterial mutagenicity in the Ames assay. 

3. TEST SUBSTANCE 

The test substance, identified as Soy Leghemoglobin Preparation, Lot#: PP-PGM2-16-015-101, 
was received on January 27, 2016, and was further identified with PSL Reference Number 
160127-7D. The test substance was stored frozen: -20°C to -80°C. Documentation of the 
methods of synthesis, fabrication, or derivation of the test substance is retained at 600 Galveston 
Dr., Redwood City, CA, 94063. 

The following information related to the characterization of the test substance was provided by 
the Sponsor (see also Appendix B): 

Composition: Soy Leghemoglobin - 6.74% 1 


Other Ingredients - 8.11 % 


Physical Description: Red frozen liquid 


Stability: Test substance was expected to be stable for the duration of testing. 


Expiration Date: Not applicable 

In the preparation of formulations a correction for purity was used based on soy leghemoglobin 
concentration, and all dose levels are expressed in terms of material as supplied. 

4. POSITIVE CONTROL SUBSTANCES 

The positive control substances (known mutagens) were received on the dates listed below and 
were further identified using Product Safety Labs' identification numbers. The substances were 
stored refrigerated. Documentation of the methods of synthesis, fabrication, or derivation of the 
positive controls is retained by the vendor (Molecular Toxicology, Inc.). 

Positive Control 
Substance Identification 

Lot No. CASNo. 
Date of 
Receiot 

PSLIDNo. 
Expiration 

Date 

Sodium Azide (NaN3) 
6350SA 
6350SA 

26628-22-8 
Mar 8, 2016 
Aor 13, 2016 

160308-SH 
160413-SH 

Aug5, 2017 
Aug5, 2017 

!CR 19! Acridine 6260ICR [ 7070-45-0 Mar 8, 2016 160308-3H Feb 23, 2018 
Daunomycin 2175DU 20830-81-3 Mar 8, 2016 !60308-2H Jun 3, 2017 

Methyl methanesulfonate 
(MMS) 

820IMS 66-27-3 Mar 8, 2016 160308-4H Nov 6, 2017 

2-Aminoanthracene 
(2-AA) 

6421AA 
6425AA 

613-13-8 
Mar 8, 2016 
Apr 13,2016 

160308-lH 
160413-IH 

Dec 2, 2017 
Mar 31, 2018 

5. VEHICLE CONTROL SUBSTANCE 

Sterile water was used as the vehicle control. 

1 A GLP Certificate of Analysis was prepared by PSL (from PSL study numbers 43970 for the active ingredient) and 
gave a Percent Leghemoglobin of 6.68%. This is within an acceptable margin of error of the analytical 
measurement. The value original value provided by Impossible Foods was used to calculate study doses. 

892 



Page 8 of 28Product Safety Labs Study Number 42759 

6. GENERAL TEST SYSTEM PARAMETERS 

A. Test System Identification 

Each of the S. typhimurium and E. coli strains received for use on this study was accompanied by 
documentation that includes lot number, preparation and expiration dates, and confirmation of 
phenotype and response to specific mutagens. The following bacterial strains were purchased from 
Molecular Toxicology, Inc.: 

Strain Characteristics Mntations Detected 
Lot 

Number 
Expiration 

Date 

ST TA1535 his; rfa; uvrB Base-pair substitution 5107D Mar 17, 2018 

ST TA1537 his; rfa; uvrB Frameshift 5100D Feb 04, 2018 

STTA98 his; rfa; uvrB; R-factor Frameshift 5047D Aug 20, 2017 

STTAlOO his; rfa; uvrB; R-factor Base-pair substitution 5029D Jun 19, 2017 

EC WP2 uvrA trp; uvrA Base-pair substitution 5087D Jan 07, 2018 

Legend: 

his histidine required as a growth factor 

rfa deep rough mutation involves loss ofa major component of the cell coat 
increasing permeability to larger molecules; this deletion also involves the gene 
coding for biotin synthesis 

uvrA/B deletion of DNA nucleotide excision repair system 

R-factor contains the pKM 101 plasmid which increases sensitivity by enhancing error­
prone DNA repair systems 


trp tryptophan required as a growth factor 


B. Justification for the Selection of the Test System 

The referenced guidelines (Section 10) accept the combination of S. typhimuriwn (TA1535, 
TA1537, TA98, TAlOO) and E.coli (WP2 uvrA) strains selected for use in this study. 

7. ASSAY MATERIALS 

A. Growth Media and Plates 

Overlay agar (supplemented with biotin and limited amounts of histidine and tryptophan) and minimal 
glucose agar plates were purchased from Molecular Toxicology, Inc. 

B. Metabolic Activation System (S9 Mix) and Substitution Buffer 

S9 mix (cofactor supplemented post-mitochondrial fraction) was included in the Ames test to 
simulate mammalian metabolism since some test substances only become mutagenic following 
metabolic activation. S9 liver fraction was purchased from Molecular Toxicology, Inc., and 
sourced from male Sprague-Dawley rats induced with phenobarbital and benzoflavone. 

The S9 mix, freshly prepared on the day of use, was maintained on ice prior to and during use and 
contained 5% v/v S9 fraction. The prepared S9 mix contained the following sterile cofactors 
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(Maron & Ames, 1983): 8 mM MgC!,, 33 mM KC!, 100 mM sodium phosphate buffer pH 7.4, 5 
mM glucose-6-phosphate and 4 mM NADP. 

Sodium phosphate buffer was used as the substitution buffer for plates treated in the absence of 
S9. 

C. Bacteria (Test Systems) 

Fresh bacterial suspension cultures in nutrient broth were prepared so that they were in the late 
exponential phase of growth at the time of use (roughly I x I 09 bacteria/mL). 

D. Test Substance Preparation 

The test substance was formulated as a solution in Sterile water (0.2338, 0.74, 2.3384, 7.4, 
23.384, 74, 233.84 and 740mg/mL) to provide corresponding dose levels of up to 74,000 
µg/plate. These levels correspond to active component soy leghemoglobin concentrations of 
0.0158, 0.05, 0.158, 0.50, 1.58, 5.0, 15.80, 50.00mg/mL. The solutions were vortexed prior to 
use. 

E. Positive Control Substances 

The performance of this test was evaluated with positive controls for each tester strain used, with 
and without metabolic activation (S9). Appropriate dilutions were prepared using the solvents 
listed below prior to testing. 

Positive Control 
Substance 

(Concentration) 
Solvent Tester Strain 

Metabolic 
Activation (S9) 

Sodium Azide 
(15 11 "/mL) 

Sterile water 
S. typhi1m1rium 

TAIOO, TA1535 
Absent 

!CR 191 Acridine 
(10 1w/mL) Sterile water 

S. typhimurium 
TA1537 

Absent 

Daunomycin 
(60 µg/mL) 

Sterile water 
S. typhimuriwn 

TA98 
Absent 

Methyl methanesulfonate 
(25 µL/mL) 

Sterile water 
E.coli 

WP2 uvrA 
Absent 

2-Aminoanthracene 
(I 00 u!:dmL) DMSO All Present 

8. EXPERIMENTAL DESIGN 

A. Main Test 

The initial test followed the plate incorporation method, in which the following materials were 
mixed and poured over the surface of a minimal agar plate: 

• 	 100 µL of the prepared test substance solutions, negative (vehicle) control, or prepared 
positive control substance 

• 	 500 µL S9 mix or substitution buffer 

• 	 I 00 µL bacteria suspension (ST or EC) 

• 2000 µL overlay agar maintained at approximately 45°C 


Plates were prepared in triplicate and uniquely identified. 
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For each of the bacterial strains, plates were prepared at each experimental point as follows: 

Treatment 

Vehicle control 

Test substance 

Positive control 

Dose 
No. 

0 
I 

2 

3 
4 

5 
6 

7 

8 
•• 

Final Dose 
(µg/plate) 

0 
23.384 

74 
233.84 

740 
2338.4 

7400 

23,384 
74,0QOA 

•• 

Number of Replicates 
-S9 +S9 

3 3 
3 3 
3 3 

3 3 
3 3 

3 3 
3 3 

3 3 

3 3 
3 3 

Number 
of Strains 

5 

5 

5 
5 

5 
5 

5 

5 
5 

5 

AThe OECD standard limit dose 
6 Dose depends on the test organism and the positive control 

Test substance levels correspond to active component soy leghemoglobin concentrations of 1.58, 
5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate. 

In addition, an untreated (negative control group) was included. Appropriate sterility control 
check plates (treated with critical components in the absence of bacteria) were included as a 
standard procedural check. After pouring, plates were placed on a level surface until the agar was 
gelled then incubated at approximately 37°C until growth was adequate for enumeration 
(approximately 65 hours). 

B. Confirmatory Test 

The confirmatory test employed the pre-incubation modification of the plate incorporation test. 
The test or control substances, bacteria suspension, and S9/substitution buffer were incubated 
under agitation for approximately 30 minutes at approximately 37°C prior to mixing with the 
overlay agar and pouring onto the minimal agar plates before proceeding as described for the 
initial test. The study design for the confirmatory test, including strains, dose levels etc. was as 
described above for the initial (main) test. 

C. Control of Bias 

General procedures associated with the balanced design and conduct of this study were employed 
to control bias. 

D. Results 

After incubation, the number of colonies per plate was counted manually and/or with the aid of a 
plate counter (Colony Plate Reader: Model Colony-Doc-It™). The mean and standard deviation 
were calculated for each set of triplicate plates. 

E. Criteria for Validity 

The background lawn for vehicle control plates should appear normal (i.e., slightly hazy with 
abundant microscopic non-revertant bacterial colonies). The mean revertant colony counts for 
each strain treated with the vehicle should lie close to or within the expected range taking into 
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account the laboratory historical control range and/or published values (Mortelmans & Zeiger, 
2000; Gatehouse, 2012). The positive controls (with S9 where required) should produce 
substantial increases in revertant colony numbers with the appropriate bacterial strain as specified 
in the Evaluation ofMutagenicity Section below. 

In the case where part of the study is invalid based on these criteria (e.g., the positive control does 
not induce an appropriate response with an individual strain or generally poor growth of the 
background lawn with that strain), detailed results for that part of the study will not be reported 
and the affected part of the study would nonnally be subjected to an automatic repeat as described 
in an amendment, if appropriate. 

F. Evaluation of Toxicity 

Toxic effects of the test substance are indicated by the partial or complete absence of a 
background lawn of non-revertant bacteria (colony counts, if any, should not be reported) or a 
substantial dose-related reduction in revertant colony counts compared with lower dose levels and 
concurrent vehicle control taking into account the laboratory historical control range. Where 
precipitation obscures observations on the condition of the background lawn, the lawn can be 
considered normal and intact if the revertant colony counts are within the expected range based 
on results for lower dose levels and historical control counts for that strain. 

G. Evaluation of Mutagenicity 

For each experimental point, the Mutation Factor (MF) was calculated by dividing the mean 
revertant colony count by the mean revertant colony count for the corresponding concurrent 
vehicle control group. The mutagenic activity of the test item was assessed by applying the 
following criteria: 

The results were considered positive (i.e., indicative of mutagenic potential) if: 

• 	 The results for the test item showed a substantial increase in revertant colony counts, i.e., 
response MF 2: 2 for strains TA98, TAIOO, and WP2 uvrA or MF 2: 3 for strains TA1535 
and TA1537, with mean value(s) outside the laboratory historical control range. 
Otherwise, results were considered negative. 

• 	 The above increase must be dose related and/or reproducible, i.e., increases must be 
obtained at more than one experimental point (at least one strain, more than one dose 
level, more than one occasion or with different methodologies). 

If the second criterion is not met, the results may be classified as equivocal, and further testing 
may be appropriate. 

A test substance that produces neither a concentration related increase in the number of revertant 
colonies nor a reproducible substantial increase in revertant colonies is considered to be non­
mutagenic in this test system. 

9. STATISTICAL ANALYSIS 

Product Safety Labs calculated means and standard deviations for all quantitative data collected. 

10. STUDY CONDUCT 

This study was conducted at Product Safety Labs' (PSL) test facility at 2394 US Highway 130, 
Dayton, New Jersey 08810. The Study Director for this study was Mithila Shitut, BVSc & AH, 
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MS. The primary scientist for this study was Anupama Dubey, BS, with contributions from 
Kathleen Quinn, BS. This study was conducted to comply with the Good Laboratory Practice 
(GLP) regulations as defined in: 

• 	 U.S. FDA GLP: 21CFR58, 1987 

Which is compatible with: 

• 	 OECD Principles of GLP (as revised in 1997): ENV/MC/CHEM(98)17, OECD, Paris, 
1998 

• 	 EC Directive 2004/10/EC, Official Journal of the European Union, L50/44, Feb. 20, 2004 

The procedures as described in this protocol are based on the most recent version of the following 
testing guidelines: 

• 	 US FDA Toxicological Principles for the Safety Assessment of Food Ingredients, 
Redbook 2000, IV.C. l. a. (2007) 

• 	 OECD Guidelines for Testing of Chemicals, Section 4 (Test No. 471 ):"Bacterial Reverse 
Mutation Test" (1997) 

• 	 Commission regulation (EC) No 440/2008 B.13114 

11. QUALITY ASSURANCE 

The final report was audited for agreement with the raw data records and for compliance with the 
protocol, Product Safety Labs Standard Operating Procedures and appropriate Good Laboratory 
Practice Standards. Dates of inspections and audits performed during the study and the dates of 
reporting of the inspection and audit findings to the Study Director and Facility Management are 
presented in the Quality Assurance Statement. 

12. AMENDMENTS TO THE PROTOCOL 

l) 	 Per sponsor request, to calculate the active ingredient in the test substance, Section 7 A. Main 
Test was updated to: 

Plates were prepared in triplicate and uniquely identified. For each of the bacterial strains, 
plates were prepared at each experimental point as follows: 

Treatment 
Dose 
No. 

Final Dose 
(µg/plate) 

Number of Replicates Number 
of Strains-S9 +S9 

Vehicle control 0 0 3 3 5 

Test substance 

[ 23.384 3 3 5 

2 74 3 3 5 

3 233.84 3 3 5 

4 740 3 3 5 

5 2338.4 3 3 5 

6 7400 3 3 5 

7 23,384 3 3 5 

8 74,000A 3 3 5 
Positive control *B *B 3 3 5 

A The OECD standard limit dose 
8 Dose depends on the test organism and the positive control 
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In addition, an untreated (negative control group) was included when considered appropriate. 
Appropriate sterility control check plates (treated with critical components in the absence of 
bacteria) were included as a standard procedural check. After pouring, plates were placed on 
a level surface until the agar was gelled then incubated at approximately 37°C until growth 
was adequate for enumeration (approximately 65 hours). Note that the loss of an individual 
plate (e.g., due to microbial contamination) does not affect the validity of the study. 

2) The test substance name, active ingredient and lot number will be changed to: 

Test article name - Soy Leghemoglobin Preparation 

Active ingredient - Soy Leghemoglobin 

Lot#: PP-PGM2-PP-PGM2-I6-015-101 


throughout the protocol in all applicable places as per the OLP-Certificate of Analysis. 

13. DEVIATIONS FROM THE PROTOCOL 

None. 

14. FINAL REPORT AND RECORDS TO BE MAINTAINED 

Information on equipment maintenance and calibration, storage, usage, and disposition of the test 
substance, and all other records that would demonstrate adherence to the protocol will be 
maintained. Facility records which are not specific to the subject study will be maintained by the 
testing facility and archived according to PSL SOP. 

The original, final report will be sent to the Sponsor. A copy of the signed report, together with 
the protocol, associated amendments and/or deviations if applicable, and all raw data generated at 
PSL will be maintained in the PSL Archives. PSL will maintain these records for a period of at 
least five years. After this time, the Sponsor of the study will be offered the opportunity to take 
possession of the records or request continued archiving by PSL. 

15. RESULTS 

Revertant colony counts for each strain are presented in Tables 1-5. Historical Control Data is 
presented in Appendix A. The PSL Certificate of Analysis is presented is Appendix B. 

The mean revertant colony counts for each strain treated with the vehicle were close to or within 
the expected range, considering the laboratory historical control range and/or published values 
(Mortelmans & Zeiger, 2000; Gatehouse, 2012). The positive control substances caused the 
expected substantial increases in revertant colony counts in both the absence and presence of S9 
in each phase of the test confirming the sensitivity of the test and the activity of the S9 mix. 
Therefore, each phase of the test is considered valid. 

No signs of precipitation or contamination were noted in any of the strains. No signs of toxicity 
were noticed in any strains in either plate incorporation or pre-incubation method in presence or 
absence of S9. 

Eight dose levels without precipitation, toxicity or plate contamination were evaluated for all 
strains, therefore bacterial mutagenicity was adequately assessed. 

There was no concentration-related or substantial test substance related increases in the number 
of revertant colonies observed with strains TA 1535, TA 1537, TA98 , TA I 00 or E. Coli WP2 
uvrA in both the absence and presence of S9 using either the plate incorporation or the pre­
incubation method. 
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16. CONCLUSION 

Based on these findings and on the evaluation system used, Soy Leghemoglobin Preparation did 
not elicit evidence of bacterial mutagenicity in the Ames assay. 
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SIGNATURE 

Soy Leghemoglobin Preparation 

I, the undersigned, declare that the methods, results and data contained in this report faithfully reflect the 
procedures used and raw data collected during the study. 

(b) (6)

-------------··._.,.....--.-....--- -····-

Mithila Shitut, BVSc & AH, MS Date 
Study Director 
Product Safety Labs 
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TABLE 1A: REVERTANTCOLONYCOUNTS-TA 1535 


Plate Incorporation Method - Main Test 

TA153S Revertant Colonies oer Plate 
Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* 
Counts Mean SD Counts Mean SD

(u2/plate) 
20 13 

Sterile Water NIA 16 18 2.1 IO 13 2.5 
19 15 
II 14 

Test Substance 23.384 IO 9 2.1 II II 3.5 
7 7 
7 14 

Test Substance 74 18 12 5.5 15 14 0.6 
12 14 
9 16 

Test Substance 233.84 9 IO 1.7 IO 13 3.1 
12 12 
16 IO 

Test Substance 740 II 12 4.0 9 9 1.0 
8 8 
II 14 

Test Substance 2338.4 14 12 1.7 IO 13 2.3 
II 14 
4 12 

Test Substance 7400 II II 7.0 IO 11 1.0 
18 11 
18 14 

Test Substance 23384 18 15 5.2 8 IO 3.8 
9 7 
II 12 

Test Substance 74000 11 12 1.2 16 13 3.1 
13 IO 

557 
Sodium Azide 1.5 564 567 11.8 -

580 
328 

2-AA IO - 331 333 5.7 
339 

Mutation Factor 

-S9 +S9 

1.00 1.00 

0.50 0.85 

0.67 1.08 

0.56 1.00 

0.67 0.69 

0.67 1.00 

0.61 0.85 

0.83 0.77 

0.67 1.00 

31.50 -

- 25.62 

NIA =Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 

1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate. 
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TABLE 1B: REVERTANT COLONY COUNTS- TA 1535 


Pre-Incubation Method - Confirmatory Test 

TA1535 
Revertant Colonies ner Plate 

Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* 
Counts Mean SD Counts Mean SD(ua/nlate) 

15 9 
Sterile Water NIA 12 13 2.1 12 11 1.5 

II 11 
12 8 

Test Substance 74 16 15 2.6 15 11 3.6 
17 10 
12 9 

Test Substance 7.4 9 11 2.1 7 10 3.6 
13 14 
19 9 

Test Substance 233.84 11 16 4.2 13 10 2.6 
17 8 
12 9 

Test Substance 740 11 11 0.6 11 10 1.2 
11 11 
17 11 

Test Substance 2338.4 8 13 4.7 4 8 3.6 
15 9 
15 13 

Test Substance 7400 7 11 4.0 9 12 2.6 
11 14 
6 9 

Test Substance 23384 5 7 2.1 8 10 2.1 
9 12 
6 14 

Test Substance 74000 14 12 5.3 II II 2.5 
16 9 

547 
Sodium Azide 1.5 607 585 32.8 -

600 
275 

2-AA 10 - 279 275 3.5 
272 

Mutation Factor 

-S9 +S9 

1.00 1.00 

1.15 1.00 

0.85 0.91 

1.23 0.91 

0.85 0.91 

1.00 0.73 

0.85 1.09 

0.54 0.91 

0.92 1.00 

45.00 -

- 25.00 

NIA= Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations 1.58, 

5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate. 
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TABLE 2A: REVERTANT COLONY COUNTS- TA 1537 

Plate Incorporation Method - Main Test 

TA1537 
Revertant Colonies per Plate 

Mutation Factor
Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* 
(ug/olate) 

Counts Mean SD Counts Mean SD -S9 +S9 

Sterile Water NIA 
12 

13 0.6 
9 

12 4.9 1.00 1.0013 10 
13 18 

Test Substance 23.384 
9 

10 2.3 
13 

14 1.2 0.77 1.179 13 
13 15 

Test Substance 74 
9 

11 3.5 
10 

14 3.2 0.85 1.1715 16 
9 15 

Test Substance 233.84 
11 

11 0.6 
10 

14 3.5 0.85 1.1712 17 
11 14 

Test Substance 740 
11 

13 4.0 
8 

10 2.9 1.00 0.8318 8 
II 13 

Test Substance 2338.4 
10 

11 0.6 
14 

14 0.6 0.85 1.17II 14 
11 15 

Test Substance 7400 
9 

9 0.6 
7 

8 3.2 0.69 0.679 6 
8 12 

Test Substance 23384 
6 

7 0.6 
8 

10 1.7 0.54 0.837 11 
7 11 

Test Substance 74000 
8 

8 1.5 
12 

13 3.6 0.62 1.087 10 
10 17 

!CR 191 
Acridine 

I 
520 

506 50.9 - 38.92 -450 
549 

2-AA 10 -
410 

393 20.7 - 32.75370 
399 

NIA= Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 
1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate. 

903 



Page 19 of28Product Safety Labs Study Number 42759 


TABLE 28: REVERTANT COLONY COUNTS- TA 1537 


Pre-Incubation Method - Confirmatory Test 

TA1537 
Revertant Colonies oer Plate 

Without Activation (-S9) With Activation (+S9) 

Treatment Dose* 
Counts Mean SD Counts Mean SD 

1 .. 0/olate) 
7 8 

Sterile Water NIA 9 8 1.0 13 12 3.2 
8 14 
9 15 

Test Substance 23.384 13 13 4.5 20 17 2.5 
18 17 
24 19 

Test Substance 74 13 17 6.4 13 15 3.5 
13 13 
6 IO 

Test Substance 233.84 IO 8 2.1 11 12 2.6 
7 15 
9 5 

Test Substance 740 6 11 6.2 6 8 4.4 
18 13 
IO 9 

Test Substance 2338.4 9 8 2.6 11 11 1.5 
5 12 
9 11 

Test Substance 7400 7 IO 3.6 IO IO 1.0 
14 9 
IO 14 

Test Substance 23384 IO 12 2.9 20 14 6.5 
15 7 
14 18 

Test Substance 74000 13 14 1.0 13 16 2.5 
15 16 

!CR 191 
5486 

Acridine I 5640 5530 95.6 -
5465 

351 
2-AA IO - 389 381 27.3 

404 

Mutation Factor 

-S9 +S9 

1.00 1.00 

1.63 1.42 

2.13 1.25 

1.00 1.00 

1.38 0.67 

1.00 0.92 

1.25 0.83 

1.50 1.17 

1.75 1.33 

691.25 -

- 31.75 

NIA= Not applicable 

*Test substance levels correspond to active component soy leghemoglobin concentrations of 

1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE 3A: REVERTANT COLONY COUNTS- TA 98 


Plate Incorporation Method · Main Test 

TA98 
Revertant Colonies per Plate 

Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* Counts Mean SD Counts Mean SDlug/nlate) 
25 23 

Sterile Water NIA 27 25 1.5 32 27 4.7 
24 25 
26 24 

Test Substance 23.384 23 24 1.7 28 26 2.1 
23 25 
21 21 

Test Substance 74 20 20 0.6 23 23 2.0 
20 25 
21 29 

Test Substance 233.84 28 23 4.0 25 28 2.6 
21 30 
20 27 

Test Substance 740 24 22 2.1 25 27 2.0 
23 29 
20 27 

Test Substance 2338.4 23 20 2.5 26 26 0.6 
18 26 
20 30 

Test Substance 7400 25 22 2.5 24 25 5.0 
22 20 
25 18 

Test Substance 23384 26 26 0.6 17 19 2.1 
26 21 
23 30 

Test Substance 74000 20 23 3.5 23 28 4.7 
27 32 
809 

Daunomycin 6 815 801 19.9 -
778 

2786 
2-AA 10 - 2471 2634 157.8 

2644 
NIA= Not applicable 

Mutation Factor 

-S9 +S9 

1.00 1.00 

0.96 0.96 

0.80 0.85 

0.92 1.04 

0.88 1.00 

0.80 0.96 

0.88 0.93 

1.04 0.70 

0.92 1.04 

32.04 -

- 97.56 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 

1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE38: REVERTANTCOLONYCOUNTS-TA98 


Pre-Incubation Method - Confirmatorv Test 

TA98 
Revertant Colonies oer Plate Mutation Factor

Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* 
(µg/plate) 

Counts Mean SD Counts Mean SD -S9 +S9 

Sterile Water NIA 
21 

21 1.5 
22 

26 3.8 1.00 1.0023 28 
20 29 

Test Substance 23.384 
24 

22 1.5 
24 

25 1.2 1.05 0.9621 24 
22 26 

Test Substance 74 
27 

21 6.6 
26 

29 6.1 1.00 1.1222 25 
14 36 

Test Substance 233.84 
18 

19 2.6 
21 

23 2.0 0.90 0.8822 23 
17 25 

Test Substance 740 
24 

28 3.5 
22 

22 0.6 1.33 0.8528 23 
31 22 

Test Substance 2338.4 
23 

21 2.9 
21 

25 4.0 1.00 0.9623 29 
18 25 

Test Substance 7400 
19 

21 2.0 
29 

28 2.3 1.00 1.0823 25 
21 29 

Test Substance 23384 
26 

22 4.0 
31 

26 6.1 1.05 1.0022 19 .. 

18 27 

Test Substance 74000 
25 

24 4.6 
25 

30 5.0 1.14 1.1519 35 
28 29 

Daunomycin 6 
305 

309 9.6 - 14.71 -320 
302 

2-AA 10 -
2344 

2446 165.8 - 94.082637 
2356 

NIA = Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 
1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE 4A: REVERTANT COLONY COUNTS- TA 100 


Plate Incorporation Method - Main Test 

TAlOO 
Revertant Colonies per Plate 

Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* Counts Mean SD Counts Mean SD
lu!dolate) 

98 128 
Sterile Water NIA 99 !03 7.8 109 119 9.6 

112 121 
91 I JO 

Test Substance 23.384 95 98 9.5 97 106 8.1 
!09 112 
93 114 

Test Substance 74 87 91 3.2 108 109 4.6 
92 105 
81 97 

Test Substance 233.84 108 97 14.4 119 102 15.1 
103 90 
83 104 

Test Substance 740 93 89 5.1 118 108 8.7 
90 102 
94 91 

Test Substance 2338.4 95 98 6.7 95 94 3.1 
106 97 
102 96 

Test Substance 7400 92 96 5.5 103 99 3.5 
93 99 
103 103 

Test Substance 23384 94 97 5.5 109 107 3.2 
93 108 
97 90 

Test Substance 74000 95 100 7.0 106 101 9.5 
108 107 
509 

Sodium Azide 1.5 508 505 5.5 -
499 

2372 
2-AA 10 - 3010 2830 400.0 

3109 
NIA = Not applicable 

Mutation Factor 

-S9 +S9 

1.00 1.00 

0.95 0.89 

0.88 0.92 

0.94 0.86 

0.86 0.91 

0.95 0.79 

0.93 0.83 

0.94 0.90 

0.97 0.85 

4.90 -

- 23.78 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 

1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE 48: REVERTANT COLONY COUNTS- TA 100 


Pre-Incubation Method · Confirmatorv Test 

TAIOO Revertant Colonies oer Plate 
Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* Counts Mean SD Counts Mean SD 
(~tg/plate) 

106 120 
Sterile Water NIA 112 103 10.3 124 120 4.5 

92 115 
94 91 

Test Substance 23.384 85 89 4.7 104 98 6.5 
87 98 
80 105 

Test Substance 74 84 86 7.2 102 106 4.0 
94 110 
113 88 

Test Substance 233.84 90 96 14.6 114 104 14.0 
86 110 
108 117 

Test Substance 740 IOI IOI 7.0 105 110 6.1 
94 109 
87 93 

Test Substance 2338.4 100 94 6.6 80 92 I I. I 
95 102 
94 90 

Test Substance 7400 72 81 11.4 81 89 7.5 
78 96 
107 90 

Test Substance 23384 91 95 10.2 105 98 7.5 
88 99 
97 113 

Test Substance 74000 106 96 10.0 116 111 6.2 
86 104 

517 
Sodium Azide 1.5 535 524 9.5 -

521 
2426 

2-AA IO - 2607 2500 94.7 
2468 

Mutation Factor 

-S9 +S9 

1.00 1.00 

0.86 0.82 

0.83 0.88 

0.93 0.87 

0.98 0.92 

0.91 0.77 

0.79 0.74 

0.92 0.82 

0.93 0.93 

5.09 -

- 20.83 

NIA = Not appltcable 

*Test substance levels correspond to active component soy leghemoglobin concentrations of 

1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE SA: REVERTANT COLONY COUNTS- EC WP2 uvrA 

Plate lncorooration Method - Main Test 

E. Coli WP2 uvrA 
Revertant Colonies oer Plate 

Mutation Factor 
Without Activation (-S9) With Activation ( +S9) 

Treatment Dose* Counts Mean SD Counts Mean SD -S9 +S9
luQ/plate) 

37 60 
Sterile Water NIA 36 40 5.5 40 52 10.4 1.00 1.00 

46 55 
52 44 

Test Substance 23.384 42 43 8.1 37 40 3.5 1.08 0.77 
36 40 
29 34 

Test Substance 74 42 34 7.2 42 38 4.0 0.85 0.73 
30 39 
45 54 

Test Substance 233.84 33 42 7.6 55 53 2.6 1.05 1.02 
47 50 
47 52 

Test Substance 740 46 46 1.5 32 43 10.1 1.15 0.83 
44 44 
43 54 

Test Substance 2338.4 42 45 4.4 52 45 13.3 . 1.13 0.87 
50 30 
52 50 

Test Substance 7400 43 41 11.6 54 57 8.3 1.03 1.10 
29 66 
47 50 

Test Substance 23384 42 46 3.6 39 47 6.7 1.15 0.90 
49 51 
47 59 

Test Substance 74000 31 39 8.0 49 53 5.5 0.98 1.02 
40 50 
806 

MMS 2.5 810 812 7.8 - 20.30 -

821 
119 

2-AA 10 - 99 113 12.2 - 2.17 
121 

NIA~ Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 
1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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TABLE 58: REVERTANT COLONY COUNTS- EC WP2 uvrA 

Pre-Incubation Method - Confirmatory Test 

E. Coli WP2 uvrA 
Revertant Colonies per Plate 

Mutation Factor
Without Activation (-S9) With Activation ( +S9) 

Treatment 
Dose* Counts Mean SD Counts Mean SD -S9 +S9

(•1g/olate) 
30 46 

Sterile Water NIA 37 34 3.8 42 41 5.6 1.00 1.00 
36 35 
45 55 

Test Substance 23.384 32 40 7.0 42 47 7.2 1.18 1.15 
43 43 
20 49 

Test Substance 74 34 28 7.2 48 48 1.0 0.82 1.17 
30 47 
34 35 

Test Substance 233.84 48 41 7.0 40 37 2.6 1.21 0.90 
42 36 
31 53 

Test Substance 740 31 32 2.3 39 44 7.6 0.94 1.07 
35 41 
33 40 

Test Substance 2338.4 28 31 2.9 41 41 0.6 0.91 1.00 
33 41 
27 56 

Test Substance 7400 37 36 9.0 52 52 4.0 1.06 1.27 
45 48 
31 47 

Test Substance 23384 28 32 5.1 50 47 3.5 0.94 1.15 
38 43 
43 43 

Test Substance 74000 46 44 2.1 49 39 11.9 1.29 0.95 
42 26 
360 

MMS 2.5 357 373 25.2 - 10.97 -
402 

130 
2-AA 10 - 120 119 11.0 - 2.90 

108 
N/ A =Not applicable 

* Test substance levels correspond to active component soy leghemoglobin concentrations of 
1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 µg/plate 
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APPENDIX A: HISTORICAL CONTROL DATA1 

Plate Incornoration Method - Revertants Per Plate 

Strain Treatment Dose S9 Mean(u!!lolate) 
TAl535 Sodium Azide 1.5 " 618 
TA1537 !CR 191 Acridine I " 1136 

TA98 Daunomycin 6 " 938 
TAIOO Sodium Azide 1.5 " 600 
E. Coli MMS 2.5 " 634 

TA1535 2-AA 10 + 267 
TA1537 2-AA 10 + 280 

TA98 2-AA 10 + 2321 
TAIOO 2-AA 10 + 2377 
E. Coli 2-AA 10 + 125 

TA1535 Sterile Water NIA - 13 
TA1537 Sterile Water NIA - 12 

TA98 Sterile Water NIA - 28 
TAlOO Sterile Water NIA - 130 
E.Coli Sterile Water NIA - 45 

TA1535 Sterile Water NIA + 13 
TA1537 Sterile Water NIA + 15 

TA98 Sterile Water NIA + 29 
TAIOO Sterile Water NIA + 145 
E.coli Sterile Water NIA + 59 

SD Min Max 

91 359 1192 
1437 119 6388 
343 350 1500 
126 394 1003 
101 386 846 

86 85 636 
99 42 542 

971 83 3915 
806 976 4169 
30 63 196 

2 7 21 
4 6 25 
8 16 49 
16 104 155 
7 29 57 

1 9 20 
3 8 28 
5 18 40 
14 116 170 
13 31 81 

1 Historical Data maintained by PSL from 2015. 
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APPENDIX A (cont.): HISTORICAL CONTROL DATA1 

Pre-Incubation Method - Revertants Per Plate 

Strain Treatment 
Dose 

S9 Mean SD Min Max
(ug/olate) 

TA1535 Sodium Azide 1.5 - 622 71 478 831 
TA1537 !CR 19! Acridine 1 - 3227 1227 875 5700 

TA98 Daunomvcin 6 - 602 345 146 1227 
TAIOO Sodium Azide 1.5 - 539 166 !38 904 
E.Coli MMS 2.5 - 509 143 313 808 

TA1535 2-AA 10 + 293 64 64 391 
TA1537 2-AA 10 + 260 107 112 541 

TA98 2-AA 10 + 2384 938 506 3530 
TAlOO 2-AA 10 + 2388 583 1308 3620 
E.Coli 2-AA 10 + 128 29 60 188 

TA1535 Sterile Water NIA - 16 3 8 23 
TA1537 Sterile Water NIA - 14 5 5 23 

TA98 Sterile Water NIA - 29 7 14 46 
TAlOO Sterile Water NIA - 118 18 83 143 
E.Coli Sterile Water NIA - 46 10 30 67 

TA1535 Sterile Water NIA + 12 2 8 19 
TA1537 Sterile Water NIA + 14 5 6 26 

TA98 Sterile Water NIA + 35 7 23 50 
TAlOO Sterile Water NIA + 125 16 88 147 
E.Coli Sterile Water NIA + 53 9 36 76 

1 Historical Data maintained by PSL from 2015. 
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APPENDIX B: CERTIFICATE OF ANALYSIS 


Product Safety Labs 


CERTIFICATE OF ANALYSIS 


Product: Soy Leghemoglobin Preparation 

Lot#: PP-PGM2-16-015-IOI 

PSL Reference No.: 160809-30 

Date of Analysis: September I, 2016 

Result: 


Soy Leghemoglobin - 6.68% 


Approval: 

(b) (6)

David Sinning Date 
AnaJ}'lical ~rvices V 
Product Safe1y Labs 

Quality ASSwiuJCC 


Product Safety Labs 


This mat~rlal was anal}'t.ed b1 compliance wiJh Good Labt1ratory Practice (40 CFR 160) standard.Yo 
Data are reported in PSl GlP Study N11. 43970 

QA Release: 
Rht.lndu Krick. D.S. 

(b) (6)

PRODUCT SAFETY l.AB8 732...CJ8-51CO 
'15'@Produc1aaret,fab!l. t:Ol"23G-4USHlgtrway130 
Wlffl :1rcdilci~Myhlb$ cun•

Gayton, NJ oaato 
USA 
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1. Copy of the GLP Certificate 

Bayerisches landesamt tor 
Gesundheit und lebensmittelsicherheit 

GLP-Bescheinigung/Statement of GLP Compliance 
(gemaB/according to § 19b Abs. 1 Chemikaliengesetz) 

Eine GLP-lnspektion zur Oberwachung Assessment of conformity with GLP 
der Einhaltung der GLP-Grundsatze according to Chemikaliengesetz and 
gema~ Chemikaliengesetz bzw. Rlcht­ Directive 2004/9/EC at: 
llnie 2004/9/EG wurde durchgefiihrt in: 

~ Prufeinrichtung/Test facillty D Prufstandort/Test site 

EUROFINS 810PHARMA PRODUCT TESTING MUNICH GMBH 

BEHRINGSTRABE 6°8 


82152 PLANEGG 


(UnvO<Wethselbare Bezeidmtmg und AdresselUnequivocal name and address) 

Priifungen nach Kategorien/Areas of Expertise 
(gemall/acx:oollng ChemWN-GLP Nr. 5.3/0ECO QOldance) 


Kategorle 21 Category 2 

Kategorle 31 Category 3 

Kategorle 8/ Category 8 


Kategorie 9•/ Category 9* 

"Sonsliqe Prfifvnqen: •other tests: 
blologlsche und mlkroblo/oglsche blological an microbiological 
SicharhaitsprOfungan an Madi· safety evaluation on medical 
zinprodukten und Arzneimitteln; devices and pharmaceuticals; 
Auflragsarchiviarung contract archiving 

Datum der lnspeklion/Date of Inspection 
(Tag.Mona1.Jallr/clay.monlll.year) 

18. bis 19.03.2015 

Die/Der genannte Prufelnrichtun!l(PrUfstandort The above mentioned test facility/lest site is 
beflndet slch im nationalen GLP·Uberwachungs· included in the national GLP Compliance 
verlahren und wird regelma~g auf Einhaltung der Programme and is inspected on a regular basis. 
GLP-Grundsiitze uberwacht. 

Auf der Grundlage des lnspektionsberlchtes wird Base<! on lhe inspection report it can be confirmed, 
hiermil besliitigt, dass in dieser Prufelnrichtung/ that this test faclllty/test site Is able to conduct the 
dlesem PrOfstandort die oben genannlen PrUf· aforementioned studies in compliance wtth the 
ungen unter Einhaltung der GLP-Grundsiitze Principles of GLP. 

(b) (6)
durchgefuhrt werden konnen. 

GLP- Landesleitstelle Bayern 
Bayerisches Landesamt fur Gesundheit 
und Lebensmittelslcherheit 
Ralhausgasse 4 
91126 Schwabach 
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4. Preface 

4.1. 
Art. Artikel (article) 

ATCC American Type Culture Collection 

BGBI. Bundesgesetzblatt (Federal Law Gazette) 

BrdU 5-bromo-2-deoxyuridine 

bw bodyweight 

CA chromosome aberration 

CPA cyclophosphamide 

DNA desoxyribonucleic acid 

e.g. exempli gratia (for example) 

EC European Commission 

EMS ethylmethanesulfonate 

EPA Environmental Protection Agency 

FBS fetal bovine serum 

GLP Good Laboratory Practice 

GmbH Gesellschaft mil beschrankter Haftung (company with limited liability) 

i.e. id est (that is) 

KCI potassium chloride 

NADP nicotinamide adenine di-phosphate 

No. number 

OECD Organisation for Economic Cooperation and Development 

PBS phosphate buffered saline 

PHA-L phytohemagglutinin-L 

QA Quality Assurance 

QAU Quality Assurance Unit 

RPMI Roswell Park Memorial Institute medium 

S9 microsomal fraction of rat liver homogenate 

SOPs Standard Operating Procedures 

vlv volume per volume 

The following abbreviations are used in the tables with structural chromosomal aberrations: 

Abbreviations 

g I ig gap/ iso-gap; gaps are achromatic lesions of chromatid or chromosome type 
where no dislocation of chromosomal material is visible (independent of the size 
of the achromatic region). 

b I ib break I iso-break 

fl if fragment I iso-fragment 

d I id deletion I iso-deletion 

ma multiple aberration is defined as a metaphase containing more than 4 events 
[excluding gaps]; only exchanges are recorded additionally in these cells 

ex chromatid type exchange 

ex chromosome type exchange 

cd chromosomal disintegration (pulverisation) 
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4.2. General 

Sponsor: 
 Impossible Foods Incorporated 
525 Chesapeake Drive 
Redwood City 
California 94063 
USA 

Study Monitor: 
 Dr. Rachel Fraser 

Test Facility: 
 Eurofins BioPharma 
Product Testing Munich GmbH 
Behringstral\e 6/8 
82152 Planegg 
Germany 

Eurofins Munich Study No.: 
 160931 

Test Item: 
 Soy Leghemoglobin Preparation 

Title: 
 In vitro Mammalian Chromosome Aberration Test in Human 
Lymphocytes with Soy Leghemoglobin Preparation 

4.3. Project Staff 

Study Director: Christine Tiessen 

Management: Dr. Angela Lutterbach 
Dr. Katrin Witschital 
Jure Kapetan 

Head of GLP 

Quality Assurance Unit: 
 Dipl.-Biol. Carolin Schmidt 

4.4. Schedule 

Arrival of the Test Item: 
 11 February 2016 
Study Initiation Date: 
 08 March 2016 
Date of 1 " Amendment 

to Study Plan: 
 21 March 2016 
Date of 2"' Amendment 

to Study Plan: 
 04 May 2016 
Experimental Starting Date: 
 02 March 2016 
Experimental Completion Date: 
 19 May 2016 
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5. Quality Assurance 

5.1. GLP Compliance 

This study was conducted to comply with: 

Chemikaliengesetz ("Chemicals Act") of the Federal Republic of Germany, Appendix 1 to § 19a as 
amended and promulgated on August 28, 2013 (BGBI. I S. 3498) [1 ]. 

Konsens-Dokument der Bund-Lander-Arbeitsgruppe Gute Laborpraxis ("Consensus Document of 
the National and Lander Working Party on Good Laboratory Practice") on the archiving and storage 
of records and materials, 5 May 1998 [2]. 

OECD Principles of Good Laboratory Practice (as revised in 1997); OECD Environmental Health 
and Safety Publications; Series on Principles of Good Laboratory Practice and Compliance 
Monitoring - Number 1. Environment Directorate, Organisation for Economic Co-operation and 
Development, Paris 1998 [3]. 

The OECD Principles of Good Laboratory Practice are accepted by regulatory authorities throughout 
the European Community, USA and Japan. 

This study was assessed for compliance with the study plan and the Standard Operating Procedures 
of Eurofins Munich. The study and/or the test facility are inspected periodically by the Quality 
Assurance Unit according to the corresponding SOPs. These inspections and audits are carried out 
by the Quality Assurance Unit, personnel independent of staff involved in the study. A signed quality 
assurance statement, listing all performed audits, is included in the report. 

5.2. Guidelines 

This study followed the procedures indicated by internal Eurofins Munich SOPs and the following 
internationally accepted guidelines and recommendations: 

Ninth Addendum to OECD Guidelines for Testing of Chemicals, Section 4, No. 473, ,,In vitro 
Mammalian Chromosome Aberration Test", adopted 26 September, 2014 [4]. 

Commission Regulation (EC) No. 440/2008 B.1 O: "Mutagenicity - In vitro Mammalian Chromosome 
Aberration Test", dated May 30, 2008 [5]. 

5.3. Archiving 

For a period of 15 years (or shorter if in compliance with the GLP regulations) Eurofins Munich will 
store the records, materials and specimens in their scientific archives according to the GLP 
regulations. 

The following records have to be stored according to the GLP regulations: 

A copy of the final report, the study plan and documentation of all raw data generated during the 
conduct of the study (documentation forms as well as any other notes of raw data, printouts of 
instruments and computers) and the correspondence with the sponsor concerning the study. Any 
document relating to the study will be discarded only with the prior consent of the sponsor. 

The following materials and samples have to be stored according to the period of time specified in 
the GLP regulations: 

A retained sample of the test item will be archived according to the GLP regulations, if possible, and 
will be discarded without the sponsor's prior consent. 

Other materials and specimens have to be stored according to the GLP regulations and disposed of 
after the respective archiving period with the sponsor's prior consent. 

Unless otherwise agreed in writing, the remaining test item will be discarded three months after the 
release of the report. 
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6. Statement of Compliance 

Eurofins Munich Study No.: 160931 

Test Item: Soy Leghemoglobin Preparation 

Title: In vitro Mammalian Chromosome Aberration Test in Human 
Lymphocytes with Soy Leghemoglobin Preparation 

Study Director: Christine Tiessen 

This study performed in the test facility Eurofins Munich was conducted in compliance with Good 
Laboratory Practice Regulations: 

Chemikaliengesetz ("Chemicals Act") of the Federal Republic of Germany, Appendix 1 to § 19a as 
amended and promulgated on August28, 2013 (BGBI. l S. 3498) [1}. 

Konsens-Dokument der Bund-Lander-Arbeitsgruppe Gute Laborpraxis ("Consensus Document of 
the National and Lander Working Party on Good Laboratory Practice") on the archiving and storage 
of records and materials, 5 May 1998 [2]. 

"OECD Principles of Good Laboratory Practice (as revised in 1997Y, Paris 1998 [3]. 

There were no circumstances that may have affected the quality or integrity of the study. 

Study Director: Christine Tiessen 
(b) (6)

This statement does not include the solubility test. 

923 



Phase of 
QAU Inspection 

Date of 
QAU Inspection 

Date of 
Reporting to the

Study Director and 
Management 

Audit Final Study Plan: 08 March 2016 08 March 2016 

Audit 151 Amendment 
to Study Plan: 


21 March 2016 ---------------Audit 2nd Amendment 

to Study Plan: 

04 May 2016 --------------Audit Experimental Phase 
(process*based): 

30 August 2016 30 August 2016

Audit Final Report: 2 4 FEB 2017 2 4 FEB 2017 

Report, Eurofins Munjch Study No. 160931 page 10 of 42 
Version: Final 

7. Statement of the Quality Assurance Unit 

Eurofins Munich Study No.: 160931 

Test Item: Soy Leghemoglobin Preparation 

Title: In vftro Mammalian Chromosome Aberration Test in Human 
Lymphocytes with Soy Leghemoglobin Preparation 

Study Director: Christine Tiessen 

This report and the conduct of this study were inspected by the Quality Assurance Unit on the 
following dates: 

This report reflects the raw data. 


Member of the 

Quality Assurance Unit: 


Print Name: 

Date: ............. Ql.... f.:.\Q.\.....i.OJ.J:....... 


(b) (6)

Katrin Seidel 

This statement does not include the solubility test. 
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8. Summary 

8.1. Summary Results 

A chromosome aberration assay was carried out in order to investigate a possible potential of Soy 
Leghemoglobin Preparation to induce structural chromosome aberrations in human lymphocytes. 

The metaphases were prepared 24 h after start of treatment with the test item. The treatment 
interval was 4 h without and with metabolic activation (experiment I) and 24 h without metabolic 
activation (experiment II). Duplicate cultures were set up. Per culture 150 metaphases were scored 
for structural chromosomal aberrations (for exceptions see Tables). 

The following concentrations of Soy Leghemoglobin (active ingredient) were evaluated: 

Experiment I 

Without and with metabolic activation, 4 h treatment, 24 h preparation interval: 

500, 1000, 2500 and 5000 µg/ml 

Experiment II 

Without metabolic activation, 24 h treatment, 24 h preparation interval: 

100, 200, 500 and 1000 µg/ml 

In experiment I and II, precipitation was not observed after treatment of the lymphocytes with the 
different test item concentrations. However, the test item itself showed a dark-red colouring 

In Experiment II, precipitation occurred in the concentrations 500 µg/ml and higher during the 
fixation of the cells. In contrast to experiment I, in the experiment with long-term treatment the test 
item is not removed by repeated washing steps, as the treatment period is stopped by the fixation 
step directly. When the cells were spread on the object slides the precipitation appeared as a 
greenish lacquer coat, visible by eye and with the aid of an inverted microscope. The evaluation of 
aberration rates was not affected. 

In experiment I without metabolic activation, toxic effects (decrease below 70% rel. mitotic index) 
were seen at concentrations of 1000 µg/ml (69%), 2500 µg/ml (56%) and 5000 µg/ml (54%) (Table 
5). In experiment I with metabolic activation no toxic effects (decrease below 70% rel. mitotic index) 
were observed. 

In experiment II without metabolic activation, toxic effects regarding the mitotic index were noted in 
the concentrations 500 µg/ml (69%), 1000 µg/ml (53%), 2000 µg/ml (26%), 3000 µg/mL (13%), 
4000 µg/ml (38%) and 5000 µg/ml (42%) (Table 7). However, only concentrations up to 1000 µg/ml 
were evaluated for chromosomal aberrations, as precipitation was noted from concentrations of 
500 µg/ml and higher. 

In experiment I, no biologically relevant decreases of the proliferation index was observed. In 
experiment II, a concentration-dependent cell cycle delay was detected. As cytotoxicity was 
determined at the evaluated concentrations without any increase in chromosome aberrations, the 
cell cycle delay seemed to be cytotoxicity related. 

In experiment I without metabolic activation, aberration rates of 500 µg/ml (4.0%), 1000 µg/ml 
(4.3%) and 2500 µg/ml (4.0%) evaluated are slightly increased above the historical control range of 
0-3% (Table 15). However, as the negative control with 3.3% is slightly above the control data, which 
indicates a raise of the basic level of chromosome aberrations, these effects are regarded as not 
biologically relevant. Moreover, this statement is in line with the result of the highest tested 
concentration of 5000 µg/ml (1.7%), which is within the historical control data. Reduced clastogenic 
effects due to cytotoxicity in the highest test item concentration of 5000 µg/ml (rel. mitotic index 
54%) can be excluded as for the lower concentration of 2500 µg/ml a similar mitotic index was 
determined (rel. mitotic index 56%). The variation observed in the two highest concentrations (3.7% 
aberrant cells at 2500 µg/mL and 1.7% aberrant cells at 5000 µg/ml) is most likely due to the 
variability observed regularly in a biological test system. Additionally, neither a concentration 

925 



Report, Eurofins Munich Study No. 160931 page 12 of 42 
Version: Final 

dependent increase towards higher aberration rates nor a statistically significance was observed. In 
conclusion, in experiment I without metabolic activation, the test item Soy Leghemoglobin 
Preparation did not induce structural chromosomal aberrations in human lymphocytes. 

In experiment I with metabolic activation, the negative control is with 3.7% chromosomal aberrations 
within the range of the historical negative control data (0-3.7%) (Table 15). The lowest concentration 
evaluated (1000 µg/mL) is slightly above the control range with 4.3% of chromosomal aberrations 
(Table 6). However, as the negative control is at the upper limit of the historical control data and test 
item concentrations 2500 µg/mL (2.0%) and 5000 µg/mL (2.7%) are within the control data and no 
dose dependent increase or a trend towards higher aberration rates is obvious, this effect is 
regarded as not biologically relevant. 

In experiment II, no biologically relevant increase of the aberration rates was noted after treatment 
with the test item without metabolic activation (Table 8). The aberration rates of all dose groups 
treated with the test item were within the historical control data of the negative control (Table 16). 

In the experiments I and JI without and with metabolic activation, no biologically relevant increase in 
the frequencies of polyploid cells was found after treatment with the test item as compared to the 
controls. 

The x' Test for trend was performed to test whether there is a concentration-related increase in 
chromosomal aberrations. No statistically significant increase was observed in all experimental 
conditions. 

EMS (400 and 900 µg/mL) and CPA (7.5 µg/mL) were used as positive controls and induced distinct 
and biologically relevant increases in cells with structural chromosomal aberrations, thus proving the 
efficiency of the test system to indicate potential clastogenic effects. 
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Table 1: Summary: Experiment I, without and with metabolic activation 

Mean% Historical 

Dose Concentration 
Relative 

Proliferation Aberrant Cells Laboratory 

Group lµg/mL] Mitotic 
Index 

Negative 
Index [o/o] 

incl. excl. 
Control 

Gaps Gaps 
Range 

c 0 100 1.16 5.7 3.3 

without 2 500 86 I 6.0 4.0 
4 h treatment, 3 1000 69 I 7.3 4.3 0.0%- 3.0% 

24 h aberrant 

preparation 4 2500 56 I 6.0 4.0 cells 

interval 5 5000 54 1.09 6.7 1.7 

EMS 900 63 I 18.5 16.0 

c 0 100 1.12 7.7 3.7 
with 

3 1000 111 I 7.3 4.34 h treatment, 0.0%- 3.7% 

24 h 4 2500 83 I 5.0 2.0 aberrant 

preparation 
interval 

5 5000 105 1.07 5.0 2.7 
cells 

CPA 7.5 88 I 18.5 15.5 

Precipi-
Statistical 

tationa Signif~ 
cance 

- -
- -

-
-
-
- + 

- -
- -
- -

-
- + 

..
Less than 300 cells were evaluated for chromosome aberration of the pos1t1ve controls EMS (200 cells) and CPA 
(200 cells) 

The mitotic index was determined in 1000 cells per culture of each test group. 

The relative values of the mitotic index are related to the negative controls. 


C: Negative Control (Culture Medium) 
EMS: Ethylmethanesulfonate 
a: 	 - without precipitation. +with precipitation 
b: 	 statistical significant increase compared to negative controls (Fisher's exact test, p< 0.05), 

+: significant; -not significant 

Table 2: Summary: Experiment II, without metabolic activation 

Mean% Historical 

Dose Concentration 
Relative 

Proliferation Aberrant Cells Laboratory 

Group [µg/mL] Mitotic 
Index 

Negative 
Index[%] 

incl. excl. 
Control 

Gaps Gaas 
Range 

c 0 100 1.56 4.3 2.3 
without 1 100 87 I 6.0 2.724 h 

treatment, 2 200 95 I 6.7 3.3 0.0%-4.2% 

24 h 
aberrant 

3 500 69 1.23 3.3 2.0 cells 
preparation 

4 1000 53 1.12 3.3 2.0interval 

EMS 400 48 I 57.3 54.7 
..

Less than 300 cells were evaluated for chromosome aberration of the pos1t1ve control EMS (75 cells) 

Precipi­
tationa 

-
-

+ 

+ 

-

Statistical 
Sign if~ 
cance 

-
-
-
-
-
+ 

The mitotic index was determined in 1000 cells per culture of each test group. 
The relative values of the mitotic index are related to the negative controls. 

C: Negative Control (Culture Medium) 
CPA: Cyclophosphamide 
a: 	 - without precipitation. +with precipitation during the preparation of the cells 
b: 	 statistical significant increase compared to negative controls (Fishers exact test, p< 0.05), 

+: significant; -not significant 
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8.2. Conclusion 

In conclusion, it can be stated that during the described in vitro chromosomal aberration test and 
under the experimental conditions reported, the test item Soy Leghemoglobin Preparation did not 
induce structural chromosomal aberrations in human lymphocyte cells. 

Therefore, Soy Leghemoglobin Preparation is considered to be non-clastogenic in this chromosome 
aberration test. 
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9. Introduction 

9.1. Aim of the Study 

The purpose of the in vitro chromosome aberration (CA) test is to identify agents that cause 
structural chromosome aberrations in stimulated cultured human lymphocytes. 

Chromosome aberration assays aim to detect the induction of chromosome breakage 
(clastogenesis). Although substances produce structural chromosome aberrations by a variety of 
mechanisms, the endpoint is a discontinuity in the chromosomal DNA which is left unrejoined, or 
rejoined inaccurately to produce a mutated chromosome. Many of these changes will be lethal to the 
cell during the first few cell cycles after their induction but are used as indicators of the presence of 
non-lethal changes such as reciprocal translocations, inversions and small deletions. These more 
subtle changes may have important consequences in both germ and somatic cells. Chromosomal 
mutations and related events are the cause of many human genetic diseases and there is 
substantial evidence that these changes including oncogenes and tumor suppressor genes are 
involved in cancer in humans and experimental systems. CAs are generally evaluated in first post 
treatment mitosis. 

Short-term cultures of peripheral blood lymphocytes are stimulated to divide by the addition of a 
mitogen (e.g. phytohemagglutinin: PHA) to the culture medium. Mitotic activity begins at about 40 h 
after PHA stimulation and reaches a maximum at around 3 days. The chromosome constitution 
remains diploid during short-term culture. 

Treatments should commence at around 48 h after culture initiation when the cells are actively 
proliferating and should be sampled first at about 24 h later (1 - 1.5 fold of the normal cell cycle 
time), i.e. at 72 h after culture initiation (the cycle time of lymphocytes, except first cycle averages 
about 11 - 17 h). The cell cycle of the actual lymphocyte cultures is monitored using a BrdU-labeling 
technique. If toxicity occurs or cell cycle delay is indicated an additional sampling time should be 
used at about 24 h after the first fixation (e.g. 48 h after beginning of treatment or 96 h after culture 
initiation). 

For soluble, non-toxic test items the highest concentration should correspond to 2 mg/ml, 2 µUml 
or 10 mM, whichever is the lowest. When the test chemical is not of defined composition, e.g. 
substance of unknown or variable composition, the top concentration may need to be higher (e.g. 
5 mg/ml) in the absence of sufficient cytotoxicity. If the highest concentration is based on 
cytotoxicity the highest concentration chosen for evaluation should show a reduction of the mitotic 
index to 45 ± 5%. The lowest concentration should be in the range of the negative control. 

At least three concentrations of the test item with concentration intervals of approximately 2 to 3 fold 
should be used at fixation time of 24 h. 

Though the purpose of the assay is to detect struclural chromosome aberrations, it is important to 
report polyploidy and/or endoreduplication when this is seen. 

Reference mutagens are tested concurrently with the test item in order to demonstrate the sensitivity 
of the test system. 

The assay is considered as acceptable, when all three experimental conditions are conducted: short 
term treatment without and with metabolic activation and long term treatment without metabolic 
activation. There is no requirement for verification of a clearly negative or positive result. In case the 
response is neither clearly negative nor clearly positive or in order to assist in establishing the 
biological relevance of a result, the data should be evaluated by expert judgement and I or further 
investigations. Scoring additional cells or performing a repeat experiment could be useful. 
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9.2. Justification for the Selection of the Test System 

The OECD Guideline for Testing of Chemicals Section 4, No 473 - "In Vitro Mammalian 
Chromosome Aberration Test" [4] adopted 26 September, 2014 - recommends using a variety of 
cell lines or primary cell cultures (e.g. Chinese hamster fibroblasts, human or other mammalian 
peripheral blood lymphocytes). 

9.3. Justification for the Selection of the Test Method 

Ninth Addendum to OECD Guidelines for Testing of Chemicals, Section 4, No. 473 "In vitro 
Mammalian Chromosome Aberration Test" (4], adopted 26 September, 2014 - recommends the 
treatment of proliferating cells in the presence and absence of a metabolic activation system. 
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10. Materials and Methods 

10.1. Characterisation of the Test Item 

The identity of the test item was inspected upon delivery at the test facility (e.g. test item name, 
batch no. and additional data were compared with the label) based on the following specifications 
provided by the sponsor. 

Name: Soy Leghemoglobin Preparation 

Composition 6.74% Soy Leghemoglobin (active ingredient)' 

8.11 % other (inactive ingredient) 

Batch No.: 16·015-101 

Molecular Weight: no data 

Physical State: liquid 

Colour: clear reddish brown 

pH Value: 6.5-8.5 

Active Component: 6.74% Soy Leghemoglobin 

Purity: no data 

Expiry Date: not applicable 

Storage Conditions: -20 to -80 °C 

Safety Precautions: The routine hygienic procedures will be sufficient to assure 
personnel health and safety. 

10.2. Preparation of the Test Item 

A solubility test was performed with different solvents and vehicles up to 5 mg/ml. According to the 
results of the solubility test the test item was dissolved in cell culture medium. To correct for 100% 
active ingredient (Soy Leghemoglobin), a factor of 14.837 was applied, based on the original value 
of 6.74% Soy Leghemoglobin provided by Impossible Foods1

, to reach the highest tested 
concentration of 5 mg/ml Soy Leghemoglobin. From this maximum concentration, separate dosing 
solutions were prepared prior to treatment by serial dilution and added to the cells. Therefore, all the 
dose concentrations refer to the concentration of the active ingredient. The treatment medium was 
compatible with the survival of the cells and the S9 activity. 

10.3. Controls 

Negative as well as positive controls were included in each experiment. 

Negative Controls 

Negative controls (treatment medium) were treated the same way as all dose groups. 

1 A GLP Certificate of Analysis was prepared by PSL (from PSL study numbers 43970 for the active ingredient) and gave a Percent Soy 
Leghemoglobin of6.68%. This is within an acceptable margin of error of the analytical measurement. The original value provided by Impossible · 
Foods was used to calculate study doses. 
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Positive Controls 

Without metabolic activation 

Name EMS; ethylmethanesulfonate 
CAS No 62-50-0 
Supplier Sigma 
Catalogue No. M 0880 
Lot No. BCBQ0451V 
Dissolved in nutrient medium 
Final concentrations 400 and 900 µg/mL 

The stability of the positive control substance in solution is proven by the mutagenic response in the 
expected range. The solution was prepared on the day of experiment. 

Given that a high amount of historical control data was established at Eurofins Munich with EMS this 
substance was used instead of MMS (OECD Guideline for Testing of Chemicals No. 473 [4]) as 
positive control. 

With metabolic activation 

Name CPA; cyclophosphamide 
CAS No 50-18-0 
Supplier Sigma 
Catalogue No. C0768 
Lot No. SLBG4216 
Dissolved in nutrient medium 
Final concentration 7.5 µg/mL 

CPA displays a good stability at room temperature. At 25 °C only 3.5% of its potency is lost after 
24 h [1 OJ. The solution was aliquoted and stored at;; -15 °C. However the stability of CPA in solution 
was proven by the clastogenic response in the expected range. 

10.4. Test System 

10.4.1. Blood Collection 

Human peripheral blood lymphocytes from healthy and non-smoking donors with no known recent 
exposure to genotoxic chemicals and radiation were used to examine the ability of chemicals to 
induce cytogenetic damage and thus to identify potential carcinogens or mutagens in vitro. For this 
study (in each experiment) blood was collected only from a single donor to reduce inter-individual 
variability. 

Blood samples were drawn by venous puncture and collected in heparinized tubes. Before use the 
blood was stored under sterile conditions at 4 °C for a maximum of 4 h. Whole blood samples 
treated with an anti-coagulant (e. g. heparin) were pre-cultured in the presence of mitogen (phyto­
haematogglutinin, PHA). 
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10.4.2. Culture Medium 

Complete Culture Medium 

RPMI 1640 medium supplemented with: 

15 % fetal bovine serum (FBS) 
100U/100 µg/mL penicillin/streptomycin solution 

0.24 g/mL PHA-L 

Also used for the long-term treatment and the post incubation. 

Treatment Medium (short-term exposure) 

Complete culture medium without FBS. 

All incubations were done at 37 °C in humidified atmosphere with 5% co,. 

10.4.3. Mammalian Microsomal Fraction S9 Homogenate 

An advantage of using in vitro cell cultures is the accurate control of the concentration and exposure 
time of cells to the test item under study. However, due to the limited capacity of cells growing in 
vitro for metabolic activation of potential mutagens an exogenous metabolic activation system is 
necessary. Many substances only develop mutagenic potential when they are metabolized by the 
mammalian organism. Metabolic activation of substances can be achieved by supplementing the cell 
cultures with liver microsome preparations (S9 mix). 

The S9 liver microsomal fraction was obtained from Trinova Biochem GmbH, Giessen, Germany. 
Male Sprague Dawley rats were induced with phenobarbital I ~-naphthofiavone. 

The following quality control determinations were performed by Trinova Biochem GmbH: 
a) Alkoxyresorufin-0-dealkylase activities 
b) Test for the presence of adventitious agents 
c) Promutagen activation (including biological activity in the Salmonella typhimurium 

assay using 2-aminoanthracene and benzo[a]pyrene) 

The following additional quality control determinations were performed by Eurofins Munich: 

Biological activity in: 
the mouse lymphoma assay using benzo[a]pyrene 
the HPRT assay using 7,12-dimethylbenz[a]anthracene 
the chromosome aberration assay using cyclophosphamide 

A stock of the supernatant containing the microsomes was frozen in aliquots of 5 ml and stored at ,; 
-75 °c. 
The protein concentration in the S9 preparation (Lot: 3513) was 42 mg/ml. 

10.4.4. 59 Mix 

An appropriate quantity of the S9 supernatant was thawed and mixed with S9 cofactor solution to 
result in a final protein concentration of 0.75 mg/ml in the cultures. The final percentage of S9 mix in 
cell culture medium is 5% v/v. 

Cofactors were added to the S9 mix to reach the concentrations below: 

8 mM MgCl2 
33 mM KCI 

5 mM Glucose-6-phosphate 
5 mM NADP 

in 100 mM sodium-phosphate-buffer pH 7.4. During the experiment the S9 mix was stored on ice. 
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10.5. Experimental Design 

10.5.1. Culture Initiation 

In the culture vessels 500 µL heparinized whole blood were added to 4.5 ml completed culture 
medium 

10.5.2. Pre-Experiment for Toxicity 

According to the relevant guidelines the highest recommended dose is 5000 µg/mL. The highest 
dose group evaluated in the pre-experiment was 5000 µg/mL Soy Leghemoglobin (active 
ingredient). 

The following concentrations of Soy Leghemoglobin (active ingredient) were tested without and 
with S9 mix: 

10, 50, 100, 250, 500, 1000, 2000, 3000, 4000 and 5000 µg/mL 

10.5.3. Exposure Concentrations 

On the basis of the data and the observations from the pre-experiment and taking into account the 
recommendations of the guidelines, the following concentrations were selected for the main 
experiments I and II 

The dose group selection for microscopic analyses of chromosomal aberrations was based in 
accordance with the recommendations of the guidelines. 

Table 3: Exposure concentrations 

S9 Exp. Prep. 
Concentrations in µg/ml 

Mix interval interval 

Experiment I 

- 4h 24 h 200 500 1000 2500 5000 

+ 4h 24 h 200 500 1000 2500 5000 

Experiment II 

- 24 h 24 h 100 200 I I 500 (P) I1ooo (P) I2000 (P) I3000 (P) I4000 (Pl Isooo (Pl 

Evaluated experimental points are shown in bold letters 
P Precipitation was observed during preparation of the cells 

10.6. Experimental Performance 

10.6.1. Treatment 

Experiment I 

Short-term exposure 4 h (without and with 59 mix) 

After 48 h the culture medium was replaced with serum-free medium containing the test item 
(without metabolic activation) and serum-free medium containing the test item with 50 µL/mL S9 
mix (with metabolic activation). After 4 h the cells were spun down by gentle centrifugation for 
10 min. The supernatant with the dissolved test item was discarded and the cells were resuspended 
in PBS. The washing procedure was repeated once as described. After washing, the cells were 
resuspended in complete cell culture medium (10.4.2 Culture Medium). The cells were prepared 
24 h after the beginning of the treatment. 
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Experiment II 

Long-term exposure 24 h (without S9 mix): 

After 48 h the culture medium was replaced with complete medium (with 15% FBS) containing the 
test item without S9 mix. The treated cells were prepared at the end of the treatment. 

10.6.2. Preparation of the Cultures 

At least 2 h before harvesting, colcemid was added to the cultures (final concentration 0.2 µg/ml). 
The cultures were harvested by centrifugation 24 h after beginning of treatment. The supernatant 
was discarded and the cells were resuspended in approximately 5 ml hypotonic solution (0.4% KCI). 
The cell suspension was incubated at room temperature for 20 min. After removal of the hypotonic 
solution by centrifugation the cells were fixed with 3+1 methanol + glacial acetic acid. The fixation 
procedure was repeated twice. Slides were prepared by dropping the cell suspension onto a clean 
microscopic slide. The cells were stained with giemsa and according to the Fluorescent plus Giemsa 
technique, respectively. The slides were coverslipped using 2-3 drops of Eukitt(Ri. Afterwards they 
were air dried. 

10.6.3. Proliferation Index 

The negative control and the highest dose groups evaluated were treated in the presence of BrdU, 
parallel to the treatment groups, to reassure the proliferation index and/or replication time of the 
cultured lymphocytes. The proliferation index was determined by scoring the number of first, second 
and third metaphases in 100 cells per culture. The proliferation index (Pl) was calculated at time 
point of preparation as: 

Pl= __1_(_'1c_o_ce_l_ls_i_n_M_1_)_+_2_(_'1c_o_ce1,,,ls,...i_n_M_2_)_+_3_(_'1c_o_c_el_ls_i_n_M_3_)__ 
7
100 

with 

M1: first mitosis, 

M2: second mitosis, 

M3: third mitosis 

initiating at the start of exposure. 


10.6.4. Analysis of Metaphase Cells 

All slides, including those of positive and negative controls were independently coded before 
microscopic analysis. Evaluation of the cultures was performed (according to standard protocol of 
the "Arbeitsgruppe der lndustrie, Cytogenetik" [11]) using microscopes with 100x oil immersion 
objectives. As structural chromosomal aberrations breaks, fragments, deletions, exchanges and 
chromosomal disintegrations were recorded. Gaps were recorded as well but not included in the 
calculation of the aberration rates. The definition of a gap was as follows: an achromatic region 
(occurring in one or both chromatids) independent of its width. The remaining visible chromosome 
regions should not be dislocated neither longitudinally nor laterally. At least, if available, 300 well 
spread metaphases per concentration and validity controls were scored for cytogenetic damage. 
Metaphases with 46±2 centromeres regions were included in the analysis. 

To describe a cytotoxic effect the mitotic index (% cells in mitosis; by counting the number of mitotic 
cells in 1000 cells) was determined (Table 5, Table 7). Additionally the number of polyploid cells was 
scored. Polyploid means a near tetraploid karyotype in the case of this aneuploid cell line. 
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10.7. Data Recording 

The data generated were recorded in the raw data file. The results are presented in tables, including 
experimental groups with the test item, negative and positive controls. The experimental unit was the 
cell and therefore, the percentage of cells with structural aberration was evaluated. Different types of 
chromosome aberrations are listed with their numbers of frequencies for experimental and control 
groups. Gaps were recorded separately and reported but generally not included in the aberration 
frequency. Concurrent measurements of cytotoxicity were also recorded. 

10.8. Acceptability of the Assay 

The chromosomal aberration assay is considered acceptable if it meets the following criteria: 

the number of aberration found in the negative and/or solvent controls falls within the range of 
historical laboratory control data I is considered acceptable for addition to the laboratory 
historical negative control database. 

concurrent positive controls should induce responses that are compatible with those generated 
in the historical positive control data base and produce a statistically significant increase 
compared with the concurrent negative control 

the proliferation criteria in the solvent control should be similar to the corresponding negative 
control (where applicable) 

All three experimental conditions were tested unless one resulted in positive results 

Adequate number of cells and concentrations are analyzable 
The criteria for the selection of top concentration are consistent with those described earlier (10.5.3) 

10.9. Evaluation of Results 

Providing that all acceptability criteria are fulfilled, a test chemical is considered to be clearly positive 
if, in any of the experimental conditions examined: 

a) at least one of the test concentrations exhibits a statistically significant increase compared with 
the concurrent negative control, 

b) the increase is dose-related when evaluated with an appropriate trend test, 

c) any of the results are outside the distribution of the historical negative control data 

When all of these criteria are met, the test chemical is then considered able to induce chromosomal 
aberrations in cultured mammalian cells in this test system. 

Providing that all acceptability criteria are fulfilled, a test chemical is considered clearly negative if, in 
all experimental conditions examined 

a) none of the test concentrations exhibits a statistically significant increase compared with the 
concurrent negative control, 

b) there is no concentration-related increase when evaluated with an appropriate trend test, 

c) all results are inside the distribution of the historical negative control data. 

The test chemical is then considered unable to induce chromosomal aberrations in cultured human 
peripheral blood lymphocyte cells in this test system. 
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11. Deviations from the Study Plan 

There were the following deviations from the study plan: 

• Concerning: 

1. Project Staff Signatures (study plan, p. 2) and 4.3 Project Staff (study plan, p. 6) 

Study Plan: 

Study Director Dr. Hana Hofman-Hother 

Report: 

Study Director Christine Tiessen 

Reason: 

Project handover 

• Concerning: 

Test item name (study plan, p. 1) 

Study Plan: 

Leghemoglobin 

Report: 

Soy Leghemoglobin Preparation 

Reason: 

Sponsor's request 

• Concerning: 

7.1 Characterisation of the Test Item (study plan, p.11) 

Study Plan: 

Active Component: 6.74% Leghemoglobin 

Report: 

Active Component: 6.74% Soy Leghemoglobin 

Reason: 

Sponsor's request 

These deviations did not influence the quality or integrity of the present study. 
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12. Results and Discussion 

12.1. Results 

12.1.1. Pre-Experimentfor Toxicity 

According to the guidelines the highest recommended concentration was 5000 µg/ml Soy 
Leghemoglobin (active ingredient). The test item was dissolved in cell culture medium. No 
precipitation of the test item was noted. However, the colouring of the test item itself was dark-red. 
The highest concentration evaluated in the pre-experiment was 5000 µg/ml. The relative mitotic 
index was used as the parameter for evaluating toxicity. The concentrations evaluated in the main 
experiment are based on the results obtained in the pre-experiment (Table 4). 

Table4: Test for Cytotoxicity 

Mitotic Index 
Dose Concentration 

relative
Group [)Jg/ml] 

[%] 

without metabolic activation 

c 0 28.5 100 
1 10 37.5 132 
2 50 25 88 
3 100 29 102 
4 250 27 95 
5 500 30.5 107 
6 1000 29.5 104 
7 2000 25 88 
8 3000 20 70 
9 4000 25 88 

10 5000 25.5 89 

with metabolic activation 

c 0 52.5 100 
1 10 45.5 87 
2 50 54.5 104 
3 100 44.5 85 
4 250 51 97 
5 500 37 70 
6 1000 48 91 
7 2000 26 50 
8 3000 41 78 
9 4000 35.5 68 

10 5000 36 69 

The mitotic index was determined in 1000 cells per culture of each test group. 
The relative values of the mitotic index are related to the negativ control. 

C: Control 

938 



Report, Eurofins Munich Study No. 160931 page 25 of 42 
Version: Final 

12.1.2. Summary of Experiment I and Experiment II 

Table 5: Experiment I " Summary of Cytotoxicity Data 

Mitotic Index
Dose Concentration Polyploid Cells 

Culture relative
Group [µglml] 

1 2 Mean 1 2 Mean [%! 

without metabolic activation 

c 0 0 0 0 38 42 40 100 
2 500 0 0 0 38 31 35 86 
3 1000 0 0 0 29 26 28 69 
4 2500 0 0 0 25 20 23 56 
5 5000 0 0 0 28 15 22 54 

EMS 900 0 0 0 37 13 25 63 

with metabolic activation 

c 0 0 0 0 39 37 38 100 
3 1000 0 0 0 42 42 42 111 
4 2500 0 0 0 35 28 32 83 
5 5000 0 0 0 41 39 40 105 

CPA 7.5 0 0 0 38 29 34 88 

The number of polyploid cells was detennined in 150 cells per culture of each test group. 

The mitotic index was detennined in 1000 cells per culture of each test group. 

The relative values of the mitotic index are related to the negative controls. 


C: Negative Control (Culture Medium) 
EMS: Ethylmethanesulfonate 
CPA: Cyclophosphamide 
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Table 6: Experiment I - Summary of Aberration Rates 

Concen-
Dose Treatment Fixation mean o/o aberrant cells 

trationGroup Time Interval
[l!g/ml] incl. Gae:s excl. Ga2s 

without metabolic activation 
c 0 4h 24 h 5.7 3.3 
2 500 4h 24 h 6.0 4.0 
3 1000 4h 24 h 7.3 4.3 
4 2500 4h 24 h 6.0 4.0 
5 5000 4h 24 h 6.7 1.7 

EMS 900 4h 24 h 18.5 16.0 

with metabolic activation 
c 0 4h 24 h 7.7 3.7 
3 1000 4h 24 h 7.3 4.3 
4 2500 4h 24 h 5.0 2.0 
5 5000 4h 24 h 5.0 2.7 

CPA 7.5 4h 24 h 18.5 15.5 

300 cells evaluated for each concentration, except for the posi~ive controls EMS (200 cells) and CPA (200 cells) 
C: Negative Control (Culture Medium) 
EMS: Positive Control (without metabolic activation: Ethylmethanesulfonate) 
CPA: Positive Control (with metabolic activation: Cyclophosphamide) 
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Table 7: Experiment II - Summary of Cytotoxicity Data 

Mitotic Index
Dose Concentration Polyploid Cells 

Culture relative
Group [µg/ml] 

1 2 Mean 1 2 Mean [%] 

without metabolic activation 

c 0 0 0 0 59 61 60 100 
100 0 0.5 53 51 52 87 

2 200 0 0 0 54 60 57 95 
3 (P) 500 0 0 0 40 43 42 69 
4 (P) 1000 0 0 0 22 41 32 53 
5 (P) 2000 n.d n.d n.d 15 16 16 26 
6 (P) 3000 n.d n.d n.d 8 8 8 13 
7 (P) 4000 n.d n.d n.d 27 19 23 38 
8 (P) 5000 n.d n.d n.d 18 32 25 42 
EMS 400 0 0 0 38 19 29 48 

The number of polyploid cells was determined in 150 cells per culture of each test group. 

The mitotic index was determined in 1000 cells per culture of each test group. 

The relative values of the mitotic index are related to the negative controls. 


C: Negative Control (Culture Medium) 
EMS: Ethylmethanesulfonate 
n.d: not determined 
P: Precipitation 

Table 8: Experiment II - Summary of Aberration Rates 

Concen-
Dose Treatment Fixation mean o/oaberrant cells 

tration
Group Time Interval 

[~g/ml] incl. Ga~s excl. Ga~s 

without metabolic activation 
c 0 24 h 24 h 4.3 2.3 

100 24 h 24 h 6.0 2.7 
2 200 24 h 24 h 6.7 3.3 

3 (P) 500 24 h 24 h 3.3 2.0 
4 (P) 1000 24 h 24 h 3.3 2.0 
EMS 400 24 h 24 h 57.3 54.7 

300 cells evaluated for each concentration, except for the positive control EMS (75 cells) 
C: Negative Control (Culture Medium) 
EMS: Positive Control (without metabolic activation: Ethylmethanesulfonate) 
P: Precipitation 
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12.1.3. Proliferation Index 

Table 9: Experiment I - Proliferation Index determined by BrdU-Labeling 

Concen-
Treatment Proliferation 1. 2. 3.Dose Group !ration 

Time Index Mitosis Mitosis Mitosis[µg/mL] 

without metabolic activation 
c 0 4h 1.16 84 16 0 
5 5000 4h 1.09 91 9 0 

with metabolic activation 
c 0 4h 1.12 88 12 0 
5 5000 4h 1.07 93 7 0 

C: Negative Control (Culture Medium) 

Table 10: Experiment 11- Proliferation Index determined by BrdU-Labeling 

Concen-
Treatment Proliferation 1. 2. 3.Dose Group tration 

Time Index Mitosis Mitosis Mitosis
[pg/ml] 

without metabolic activation 
c 0 24 h 1.56 44 56 0 
3 500 24 h 1.23 77 23 0 
4 1000 24 h 1.12 88 12 0 

C: Negative Control (Culture Medium) 

942 



Report, Eurofins Munich Study No. 160931 page 29 of 42 
Version: Final 

12.2. Biometry 

Statistical significance at the 5% level (p < 0.05) was evaluated by the Fischer's exact lest. The 
p value was used as a limit in judging for significance levels in comparison with the corresponding 
solvent control. Aberrant cells without gaps were only used for the calculation. Gaps are recorded 
separately and reported but generally not included in the total aberration frequency calculation 
according to the guideline. 

Table 11: Biometry - Experiment I, without metabolic activation 

Negative 
Control 
versus 
Test 

Grouo 

Concentration 
[µg/mL] 

Treatment 
Time [h] 

Aberrant Cells 
(excl. gap) 

Significance p Value 

c 0 4 10 - 1.0000 

2 500 4 12 - 0.8286 

3 1000 4 13 - 0.6716 

4 2500 4 12 - 0.8286 

5 5000 4 5 - 0.2956 

EMS 900 4 32 + <0.0001 

+: significantly increased 
not significant 

EMS: Positive Control (Ethylmethanesulfonate) 

Table 12: Biometry - Experiment I, with metabolic activation 

Negative 
Control 
versus 
Test 

Grouo 

Concentration 
[µg/mL] 

Treatment 
Time [h] 

Aberrant Cells 
(excl. gap) 

Significance p Value 

c 0 4 11 - 1.0000 

3 1000 4 13 - 0.8355 

4 2500 4 6 - 0.3253 

5 5000 4 8 - 0.6422 

CPA 7.5 4 31 + <0.0001 

+: significantly increased 
not significant 

CPA: Positive Control (Cyclophosphamide) 
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Table 13: Biometry - Experiment II, without metabolic activation 

Negative 
Control 

Concentration Treatment Aberrant Cells versus Significance p Value [µg/ml] Time [h] (excl. gap) 
Test 

Grouo 
c 0 24 7 - 1.0000 

1 100 8 1.0000 24 -
2 200 10 24 - 0.6240 

3 500 6 24 - 1.0000 

4 1000 6 24 - 1.0000 

EMS 400 41 + <0.0001 24 

+: significantly increased 
not significant 

EMS: Positive Control (Ethylmethanesulfonate) 

Table 14: Biometry - Trend test 

Statistical significance at the 5% level (p < 0.05) was evaluated by the x2 test for trend. The p value 
was used as a limit in judging for significance levels. 

Experiment Treatment Time [h] Significance PValue 

Exp. I without 
metabolic activation 4 - 0.1222 

Exp. I with metabolic 
activation 4 - 0.2315 

Exp. II without 
metabolic activation 24 - 0.4083 

+: significant 
not significant 

Statistical significance: statistical significant concentration-related increase in cells with chromosomal aberrations 
(X2 test for trend, p < 0.05). 
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12.3. Discussion 

The test item Soy Leghemoglobin Preparation was investigated for a possible potential to induce 
structural chromosomal aberrations in human lymphocytes in vitro in the absence and presence of 
metabolic activation by 89 homogenate. 

The selection of the concentrations used in experiment I and II was based on data from the solubility 
test and the pre-experiment which were performed according to the guidelines. 

The chromosomes were prepared 24 h after start of treatment with the test item. The treatment 
interval in the pre- and main experiment (experiment I) was 4 h without and with metabolic 
activation. The treatment interval in experiment II was 24 h without metabolic activation. Duplicate 
cultures were set up per concentration in experiment I and II. Per culture 150 metaphases were 
scored for structural chromosomal aberrations (for exceptions see Tables). 

Pre-Experiment (single culture) 

Without and with metabolic activation, 4 h treatment, 24 h preparation interval: 

10, 50, 100, 250, 500, 1000, 2000, 3000, 4000 and 5000 µg/ml 

Experiment I (duplicate culture) 

Without and with metabolic activation, 4 h treatment, 24 h preparation interval: 

500, 1000, 2500 and 5000 µg/ml 

Experiment II (duplicate culture) 

Without metabolic activation, 24 h treatment, 24 h preparation interval: 

100, 200, 500 and 1000 µg/ml 

12.3.1. Precipitation 

In the pre-experiment and experiment I precipitation was not observed after treatment of the 
lymphocytes with the different test item concentrations. However, the test item itself showed a dark­
red colouring 

In experiment II precipitation occurred in the concentrations 500 µg/ml and higher during the fixation 
of the cells. In contrast to experiment I, in the experiment with long-term treatment the test item is 
not removed by repeated washing steps, as the treatment period is stopped by the fixation step 
directly. When the cells were spread on the object slides the precipitation appeared as a greenish 
lacquer coat, visible by eye and with the aid of an inverted microscope. The evaluation of aberration 
rates was not affected. 

12.3.2. Toxicity (Relative Mitotic Index) 

In the pre-experiment without metabolic activation, cytotoxicity was not observed as the rel. mitotic 
index was not decreased below 70%. With metabolic activation, the concentrations 2000 µg/ml, 
4000 µg/ml and 5000 µg/ml led to a reduction of the mitotic index to 50%, 68% and 69%, 
respectively. Given that the mitotic index of the concentration 3000 µg/ml was 78%, the decrease 
induced by the concentration 2000 µg/ml (50%) seemed to be an outlier. Because of this reason 
and due to the fact that the pre-experiment was not performed in duplicate cultures, the decrease to 
50% was not regarded as biologically relevant. However, the highest concentrations 4000 µg/ml 
and 5000 µg/ml showed light cytotoxic effects. 

In comparison to the pre-experiment, toxic effects (decrease below 70% rel. mitotic index) were seen 
at concentrations of 1000 µg/ml (69%), 2500 µg/ml (56%) and 5000 µg/ml (54%) in experiment I 
without metabolic activation (Table 5) and in experiment I with metabolic activation, no toxic effects 
(decrease below 70% rel. mitotic index) were observed. These divergent results are due to the use 
of different blood donors in experiment I and the pre-experiment. Overall, the results of the first 
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experiment are more precise than in the preliminary experiment of the dose range finding as two 
cultures were evaluated. Moreover, the added metabolic fraction in experiment I with metabolic 
activation, could led to a detoxification process. Therefore toxicity might be lower than in 
experiment I without metabolic activation. 

In experiment II without metabolic activation toxic effects judged by the mitotic index were noted in 
the concentrations 500 µg/ml (69%), 1000 µg/ml (53%), 2000 µg/ml (26%),_ 3000 µg/ml (13%), 
4000 µg/ml (38%) and 5000 µg/ml (42%) (Table 7). The stronger cytotoxic effects compared to 
experiment I can be attributed to the longer incubation period of 24 h. Although the mitotic index 
seemed to increase in the higher concentrations 4000 µg/ml and 5000 µg/ml, only concentrations 
up to 1000 µg/ml were evaluated for chromosomal aberrations as precipitation was noted from 
concentrations of 500 µg/ml and higher. 

12.3.3. Toxicity (Proliferation Index) 

The BrdU-technique was used for determining the proliferation index to detect a possible effect on 
the proliferation rate after treatment with the test item and thus indicating cell cycle delay. In the 
experiment I, the values of the proliferation index of the negative controls were 1.16 (without 
metabolic activation) and 1.12 (with metabolic activation) (Table 9). The proliferation index of the 
highest dose groups evaluated were 1.09 (5000 µg/ml) (without metabolic activation) and 1.07 
(5000 µg/mL) (with metabolic activation). No biologically relevant decrease of the proliferation index 
was indicated. 

In the experiment II, the values of the proliferation index of the negative controls were 1.56 (without 
metabolic activation) (Table 10). The proliferation index of the highest dose groups evaluated 
without metabolic activation (500 and 1500 µg/ml) were 1.23 and 1.12. A biologically relevant 
decrease to 79% at 500 µg/ml and 72% at 1000 µg/ml of the proliferation index was indicated. 
Therefore during the long-term experiment a mitotic delay was observed. A cell cycle delay might be 
the consequence of chromosomal aberrations or related to cytotoxicity. As only cytotoxicity was 
deterrrined at these concentrations, the cell cycle delay seemed to be cytotoxicity related and 
concentration-dependent. 

12.3.4. Clastogenicity 

There are several criteria for determining a positive result, such as a concentration-related increase 
or a reproducible increase in the number of cells with chromosome aberrations for at least one of the 
dose groups, which is higher than the laboratory negative control range (0.0% - 3.0% aberrant cells 
without metabolic activation and 0.0% - 3. 7% aberrant cells with metabolic activation). 

In experiment I without metabolic activation, aberration rates of 500 µg/ml (4.0%), 1000 µg/ml 
(4.3%) and 2500 µg/ml (4.0%) evaluated are slightly increased above the historical control range 
(Table 15). However, as the negative control is with 3.3% slightly above the control data, which 
indicates a raise of the basic level of chromosome aberrations, these effects are regarded as not 
biologically relevant. Moreover, this statement is in line with the result of the highest tested 
concentration of 5000 µg/ml (1.7%), which is within the historical control data. Reduced clastogenic 
effects due to cytotoxicity in the highest test item concentration of 5000 µg/ml (rel. mitotic index 
54%) can be excluded as for the lower concentration of 2500 µg/ml a similar mitotic index was 
deterrrined (rel. mitotic index 56%). The variation observed in the two highest concentrations (3.7% 
aberrant cells at 2500 µg/ml and 1.7% aberrant cells at 5000 µg/ml) is most likely due to the 
variability observed regularly in a biological test system. Additionally, neither a concentration 
dependent increase towards higher aberration rates nor a statistically significance was observed. In 
conclusion, in experiment I without metabolic activation the test item Soy Leghemoglobin 
Preparation did not induce structural chromosomal aberrations in human lymphocytes. 

In experiment I with metabolic activation the negative control is with 3.7% chromosomal aberrations 
within the range of the historical negative control data (0-3.7%) (Table 15). The lowest concentration 
evaluated (1000 µg/ml) is slightly above the control range with 4.3% of chromosomal aberrations 
(Table 6). However, as the negative control is at the upper limit of the historical control data and test 
item concentrations 2500 µg/ml (2.0%) and 5000 µg/ml (2.7%) are within the control data and no 
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dose dependent increase or a trend towards higher aberration rates is obvious, this effect is 
regarded as not biologically relevant. 

In experiment II no biologically relevant increase of the aberration rates was noted after treatment 
with the test item without metabolic activation (Table 8). The aberration rates of all dose groups 
treated with the test item were within the historical control data of the negative control (Table 16). 

In the experiments I and II without and with metabolic activation no biologically relevant increase in 
the frequencies of polyploid cells was found after treatment with the test item as compared to the 
controls. 

EMS (400 and 900 µg/ml) and CPA (7.5 µg/ml) were used as positive controls and induced distinct 
and biologically relevant increases in cells with structural chromosomal aberrations, thus proving the 
ability of the test system to indicate potential clastogenic effects. 

The Fisher's exact test was performed to verify the results in the experiment. No statistically 
significant increase (p < 0.05) of cells with chromosomal aberrations was noted in the dose groups 
of the test item evaluated in experiment I and II without and with metabolic activation. 

The x' Test for trend was performed to test whether there is a concentration-related increase in 
chromosomal aberrations. No statistically significant increase was observed in experiment I without 
and with metabolic activation and in experiment II without metabolic activation. 

12.3.5. Polyploid Cells 

Table 5 and Table 7 show the occurrence of polyploid metaphases. No biologically relevant increase 
in the frequencies of polyploid cells was found after treatment with the test item. 

947 



Report, Eurofins Munich Study No. 160931 page 34 of 42 
Version: Final 

13. Conclusion 

In conclusion, it can be stated that during the described in vitro chromosomal aberration test and 
under the experimental conditions reported, the test item Soy Leghemoglobin Preparation did not 
induce structural chromosomal aberrations in human lymphocyte cells. 

Therefore, Soy Leghemoglobin Preparation is considered to be non-clastogenic in this chromosome 
aberration test. 
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14. Distribution of the Report 

1 original (paper): Sponsor 

1 copy (paper): Eurofins BioPharma 
Product Testing Munich GmbH 

1 copy (electronic): Sponsor 
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16. Appendix 

16.1. Appendix 1: Historical Laboratory Control Data 

Table 15: Historical Laboratory Control Data 	of the negative control (short term treatment) 
(2010 - 2015) 

NC 

Number of aberrant cells 


metabolic activation 

- + 

+ ­ + -
Gaos Gaos Gaos Gaos 

mean(%] 3.4 1.5 3.1 1.3 
SD[%] 1.57 1.63 0.820.84 

RSD [%] 46.4 52.3 62.055.6 
min[%] 0.5 0.0 0.00.0 
max[%] 6.5 3.0 9.7 3.7 

n 6235 35 62 

NC: Negative Control 
mean: mean number of aberrant cells 
SD: Standard Deviation 
RSD: relative Standard Deviation 
min.: minimum number of aberrant cells 
max.: maximum number of aberrant cells 
n: Number of assays 
The historical data without metabolic activation comprise the 4 h and the 24 h treatment interval 

Table 16: Historical Laboratory Control Data of the negative control (long term treatment) 
(2010 - 2015) 

NC 

Number of aberrant cells 


metabolic activation 

+Gas -Ga s 

mean[%] 3.0 1.1 
SD[%] 1.54 0.90 

RSD [%] 51.4 79.1 
min[%] 0.5 0.0 
max[%] 6.9 4.2 

n 32 32 

NC: Negative Control 
mean: mean number of aberrant cells 
SD: Standard Deviation 
RSD: relative Standard Deviation 
min.: minimum number of aberrant cells 
max.: maximum number of aberrant cells 
n: Number of assays 
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Table 17: Historical Laboratory Control Data of the positive control (2010 - 2015) 

PC 
Number of aberrant cells 

metabolic activation 
- + 

+ - + -
Gaos Gaos Gaos Gaos 

mean[%] 17.0 14.4 17.2 14.6 
SD[%] 6.74 6.47 4.58 4.15 

RSD [%] 39.7 45.0 26.6 28.4 
min[%] 9.5 7.0 9.6 8.0 
max[%] 41.0 38.1 31.0 26.7 

n 68 68 62 62 

PC: Positive Control (EMS without metabolic activation, CPA with metabolic activation) 
mean: mean number of aberrant cells 
SD: Standard Deviation 
RSD: relative Standard Deviation 
min.: minimum number of aberrant cells 
max.: maximum number of aberrant cells 
n: Number of assays 

The historical data without metabolic activation comprise the 4 h and the 24 h treatment interval 
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16.2. Appendix 2: Raw Data 

16.2.1. Main Experiment I 


Table 18: Experiment I - Structural Chromosomal Aberrations, without metabolic activation: 4 h treatment, 24 h fixation period. 


Concen- Aberrant Cells Types of Aberrations Found 
Dose Scored Polyploid Gaps

tration Culture incl. excl. Chromatid types Chromosome types Other
Group Cells Cells

[JJg/mij Gaps Gaps g ig b f d ex ib if id ex ma Cd 

1 150 0 10 4 6 0 4 0 0 0 0 0 0 0 0 0 
c 0 2 150 0 7 6 2 0 3 0 0 0 0 3 0 0 0 0 

total 300 0 17 10 8 0 7 0 0 0 0 3 0 0 0 0 

1 150 0 9 7 2 0 5 0 0 0 0 2 0 0 0 0 
2 500 2 150 0 9 5 3 2 1 0 0 0 0 4 0 0 0 0 

total 300 0 18 12 5 2 6 0 0 0 0 6 0 0 0 0 

1 150 0 11 6 5 1 5 0 1 0 0 0 0 0 0 0 
3 1000 2 150 0 11 7 4 0 4 0 0 0 0 3 0 0 0 0 

total 300 0 22 13 9 1 9 0 0 0 3 0 0 0 0 

1 150 0 15 10 7 8 0 2 0 0 1 0 0 0 0 
4 2500 2 150 0 3 2 1 0 2 0 0 0 0 0 0 0 0 0 

total 300 0 18 12 8 1 10 0 2 0 0 1 0 0 0 0 

150 0 13 3 11 0 2 0 1 0 0 0 0 0 0 0 
5 5000 2 150 0 7 2 5 0 2 0 0 0 0 0 0 0 0 0 

total 300 0 20 5 16 0 4 0 0 0 0 0 0 0 0 

1 150 0 19 14 5 0 4 0 0 2 0 8 0 0 1 0 
EMS 900 2 50 0 18 18 2 0 13 0 2 11 0 3 0 0 0 0 

total 200 0 37 32 7 0 17 0 2 13 0 11 0 0 0 

C: Negative Control (Culture Medium) 

EMS: Ethylmethanesulfonate 


(abbreviations: g =gap; ig = iso-gap; b = break; ib = iso-break; f =fragment; if= iso-fragment; d =deletion; id= iso-deletion; ma= multiple aberration; ex= chromatid type 
exchange; ex = chromosome type exchange; cd = chromosomal disintegration)
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Table 19: Experiment 1- Structural Chromosomal Aberrations, with metabolic activation: 4 h treatment, 24 h fixation period. 

Aberrant Cells Types of Aberrations Found 

Dose Scored Polyploid Gaps
Concen­

tration Culture incl. excl. Chromatid types Chromosome types Other 
Group Cells Cells

[µg/mQ Gaps Gaps g ig b I d ex ib if id ex ma cd 

c 0 2 
total 

150 
150 
300 

0 
0 
0 

10 
13 
23 

5 
6 

11 

5 
7 
12 

0 3 
4 
7 

0 
1 

1 
0 

0 
1 
1 

0 
0 
0 

1 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

3 1000 2 
total 

150 
150 
300 

0 
0 
0 

7 
15 
22 

4 
9 

13 

4 
7 
11 

0 
0 
0 

4 
7 
11 

0 
0 
0 

0 0 
0 
0 

0 
0 
0 

0 0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

4 2500 2 
total 

150 
150 
300 

0 
0 
0 

9 
6 
15 

2 
4 
6 

7 
1 
8 

1 
1 
2 

0 
3 
3 

0 
0 
0 

0 0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

5 5000 2 
total 

150 
150 
300 

0 
0 
0 

4 
11 
15 

2 
6 
8 

5 
6 2 

2 
5 
7 

0 
0 
0 

0 
0 
0 

0 0 
0 
0 

0 
1 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

CPA 7.5 
1 
2 

total 

150 
50 
200 

0 
0 
0 

18 
19 
37 

17 
14 
31 

3 
6 
9 

0 7 
17 
24 

1 
0 

1 
0 

3 
1 
4 

2 
0 
2 

5 
5 
10 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

C: Negative Control (Culture Medium) 
CPA: Cyclophosphamide 

(abbreviations: g =gap; ig = iso-gap; b =break; ib =iso-break; f =fragment; if= iso-fragment; d =deletion; id = iso-deletion; ma =multiple aberration; ex =chromatid type 
exchange; ex= chromosome type exchange; cd =chromosomal disintegration) 
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16.2.2. Main Experiment II 


Table 20: Experiment II. Structural Chromosomal Aberrations, without metabolic activation: 24 h treatment, 24 h fixation period. 


Concen- Aberrant Cells Types of Aberrations Found 

Dose Scored Polyploid Gaps


tration Culture incl. excl. Chromatid types Chromosome types Other 
Group Cells Cells

[!lg/ml] Gaps Gaps g ig b f d ex ib if id ex ma cd 

1 150 0 10 6 4 2 4 0 0 0 1 0 0 0 0 
c 0 2 150 0 3 1 1 1 0 0 0 0 0 0 0 0 0 

total 300 0 13 7 5 3 5 0 0 0 0 0 0 0 

150 12 3 7 2 3 0 0 0 0 0 0 0 0 
1 100 2 150 0 6 5 0 4 0 0 0 0 0 0 0 0 

total 300 18 8 8 2 7 0 0 0 0 2 0 0 0 0 

1 150 0 16 8 11 0 6 0 0 0 0 0 1 0 0 
2 200 2 150 0 4 2 1 0 0 0 0 0 0 0 0 

total 300 0 20 10 12 7 0 0 0 0 2 0 0 0 

1 150 0 8 4 4 0 4 0 0 0 0 0 0 0 0 0 
3 500 2 150 0 2 2 0 2 0 0 0 0 0 0 0 0 0 

total 300 0 10 6 5 0 6 0 0 0 0 0 0 0 0 0 

150 0 7 3 4 0 3 0 0 0 0 0 0 0 0 0 
4 1000 2 150 0 3 3 0 0 3 0 0 0 0 0 0 0 0 0 

total 300 0 10 6 4 0 6 0 0 0 0 0 0 0 0 0 

1 50 0 23 21 14 3 27 0 0 4 0 5 0 0 2 0 
EMS 400 2 25 0 20 20 7 2 35 0 0 5 0 0 0 1 0 

total 75 0 43 41 21 5 62 0 0 9 5 0 0 3 0 

C: Negative Control (Culture Medium) 

EMS: Ethylmethanesulfonate 


(abbreviations: g = gap; ig = iso-gap: b = break; ib = iso-break: f = fragment; if = iso-fragment: d = deletion; id = iso-deletion; ma = multiple aberration; ex = chromatid type 
<O 

exchange; ex= chromosome type exchange; cd = chromosomal disintegration) 

"' "' 
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16.3. Appendix 3: Certificate of Analysis 

Product Safety Labs 

CERTIFICATE OF ANALYSIS 


Product: Soy Leghemoglobin Preparation 

Lot#: PP-PGM2-l6-0l5-!0l 

PSL Reference No.: 160809-3D 

Date of Analysis: September 1, 2016 

Result: 

Soy Leghemoglobin - 6.68% 

Approval: 
David Sinning / Date 
Analytical Services 
Product Safety Labs 

QA Release: 

Rhonda Krick, B.S. 
7i' \y' dV/c, 

Date 
Quality Assurance 
Product Safety Labs 

TJr;s mater;a/ was analyzed in co1npliance with Good Laboratory Practice (40 CFR I 60) standards. 
DaJa are reported in PSL GLP Study No. 43970 

PRODUCT SAFETY LABS 732-436-5100 
psl@prDdui;tSalatyJ:ibs.com239-4 US Highway 130 
www.procfllcluletylabs corn 

Dayton, NJ 68810 
USA 
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UPDATED EXPERT COMMENTS ON POTENTIAL ALLERGENICITY 

OF SOYBEAN LEGHEMOGLOBIN 


Steve L. Taylor, Ph.D. 

Taylor Consulting LLC 


Lincoln, NE 


December 19, 2016 


Impossible Foods has met with representatives from the Food & Drug Administration regarding 
its GRAS Notification (GRN540) for soy leghemoglobin. FDA representatives have shared 
several critical comments with Impossible Foods with respect to GRN540. Previously, I had 
submitted my expert opinion on the potential allergenicity of soy leghemoglobin (specifically, 
soy leghemoglobin preparation (LegH Prep), with soy leghemoglobin as its principal ingredient). 
Now, I wish to expand upon that previous opinion to address certain key concerns raised by FDA 
representatives. The concerns raised at various times by FDA regarding GRN540 and the 
potential allergenicity of soy leghemoglobin are listed below together with my responses based 
upon my scientific knowledge and expertise. 

• 	 FDA concern that Impossible Foods should perform a full allergenicity evaluation on soy 
leghemoglobin and develop a GRAS dossier patterned after GRNI 17 

In one meeting between FDA and Impossible Foods, FDA compared GRN540 to GRN 117, a 
notice on ice-structuring protein (ISP) that was advanced several years ago by Unilever. I also 
served as a consultant to Unilever and a member of the GRAS Panel for ISP. In my view, a 
major distinction exists between GRN540 and GRNI 17 that invalidates GRNI 17 as a model for 
the type of data that should be submitted by Impossible Foods on soy leghemoglobin. A key 
feature of GRN 117 was that Unilever did not wish to label ISP as a fish protein. Accordingly, 
Unilever was obliged to conduct extensive studies to document that ISP was not an allergenic fish 
protein, and that its ingestion would be safe for fish-allergic consumers. The situation with soy 
leghemoglobin is the exact opposite. Impossible Foods fully intends to label soy leghemoglobin 
as a soy protein. Products with soy leghemoglobin also will be labeled as "Contains Soy" in 
accordance with FALCPA requirements. Thus, soy-allergic consumers will be advised by these 
label statements to avoid products containing soy leghemoglobin. In essence, Impossible Foods 
is conceding that soy leghemoglobin is a possible allergen from soy, even though there is no 
scientific evidence to suggest that this is the case. 

• 	 FDA concern that Impossible Foods should conduct clinical studies on soy-allergic 
individuals to determine if soy leghemoglobin is a soy allergen 

Soy leghemoglobin is very unlikely to pose any risk to soy-allergic consumers. First, soy 
leghemoglobin is derived from the roots of the soybean plant and not the edible seeds. The 
known soy allergens are found in soybean seeds. Soy leghemoglobin bears no structural 
similarity to any of the known soy allergens. But beyond that, Impossible Foods is planning to 
identify soy leghemoglobin in its ingredient label as "leghemoglobin (soy)" and advise that 
products containing soy leghemoglobin should be labeled as "Contains Soy". Thus soy-allergic 
consumers will be alerted that they should avoid consumption of products containing soy 
leghemoglobin. 
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In my expert opinion, the state of the science on soybean allergens can be summarized in one 
word - confusing. Many soy proteins have been identified as potential allergens. Expert 
scientific consensus does not exist with respect to a list of all soy proteins that might be potential 
soy allergens. Consensus is emerging that Gly m 5 and Gly m 6 are the major soy allergens and 
these proteins are also the major seed storage proteins of soybean. Because of the confusing 
nature of the scientific evidence, the possible existence of other soy proteins as minor allergens 
cannot be excluded. Thus, in my expert opinion, it is the wisest course for Impossible Foods to 
reveal that the soy leghemoglobin ingredient is derived from soy. And in fact, Impossible Foods 
is recommending that the common or usual name for this ingredient should be "leghemoglobin 
(soy)". 

Any FDA request that Impossible Foods should conduct clinical studies on the potential 
allergenicity of soy leghemoglobin is unreasonable in my opinion. While soybeans are widely 
considered as a commonly allergenic food, soy allergy appears to occur almost exclusively in 
young infants and is a transitory condition. The vast majority of soy-allergic infants outgrow 
their soy allergy by the age of IO years (Savage et al., 2010). Finding suitable numbers of soy­
allergic adults for an oral challenge study would be virtually impossible. My research group 
(Food Allergy Research & Resource Program) has been attempting to conduct a soy flour 
threshold study among adults (the !RB limited us to challenges of individuals age 16 or higher). 
This study has been ongoing for 11 years and we only have managed to locate 18 subjects on a 
worldwide basis. In my opinion, it would even be difficult to find a sufficient number of well­
characterized soy-allergic subjects to be sources of blood serum to serum lgE-binding studies. 
Since Impossible Foods is advocating that this ingredient be clearly labeled as derived from soy, 
the necessity of providing clinical evidence of its potential allergenicity is very questionable in 
my opinion. 

• 	 FDA concern that Impossible Foods should evaluate the sensitizing potential of soy 
leghemoglobin as a novel protein 

Impossible Foods has provided evidence of the potential sensitizing capacity of soy 
leghemoglobin within GRN540. Specifically, they provided evidence of the susceptibility of soy 
leghemoglobin to pepsin digestion. Soy leghemoglobin was rapidly hydrolyzed by pepsin, a 
characteristic that makes it less likely to retain any sensitizing capacity as the digested remnants 
enter the small intestine. While I would join other scientific experts in wishing that science could 
provide additional definitive and discriminatory tests to evaluate the potential allergenicity of 
novel proteins in the diet, this approach remains the only well-accepted procedure. 

• 	 FDA concern that Impossible Foods should evaluate the capacity of soy leghemoglobin 
to cross-react with other known allergens especially legume allergens 

Impossible Foods has provided evidence of the potential allergenicity of soy leghemoglobin 
within GRN540. They provided evidence of sequence homology comparisons to a database of 
known allergen sequences (allergens from all sources, not just food). This approach is known to 
provide evidence of cross-reactive. potential with known allergens from all sources especially 
\Vhen conservative bioinformatics criteria are used in the assessment as \Vas done in this particular 
example. Specifically, this assessment did not reveal any sequence homologies between soy 
leghemoglobin and any known allergens from legume sources. 

Cross-reactions within the legume botanical family are not especially common in the U.S. This 
fact is fortunate because more than 300 edible legume species exist in the human diet. Peanuts 
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are, by far, the most potent and prevalent cause of allergies within the legume family. Soybeans 
are also considered as commonly allergenic but soybean allergy is considerably less prevalent and 
typically less severe. Clinical cross-reactivity among various foods from the legume family is 
rare (Bernhisel-Broadbent and Sampson, 1989). However individuals allergic to a single legume 
often display positive skin prick tests to other legumes that they can safely ingest (Bernhisel­
Broadbent et al., 1989). Over the years, many clinical investigators have errantly evaluated 
potential cross-reactivity among legumes only via the presence of cross-reactive lgE in patient 
sera or skin test cross-reactive to legume extracts (Beslar, 2000). As shown very conclusively 
(Bernhisel-Broadbent and Sampson, 1989), oral challenges are necessary to truly document 
cross-reactivity among legumes. In that pioneering study, only two of69 patients (3%) sensitized 
to legumes (peanut, soybean, pea, green bean, lima bean) were reactive on oral challenge to two 
legumes (Bernhisel-Broadbent and Sampson, 1989). In both cases, these patients were primarily 
allergic to peanuts with histories of severe reactions and had mild reactions to soybeans. In 
contrast, 49 of the 69 subjects had positive skin tests or serum lgE tests to two or more legumes. 

Similarly, among peanut-allergic individuals, oral challenges revealed the peanut allergy was the 
sole legume allergy in 94% of 142 subjects while only 8 of the 142 (5.6%) subjects reacted to 
other legumes on challenge: 4 to pea, 2 to soybean, and 2 to lentil (Moneret-Vautrin et al., 1998). 
Among 187 food-allergic children diagnosed by oral challenge, only 2 children (I. I%) were 
allergic to more than one legume (peanut-soy in one case; peanut-pea in the other) (Bock and 
Atkins, 1990). In the largest study reported to date in 793 persistent peanut-allergic subjects, 
9.5% were considered allergic to other legumes by oral challenge including 48 to soy, 19 to pea, 7 
to lentil, 4 to chickpea and 3 to green bean (Neuman-Sunshine et al., 2012) 

Differing results were obtained in several other clinical studies. Peeters et al. (2009) evaluated 39 
peanut-sensitized patients and found that 30/39 individuals were reactive on challenge to peanut 
while 12/30 subjects (40%) were also allergic to soybean, 6/30 subjects (20%) were also allergic 
to pea, and 8/30 subjects (26.7%) were also allergic to lupine. Similar results were found among 
soybean-allergic subjects where 21 of35 individuals (60%) were also allergic to peanut (Klemans 
et al., 2013). These results might be ascribed to the selection of patients who were cross-reactive 
because especially in the study of Peeters et al. (2009), the focus of the study was lupine cross­
reactivity. 

Ibanez et al. (2000) studied a total of 66 legume-allergic subjects but did challenges to more than 
one legume on only 39 of these subjects. Of those 39 subjects, 21 (54%) reacted to two or more 
legumes. Of 15 patients challenged with lentil and pea, 11 (73%) reacted to both, 15 of27 (56%) 
to lentil and chickpea, 9 of 16 (56%) to chickpea and pea, 8 of 15 (53%) to lentil, chickpea and 
pea, 3 of5 (60%) to lentil and peanut and 2 of5 (40%) to peanut and pea and 0 of7 to peanut and 
chickpea. 

These studies are the key references to legume cross-reactions that involve oral challenges to 
confirm that clinically significant cross-reactivity is actually occurring. Several of the studies 
suggest that cross-reactivity among various species of legumes is rather infrequent, while other 
studies suggest that certain cross-reactions among legumes are more common. In particular, 
cross-reactions among lentil, chickpea, and pea seem more common than cross-reactions with 
peanuts or soybeans. 

In my opinion, based upon the prevalence and severity of peanut allergy, potential cross-reactions 
between soy leghemoglobin and peanut allergens should be the key area of potential concern. 
However, in that regard, the various peanut allergens are very well identified and characterized. 
No significant sequence homology exists between soy leghemoglobin and any of these peanut 
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allergens. Clinically significant cross-reactions between peanuts and soybeans occur infrequently 
even though some homology does exist between the vicilin and legumin allergens in peanuts and 
soybeans. The vicilins and legumins are seed storage proteins so some sequence homology might 
be expected. But, the similarities do not appear to lead to allergenic cross-reactivity in most 
patients with allergy to either peanut or soybean. Leghemoglobin is found in the root of the 
soybean plant and bears no structural resemblance or sequence homology to these seed storage 
proteins. 

In my opinion, conducting clinical studies to determine if soy leghemoglobin elicits allergic 
reactions in peanut-allergic individuals is unwarranted because the results are quite predictable 
based upon bioinformatics comparisons. And, conducting clinical studies with soy 
leghemoglobin in individuals with allergies to other legumes is also unnecessary given that the 
legume allergens are found in the seeds while leghemoglobin is localized in the roots and because 
the existing evidence suggests that allergic cross-reactivity among legumes is limited to a few 
species that are not prevalent allergenic foods in the first place. 

Conclusion 

In my opinion, Impossible Foods has addressed all of the potential allergenicity issues associated 
with soybean leghemoglobin in a thorough fashion. The labeling of soy leghemoglobin as 
"leghemoglobin (soy)" will alert soy-allergic consumers to avoid this product. GRN540 
addresses all of the potential allergenicity concerns. The available data in GRN540 document 
that soy leghemoglobin is unlikely to become a novel allergen and demonstrate that soy 
leghemoglobin is unlikely to cross-react with known allergens from various sources including 
other foods and legumes. Thus, in my expert opinion, additional testing as proposed by FDA is 
unnecessary. 
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Lincoln 

FOOD ALLERGY RESEARCH AND RESOURCE PROGRAM 

Department of Food Science & Technology 

10 October, 2016 

Impossible Foods, Inc. 
525 Chesapeake Drive 
Redwood City, CA 94063 

Summary of the Allergenicity and Toxicity Assessment of Soy Leg hemoglobin 
Preparation for Food Use 

My laboratory performed a weight of evidence assessment of the potential allergenicity 
and toxicity ofleghemoglobin from soybean [Glycine max), expressed in Pichia pastoris, 
for food safety. The evaluation followed the principles of the CODEX Alimentarius 
Guidelines for risk assessment of foods derived from modern biotechnology (CAC/GL 44­
2003). The assessment focused on the soy leghemoglobin protein, with the full 145 
amino acid (AA) sequence listed in the NCBI protein database as Gl:126241 (Accession 
#P02236.2). Additional bioinformatics was performed with sequences of the proteins 
from P. pastoris that are present in Soy Leghemoglobin Preparation. 

Bioinformatics (sequence comparisons) were made using the AA sequence of the query 
protein (leghemoglobin) on AllergenOnline.org, version 16, with evaluation of Full­
length (looking for sequence matches >50%), Sliding 80-mer (matches with >35% 
Identity over 80) and 8 AA identity comparisons. The highest scoring overall alignments 
were - <26% identity to hemoglobins from a fly larvae (Chironomus thummi), which 
suggests overall an evolutionary relationship. However, it is highly unlikely there is any 
possibility of allergic cross-reactivity. The 80-mer match and 8 AA identity matches 
were negative. The sequence was also tested against NCBI Protein using BLASTP with 
keyword limits (allergen, allergy, toxin and toxic) as well as without keyword limit. 
There were no "statistically significant" alignments using "allergen·. BLASTP alignments 
with "allergy" were very small and not likely to be important (29% identity over 93 AA 
with an E score of 7e-5 to Lephospira yanagawae and 43% identity over 31 AA with an E 
score of 0.002 to Burkholder/a multivorans). Those matches are unlikely to represent 
cross-reactive matches and do not require additional testing. 

Bioinformatics searches for "toxin" and "toxic" were also negative. Using the keyword 
"toxin" the highest scoring matches were to Bordete/la bronchiseptica nitric oxide 
dioxygenase and Borde tel/a pertusuis with 35% identity over 31% coverage. There were 
no specific matches for toxic. Thus there is no important match to a toxin and no 
indication for toxicity testing. 

Public information from peer-reviewed literature in PubMed was evaluated for evidence 
of allergy and toxicity- associated with soybean protein known as "leghemoglobin". No 
relevant publications were identified. 

1901 North 21'1 Street I Nebraska Innovation Campus I PO Box 886207 I Lincoln, NE 68588-6207 
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The bioinformatics analysis described above was also performed on 17 proteins of the 
recombinant host organism, Pichia sp. [Komagatael/a sp.). These proteins were identified 
by Impossible Foods and the Genome Center at the University of California, Davis as 
residual proteins constituting at least 1 % of the total protein fraction of Soy 
Leghemoglobin Preparation. The 17 proteins were identified by LC-MS/MS and matched 
to the following proteins: 

- Alpha aminoadipate reductase (1400 AA) had no significant alignments to 
allergens or toxins. 

Cobalamin-independent methionine synthase (768 AA) aligned to a pollen 
allergen, Sal k 3 of Russian thistle with 49% identity, and 80mer alignment and 
an 8 AA identity match. Yet Salk 3 aligns with proteins of many edible foods 
that do not have shared allergy. There were no clear matches to toxic proteins. 

- Aconitase (780 AA) showed no significant identity matches to any allergens. 
There were a number of statistically significant alignments to proteins in NCBI, 
but not to toxic proteins, only to enzymes that produce toxic metabolites. There 
were higher scoring matches to proteins without a label of "toxin". 

Transketolase (679 AA) did not have a significant match to any allergens. There 
were high scoring matches to proteins using 8LASTP with "toxin" or "toxic" as 
key words, yet the proteins were only from toxic bacteria (e.g. Bacillus cereus), 
but without direct evidence of protein toxicity. There were no direct links for 
toxicity. 

Glycerol kinase (621 AA) did not have any matches to allergenic proteins. There 
were low scoring alignments to proteins in NCBI with the keywords "toxic" or 
"toxin". The aligned sequences were from Bacillus thuringiensis, an organism 
known to be toxic to a number of insects, but there is no direct link to toxic 
proteins. 

Catalase A (510 AA) had one statistically significant match to an allergen [E score 
2.6 e-58), but only 37% identity over 475 AA. This indicates the proteins are 
apparently evolutionarily related, but not likely to have cross-reactivity as no 
80 AA segment was higher than 35% identity and no 8 AA matches were found. 
The common enzyme was identified as highly similar to proteins from a number 
of organisms with high identity to toxic protein sources (Bacillus sp., 
enterococcus sp., Streptomyces sp., Clostridium sp.), but there is no direct link to 
toxic proteins. 

Glucose 6 phosphate dehydrogenase (G6PD, 504 AA) had an alignment of >35% 
identity (37%) for an 80 AA match to the German cockroach Bia g 3 allergen, 
but there are no reports of allergic cross-reactivity between fungi and 
cockroach. The protein did align with a number of G6PD proteins from "toxic" 
or "toxin" sources, homologues from organisms known to cause toxicity In, but 
not from the G6PD proteins. 

Hypothetical protein PAS (525 AA) had alignments to three "allergenic" proteins 
from two molds [Davidiel/a sp., and Aspergillus sp.), and a storage mite 
(Lepidoglyphus destructor) with >35% identity. The proteins are not likely 
allergens. There were significant alignments with proteins from "toxic" sources 
(Bacillus sp.), but there is no evidence of direct protein toxicity. 
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Mitochondrial aldehyde dehydrogenase (501 AA) had two high scoring matches to 
homologous sequences of two fungi (Davidiel/a sp., and Alternaria sp.), but 
without direct evidence that these are cross-reactive allergens. There were also 
high scoring matches to a few homologous proteins associated with "toxin" in 
NCBI, but they were due to the source organism, Bacillus thuringiensis, and not 
due to direct toxicity. 

Delta-aminolevulinate dehydratase (341 AA) had only low scoring matches to 
proteins in AllergenOnline. There were high scoring matches to two proteins in 
Candida a/bicans with keyword matches to "allergen", but those are without 
proof of allergy. There were modest scoring matches to "toxins" in NCBI, but 
the proteins are not clear toxins. 

Mitochondria alcohol dehydrogenase (350AA) had a high identity match (76%) 
with the homologous protein of Candida albicans, Can f 1.0101. Yet there is high 
identity for the Can f 1.0101 protein and homologous proteins from many 
sources and no evidence of cross-reactivity. The protein also showed modest 
(3 6-42%) identity to proteins from bacterial sources of the same type that were 
identified with "toxin" as keyword limits. The bacteria are toxins, but there is 
no direct evidence of toxicity to the proteins. 

Malate dehydrogenase (342 AA) had a similar alignment with 51 % identity to the 
malate dehydrogenase protein of Malassezia furfur (Mal f 4.0101) as a contact 
allergen. There is no evidence of cross-reactivity to homologous proteins of 
other sources. A 36% identity alignment was found with a short 80 AA segment 
of convicilin of Pisim sativum (pea), but again with no evidence of cross­
reactivity. High scoring (50%) identity matches were noted for proteins 
identified in NCBI with "toxins" as a key word term, to proteins of the rat 
(Rattus norveicus) and bacteria (Vibrio cholera and Escherichia coli), but 
without direct evidence of protein toxicity. 

Putative protein unknown function (328 AA) had no significant allergen matches. 
Modest scoring matches were identified in NCBI to proteins listed in various 
bacteria using the keyword "toxins", but with no direct evidence of toxicity to 
the protein. 

- Triosephosphate isomerase (248 AA) showed high scoring alignments (up to 53% 
identity) to triosephosphate-isomerase proteins from wheat, house dust mite 
and shrimp. The same proteins showed alignments of up to 63% identity over 
80 AA. These proteins are minor airway allergens and not expected to 
represent food allergens. The protein aligned with 40-50% identity to 
homologous proteins from bacterial species listed in NCBJ under "toxins" as 
keywords. No direct evidence of toxicity was found. 

Hypothetical protein cyclophilin (161 AA) matched cyclophilin proteins of diverse 
fungi, house dust mites and plant sources that have been identified as minor 
airway allergens. The identities were also found in the 80 AA searches. It is 
unlikely that these would represent risks of food allergy as cyclophilins are 
highly conserved across very diverse species. Homologous proteins were 
identified in NCBI using "toxins" as a keyword, but not direct evidence of 
protein toxicity was found. 

Cytosolic superoxide dismutase (154 AA) had identities of 53-57% to superoxide 
dismutase proteins of olive pollen, but the relevance of allergy is weak. There 

1901 Norlh 21'1 Street I Nebraska Innovation Campus I PO Box 886207 /Lincoln, NE 68588-6207 
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966 

mailto:rgoodman2@unl.edu


were also modest to high scoring identities (up to 70%) with similar proteins of 
various bacteria with identities to "toxins", but without direct evidence of 
toxicity to the proteins. 

- Mitochondria ATPase inhibitor (84 AA) had no significant matches to allergens or 
toxins. 

Literature searches for associations of allergy with P. pastoris or Komagataella sp. and 
allergy and toxicity were found, but there were no clear associations with the proteins 
identified as proteins of interest. Thus, it appears the risks of allergy and toxicity for 
soy leghemoglobin and for the proteins from Pichia pastoris within Soy Leghemoglobin 
Preparation are not significant. 

Finally we tested the stability of the Soy Leghemoglobi11 Preparation In a model 
simulated gastric digestion study that includes fixed concentration of protein to pepsin 
(enzyme) activity and evaluation of digestion resistance at times up to one hour at pH 
2.0 and 37 •c. The assay conditions that were used have been published (Ofori-Anti et 
al., 2008) and used to evaluate proteins in genetically modified crops and novel 
ingredients. There is a positive correlation between the stability of abundant dietary 
proteins in this assay and food allergy. In addition, proteins that are rapidly digested by 
pepsin are unlikely to act as toxins in the digestive tract. Soy Leghemoglobin Preparation 
was rapidly digested in pepsin at pH 2.0 at both ratio of 1 µgin 10 units (as per standard 
protocol) and 1 µgin 1 unit pepsin activity [as an experimental protocol). Soy 
Leghemoglobin Preparation was rapidly digested in this assay to less than 10% residual 
protein in less than two minutes. No stable fragments were detected either, indicating 
low potential risk of allergy or toxicity. 

My conclusion from this "weight of evidence" approach to dietary protein safety is that 
the Soy Leghemoglobin Preparation is very unlikely to present a risk of dietary allergy 
or toxicity to consumers. 

Regards, 
(b) (6)

Richard E. Goodman, PhD, FAAAAI 
Research Professor 
FARRP,FS&T 
Food Innovation Center 
University of Nebraska 
1901 21 • Street 
Lincoln, NE 68588-6207 
rgoodman2@unl.edu 

Cell phone: 402 417 5549 
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I 

SUMMARY 
I 

The Leghemoglobin (LegHb) protein which is naturally produced in soybean (Glycine ma%) has been produced as a 
recombinant protein in Pichiapastoris and supplied by Impossible Foods, Inc. ofRedwood City, CA. The gene encodes theI 
14.S amino acid protein sequence listed as Accession nwnber P02236 in the UniProt protein database. The host, Pichia pastoris I is also known by the synonym Komagataella pastoris. 

I 
Evaluation ofpotential risks offood allergy and toxicity associated with this product included a literature search ofstudies that 
might indicate possible risks, as well as a searoh ofthe amino acid sequence against the curated AllergenOnline.org database I version 16 (Januazy 2016), which is m!lintained at the University ofNebraska as well as against the NCBI Protein database 

I using BLASTP with keyword limits for allergy and toxicity . 
• 

None of'lhe results from the bioinformatics searches of the soy leghemoglobin amino acid sequence, compared to known and 
putative allergens or toxins, identified any significant sequence identity match to a protein likely to cause an adverse effect in 
consumers. The seareh results from the AllergenOnline database show 1hat the likelihood ofcross-reactivity for the soy 
leghemoglobin with the allergens is very low. And the search results from PubMed and BLASTP on allergens and toxic 
proteins suggest that the soy leghemoglobin has a low risk offood allergenicity or toxicity. 
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Algorithm used to :find local high scoring alignments between a pair ofprotein sequences (using databases on 
Enlrez) 
CODEX Alimentarius Commission Guideline for the safety assessment of food derived from biotechnology 
A public genetic database maintained by the National Center for 
Biotechnology Information (NCBI) at the National Institutes ofHealth, Bethesda, MD. Protein entries in 
the En1rez search and retrieval system are maintained by the NCBI ofthe National Institutes ofHealth 
(U.S.A.) 
Food and Agricultural Organmition 
Food Allergy Researoh and Resource Program, University ofNebraska 
Algorithm used to find local high scoring alignments between a pair or protein sequences (using the 
AllergenOnline database) 
Genetic engineering 
A unique identification number assigned by NCBI to each sequence in the database 
Soy Leghemoglobin 
A public information database of scientific journal articles and abstracts maintained by the National Library 
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Exact wonl search for segmen1s ofeight amino acid matches between the query protein and proteins in 
AllergenOnlin.org 
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1.0 Introduction 

The Soy Leghemoglobin (LegHb) protein evaluated in this study is encoded by a gene originally derived from Glycine max 
(soybean). The gene was synthesized and transferred to Pichia pastoris for production offood, and the sequence was verified 
by Impossible Foods as accurate as produced in the recombinant host. This bioinformatics study is intended to evaluate 
potential risks offood allergy and food toxicology based on literature searches and bioinform.atics comparisons ofthe 
expressed protein relative to those ofknown allergens and toxins. 

Hemoglobins are ubiquitous proteins in nature. Hemoglobins have been shown to be expressed inbacteria, fungi, higher plants 
end animllls (Everse, 2004}. The structure end general function ofhemoglobins are highly conserved throughout nature. 
Animal hemoglobins and myoglobins have been widely consumed in the human diet throughout histozy through meat, poultry, 
and fish products. Plant hemoglobins ~also consumed in the human diet. Sprouted barley, which is widely used in the 
beverage industry (malted barley) and in the baking industry (malted barley flour), has been shown to express hemoglobin 1 
day after imbibition (Duffet al., 1998)- Since sprouted barley is widely used in the beverage industry (malted barley) and in the 
bakiDg industry (malted barley flour), dietary exposure is col!llllon. Thus, it is clear that various heme proteins ofplant and 
animal origin are widely consumed in the human diet. 

I 	 Legume nodules are unique symbiotic ozgans where atmospheric N2 is reduced to ammonia and assimilated by the plant in 

exchange for photosynthetically produced sugars. Nodule function requires leghemoglobin (LegHb ), hemeproteins that occur at 

concentrations of1-5 mM in the cytosol ofnodule host cells. These proteins transport and deliver Oi to the symbiosomes at a
'I

li low but steady concentration that allows efficient bacteroid respiration while preventing nitrogenase inactivation (Appleby andI 
Bergersen. 1980). Generally, there are several LegHb isoprotei.as in the nodules. Soybean nodules contain four major LegHbs 
(Fuchsman and Appleby, 1979). 

I 
Impossible Foods, Inc. has proposed using purified soy legbemoglobin (>65% purity), produced as a recombinant protein in 
Pichia paatoris to enhance the flavor ofmeat analogue products. They are interested in evaluating the potential allergenicity 
and toxicity of the soy leghemoglobin to ensure product safety. 
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l.O Purpose 

The plllpOse ofthis study is 1o perform an evaluaiion or screening ofthe potential allergenicity and toxicity of the soy 
Ieghemoglobin based on published literature about the source ofthe gene and bioinformatics (sequence comparisons) of 
legbemoglobin with known allergens and toxins. The intent is to guide decisions regarding whether additional safety tests 
would be needed for the protein ifused in food products. 

3.0 Methods 

3.1 Sdenfilk literature search strategies. The PubMed database (http://www.ncbi.nlm.nih.gov/pubmed) maintained by the 
U.S. National Library of Medicine was used as the primacy data source for scientific literature on allergy and toxicity. 
The primacy question is whether ~e source ofthe gene is a common cause ofallergy or toxicity. The data (authors, 
publication, date and abstracts) from searches were saved to files for review. All publication abstracts were manually 
reviewed and any likely relevant publications suggesting adverse health risks were investigated further by reading the 
journal articles. 

3.1.1 Search for allergenidty. Search terms "Glycine mai" as well as "Glycine m<lX' AND "allergen" were used on 07 
March, 2016. Fur1her searches with "Glycine max" AND "allergen" AND "leghemoglobin" as well as "Glycine 
mai" AND "allergy" AND "heme" were conducted on CY7 March, 2016. 

3.1.2 Search for toxicity. Search terms "Glycine mai" AND "toxin" as well as "Glycine max" AND "toxic" were used 
on 07 March, 2016. Second search "Glycine max" AND "toxi*" AND "leghemoglobin" as well as "Glycine max" 
AND "toxi*" AND "heme" were conducted on 07 March, 2016. 

3.2 	 Sequence databaae search strategies. 
The AllergenOnline version 16 (http://www.allergenonline.org/) and the NCBI Entrez Protein 
(http://www.ncbi.nlm.nih.gov/BLAST/) databases were used as the protein amino acid data sources for the sequence 
comparisons for allergens and toxins on Feb 27 to 29, 2016. The AllergenOnline database was updated in 27 January 
2016 and is maintained by the Food Allergy Research and Resource Program ofthe University ofNebraska. Protein 
entries in 1he Entrez search and retrieval system is compiled and maintained by 1he NCBI of1he National Institutes of 
Health (U.S.A.). The database is potentially updated or modified daily, and therefore the date ofsequence searches by 

978 

http://www.ncbi.nlm.nih.gov/BLAST
http:http://www.allergenonline.org
http://www.ncbi.nlm.nih.gov/pubmed


FARRP Study No. REG ImpFoodsl 
University of Nebraska Imposst'l>le Food Page 11 of20 

BLASTP is relevant to the dataset used in the BLASTP searches. BLASTP and FASTA3 are unique computer 
algorithms that provide similar local alignments and results ifthe appropriate scoring matrices and criteria are used. 

3.2.1 FASTA3 overall search of AllergenOnline. The potential sequential. and inferred structural similarities of 
the soy leghemoglobin were evaluated using venion 16 ofAllergenOnline.org with E scores of 10 and 1.0. 

3.2.l FASTA3 ofAllergenOnline by 80 aa segments. This short (80-am.ino acid) segment search is based onthe 
recommendation of Codex (2003). The rationale is that this might help in identifying structural. motifs, much shorter 
than the intact protein, which might contain a conformational IgE binding epitope. It should also help to identify 
potentially cross-reactive proteins that are not true hoonologues of an allergen that have significant local identities that 
might provide an immunological target for IgE antibodies in those with allergies to the matched allergen. A match of 
>35% with a known allergen will suggest further testing for posSil>le cross-reactivity although matches using the sliding 
80 amino acid window search tbllt are not also identified by overall FASTA search may represent en irrelevant 
aligcment. Thus evaluation ofE scores and relative comparison ofmatched sequences with the NCBI database is 
sometimes wauanted. 

3.2.3 Exact Word match ofAllergenOnline by 8-contiguon1 aa. 
A word/string search routine on AllergenOnline.org was used to identilY any eight contiguous amino acid segment of 
soy leghemoglobin sequence that exactly matched any 8 amino acid segment ofany ofthe allergen sequences in 
database. The rationale for identifying identity matches in very short sequences is an assumption that individual 
epitopes may be represented by peptide segments as short as eight amino acids (Metcalfe et al., 1996). 

3.2.4 BLASTP ofNCBI Entrez without keyword limit. The BLASTP is available on the NCBI En1rez website 
(http://www.ncbi.nlm.nih.gov/BLAST/). The current version is BLASTP 2.3.0 (22 Dec., 2015). The purpose ofthis 
BLASTP search is to compare 1he soy legbemoglobin to all known protein sequences to evaluate whether there are 
other similar proteins from other organisms that might provide information of safe exposure to homologues ofthis 
protein. 

3.2.5 BLASTP ofNCBI Entrez with "allergen" and "allergy" 111 keywords limit. BLASTP search was used 
comparing soy leghemoglobin sequence against the entire Entrez Protein database, with a limit option selected to quezy 
entries for "allergen" or "allergy", to align only with proteins identified as allergens or allergy. The purpose ofthis 
BLASTP search is to ensure that a significllllt match with a newly discovered allergenic sequence that has not yet been 
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entered into AllergenOnline is not overlooked. Evaluation ofthe E value, the length ofthe alignment and the percent 
identity ofany identified match is necessary to judge the significance ofany alignment using BLASTP. 

3.2.6 BLASTP ofNCBI Entra with "toxin" and "to:iic" as keywonls limit. The pU1p0se ofthis BLASTP 
search is to identify matches to known toxic proteins (toxins) and ifalignments share significant identities, to determine 
potential risks 1hat would require further testing. 

4.0 Results and Discussion. The summazy results for the PubMed search using search terms, and the amino acid sequence of 
soy legbemoglobin, are presented here. 

4.1 PnbMed Searches. The scientific literature da1abase, PubMed, was searched for evidence that the leghemoglobin from 
Glycine max are likely source ofallergy,or toxicity. The search did not reveal evidence that the leghemoglobin from Glycine 
max represents food safety risk. Summary of all information is present in Table 1. 

4.1.1 Allergenieity. A search ofPubMed using only the organism name, "Glycine max", returned 21,936 articles. 
Restricting the search ofPubMed by including both "Glycine max" AND "allergen" returned 381 references. A 
second search with terms "Glycine max" AND "allergen" AND ''leghemoglobin" had no references. Further 
searches with "Glycine max" AND "allergy" AND "heme" yielded one reference on impairment of carotenoid and 
fle.vonoid biosynthesis due to mutation ofArabidopsis HYl which is not relevant to the topic under review. It can 
be concluded from the literature search that the leghemoglobin from Glycine max does not raise a concern. of 
possible allergy. 

4.1.2 Toxicity. 	 The search ofPubMed using both "Glycine max'' AND "toxin" returned 419 refureru:es, using both 
"Glycine max" AND "toxic" returned 342 1eferences. A second search with terms "Glycine max" AND ''toxi•" 
AND "leghemoglobin" yielded one reference on nitration of leghemoglobin in functional legume nodules in a 
tyrosine residue within the heme cavity by a nitrite/peroxide-dependent mechanism which is not relevant to the 
topic under review. Further searches with "Glycine max" AND "taxi•" AND "heme" yielded 8 references. 
None ofthe publications implicated any natural protein expressed by the organisms ofinterest e.s e. toxin. The 
majority ofthe papers reported on the effect ofheme-peroxidases or heme oxygelll!SC system, disordering ofthese 
systems may cs.use adverse effect on plants or animals or hnman because ofchanging ofhydrogen peroxide level. 
Thus, based on litentture search there is no reason to suspect the legbemoglobin produced from Glycine max would 
elicit a toxic effect on consumers. 
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Table 1 Pubmed searda results (Summary table) 

4.2 Sequence comparison of the LegHb to allergens and to:lim. The amino acid sequence of soy leghemoglobin (Table 2) 
was compared to known allergens using both a full-length FASTA alignment search end a sliding window of80 cmnparisons 
against AllergenOnline.org, version 16. Additionally, a BLASTP search was performed against the NCBI database using 
keyword search limits of"allergen" /"allergy" and "toxin"/ "toxic". 

Table 2 Amino acid eqnenoe aftbe soy hghemOllobin 

I 01'1!8nilm I HemDPIRbln cla.. 
! ' 
I I 1eghemoglobin (legHb) 
I GlyciMmax I Gl:126241 

I 

N•ti'f• protein llllQuen•e 

MGA~TEKQEALVSSSE'BAFKANIPQYSVVFYTSILEKAPAAKDLFSFLSNGVDPSNPKLT 


GBAEKLFGLVRDSAGQLKANGTVVADAALGSIHAQRAITO~Q~ggALLktI~~AvGn 


Kill'SDELSSAWEVAYDELAAAIKKAF 

4.2.1 Full length FAST A3 vs. AllergenOnline with LegHb. Results offue full length FASTA3 searches ofthe soy 
legbemoglobin against AllergenOnline version 16 did not identify any significant aligmnent with an allergen. Scoring 
results for the 'ilt>Y leghemoglobin showing alignments with E scores less than LO are shown in Table 3 and demonstrate no 
significant matches with any allergen. Their identities (Ola) are m&kedly below the level that is likely to indicate cross­
reactivity (< 500/o idemity, Alllberse, 2000) and it is also below the 35% identity level suggested by Codex (2003) as a match 

__ ; 
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that may possibly be cross-reactive. Thus, there is only a small likelihood that the soy leghcmoglobin is sufficiently similar 
to an allergen to suspect they might trigger allergic responses inallergic subjects due to cross-reactivity. 

Table 3. Overall FASTA3 seareh ofAllergenOnllne wltll the aoy legliemoglobin. Only the aligomentll with E s~s less 
than 1.0 ofknown and putative allergens in AllergenOnline version 16, compared to the soy leghemoglobin, using PASTA3 are 
listed since none ofthe resullli were significant. The matched proteirui are vmy distant homologues ofhemoglobin, occupational 
allergens. 

Qumy Hquonce ..8aquonce 0111•nlom D-pllon Langlh EllCClnt 'lloldllnUlr..Gl;ll Allgnmont 
lonntlt 

ChilrJnomull564-05052 Globln 161 0.00024 28.2 145 
llrummi llrumm/ (lnaecl haemoolobln) 

L21244. Chimnamw Globln 181 0.00043 25.9 147 
lllummi thumml 

Clrlmnomua56405054 Globln 181 0.0009 25.0 144 
llrummi thumml 

Soy Clrironomw121248 Globln 161 D.0012 25.0 144Leghemoglobin 
llrumml lllumm/

(legHb) 
Chllonomu!111249 Globln 182 0.0012 25.2 151GI:l26241 

thummi thummlG!llclMlllfl> 
Chlronamu.I2506460 Grebin 168 0.0039 24.2 149 

IJJummlltlrJmmj 

ChimnomlJO 

ttrummlll!umml 


1707908 Globln 180 0.0053 25.2 139 

Ch/Junomu:J121259 GIDbin 151 0.0088 26.9 119 
lhummlllrumm/ 

ChWnomus121237 Glabin lei 0.019 26.3 137 
llr<mmlllrumml 

Clllrotlomul2506461 Glabln 162 0.049 24.0 150 
lhummilhummJ 

ctrlmnomUs1707911 Glabin 181 0.057 22.9 1~0 

ltwmml lllumml I 
Clllronomuo121256 Glabin 151 0.32 22.1 149 

llrummi llrumml 
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4.2.2 Sliding 80-lllllino acid window FASTA3 v1. AllergenOnline with Legllb. Results ofthe comperlsons ofthe soy 
leglu:moglobin sequence against all ofthe sequences in AllmgenOnline.org version 16 database have no results. Thus, the 
soy leghemoglobin showed no alignment over 1he Codex threshold. The risk ofcross-reactions for allergic consmnet'S is 
very low. 

Table 4. Scanning 80-mer sliding window -rch reanlta for soy leghemoglobln 

80mer Sliding Window Search Res!As 

,, 6 '.Jolioen.ta.v15(~2l.2016)>­ 1-•lllle !'Oada l - 2016 
lfllll'lDllDL"ISS!llEl!Dlllil'Q!SWl!'Y?!II.EDP:UlllL!'Stulll6\'DPSllB!CtT 
GD!Kr.FGL~~UCU.111;!) 
~ml' 

14' 

16 

......,,..,,.., --- 0 

No Matches ofGreater tbaa 35% ldelltlty Foud 

ABergenOnline Oalllbese v16 (J&flulll}' 27, Z016) 

4.2.3 Eight-contiguons amino acid end word seareh with Legllb. There were no matches ofeight amino acid 
segments between soy leghemoglobin and any allergen in the AtlergenOnline.org version 16 database, further 
demonstrating a lack ofrisk offood allergy. 
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Table 5. Eight-contiguoWI amino acid search l'elalts ror llOY leghemopobin 

Query sequence 

Number of 8mera 
Rasultl 

MGAFTEKQEALVSSSFEAFKANIFOYSWFYTSILEKAPAAKCLFSFLSNGVDl'SNPKLTGHAEKLFGLVRDSAGQLKANG'TVllADMLGSIHA 

QKAITOPQFVWKEALLKTIKEAVGDKWSOELSSAWFNAYCELAAAJKKAF 

138 
No eequ""""" found with an exact Smar match 

4.2.4 BLASTP ofNCBI without keyword fuuit with Legllb. The full·leng1h ofthe soy leghemoglobin was compared 
to all sequences in NCBI-Entrez da1abase. The scming alignments with E scores ofthe top l 0 con·heme protein 
alignments identified by BLASTP were considered in some detail to determine ifthere is significant homology to proteins 
ofsources with likely safe human exposure or unsafe (allergenic or toxic) exposure. The plant leghemoglobin was most 
closely related to other eukaryotic hemoglobins and were about 26% or more identical to some chordate leghemoglobins. 
These proteins are clearly evolutioiiarily related to oxygen carrying proteins from diverse somces, including mganisms 
that humans are exposed to without harm and some organisms that they are harmed by. Thus, the results from BLASTP 
comparison to all proteins were neutntl, but the ubiquitous nature oflegbemoglobin without obvious indications ofharm 
suggesting they are generally safe. 

4.l.S BLASTP ofNCBI Entrez using "allergen" and "allergy". The full.length amino acid sequence ofthe soy 
leghemoglobin Wllll compared to sequences in NCBI Entrez, which were designated as "allergen" or "allergy" in the NCBI 
da1abase on 27 Feb, 2016. The alignment results with keyword "allergen" retumed no results with an E score ofless than 
10. The aligned matches with keyword "allergy" (Tables 6) were not significant as judged by low identity matches ( <50% 
identity ) with par1ial protein alignments. The results showed that the soy leghemoglobin sequence had lower E scores with 
adenylate I guanylate cyclase catalytic domain protein from Leptospira yanagawae serovar Saopauio (E=7e·OS) and with 
nitric oxide dioxygenase from some strains ofbacterial, such as Burkholderia multivorans, Bordetella pertussis, 
Achromobacter piechaudii, Bordetel/a bronchisepttca etc. (with E scores vary from 0.002 to 0.19). While none of them had 
more than SO"Ai identity over one·halflength ofthe quei:y sequence. These proteins or eneymes were labeled by "allergy" 
because the sequences ofthem were obtained from a project funded in whole or in part with federal funds from the 
National Institute ofAllergy and Infectious Diseases. No evidence showed that these proteins were allergens. For example, 
the function ofad.enylate I guanylate cyclase ca1al.ytic domain protein is 2Fe-2S iron-sulfur cluster binding domain. And 1he 
function of nitric oxide dioxygenase is bifunctiomtl nitric oxide dioxygenase I dihydropteriiline reducta5e. The aligned 
proteins would not be considered homologues of the soy leghemoglobin and the probability ofcross-reactivity is extremely 
small based on observations ofAalberse (2000) and Goodman et al. (2008). 
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Tallle 6. BLASTP ofNCBI Entrez with leghemogtolliB alllng the byword ''allergy". The scoring alignments with the top 2 
aligned proteins are shown for the soy leghemoglobin protein vs. proteins labeled with the keyword "allergy" in the NCBI Entrez 
database on 21'1' Feb, 2016, using BLASTP. The sequence identities are low and I or the length ofalignments are veiy short, 
indicting unlikely homology and that the overall structure is unlikely to be similar. Thus even ifthe NCBI sequence is a proven 
allergen, there is vety little likelihood ofcross-reactivity by the heme protein. 

Sequence GI# Organilm Description I Len£th 
H 

E llCOre I 
% 

Identity I 
Query 

ewer% 

EOQ89444.1 Lepta,sJJim­
semwr Sanruiulo 

acleliylalefguanylata cyclaoe catalytic 
domain arotein I 440 7&-05 I 29 I 93 

EJ059091.1 Blllldlolllane 
mJJllJvrJnlM nilric oxide dicxygenlSI I 403 D.002 I 43 I 31 

4.2.6 BLAS'fP ofNCBI Entrez with "to:s:in" and "toxic". The full-length sequence of1he soy leghemoglobin was 
compared to sequences in NCBI-Bntrez, which were designated as "toxin" or ''toxic" in the NCBI database on 28 Feb, 2016. 
The alignment :results wi1h keyword "toxic" returned no results with an E score ofless than 10. The aligned proteins with 
keyword "toxin" are shown in Table 7. Two identity matches were found, with homologues ofnitric oxide dioxygenase from 
Bordetella bronchiseptica and dihydropteridine reductase from Bortktella pertussis (Tables 7). They are identified with the 
BLASTP using a toxin keyword as they are from ''toxic" organisms. The sequence identities are low (35%) Bll.d the length of 
alignments are very short (31%), mdicting unlikely homology and that the overall structure is unlikely to be similar. There does 
not appear to be a basis to suspect that the soy leghemoglobin are lilooly toxins. 

Table 7. BLASTP ofNCBI Entrez with leghemoglobla aling the keyword "tllD•"· The best scoring alignments to putative 
toxins shown in the NCBI Entrez database on 28'" Feb, 2016, were identified by BLASTP with the full-length sequence ofthe soy 
leghemoglobin. 

Sequence GI# IOrpnlsm Deoeriptlou I Lengtti aa Rsc:ore %identity Query 
Cover% 

BAOll9616.1 -·-­ nHrk: Dlllde dl-e I 402 0.027 35 31 

Al.X21654.1 
....__ ,,,,,__ 

dlh~rapte~• reduc:ta1<1 I 402 0.028 35 I 31 
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4.3 Bioinformaties summary for the leghemoglobin. None ofthe results from the bioinformatics searches ofthe soy 
leghemoglobin amino acid sequence, COll1p8Rld to known ll!ld putative allergens or toxins, suggested any clear and significant 

I 	 sequence similarity that suggests pote:ntial adverse effects for consumers. The search results from the AllergenOnline database show 
that the likelihood ofcross-reactivity for the soy leghemoglobin with the allergens is very low. And the search results from PubMed 
and BLASTP on allergens and toxic proteins S\lggllst that the soy leghemoglobin has a low risk offuod allergenicity or toxicity. I 

i 

S.O Conduaions 

Bioinformatics analyses were performed on leghemoglobin from soy {Glycine mllX') to evaluate whether there might be some safety 
concerns for foods produced with this protein included as ingredients. 

Based on the evidence and my knowledge of cross-reactive IgE binding, there is not a scientifically justifiable reason to perform serum 
lgE binding studies with leghemoglobin ofGlycine max as no significant sequence identity matches were found to any known 
allergens. Therefore no "at-risk" population ofallergic ~ects could be identified to evaluate potential cross-reactivity and risks of 
allergy or allergenic cross-reactivity are low (Goodman, 2008). 

Sequence comparisons of the soy leghemoglobin to known toxins identified some statistically significant, but short. and modest 
identity matches to two proteins from bacterial species that are palhogenic or toxic, yet the homologous proteins have not been 
identified as toxins. Thus, in vitro and in vivo toxicity testing should not be required to evaluate food safety in our opinion. 

BLASTP alignments without keywoid selection did identify a number of important high identity matches to other leghemoglobins 
(hemoglobins from legumes). These are homologues ofproteins that carzy oxygen necessary for microbes in root nodules to fix

~I nitrogen. We could not find evidence that these proteins are toxic to mammals. 
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SUMMARY 

Pichia pastoris is being used as a recombinant host for efficient expression ofa recombinant food protein using a 
leghemoglobin gene derived from soybean. The product, referred to as Soy Leghcmoglobin Preparation, is intended for food 
use to enhance the flavor profile ofmeat analogues. Soy Leghemoglobin Preparation is being developed by Impossible Foods 
and 17 P. pastoris proteins were idenillied by Impossible Foods, Inc. ofRedwood City, CA as being present in the final 
product. The 17 proteins were identified using proteomic analysis from 10 stainable protein bands in a one-dimensional SDS­
P AGE as the most abundant residUlll proteins from the yeast in1he Soy Leghemoglobin Preparation. Each ofthe 17 Pichia 
proteins represented 1 % or more ofthe total protein conteot of Soy Leghemoglobin Preparation. The P. pastoria proteins were 
identified by LC-MS/MS and the highest matching peptide :fragments identified proteins by the highest BLASTP alignment to 
proteins ofP. pastoria. 

Evaluation ofpotential risks of food allergy and toxicity associated with the proteins from Pichia pastoris within Soy 
Leghemoglobin Preparation included a literature search for studies that might indicate possible risks ofallergenicity or toxicity, 
as well as a search ofthe amino acid sequences against the cwated AllergenOnline.org database version 16 (January 2016}. 
AllergenOnline is maintained at the University ofNebraska to evaluate potential risks ofallergic cross-reactivity. Additional 
sequence comparisons were performed using the NCBI Protein database using BLASTP with keyword limits for allergy and 
toxicity. 

The results ofthese evaluations indicate that the proteins from Pichia pastoria are unlikely to present any IIlli.que and 
unacceptable risks ofallergy or allergic cross-reactivity, compared to risks presented by foods containing ingredients from 
other yeasts and molds approved for fuod use. In addition, no information was identified that would suggest these proteins 
from P. pastori:r are potential toxins or would result in the production oftoxic metabolites. My conclusion is that no further 
tests should be required to demonstrate the safety offoods produced using the Soy Leghemoglobin Preparation, which includes 
modest concentrations ofthe iden1ified P. pastoris proteins. 
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AA Amino acid 
AOLv16 http:/lwww.AllergenOnline.com/ database version 16 
BLASTP Algorithm used to find local high scoring alignments between a pair ofprotein sequences (using databases on 

Entrez) 
CODEX CODEX Alimentarius Commission Guideline for the safety assessment offood derived from biotechnology 
En1rezNCBI A public genetic database maintained by the National Center for 

Biotechnology Information (NCBI) at the National Institutes ofHealth, Bethesda, MD. Protein entries in 
the Entrez search and retrieval system are maintained by the NCBI ofthe National Institutes ofHealth 
(U.S.A.) 

FAO Food and Agri9ultural Organization 
FARRP Food Allergy Research and Resource Program, University ofNebraska 
FASTA3 Algorithm used to find local high scoring alignments between a pair or protein sequences (using the 

AllergenOnline database) 
GE Genetic engineering 
GI A unique identification number assigned by NCBI to each sequence in the database 
LegHb Soy Leghemoglobin 
PubMed A public information database of scientific journal articles and abstracts maintained by the National Librazy 

ofMedicine, National Institutes ofHealth (U.S.A.) 
8mer Exact word search for segments ofeight amino acid matches between the query protein and proteins in 

AllergenOnlin.org 

Abbrevlatlom 

,. 
i 
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1.0 Introduction 

The soy Leghemoglobin (LegHb) protein evaluated in study REG ImpFoodsl was expressed in Pichia pastoris for production 
offood. As evaluated, LegHb is not expected to present any specific risks ofallergy to toxicity for those COllBU!lli.ng the food 
product. In this study Impossible Foods, Inc. provided the primary sequences ofproteins from P. pastoris that are present as 
minor proteins in the Soy Leghemoglobin Preparation due to normal expression by the recombinant yeast host. This 
bioinfonnatics study is intended to evaluate potential risks offood allergy and food toxicology ofthe 17 most abundant 
endogenous Pichia proteins in the Soy Ughemoglobin Preparation food product. 

The same bioinformatics methods used to evaluate the potential risks offood allergy and toxicity for LegHb were used in this 
study to evaluate each ofthe 17 proteins from P. pastoris. The raw data bas been archived at the University ofNebraska. 
This report provides a SllllllllllIY ofthe fipdings for each of the seventeen proteins. 

2.0 Purpose 

The puzpose ofthis study is to perform an evaluation or screening of the potential allergenicity and toxicity of the Pichia 
proteins present in the Soy Leghemoglobin Preparation based on published literature about the source ofthe gene and 
bioinfonnatics (sequence comparisons) with known allergens and toxins. The intent is to guide decisions reganling whether 
additional safety tests would be needed for the proteins ifused in food products. 

3.0 Methoda 

3.1 Sdentiflc literature search strategies. The PubMed database (http://www.ncbi.nlm nm gov/pubmed) maintained by the 
U.S. National Library ofMedicine was used as the primary data source for scientific literature on allergy and toxicity. 
The primw:y question is whether the source ofthe gene is a common cause ofallergy or toxicity. Th.e data (authors, 
publication, date and abstracts) from searches were savi:d to files for review. Publication abstracts ofpublications 
identified in the searches were manually reviewed and any likely relevant publicatiollll suggesting adverse health risks 
were investigated further by reading the journal articles. Simple searches for the organism nmne Pichia pastoris 
retrieved 5244 references. A search fur Komagataella phaffii only retrieved 6 entries. None of the publications on K. 
phajfii were relllted to allergens or toxins ofthe 01'ganism. Many of the P. pastoris references were about cloning genes 
from various sources into the yeast for eukazyotic expression. The search had to be more specific as described below. 
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3.1.1 Seareh for allergenicity. Search terms "Pichia pastoris" AND "allergen" NOT "recombinant" were used on 1 July, 
2016, reducing the articles identified to 4 but those were about recombinant proteins expressed in the yeast. 
Therefure new searches used simply the organism (Pichia pastoris) AND the individual protein names (alpha 
aminoadipate reductase, coba1amin-independent methionine synthase, aconitase, 1ransketolase, glycerol kinase, 
catalase A, glucose 6 phosphate dehydrogenase (G6PD), PAS, mitochondrial aldehyde dehydrogenase, delta­
aminolevulinate dehydratase, mitochondrial alcohol dehydrogenase, ma1ate dehydrogenase, putative protein, 
triosephoasphate isomerase, cyclophilin, cytosolic superoxide dismutase and mitochondrial ATPase inhibitor. In 
some cases where too many publications were identified., additional keywords ofallergen or allergy were added. 

3.1.2 SellJ'dl for to:dclty. Search tenns "Pichia pastoris" AND "toxin" were used on 1July,2016, returning 185 
publications. Alternatively toxic was used in place oftoxin, still returning 72 publications. Therefore the 
alternative ofusing Pichia pi¢oris AND the name ofeach protein was used: alpha aminoadipate reductase, 
cobalamin-independent methionine synthase, aconitase, t:ransketolase, glycerol kinase, catalase A, glucose 6 
phosphate dehydrogenase (G6PD), PAS, mitochondrial aldehyde dehydrogenase, delta-aminolevulinate 
dehydratase, mitochondrial alcohol dehydrogenase, ma1ate dehydrogenase, putative protein, triosephoasphate 
isomerase, cyclophilin, cytosolic superoxide dismutase and mitochondril ATPase inhibitor and in some cases "AND 
toxin" or "AND toxic" were added to focus the search. Abstracts and when needed, full-publications were 
reviewed. 

3.2 	 Sequenc:e datablllle search strategies. 
The AllergenOnline version 16 (http://www.allergenonline.org/) and the NCBI Entrez Protein 
(http://www.ncbi.nlm.nih.gov/BLAST/) databases were used as the protein amino acid data sources for the sequence 
comparisons for allergens and toxins on 27 May, 2016. The AllergenOnline database was updated in 27 Januacy 2016 
and is maintained by the Food Allergy Research and Resource Program ofthe University ofNebraska. Protein entries in 
the Emrez search and retrieval system is compiled and maintained by the NCBI of the National Institutes ofHealth 
(U.S.A.). The database is potentially updated or madiiied daily, and therefore the date ofsequence searches by 
BLASTP is relevant to the dataset used in the BLASTP searches. BLASTP and FASTA3 are unique computer 
algorithms that provide similar local alignments and results if the appropriate scoring matrices and criteria are used. 

3.2.1 FASTA3 overall seareh ofAllergenOnline. The potential sequential and inferred structural similarities of 
the 17 proteins from Pichia pastoris were evaluated using version 16 ofA!lergenOnline.org with E scores of 10 and 
1.0. 
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3.2.2 FASTA3 ofAllergenOnline by 80 aa segments. This short (80-amino acid) segment search is based on the 

recommendation ofCodex (2003). The rationale is that this might help in identifying structural motifs, much shorter 

than the intact protein, which might contain a conformational IgE binding epitope. It should also help to identify 

potentially cross-reactive proteins 1hat are not true homologues ofan allergen that have significant local identities that 

might provide an immunological target for IgE antibodies in those with allergies to the matched allergen. A match of 

>35% with a known allergen will suggest further testing for possible cross-reactivity although matches using the sliding 

80 amino acid window search that are not also identified by overall F ASTA search may represent an irrelevant 

alignment. Thus evaluation ofE scores and relative comparison ofmatched sequences with the NCBI database is 

sometimes wammted. 


3.2.3 Exact Word match ofAllergenOnline by 8-eontignona AA. 

A word/string search routine on fJlergenOnline.org was used to identify any eight contiguous amino acid segment of 

the query protein sequence that exactly matched any 8 amino acid segment ofany ofthe allergen sequences in database. 

The rationale for identifying identity matches in very short sequences is an assumption that individual epitopes may be 

represented by peptide segments as short as eight amino acids (Metcalfe et al., 1996). 


3.2.4 BLASTP ofNCBI Entrez without keyword limit. The BLASTP is available on the NCBI Entrez website 

(http://www.ncbi.nlm.nih.gov/BLAST/). The current veniion is BLASTP 2.3.0 (22 Dec., 2015). The purpose ofthis 

BLASTP search is to compare 1he leghemoglobin to all known protein sequences to evaluate whether there are other 

similar proteins from other organisms that might provide information of safe exposure to homologues of1his protein. 


3.2.5 BLASTP ofNCBI Entrez with "allergen" and "allergy" as keyword limits. BLASTP sean:h was used 

comparing leghemoglobin sequence against the entire EIJtrez Protein database, with a limit option selected to query 

entries for "allergen" or "allergy", to align onlywith proteins identified as allergens or allergy. The purpose ofthis 

BLASTP search is to ensure that a significant match with a newly discovered allergenic sequence that has not yet been 

entered into AllergenOnline is not overlooked. Evaluation ofthe E value, the length ofthe alignment and the percent 

identity ofany identified match is necessruy to judge the significance ofany alignment using BLASTP. 


3.2.6 BLASTP of NCBI Entnz with ''toxin" and ''tone" as keyword limits. The purpose ofthis BLASTP 

search is to identify matches to known toxic proteins (toicins) and ifalignments share significant identities, to determine 

potential risks that would require further testing. 
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4.0 Ruults and Dillea11ion. The SUIIllDllIY i:esults for the PubMed search using search terms, and the amino acid sequence of 
17 proteins fromPichia pastoris, are presented here. Impossible Foods, Inc. contracted the UC Davis Genome Cen1er to 
identify 17 proteins from 10 Coomassie stahied bands from the SOS-PAGE gel shown in Figure I. The UC Davis Genome 
Center used LC-MS/MS to identify the proteins in bands 1hat:represent - 1% ofthe total protein abundance. The protein 
identities and sequences are listed in Table 1. 

HS:.· 
100-­
75­

SO­

37-­

25-­

20-­

15­

10­

Figure 1. Coo111U11ie blue stained gel of a Sor Legbemoglobiu Pn:paration final product with residual Pkbia 
patoris proteins. The Coomassie stained SOS-PAGE gel image is from JmposSl"ble Foods, Inc. from PP-PGM2-15-320-101 
production batch of Soy Ulghemoglobin Pxepazatfon. Soy leghemoglobin is the broad stained band at 12 to 13 kDa. The 
stained proteins marked with omnge bands and numbered from 1 (- 140 kDa) to 10 (- 8 kDa) are proteins from P. pastoris that 
i:epresent~l% of1he total proteinfi:action of Soy Leghemoglobin Pxepmation Their identities were determinei! by LC-MS/MS 
with Dl8tches to filll-matched sequences from NCBI listed in Table 1. 

1001 



FARRP Study No. REG ImpFoods2 
Unlvenily ofNebraska Impossible Foods Page 13 of43 

Table 1 Amino acid sequences of 17 proteins from Plclria ptUwris {aynon. KomagaJaelhz pha/Ji) from Soy 
Leghemoglobin Preparation. The protein sequences shown here were identified by LC-MS/MS as sequences in NCBI Protein 
database matching peptide segments from the 10 SDS-PAGE gel bands from Pichia pastoris proteins shown in Figure 1. 
Multiple protein matches were identified fur bands 2, 5, 7, and 9. All protein hits were analyzed by literature search and 
sequence homology. The proteomics work was performed by Impossible Foods, Inc. 

Protein, GI BDd band#Or2anlsm Native protein seouence 

~SENLNYWANILDGPTLSVLPRDYNBJ?VAGKVIEANKTFDISD!LPFLNRANEPS\TTQFTAPLAVFAVL 
VYR!.rTGDDDIVILTOSPKKQNLPFVVRLQVDPSXSFVDVSKQVGEQYLESLERA'1'PLKDIVTHLKESKQL 
P~YPPIFR!.SFQTAKKVCOLSTLVEGSTRDLAIFlENNTSINIYYNSLLYTHN"R!AYFSQQFSSFIDEVN 

RAPETPIG1CISLLTRQ0SKLLPDPTANLDPISGYRGAIQDI:E'SDNAEKFPDRTCVVETKSFLNPNSQTRTF 
TYXQIDQASNIVGNYLVHTGIKRGDVVMIYAYRGVDLMY'AVMGVLKAGATFSVIDPAYPPARQNVYLQVA 
KPAGLIVtEKAGVLDQL~~~YlKNELSLVSRlSNLKIEADGNVLGGDVDGKDAL~DYQQ~KtaRTGVLVG 
PDSNPTLSFTSGSEGIPKGVLGRBFSLAYYrPWMSXTFNLSENDKFTMLSGIAHDPIQRDMP'TPLFLGAQAlpha aminoadipate reductase 
LLIPTSDOIGTPGK~"""WMQTYGATVTHLTPAMGCL~SAQATKEIPSLHHAFPVGDILTKRDCLRLQTIAKomagatae/la 
QNVNlINMYGTTETQRAVSYFEIPSRAQDSTFLBVOKDIMPAGKGMHNVQLLVVNRHDRSKTCA!GEVGEphaffii IYV'RAAGLAEQlRGQPOLNKEKFVPNWFV'SPSKWVEEDXKISKDEPWREFYLGPRDRLYRTGDLGRYLPTGI:23 8030060 
GDCEV9GRADDQV~IRGFRIELGE1DTHISRBPLIRQNVTLVRRDKDEEPI~ISYVVPKET~EL~NFKSS 

SDDLDDLNDPIVKSLLLY~LI~DLitAHLKKTLl'\SYAIPTIIVPMAKLPLNPNGKVDKPKLP~PDTVQLA(Pichia pastor/if) 
Protcin band#l -1400 AA AVAQKSSAEVODSEFTTTELQIKOLWLQVLPNPPA$!SLSCSfrDLGGHSILATRMIFELRRRLAVDLPL 

GT!FRHPTVKLPAAEVDRVKNGDEVQFADNKQESTSAGSDBOVVOYFQDA~CLVSSCLLDSYKSRLALSN 

AELINIFLTGATGFLGSYILROL~ERD~DVQVYABViUU{DEBSGLERLRNTGKVYGIWNEEWTSRIXVVI

I ADLSKDKLGLSGEKi'AELANTIDLIIHNGALVHWVYPYSKLRDANVISTlNVLN!,AASGKPKQFGFVSST
' STLDTEHYITLSDTLTECGEDGIPESDDLLGSSKGLGTGYGQSl'OfA.1'E~IIRRAFERGLRGAIIRPGYVT 

GHSRTGACNTDO!LLRMLKGCAELGKLPNISNTVNMVPVDBVALVVTASSLBPTAESGECVVQVTGBPRII 
RFNEFLNALNDYGYEVNLTDYVEWg[U)LERFVVDQSRDSA.LY~LLH~VLO~LPQDT~PELDD.KNAXDIL

! SGDTRWTGYDGSKGRGVDSAQTGIYIAYLIKTGFLPPPSKEGKI<PLPEIEISEBSLiCLIKEGAC..ARTSAA 
[
' MVQSSVLGFPRIGAFBBLKKTTEAYWSGKVGKD~~FKVGKEIRENNWKLOKAAGVDVIASND!SYYOOVLI DLSLL?NAIPERYTKYELDPIDTL'l!'AMGRGLQRKATOSEKAVUVTALEMVKWFDSNYHYVRPTFSHSTEFCcbalamin-independe:nt K~GOKPVDBl'LEAKKI.GIETRPVVVGPVSYL?LGKADRDSLOL£PISLL6~ILPVYAELLAKLSAAGAT 

SVQIDEPILVLDLPEKVQAAFKTAYEYl'...ANAKNIPKLVVASYFGDVRPNLA9!KGLPVHGFHFDFVRAPE 
QFDEVVAALTAEQVLSVGIIDGRNIWKADFSEAVAPVEKAIAALGRDRVI'\IATSSSLLHTPVDLTNEKRL

Komagataella methionine synthase 
phefl/i 

DSEIKNWtSrA'?QRLn!:V\rVVJUCAVSG-RDVKEA!.rSVNAAAIKSRKDSAITN~OVQKKVDSINE!CLS.SRA
Gl:238030843 AAE'PBR1AAQKGKiNLPLFPTTTIGSrPQTKDIRINRNKFTKGEITAEQYDTFIKSEIEKVVRFQEEIGL 

DVLY.9GEPBRNDMVQYFGEQLKGFAFTTNGWVQSYGSRYVRPPVVVGOVSRPHRMSVKESVYAQSITKKP 
MKGMLTGPITVL:RliS!'PruQOVSQxvQJ\LQLGLALROEVNDLBAASVEVIQVDEPAIR!GLPLRSGO!RSO 

! (Pich/a pa..torfs) 
Pnm:in band #2a - 768 M Yt.KYAARSFRIATSGVKNTTQIHSHFCYSDLDPNBIKALDAOVVSIEFSR:f.i00t'NYIQEFSNYPNH1GLG 

LrDIBSPRIPSKEEFIARIGEILKVYPADKE'WVNPDCGLKTRGWEBVRASLTNMVEAAKTYREKYAQN 

MLSARRVI.iARINSRGIJ\TVSGL'l'RDSLVEMNLLEKGNYINYl{QQLDNVNlVKEllLGRPl.i'IYAEKLLYGHLAconitaso 
DKPB£QDit~GV9YLKLRPDR!ACQDATAQMAILQFMSAGMPSVATPTTVSCDELIQAQKGGAADLERAIKomagataella 
RLNREVYDFLATACAKYN!GFWKPGSGIIHQIVLENYAFPGELLIGTOSBTPNAGGLGQLAIGVGGADAVphaj}li 
DV'MAGI.PWF,J,KAPKIIGVKLTGP.MNGWTSPKDlIL~LAGITTVKGGTGAIVEYfGDGVDTFSCTGMATICGI:254564667 
NMGAEIGATTSVFPYNNSMVDFLDATGRSE!GEFAKVFQKEYLSADPGCEYDQVIEIDLNTLE~HJNGPF 
T~D:i:.ATPVSKMKEV~VANDWPLEVKVGLIGSCTNSSYEDMTRAASIIEDAASHGVKARSLYTVTPGSEQI(Pichia pastorls) Protein band #2b - 780 AA RltTIAR.DGQLKTPTOFGGSVLANACGPCIGQWDRQDIKRGOKN~I~SSFNRNFTSRNOGNPATHAFVASP 

EMVTBYAIAGOLREN?LTDltLKDKDGNEFLLKDPVGVGLPVRGYD~GENT~QAPPEnRASVEVV!SPSSD 
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RtQRLTPFQPWDGKDAERLPILIKSVGKTTTDHISMAGPWLKYRGHLQNISNNYMIGAINAENGEANNVK I 
NEYTGVYSGVPDTAAAYRDNGVKWVVIGGENFGEGSSREHAALEPRYLGGFAIITKSFARIHETNLKKQG 
LLPLNFTDPAAYDRlQI?DDEVDILGLTELAPGKNV'.£·LRVHPADGSPTWETPLSHTYNAEQIEWFKYGSAL I 
NNMM.VKASK 

MSDLLAlNTlRLLAVDTVAXANSGEPGAPMGLAPAAHTLFKQMRFNPRNPAWIHRDRFVLSNGHACALLY 
TMLFt..YG~OYTI!JnLXS!l\OLNSKTPGBE'EAELPGVEVTTGPLGQGil!.NAVGLAIAQAQLAATYNKPNYl

Transketolase LFSNYTYAFLGDGCLQBGVAQEAISLAGELGDGLKLIAFWDDNQ!SIDGDTNVSFTEDVPAKFBAQGWEVKomagataella 
LSVXDGNCDLEGI~TTNKPTLIRLPTIIGYGSLQQGTHGVHGSPLKPDDIKQLKK.KFGFDPEQ 

phqffll NFVVP:REVTESYA!<EVADNQQVEVEWNKLLTAYTKEYPELGQELHRRLDGKLPENWQKALPTYTVDDKPVGI:2380300S7 ASR!<LSEIVLTSIEKELPELVGGSADLTGSNLTRliPDAVDFQ~KSTGLGDFSGRYFRFGVREHGMGJUIN 

GISAYGANFKAYGGTFLNFVSYASGAVRLSALSGHPIIWVATHDSIGLGEDGPTHQPIETLAHLRALPNL
(Pichiapastoris) MVWRPADGNETSAAYLRAI£SXETPSIIALTRQNLPCLBH9SIEKAAKGGYlVYPVENPDIILVASGSEVProtein bend #3 - 679 AA SIAinGAI<KLGTEGVI<ASVVSIPDFFTFDSQARSYQLSVLPDGVPIM.SVEVMSTFGWSKYSHEQFGINRF 

GISGPGPEIYKFFEFTAEGVADRASKVVQFYKGI<ELLSPLNKAFESV!lA 
I 

I I 
MGKDYTPLVATIDIGTTSTRAILFD'iHGQEVAI<:HQIBYSTSAQDDIKRKRSQIISSEGISLTVSDDLEYE 

I Glycerol kinase SVDNKAGPTLQFPQPGWVECRPSRILANAVQCLAACLVTMBN:KNLDRDEKNKYKLISIGVANMRETTVVW
Komagatae/la SKKTGKPLYNGIVWNDT~""NDIVDEYTAKYSEKEREEMRTLCGCPISTYFSATKFRWLLKBVPEVKQAYD

I NADGDLMFGTIDSWLIYHLTNEKSHVTDVTNASRTNFMNIETNKYDDRLLKFMDVDTSKVILPEIRSSAE
phajfii Gl:238034027 V~GUFKVPdLE~IGY'1ESYLTPDAL1t.LLETIEGAPLAGCLGDQSASLVGOLAVRKGDAKCTYGTGA!LLY

I
NTGDQTLISEHGALTTVGYWFPGLDESEDGRHSSK~QYALEGSIAVAGSVVOWLRDNLRLlSKAQDVGPL 

(Pichia pasloris) ASQVDNSGGVVPVPAFSGLFAPYWDSNSRGTIFGLTQYTSASRIA1U\AI.gGVCF0TRAILKAMISDAGAS
Protein band #4 - 621 AA AOFLEESSKATGHNPLSVLAVDGGMSKSDEMMOIQADILGPCVTVRRSINPECTALGAAIAAG!GVPX!:t 

I 
RIWGSLKECTEAILEGNRMYLAAGNTSLDFKATLSDEVRRKEWRLWENAIAKAKGWLKDTA

' 
MSQPPRWTTSNGAPVSDVFATtlUl.TFDNANllANNAPKVGPLLLQDFQLIDSLAHFDRERIPERVVF.AI<GA 
GAFGEFEVTDDISDVCAAKFLDTIGKKTRIFTRFSTVGGEKGS~DS~RDPRGFSTKFYTEEGNLDLVYNN 

Ke>magataella CatalaseA TP!FFIRDPSKFPHFIHTQKRNPATNLKDANMPWDYLVNNQES!HQVMYLFSDRGTPASLRKMNGYSGHT 

phaifii YKWYNgKGElfVYVQVHE'KSOLGVVNFNNEEAGKLAGEDPDYHTGDLFNAIERGEYPSWTCYIQTMTQEQ.A 
AKQPFSVFDLTKVWPEKDFPLRRFGKFTLN£NPKNYFAEVE~FSPSHTIPSMQPSADPVLQSRI,FSYP

GI:254S69930 DTHRHRLGVNYQCIPVNCPVAPVFTPQMROGSMTVNGNLG9TPNYKSSFCPFSTEAQIQTNSHTPEEVL8 
(Pich/a pastoris) AHTEKFIDli'GGILCSKSYDFEQPRALWKVFGKTPGQQRNFCHNVAVHVAi\ANHEIQDRVFEYFSKVYPEIG 

DCIRKEVLOLSPRGDSAARLProtein band #5a- 510 AA 

Glucose 6 phosphate MTDTKAVEFVGHTAIVVFGASGDLAI<!<KTFPALFGLYREG~tSNKVKIIGYARS~LDDKEFKDRIVGYFK

KomagaJaella dehydrogenase TKNKGDEDKVQ~FL~LC9YISAPYD~PDGYEKLNETINEFEKENNVEQSHRLFYLALPPSVFIPVAT!VK

KYVEPGSKGIARIIVEKPFGHDLQSAEELLNALKPiiiKEEBLFRIDHYLGKEMVKNLLAFRFGNAFINAS 
phojfii WDNRHISCIQISFKEPFGTEGRGGYFDSIGIIRDVIONELLOVLTLLTMERPVSNDPEAVRDEKVRILKS 

01:238031000 !SELDLNDVLVGQYGKSEDGKKPAYVDDETVKPGSKCVTFAAIGLEINTEJuolE:GVP!IL~CKALNEGKV

(Pichia pastoYis) 
EIRVQYKQSTGFLNDIQRNELVIRVQPNEAMYMKLNS~VPGVSQKTTVTELDLTYKDRYENFYIPEAYES
LlRDAMKGDHSNFVRDDELIQSwgrpTPLLYHLEGPDAPAPBI~PYGSRGPASLTKFLQDEDYFFESRDN 

Protein band #Sb - 504 AA YQWPVTRPDVLHKM

:i 
I 
I 

'! 

:1 
I 
' 
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HtRTSPATRKALKSQINAFNVAAL:RFYSSLPLQVPITLPNGRTYNQPi'GLFINNEFVPSKQGKTFAVLNP 
Hypothetical protein PAS 

Komaga1aella S'l'EEEITBVYESRHDDVELAVAAAQKAFDS'l'WSTQDPAERGKVLNRLADLIEEHSETLAAIEBLDNGKAI 
SSARGDVGLVVAYLKSCAGWADKVE'GRVVETGSSRFNYVRREPLGVCGQII.PWN'FPLLMWSWK\TGPALAT 

phttjfli GI:23 80312 lS GN'l'VYLXTAESTPLSALYVSQLVXEAGIPAGVHNIVSGFGKITG~IATHPKIKR.VA!'TG~TATGRHlMK 
AAAESNLKKVTLELGGXSBNIVFNDANIXOAVANIILGIYYNSGEVCCAGSRVYVQSGIYDELLAEP'KTA 

(Pichiapastori.r) ABNVKVGNPEDED~EQGAQTSQOQLEKILGFVERGKRDGATLITGGGRLGDKGYPVQPTIP'GDVTPEM!:I 

Protein band #Sc ­ VKEEIFGPVVTISK!DTIDEVV'CLANDSQYGLAAGIBSDDINKVIDVAAR.IKSG'l'VWVNTYNDFHQMVPF 525 AA GGFGQSGIGREMGVEALENY'l'QYKAIRVXINHKJIE 

Mitochondrial aldehyde MTFAPPLZFEIDLPNGLKYTQPLGLFINNE!'VEGVEGK.LL~VIKP~D~TKITQVWEASAADVDRAVDAAE 

Komagatae/la dehydrogenase DAFNNSVliATQDPLERGKLMNKLADLIDRDFNILAGIESIDNGKAYTSAQGDV'l'LAVNYIRSCAGWADKI 
LGNVVDSGNTBLNLVXREPLGVVGQIIPWNFPLLHLAWR'LGPJ&LATGNTVVLKTAESTPLSGLYV'AKLIK 

phteff/I EAGFPPGVVNILSGFGNPAGAAIAABPRIKK!AFTGSTATGRKIM!AAAl'.SNL10tV'rLELGG~PNIVPE 

GI:238033249 DADIQKTIBNIILGIFFNSGEVCCAGSRVYIQDTVYEEVLBA!'KKETONVKVGGPPEEGVFQGPQTSELQ 
LNRILSYIKBGKDEGARVITGGSRYRNRGYYIKPTIFADVTEDMK..IVREEIPGPVVTITR1'$TVDEVVG¥ 

(Pichia pastom) ANNTNYGLAAGIHTNNLNKAIDVASRIKAGVVWIN'l'YNDFBHMVPFGGYGESGIGRELGAEALDNYTQAK 
Protein band 116 ­ 501 AA AIR!AYTPEHK 

I 
I 

I Dclta-aminolevulinatc 
Komagataella dehydrldase MVBKAEYLDDHPTQISSILSGGYNHPLLREWQ8ERQLNKNMFIFPLFVTDRPDEEELIPSLPNIKRFGVN 

KLlPYVGGLVSRGLRAVILFGVPLKPGVKDEEGTAADDPEGPVlQAIKRLRKNFPDLYIITDVCLCEYTS phttJfli HGBCGILYEDGTINRELSVRRIAAVAVRYAQAGANSVAPSDH'l'DGlURDl!Ul!GLLSAGLAHKTFVMSYAA 
01:238033645 RFSGNLYGPFRDAAGSCPSQGDRKCYQL.PSGGRGLABRALI:RDMNBGTDGIIVKPS'l'S'YtOIVADAYQlC 

(Pichia pt1lltoris) RDYPICCYQVSGEYAMLHAAAEKNIVDLKSIAFWUIQGFLRAGARLIISYFTPEFLEWLSE 
' Pmrein band #7a - 341 AA 
I
i 

Mitocb.Cllldrial alcohol 
Kbmagataella dohydrogenw;e iso:eyme m MSPTIPTTQKAVIFETNGGPLEYKDIPVPRPKSNELLINVKYSGVCETDLEAifKGDWPLDNKLPLVGGHE 

phqfftl GAGVVVAYGENVTGWE!GDYAGIKW'LNGSCL?ilCEYCIQGAESSCAKADLSGJ?l'EDGSFQQYATADATQAA 
RIPREADLAEVAPILCAGITVYKALtrADLRIGQWVAIBGAGGGLGSLAVCYAXALGLRVLGIDGGADKG 

GI: 238031179 EFVKSLG'AEVFVDFTKTRDVVAEVQKLTNGGPHGVINVSVSPRAINQSVQYVRTLGKYVLVGL~SGA'l/Vbl 

(Pichia pastoris) SDVFWHVLRSiiIKGBYVGliREDSASAIDLF~RGLVKAPIKIIGLSBLAKVYEQMBAGAlIGRYVVDTSK 

I Protein band#?b-350 AA 

Malate dehydrogenase 
Komagataella MVKVTVCGAAGGIGQPLSLMFKLNPYVTTLALYDVVNVPGVGKDLSHIDTDTKLESYLPENOGLEKALTG 

phaffil ~DLVIIPAGvPRKPGl!llTRDDLFAINAGIIRDLARGIAQPAPSAFVLVISHPVNSTV.PIVAEILKRNNVFH 

GI:238034064 PQ~LPGVlTLOCvRANTr\l'AELSROKEASAFOIRVLGGHSGErIVPVFSQSAPEVYKELSDEQKAALVHR 
VQFGGDEVVKAKNGAGSA~LSMAYAGYKLGHALLAAINDTPNI!ESTFVYLRDSK!RGAAEAFKYINERL 

(Pichia pt1llloris) Protein 
KDSDSSDVDFFALPVVLSSNGIEEIKWDILERVDAKETELLKIATGQLSlUII~GTAI!'IAGN 

bend #7c-342 AA 
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Putative protein, unknown I
I KomagataeJ/a function MVVAIRGGTGLGLMNLTlntP'!'PTPIDDAJ:BTlRYAVEEAGVRYLNGGEFYNFPLDSNLNLQYIQEFAKRY 

PELYKKVSLSVXG~VSLVDVSPDSSl?ENLEXSISNITkHLPNNFLPIFEPARIDKRYSIEETIKNLSKFV ;Phaffii EDGRIGGISLSEVGADTIRRAAXVAPIACVEVEeSLLtRDILHNGVLP..ACEDLNIPIIAYSPLGRGFLTG 
GI:238033788 TINSKADIPEGDIRLSLSRFNDDEVIEBNLICLVBGLKKIJUll(RGVTLAQLSLAWLRKFGDKHVKVLPIPS 

I (Pfchia pastoris) CSSPRRVAENTKBISLTDSEFQEITDFAESVPIKGGR'tNRASEAVLNG 

Pmtein band #7d-328 AA 
I 

I Triose phosphate isomerase I Komagataella MM.TF!'VGG!:l!'!:M!ilG.SB'.KBII:lBIIERLNNTICLPENVEVVIAPPAPYLQQAVTENKQK.TVYVSAONSFDll 
SGAYTGEVSVE:ALKDLGVPYVILGHSERRTINKEDDAFIASK'l'KFALDQGLKVILCIGETLEEKQANITL iphaffll 01:238032989 DVVRRQLQAVVDVVSD'lfTHIVVAYEPVWAIGTGLAATPSDAQDVHKQIRDFLA'l'VIGKDQAEKVRlLYGG 

i SVNGKHAVEFRDKADVDGFLVGGASLKPEE'VDIINSRN 

i (Pichia pastOl'is) IProtein band #8 - 248 AA
I • 

Hypothetical protein 
I Komagataella (cyclophilin) PP7435 II M'I'KTFFDVSSNDOPLGRIVFEL!DDVPKTIENFRALCTGEKGYGYlCDSIFBR~IPOFMLQGGDE'TXFNGT 
!pbaffll GGKSIYGSIG'ADEHPIHlOJTKl?GLLSMANAGPNTNGSQFFITTVPCPWLDGICBVV!'GXVVDGLDVVSKIE 
! TLGSSSGATK.TQLKITNSGEL GI:3283S0030 
I (Pichla pastor/a) 
! 

Protein band #9a - 161 AA I 

Cytosolic superoxide 
KDmagoJaella disnmlase 

MVXAVA\lLRGDS~VGGTVVFEQSSESSPTTITYDIKGNSPNAERGFHIHQl"GDN7NGCTSAGPHJ'lfPP'GK phajfij THGAPTDEAR.BVGDLGNVXTDAEGVAKGVITDNQVKLIGETSILGRTVVIHDGTDDLGKGGHAnSLKTGN' 
01:238()34030 AGGRPACGVIGLAA 

(Pichiapastoris) 
Protein band #9b - I 54 AA 

I Mitochondria ATPase 
Komagataella lnhibirar H~ORTTATLVRQNI<AIARFYSBGSTGAPRSDGSGDAFTXREXAQEOFYIKKHQAEQLAitt.~QLKNQKEH phaffti LCNLS><EW•aei 

01:23802.9769 
(Pichia pastoris) 

Protein band #10 - 84 AA 
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4.1 PubMed Searches. The scientific literature databa!le, PubMed, was searched for evidence 1hat any of the proteins from 
Pichia pastoris, and specifically the 17 proteins identified by Impossible Foods, Inc. are likely source ofallergy er toxicity. The 
search did not reveal evidence that the Piehi a pastoris or the 17 proteins from the species represent food safety risks. Summary 
ofall information is present in Table 2. 

4.1.1 Allergenicl.ty. A search ofPubMed using only the organism name, "Pichia pastoris" AND "allergen" returned 
128 articles. A quick review ofthe summary entries showed that they all appear to be related to the use of the yeast 
as a recombinant vector for expressing a wide variety ofproteins from various eukaryotic sources. Adding a third 
term, NOT "recombinant" reduced the returns to five and a careful read of the results demonstrated no link to 
allergy related to endogenous proteins from Pichia pastoris. However, all five only appear to be related to 
recombinant proteins in the xeast, therefore the search exclusion was not appropriate. A search with the newer name 
of the species, Komagataella phaffii without any other search term returned only six publications, all related to the 

'ii taxonomy or genomics cloning ofthe yeast species (synon. Pichia pastoris) or the use ofthis species as a 
J recombinant vector. To more fully evaluate the potential risks ofallergy, the names of each ofthe identified 17 P. 

pastoris proteins were searched in combination with Pichia pastoris using the "AND" function. The identified 
ti references and/or abstracts were saved in an archive. Review ofthe information failed to identify any study data to 
i suggest possible allergenicity ofthe endogenous proteins identified by Impossible Foods in their proteomic analysis. 
' Thus there is no evidence that endogenous proteins from Pichiapastoris are allergens. 

4.1.2 To:dcity. 	 The search ofPubMed using both "Pichiapastoris" AND ''toxin" returned 185 references, however, 
most appear to relate to expressing various eukaryotic genes to produce recombinant proteins. The list was 
reduced to 26 by excluding "recombinant". One ofthe publications specifically looked for protein toxin 
expression by P. pastoris, Banerjee and Verma (2000). They tested various strains ofthe yeast to produce protein 
toxins that would kill other yeasts. They :IBiled to detect any evidence of toxin production. There were no other 
publications that seemed to relate to toxins except for heterologously expressed genes from other o:rganisms. Thus, 
based on literature search there is no reason to suspect that Pichia pastoris produces toxic proteins. 
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Table 2 Pubmed seareh result.'! (Summary table) 

I Protein Source Seard! reeults I 
' ' PidliJl pllSloris Pidliapaaleris Pidliaptutoris Individual endogenous (17) Picllia proteins 
' 01 AND •lle'l!en AND toxin 

Jfgmqfllael/4 
p/Jafll.l 

18S articles were found. Se11rches with the following individual. identified proteins 
Pichla pastorls I s243 arttc1.. 128 articles, most relate did NOT idelllify any publiallions that descnbed 

were found.. to expression of Adding NOT alklgeniciiy or toxicity. 
:zynon. heterologous gen"" Biid recombinant reduced 
Komagataella proteins. . the numberto 26. Alpha-aminoadipBlll reductase: Zero articles 
phaffii Cobalamin-indcpendent methionine S)'llthase, NOT 

5 articles when Nor Carefully reading the recombinal'.lt: Four mticles 
abstracts articles (recombinant recombinant was added. demonstrated Aconitase: Two 

yeast I -·-----------------­ that only one oonsidered Transbtolase: Five articles host) 
Six references were posm"ble protein toxins Glycerol kinase: Five mticles 
found for Komagataella eiqiressed by the yeqst, Catalase A: Twenty one mticl"" 

' 

phq/fii, all related to PichiaptJJJlorls. The 06PD: One article 
heterologous expression paper (Banerjee and Hypothetical PAS: Twenty one articles 
or to taxonomic Venna, 2000) Mitochondri81 aldehyde dehydrogeneso: One article 
relationships with P. demonstrated !hat no Delta-mninolevulinate dehydrogenase: One article 
pastoris or other toxic proteins were Mitochondrial alcobol dehydrogenase: Two articles 
Komagatael/a •p. identified in P. pastori.J. Malate dehydrogeoase: One article 

Unknown function (posst"bly pyridoxal reductase: Zero 
Tri""Jlhosphare isomernse: Zero 
Cyclophilin: Zero 
Cytosolic superoxidc dismutaso: Three articles 
Mitochondria A TPase inhibitor: Zero 
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4.2 Sequence comparisons of the 17 Pichia pastDrls proteins to allergens and toxins. The amino acid sequence of each 
ofthe 17 endogenoUll proteins ofPichia pastoris identified by Impossible Foods from the 10 highest intensity bands were 
compared to known allergens using both full-length F ASTA3 alignment searches and a sliding window of 80 comparison
against AllergenOnline.org, version 16 as well as an exact BAA word search. Additionally, a BLASTP search was performed 
against the NCBI database using keyword search limits of "allergen" / "allergy" and "toxin"/ "toxic". Results are presented in 
SUllllllaIY form in Tables 3 to19 for proteins 1 through 17. 

Table 3. Bioinformatics Summary Result& of Protein Band #1. The 1400 AA protein, Alpha aminoadipate reductase 
was compared with AllergenOnline.org version 16 and withNCBI Protein on 17 May, 2016. 

AllergenOnline 
overall FAST A3 

No .match to any protein in AllergenOnline version 16 with an E score of< 1. Four low 
identity short sel!Inent matches with E scores between 1 and 10. 

Allergen Online 
80merFASTA3 

No match to any protein in AllergenOnline version 16, with identity of>35% over any 
80 AA selZ!llent. 

Allergen Online 
Enct8AA 

No exact 8mer match with any protein in AllergenOnline version 16. 

NCBIBLASTP 
Allerl!en 

Two low scoring identity matches to non-homologoWI, hypothetic& proteins with E 
scores >1 e-05, and alfanments of< 25% ofthe lenirth and< 30% identity. 

NCBIBLASTP 
Toxin or Toxic 

A number oflow scoring identity matches to homologous proteins (small E scores) that 
are proteins from organisms that are classified as toxic to insects (e.g. Bacillus 
thurinlriensis), but no sil!llificant ali=ent to an obvioW1 toxin or toxic l)roteins. 

NCBIBLASTP 
No keyword 

Many high scoring identity matches with protein homologous proteins from other yeasts 
and molds. The highest scoring match to a Saccharomyces sp. protein has an E score= 
0.0, and 60% identity in a 1418 AA alignment. 

Conclusion: No risk ofAllergy or to::dcitv identified for protein #1 
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Table 4. 	 Bioinformaties Snnmuuy Resultli of Protein Band #2a. The 768 AA Cobalamin-independent melhionine synthase 
protein was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

AllergenOnline 
overall FASTA3 

AllergenOnline ~onlyprotein in AllergenOnline version 16 is Salk 3, with a best 80 AA alignment 
80merFASTA3 of77.5%. 
AllergenOnliue The only protein with an exact 8mer match is Sal k 3. 
Exact SAA 
NCBIBLASTP 
Alle~en 
NCBIBLASTP 

Toxin or Toxic 


NCBIBLASTP 
No keyword 

One significant match to a protein in AllergenOnline version 16. The protein is Sal k 3 
(Assarehzadegan et al., 2011), a pollen allergen from Russian thistle (Sa/so/a call), with 
an.E swre of le-158, 49% identity over the full length. The Salk 3 is unique in 
identification ofan allergen, yet a BLAST with Sal k 3 reveals hig)tly homologous 
proteins in many dicotyledonous plants ranging from pigweed, to mustards, cotton, 
strawberries, soybeans and peaches with much higher identities than achieved by Pichia 
pastoris protein band #2. It is not elem how important Salk 3 is as an allergen and the 
larire motein is likely to be heat-denatured and digested raoi.dly by multinle . 

Two low scoring identity matches to non-homologous, hypothetical proteins with E 
scores> 1 e-05, and alil!Dments of< 25% ofthe len!rth and< 30"/o identity. 
A number of low scoring identity matches to homologous proteins (small E scores) tbat 
are proteins from organisms tbat are classified as toxic to insects (e.g. Bacillus 

·­thurinlliensis), but no si ali t to an obvious toxin or toxic moteins. 
Many high scoring identity matches with homologous proteins from other yeasts and 
molds. The highest scoring.match to aSaccharonrycessp. proteinhas anE score= 0.0, 
and 77% identity in a 765 AA ali 

Conclusion: There is a very minhnal risk ofallergy based on the modest alignment with Salk 3. However, Salk 3 
has many higher scoring alignments with proteins in commonly consumed plant foods, and no publiClltion ofallergy 
except airway allergy and skin test reactivity to Sal k 3. Thus the risk ofallergy is likely to be very low. There was 
no silmi:ficant match to a toxin, so the likely risk oftoxicity is extremely low. 
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Table 5. Bioinformatics Summary Results of Protein Band #2b. The 780 AA Aconitase protein was compared with 
AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

I AllergenOnline Two alignments with E scores between 0.1 and 1 (Aspergillus sp. endo-chitosane 238 
overall FAST A3 AA, 31% identity over 80 AA; Sarcoptea scabiei inactive cysteine protease, 340 AA, 

25% identity over 139 AA}, and 10 alignments with E scores between 4 and 10, various 
proteases with low identity scores (24% to 3'1°/o identity) wi1h proteins in 
AlleritenOnline.om version 16. 

AllergenOnline 
80merFASTA3 

No matches of>35% identity over 80 AA with any protein in AllergenOnline.org 
version 16. 

AllergenOnline 
Enct8AA 

No exact 8 AA match with any protein inAllergenOnline.oxg version 16. 

NCBIBLASTP One very low scoring alignment with an alkyl hydroperoxide annotated as a "Mal 
Allergen allergen" (no reference) from an Anfaretic coastal bacteria, genomic sequence. The E 

score was 0.86, 35% identity over 72 AA and three other irrelevant lower identity 
alilZllillents. 

NCBIBLASTP A number of stalistically significant alignments with E scores smaller than I e-50, one 
Toxin or Toxic with o.o. However most ofthe aligpments Ille modest identities of50% or less, 

indicating homology. Most of the source organisms are toxic, but no obvious reference 
to toxicity of the proteins. There was one higher scoring alignment of66% with E score 
0.0, to a bovine homologue ofthe aconitase enzyme (GI:l57831069, bovine 4-hydroxy­
trans-aconitate) in crystal structure with a "toxic" substrate, fluorocitrate, that disrupts 
the tricarboxylic acid cycle (Lauble et al., 1996}, but the enzyme is not toxic, the 
chemical is toxic to the enzyme and thereby · the consumer of the comnound. 

NCBIBLASTP 
No keyword 

Many high scoring identity matches with protein homologous proteins from other yeasts 
and molds. The highest scoring match to a Saccharomyces sp. protein has an E score = 

0.0, and 81% identity in a 775 AA alia:nment 
Conclulon: There is a very minimal risk ofallergy based on the modest alignment with endo-chitosane and inactive 
protease found in full-length alignment. Thus the risk of allergy is likely to be very low. There were moderate 
alignments to proteins identified as being from toxic organisms, but only as common homologues. The identity to the 
homolollllfO ofSaccharomvces cerevisiae was much was much hi1rher. Thus the likely risk of toxicity is extremelv low. 
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Table 6. Bioinformatica Summacy Results of Protein Band #3. The 679 AA Transketolase protein was compared with 
AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

!AllergenOnline INo matches to proteins in AllergenOnline version 16 with an E score <l. There were 
\ overallFASTA3 ! >20 matches with E score between 1 and I0. But low identities of <35% end generally 
I Ishort, 49 to 134 AA. These matches are not significant. 

The data indicate there is no obvious risk ofalleigy or toxicity from the transketolase protem. The 

I AllergenOnline 
80mer FASTA3 
AllergenOnline 
Exac:t8AA 
NCBIBLASTP 
AlleNen 
NCBIBLASTP 
To:dn or Tone 

NCBIBLASTP 

1 

No keyword 

I No identity match of>35% over any segment of80 amino acids compared to any 
Imotein in AllemenOnline version 16. 
[No exact 8 AA IDlltcltcs with any protein in AllergenOnline version 16. 

No significant alignment with any protein in NCBI with using the keyword allergen. 

' 
Many small E score identity matches ofjust under 50% identity to t:ransk:etolases of 
bacteria (e.g. Bacillus cereus) or cyanobacteria that are known to be toxic organisms. 
These are homologues ofthe enzyme involved in sugar catabolism from photosynthesis. 
No references were obvious showin11 anv toxic effects of these es on consumers. 
Many high scoring identity matches with protein homologous proteins from other yeasts 
and molds. A transketolase from the commonly used food yeast, Saccharomyces 
cerevisiae has an E score of0 and 700.4 overall identity to the transketolase ofP. 
vastoris. . . .I Conclusion:

Ihigher scoring alignment with transketolase ofSaccharomyces cerevisiae provides additional assurance of safety . 
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Table 7. Bioinformatics Summary Results of Protein Band #4. The 621 AA Glycerol kinase protein was compared with 
AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

Allergen Online 
overall FASTA3 

No matches to proteins in AllergenOnline version 16 with an E score <1. There were 
>20 matches with E score between 1 and 10. But low identities of <35% and generally 
short, 49 to 134 AA. These matches are not siimificant. 

AllergenOnline 
80merFASTA3 

No matches of>35% identity over 80 AA were found compared to aoy protein in 
AllenzeuOnline version 16. 

AllergenOnline 
Exact SAA 

No exact 8 AA matches were identified to any protein in AllergenOnline version 16. 

NCBIBLASTP 
Allere:en 

No significant alignments were identified. 
. 

NCBIBLASTP 
Toxin or Toxic 

A nmnber oflow scoring identity matches to homologous proteins (SlI!llll E scores e.g. 
6e-1I8) that are pr\lteins from organisms that are classified as toxic to iDSeCts (e.g. 
Bacillus thuringiemis ), or mmnmel s (e.g. Mycobacterium tuberculosis), with up to 41% 
identity llllltl:hes and many gaps over 550 AA, but no significant alignment to an 
obvious toxin or toxic oroteins. 

NCBIBLASTP 
Nokervonl 

Many higher scoring identity matches withprotein homologous proteins from other 
yeasts and molds were found. The highest scoring alignment with a Saccharom:yces sp. 
was with an E score of0.0 and identitv of53% over 664 AA. 

Conehuion: There does not seem to be a risk ofallergy based on the lack ofalignment to allergens. There are 
modest alignments to proteins that have not been demonslrated to be toxins, but are from organisms that are known to 
be toxic. However, with higher identities to proteins from other yeasts, including Saccaromyces sp., it is very unlikely 
that this nrotein is a toxin. 
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Table 8. 	 Bioinformatics Summary Results ofProtein Band #Sa. The S10 AA Catalase A protein was compared with 
AllergenOnline.orgversion 16 and withNCBI Protein on 17May, 2016. 

Allergen Online 
overall FASTA3 

1 One highly significant match with 2.6 e-058 but identity match with only 37% identity 
over 4 75 AA was identified to catalase ofPenicillium citri1111111, a putative allergen called 
Pen c 30, based on IgE binding to mold allergic subjects in Taiwan. There are two Asn­
linked glycens on the natural Penicillium cilrinum protein and the deglyoosylated form 
had reduced binding, but still some IgE binding. One subject had a positive SPT to Pen 
c 30. Other alif!'ttments had lmve E scores near or above 1 and short low idenlity matches. 

Allergen Online 
80merFASTA3 

The only alignment with >35% identity over 80 AA was to the Penici/lium citrinum 
catalase and the best aligned 80 AA segment was 60"/o identity, indicating restricted 
conservation ofsequence to a subsection ofthe nmtein. 

Allergen Online 
Euct8AA 

INo exact 8 AA matches were identified to any protein in AllergenOnline version 16, not 
even to the catalase of Penicillium citrinum. 

NCBIBLASTP 
Alleriren 

Only the single alignment ofPenicillium citrinum was identified, with an E score of9e­
93 and identity sccre of38% over 424 AA. 

NCBIBLASTP 
Tollin or Tom 

Many significant (very small E score) alignments were identified (as low as Se-149 for 
toxin, 0.0 for toxic) to homologues from organisms noted for toxins or toxicity (e.g. 
Bacillus sp., Enterococcus faecalis, Streptomyces 11p., Clostridium sp.). The alignments 
are approximately 50% for proteins identified with "toxin", and 71 % as the highest for 
those identified with "toxic" organisms (Candida boidini1). The enzyme is common to 
all organisms living in oxygen containing environments as it detoxifies hydrogen 
peroxides by converting them to water and oxygen. It is not a toxin and is not toxic to 
mammalian cells. No uublished evidence was found that catalase A is a toxin. 

NCBIBLASTP Many high scoring identity matches were found with homologous proteins from other 
No keyword yeasts and molds. The full-length catalase A of Pichia pastoris represents a conserved 

catalase A common to most yeast and fungi. The highest scoring alignment with a 
. Sacchmomyces so. was with an E sccre of0.0 and identity of66% over 494 AA . 
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Conclnsion: There does not seem to be a risk ofallergy based on the lack ofalignment to allergens. Catalase 
from Penicillium citrinum has been identified as an inhaled spore allergen, with no described allergic reactions to 
ingestion. Penicillium camembertii is widely consumed with brie and other soft-ripened cheeses, which have versions of 
catalase that are closer to the allergenic ones than is the Pichia protein. Penicillium is a member ofthe fungal 
subdivision Pezizomycetes, which is distinct from the subdivision Saccharomycotina, which contains Pichia. Several 
members ofPezizomycetes are widely eaten (e.g. morels) and have versions ofcatalase that are closer to the allergenic 
ones than is the Pichia protein. The lack of cross-reactivity upon consumption ofmorels and soft ripened cheeses 
establishes it as highly unlikely that 1he Pichia catalase will elicit cross-reactivity. Similarly, several members of the 
Sacchoromycotina (including S. cerevisiae), whose catalases are equally closely related to the allergenic ones as is 
Pichia are widely eaten without cross-reactivity. There are modest alignments to proteins that have not been 
demonstrated to be toxins, but are from organisms that are known to be toxic. Many homologues were identified to 

roteins from yeasts, including Sar:;charomyces s ., thus it is unlike) that this otein is a toxin . 
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Table 9. Bioinformatia Summary Results of Protein Band #51>, The 504 AA glucose 6 phosphate dehydrogenase protein 
(G6PD) was compared with Allergen.Online.org version 16 and with NCBI Protein on 17 May, 2016. 

Low scoring matches were identified with E scores nmging from 0.91 to 9.4 for 6 
overallFASTA3 
Allergen Online 

proteins that had identity matches of24% to 47"/0 over short alignments of88 down to 30 
AA. These nmteins were not homolo<rues end the identitv matches annear random. 

AllergenOnline The only alignment with >35% iden1ity over 80 AA was to the putative allergen, 
80merFASTA3 Blattella germanica, German cockroach, Bla g 3 (hemocyanin) with 37"/o identity as the 

best alianed 80 AA seoment. 
AllergenOnline No exact SAA matches were identified to any protein in AllergenOnline version 16. 
Euct8AA 
NCBIBLASTP No,Bignificant identity match was identified inNCBI with keyword allergen. 
AlleMen 
NCBIBLASTP Many significant (very small E score) alignments were identified (as low as 6e-93 for 
Toxin or Tone toxin, 6e-95 fur toxic) to homologues from organisms noted for toxins or toxicity (e.g. 

Bacillua ;rp., Enterococcwfaeca/is, Streptomyces sp., Clostridium sp.). The alignments 
are approximately 35% for proteins identified with "toxin", end 35% as the highest for 
those identified with "toxic" organiSmB (Fictibacillua phoaphorivorans). The enzyme is 
common to all or 

. . It is not a toxin and is not toxic to mammalian cells . 
NCBIBLASTP Many high scoring identity matches were found with homologous proteins from other 
Nok.eyword yeasts and molds. The full-length G6PD eligmnent to Saccharomyces sp. WllS with en E 

score of0.0 and identity of 64% over 495 AA. 
Conclusion: There does not seem to be a risk ofallergy based on the lack ofalignment to allergens. There are 
modest alignments to proteins that have not been demonstrated to be toxins, but ere from organisms that ere known to be 
toxic. Many homologues were identified to proteins from yeasts, including Sacchal'omyces sp., thus it is unlikely that 
1bis Drotein is a toxin. 
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Table 10. Blolnformatics Summary Re.wultlJ ofProtein Band #Sc. The 525AA hypothetical protein (PAS) was compared 
Wl.th All ergenOnrme.org version 16 and WI'thNCBIProtein on 17 May, 2016 

AllergenOnllne Two very significant scoring alignments were identified, one with an E score ofSe-126 
overall FASTA3 and 58% identity (Davidiella sp. aldehyde dehydrogenase) and one with le-124 E score 

and 58% identity to Alternaria alternaJa aldehyde dehydrogenase. The next highest 
alignments were to diverse species and ofmuch greater E scores and lower identities. 
These are minor hypothetical allergens. 

AllergenOnline Three alignments were found with >35% identity over 80 AA. The highest scoring ones 
811mer FASTA3 were to the same Davidiella sp., andAlternaria sp. as 1he full-length FASTA, with 

highest scoring somers of 72% identity. The third was to a storage mite, Lepidoglyphus 
destructor, with 35% identity. 

AllergenOnline A number ofexact 8 AA matches were identified to the Davidiella sp. and Alternaria sp. 
Euct8AA nroteins in All.,,...enOnline version 16. 
 I 
NCBIBLASTP There were a few significant alignments using NCBI with keyword allergen. The best 

Alle12en scoring ones were to Davidiella so. (Cladosuorium .m.) and Aweobasidium nmnibiae. 

NCBIBLASTP Some significant (vei:y small E score) alignments were identified (as low as 2e-l 71 for 

Toxin or Toxic toxin, 2e-l 77 fur toxic) to homologues from organisms noted for toxins or toxicity {e.g. 


Bacillus sp.). The alignments are approximately 53% for proteins identified with ''toxin", 

and ''toxic" organisms. The enzyme is common to all organisms. It is not a toxin and 

is not toxic to mammalian cells. 


NCBIBLASTP Many high scoring identity matches were found with homologous proteins from other 

No keyword yeasts and molds. The full-length PAS alignment to Saccharomyces sp. was with an E 


score of 0.0 and identitv of69% over 512 AA. 
Condullion: There does not seem to be a risk ofallergy based on the lack ofalignment to allergens. The two hits are 
to members ofthe fungal subdivision Pezizomycetes, which is distinct from the subdivision Saccharomycotina, which 
contains Pichia. Several members ofPezizomycetes are widely eaten (e.g. morels) and have versions ofALDH that are 
closer to the allergenic ones than is the Pichia protein. The lack of cross-reactivity upon consumption ofmorels 
establishes it as highly unlikely that the Pichia ALDH will elicit cross-reactivity. Similarly, several members ofthe 
Saccharomycotina fmcluding S. cerevisiae), whose AlDH's are equally closely related to the allergenic ones as is 
Pichia are widely eaten without cross-reactivity. There are modest alignments to proteins that have not been 
demonstrated to be toxins, but are from organisms that are known to be toxic. Many homologues were identified to 
nmteins from yeasts, including Saccharomyces sn., thus it is unlikelv that this nrotein is a toxin. I 
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Table 11. 	 Bioinformaties Summary Re11olbi of Protein Band #6. The 501 AA mitochondrial aldehyde dehydrogenase 
protein was compai:ed with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

;-! 
'i AllergenOnline Two high scoring matches with 2.4e-138 end l.2e-1.31 with identity matches of60% 

overall FASTA3 and 57"/o were identified to aldehyde dehydrogenases. One was Davidtel/a tassiana 
(Cladosporium herbMum) and one to Altemaria alternata with nearly 60% identities 
over nearly full leng1h alignments. These are minor airway allergens identified only by 
low-level IizE bindiru! in 1he studies used to identifrthem as uutative allerRens. 

AllergenOnline IThe same two mold allergens were identified in alignments with best-scoring identity 
80merFASTA3 . matches of76% and 74% identities. 
Allergen Online 
Exaet8AA 

The same two mold allergens had a large number of8 AA matches as expected based on 
billh identitv matches in AlleraenOnline version 16. 

NCBIBLASTP 
Allergen 

High scoring mitochondrial aldehyde dehydrogenase fungal proteins were identified in 
NCBI as the clear alignments using keyword allergen. Cladosporium (Davidiella sp.) 
and Aureobasldtum namibiae were highest scoring with E scores of0.0 and identities of 
61% and 600/o. These nroteins are putative allemens, Il!E b · •· no biolooical activity. 

NCBIBLASTP Slightly lower scoring alignments (compared to the fungal mitochondrial aldehyde 
Tollin or Tone dehydrogenases) or 6e-l 70 and 4e-165 and identity scores of53% and 51% respectively 

were found for toxin. Interestingly, a human mitochondrial aldehyde dehydrogenase 
was the highest scoring p1otein with "toxic" as a search term, having an E score of6e­
173 and 52% identity. The next scoring match was to aldehyde dehydrogenase of 
Bacillus thuringiensis were identified using t.oxin and toxic keywords. The matches 
were to homologous proteins from bacteria (e.g. Bacillus thuringiensis) that do not have 
mitochondria, but the function is still needed in these bacteria. There is no published 
evidence was found that any aldehvde dehydrop;enase is a toxin. 

NCBIBLASTP 
No keyword 

Many high scoring identity matches with homologous proteins from other yeasts and 
molds were identified. The highest scoring alignment with a Saccharomyces sp. was 
with an E score of 0.0 and identitv of62% over 488 AA. 

Conclu1ion: There is a very minor potential risk ofallergy based on the identity alignments to two putative mold 
airway allergens however, the enzyme is ubiquitous and there bas not been proofthat these proteins cause allergic 
disease. Only that they can bind IgE from some airway sensitized individuals. The two bits are to members ofthe 
furu!al subdivision PezizortrVCetes, which is distinct from the subdivision Saccharomycotina, which contains Pichia. 
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Several members ofPezizornycetes are widely eaten (e.g. morels) and have versions ofALDH that are closer to the 
allergenic ones than is the Pichia protein. The lack ofcross-reactivity upon consumption ofmorels establishes it as 
highly unlikely that the Pichia ALDH will elicit cross-reactivity. Similarly, several members ofthe Saccharomycotina 
(includingS. cerevisiae), whose ALDH's are equally closely related to the allergenic ones as is Pichia are widely eaten 
without cross-reactivi . It is UDJikely that this otein is an alle en or a toxin. 
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Table 12. Bioinform.atics Summary Results ofProtein Band #7a. The 341 AA Delm-liminolevulinate dehydmtase protein 
was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

Allergen Online 
overall FAST A3 

Allergen Online 
80merFASTA3 
AilergenOnline 
Enct8AA 
NCBIBLASTP 
Allergen 

NCBIBLASTP 
Tom or Tone 

NCBIBLASTP 
No keyword 

Very low-scoring alignments withE scores of4 to 10 were identified to glucanase Ienzymes from diverse sources (e.g. rubber tree, grass pollen, cockroach and wheat). 
These aliimments are unlikely to renresent a risk ofoossible cross-reactivity. I 
No matches were identified with >35% identity in any 80 AA match with 
AllenrenOnline version 16. I 
No exact 8 AA matches were identified with AllergenOnline version 16. 

Two high identity matches were found to a dehydrogenase ofCandida albicans as a I 
JIU1:lltive allergen. However, there is no published proof that this protein is an allergen.. 
One of the entries was from genomic cloning. The other was describing the protein 
with monoclonal antibody recoimition. No connection to allerl!Y. 
Modest scoring alignments were identified using toxin and toxic keywords. The 
matches ofapproximately 40% identity were to homologous proteins from bacteria. No 
11Ublished evidence was found that these Droteins are toxins. 
Many high scoring identity matches with homologous proteins from other yeasts and 
molds were identified. The highest scoring alignment with a Saccharomyces sp. was 
with an E score of0.0 and identity of76"/o over 340 AA. 

Conclusion: It is unlikely that there is any risk ofallergy for this protein. The same is true for toxicity. In addition, 
there are very good aligaments to homologous proteins from many molds including Saccaromyces sp., with 76% 
identity over 340 AA. Thus it is verv unlikely that this is an aller11.en or a toxin.. 

.,' 
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Table 13. Bioinformatics Summa:ry Results of Protein Band #7b. The 350 AA mitochondrial alcohol dehydrogenase 
protein was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

Allergen Online One significant-scoring alignment was identified with an E score of 1.2e-108 and 76% 
overa11FASTA3 identity over the full-length (350AA) to Candida albicans Can f 1.0101. This protein 

should be considered a putative allergen as the publication demonstrating IgE binding 
to the apparent MW ofa partially purified (Shen et al., 1989) and was also expressed as 
a recombinant-with very light lgE binding (compared to the native) by a pool of4 sem 
(Shen et al., 1991) have not absolutely demonstrated that the large number ofsubjects 
bound IgE to this specific protein. However 1he natural protein is glycosylated that 
miaht imnact faE b · •· There was no demonstration ofbiolo<rical activitv. 

Allergen Online Onl.Y the single protein Can f 1.0101 identified by full-FASTA was identified with 
80merFASTA3 >35% identity in any 80 AA match with AllerizenOnline version 16. 
Allergen Online Only Can f l.0101 contained exact 8 AA matches compared to protein band #7b with 
Exact SAA Aller1ren0nline version 16. 
NCBIBLASTP Two high identity matches (E scores 0.0, identities of8001(, and 76%) were found to a 
Allergen dehydrogenase of Candida albicans as a putative allergen. A third aligmnent was 

identified with an E score of0.001 and identity of28"A> over 120 AA to Salmonella 
enterica outative oxidoreductase. 

NCBIBLASTP Modest scoring alignments were identified using toxin and toxic keywords to alcohol 
Toxin or To:dc dehydrogenase enzymes ofbacteria that are associated with toxicity (Corynebacterium 

ulcerans, Bacillus thuringiensis, B. cereus, E.rcherichio coli and Streptococcus sp.). 
The E scores were small le-87, 2e-55 and percent identities 36% to 42%. However, no 
mJblished evidence was found that these proteins are toxins. 

NCBIBLASTP Many high scoring identity :match.es with homologous proteins from other yeasts and 
No keyword molds were identified. The highest scoring alignment with a Saccharomyces sp. was 

with an E score ofO.O and identity of74% over 347 AA. 
Conclusion: It is unlikely that there is any risk ofallergy for this protein. The same is true for toxicity. In addition, 
there are very good aligmnents to homologous proteins from many molds including Saccaromyces sp. Thus it is very 
unlikely that this DIOtein is an allergen or a toxin. 
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Table 14, Bioinformatics SWDmary Results ofProtein Band #7e. The 342 AA malate debydrogenase protein was 
compared with Alle:rgenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

AllergenOnline One significant scoring alignment was identified with an E score of 4.2e-54 and 51% 

I 

I 

overall FASTA3 identity over the full-length (34IAA) to Malasseziafarfar Mala f 4.0101. This protein 
should be considered a putative allergen a.s the publication demonstrating JgE binding 
to a natural, semi-purified protein, but there was another isofonn isolated and two other 
proteins from the partially pure one called Mala f 4 {Onishi et al., 1999). However the 
nalura1 protein is glycosylated that might impact IgE binding. There was no 
demonstiation ofbiololrical activitv. 

AllergenOnline Two proteins were identified with >35% identity in any 80 AA match with 
80mer FASTA3 Alli:rgenOntine version 16. One was as expected, Malassezia furfur Mala f 4.0101, 

with a highest identity score of 700/o. The second was to convicllin ofPisum sativum 
with 36.2% identity as the highest scoring 80mer. The overall alignment to that protein 
was ooor, E score of45, 31% identity in an 84 AA overhm. 

Allergen Online 
Exact SAA 

I Only Mala f 4.0101 contained exact 8 AA matches compared to protein band #7c with 
Allerp;enOnline version 16. 

NCBIBLASTP 
Ailel"llen 

The only significant match by BLASTP was to Malassezia sympodialis Mala f 
4.0lOlwithanE score of6e-71 and an identityof45%. 

NCBIBLASTP Significant scoring alignments were identified using toxin and toxic keywords to the 
Toxin or Toxie malate dehydrogenase enzyme. The highest scoring hit was to a rat (Rattus noMJegicus) 

with E score 2e-94 and 47% identity. Then a number oftoxic organisms (Vibrio 
cholera and. E. coli) with sli.mtly lower identities and sli.mtlv hli!:her E scores. 

NCBIBLASTP 
No keyword 

MaDy high scoring identity matches with homologous proteins from other yeasts and 
mDlds were identified. The highest scoring alignment with a Saccharomyces sp. was 
with anE score of4e-109 and identity of53% over 339 AA. 

Concln1ion: The C. albicans ADH has been identified as an allergen linked (weakly) to Candida-related asthma. But 
the similar degree ofidentity to S. cerevisiae ADH, which is known to be highly expressed in many S. 
cerevisiae linked foods/beverages, make this a low concern. Thus, it is unlikely that there is any risk ofallergy for this 
protein as only one putative dermal allergen had a significant match. The risk oftoxicity is similarly low. In addition, 
there are very good alignments to homologous proteins from many molds including Saccaromyces sp. Thus it is very 
unlikely that this nrotein is an aller2011 or a toxin. 
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Table 15. 	 Bioinformatics Summary Results of Protein Band #7d. The 328 AA pUtative protein was compared with 

AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 
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AllergenOnline 
overall F ASTA3 

AllergenOnline 
80mer FASTA3 
Allergen Online 
Exaet8AA 
NCBIBLASTP 
Allere:en 
NCBIBLASTP 
Toxin or Tone 

One low-scoring alignment was identified with an E score of 0.23 and 24.6% identity 
over the full-length (328AA) to Juniperus occitkntalis Juno 4.0101. This alignment is 
very low scoring and unlikely to be relevant to risks. There was no demonstration of 
biolo!rical activitv. 
No alignments with >35% identity over any 80 AA match with AllergenOnline version 
16 were identified. 
No exact 8 AA matches compared to protein band #7c with AllergenOnline version 16. 

No .significant match was identified using BLASTP and keyword Allergen. 

Modest scoring alignments were identified using toxin and toxic keywords to the 
malate dehydrogenase enzyme. The highest scoring hit was to a bacterial protein 
(Escherichia coli aldehyde oxidase) with E score 2e-39 and 32% identity. Then a 
number of toxic organisms (E. coli, _Microcyrns aeruginosa, Rophidiopsis broolci1) with 
slil!htly lower identities and slii!htlv hiizher E scores. 

NCBIBLASTP IMany high scoring identity matches with homologous proteins from other yeasts and 
No keyword I molds were identified. The highest scoring alignment with a Saccharomyces sp. was 

with anE score of3e-68 and identitv of40% over 336 AA. 
Conclusion: It is unlikely that there is any risk of allergy for this protein as matches were only to a putative allergen 
had a significant match. The risk oftoxicity is similarly low. In addition, there are very good alignments to 
homologous proteins from many molds including Saccharomyces sp. Thus it is very unlikely that this protein is an 
aller~en or a toxin. 
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Table 16. Bioinformatic:s Summary Results of Protein Band #8. The 248 AA Triose Phosphate isomerase protein WBS 

compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

ADergenOnline I Four high-scoring alignments were identified with E scores smaller than 9.Je-51 and S-
overall FAST A3 53% identities over nearly the full length offour 1riosephaspbate-isomerase proteins of 

I diverse sources {wheat, two from house dust mite and one from shrimp). Yet 
Imosephosplurte isomerases are ubiquitous and there is no published evidence for such 
Iwide-spread cross-rellciivity. Thus these aligmnents are unlikely to represent a risk of 
nossible cross-reactivity. 

Allergen Online The same four proteins were identified as having alignments with >35% identity in any 
80mer FASTA3 80 AA match with AllergenOnline version 16. The highest alignment was 62% 

identity. 
AllergenOnline A number of exact 8 AA matches were identified with the same four proteins in 
Euct8AA Alleriren.Online version 16. 
NCBIBLASTP Similar identity matches were found by BLASTP to triosephosphate isomerase ofhouse 
Allergen dust mites end scabies. However, there is not clear published proof that this protein is 

cross-reactive. 
NCBIBLASTP Moderately high scoring alignments were identified using toxin and toxic keywords. 
To:dn or To:lie The matches with E scores of2e-S5 to ?e-65 and identities of40% to SO"A. were found 

to homologous proteins from bacteria {e.g. &cherichia coli, Bordetella sp., Clostridium 
sp.). No published evidence was found that these proteins are toxins. 

NCBIBLASTP Macy vety high scoring identity matches with homologous proteins from other yeasts 
No keyword and molds were identified. The highest scoring alignment with a Saccharomyces sp. was 

with anE score of le-128 and identity of71% over 248AA. 
Conclnrion: It is unlikely that there is any risk of allergy for this protein. The same is 1rue for toxicity. In addition, 
there are very good alignments to homologous proteins from many molds including Saccaromyces sp. Thus it is very 
unlikely that 1his protein is an allergen or a toxin. 
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Table 17. Bioinformatics Summary Reaultll of Protein Band #9a. The 161 AA hypothetical protein (cyclophilin 
superfamily) was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

AllergenOnline Seven relatively high-scoring alignments were identified with E scores smaller than 1 e-
overall FASTA.3 46 to cyclophilin proteins ofdiverse fungal, house dust mite and plant sources 

(Aspergillus sp, Dermatophagoides sp, Caharanthus, Daucus sp.). Yet cyclophilins are 
ubiquitous and while there is evidence of in vitro cross-reactivity, there is no published 
evidence for such wide-spreed clinical cross-reactivity. Thus these alignments ere 
unl.ikelv to renresent a risk ofoossible clinical cross-reactivity. 

AllergenOnline 
80merFASTA.3 

Seven proteins were identified as having alignments with >35% identity in any 80 AA 
match with AllergenOnline version 16. The highest alignment was 87% and all had 80 
id~tities lll'eater than 78%. 

AllergenOnline 
Exact SAA 

All ofthe same proteins had 8 AA matches in AllergenOnline version 16. 

NCBIBLASTP A few cyclophilins were identified with high matches ofdiverse sources (e.g. mold, 
Allergen Aspergillusfamiga/US and Malazessiafurfor; mites, Suidasia medanensis and 

Dermatophagoides farina; liver fluke, Clonorchis sinensis, . However, there is not 
clear published proof that these proteins are clinically cross-reactive from such diverse 
sources. 

NCBIBLASTP Modest scoring alignments were identified using toxin and toxic keywords. The 
Toxin or Toxic matches with E scores of3e-32 or larger and identity scores of approximately 40% to 

50"/o identities to homologous proteins from bacteria (e.g. Enterococcus sp., Legionella 
sp., Corynebacterium sp., also with some unusual species in terms oftoxicity, such as 
Danio rerio). No published evidence was found that these moteins are toxins. 

NCBIBLASTP 
No keyword 

Many higher scoring identity matches with homologous proteins from other yeasts and 
molds were identified. The highest scoring alignment with a Saccharomyces sp. was 
with an E score of9e-88 end identity of75% over 162 AA. 

Conclusion: Cyclophilins are unlikely to pose a risk ofallergy. While a few cyclophilins have been identified as putative 
allergens, and they have been demonstrated to bind IgE from some suQiects, the proteins are intracellular in function and 
ubiquitous. The closest hit is to Aspergillus allergen. Aspergillus oyzae is widely consumed in roiso, tamari, and soy sauce and 
have versions of cyclophilins that are closer to the allergenic ones than is the Pichia protein. Aspergil/us is in the fungal 
subdivision Pezizo11f)lcetes, which is distinct from the subdivision Saccharomycotina, which contains Pichia. Several members 
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ofPezizom;ycetes are widely eaten (e.g. morels) and have versions of cyclophilins that are closer to the allergenic ones than is 
the Pichia protein. The lack of cross-n:activity upon consmnption ofmorels, miso, 1amari, and soy sauce establishes it as 
highly unlikely that the Pichia cyclophilin will elicit cross-reactivity. Similarly, several members ofthe Saccharomycotina 
(including S. cerevisiae), whose cyclophilin's are more closely related to the allergenic ones as is Pichia are widely eaten 
without cross-reactivity. The same is true for toxicity. In addition, there are very good alignments to homologous proteins 
from many molds including Saccharomyces SD. Thus it is very unlikely that this motein is an allergen or a toxin. 
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Table ·1s. Bioinfonnatics Summary Result! of Protein Band #9b. The 154 AA cytosolic superoxide dismutase protein 
was compared wi1h AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

Allergen Online Twenty three isoforms ofolive pollen superoxide dismutase in AllergenOnline version 
overall FASTA3 16 were aligned with nearly identical scores relative to this P. pastoris protein. They 

ranged from E score of3.9e-30 to 8.6e-35 and identity scores of 53% to 57%. The next 
' highest scoring superoxide di.smuta.ses were E scores of3.5 to 6.5 and identities of27% 

to 45% over 30 to 58 AA. Butteroni et al. (2005) demonstrated IgE binding using sera 
from a large number ofolive pollen allergic subjects, but there are no publications 
demonstrafin11: biolollical activity (e.11:. BHR, SPT). 

Allergen Online Twenty three isoforms ofolive pollen superoxide dismutase were identified as having 
80merFASTA3 matches with >35% identity over 80 or more amino acids. The olive pollen proteins 

are almost identical and the identities range from 55% to 60"Ai over the best 80 aa 
ali!rnment. 

AllergenOnline 
EJ:Bct8AA 

All of the same 23 proteins had 8 AA Jlllltches in Allergen Online version 16. 

NCBIBLASTP Multiple isoforms of olive pollen (Ole e S) were identified as having identity matches 
Allergen with E scores rauging from 3e-55 to 9e-55 and approximately 57"/o identity over 152 

AA. As noted above, there is evidence of lgE binding to the olive pollen MnSOD 
protein using olive-pollen ellergic subjects, but no demonstration of direct biological 
reactivity. 

NCBIBLASTP ' Modest scoring alignments were identified using toxin and toxic keywords. The 
Tollin or Toxic 

I 

matches with E scores of2e-8 or larger and identity scores ofapproximately 30-34% 
identities to homologous proteins from bacteria (e.g. Clostridium sp., Corynebacte1ium 
sp., using the keyword toxin. High sequence identities (E scores smaller than 1 e-80 
and >70"A. identity) to a wide variety offungal MnSOD proteins were identified using 
the term "toxic". However the linkage appears to be due to the ability ofthe MnSODs 
in a wide anay oforganisms to de-toxi:fy free radicals. No published evidence was found 
that these proteins are toxins. 

I NCBI BLASTP 
INo keyword 

High scoring identity matches wi1h homologous proteins from other yeasts and molds 
were identified. The highest scoring alignment with a Saccharomyces sp. was with an E 
score of Se-81 and identity of76% over 152 AA. 
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Conclusion: Superoxide dismutase ofPichia pastoris is unlikely to pose a risk of allergy. While a few superoxide 
dismutase proteins (MnSOD) have been identified as putative allergens, and they have been demonstrated to bind IgE 
from some subjects, the proteins are intracellular in function and ubiquitous. There is not evidence ofwide-spread 
cross-reaciivity shared by MnSOD related proteins that conesponds to clinical reactivity. The same is true for toxicity, 
no evidence of toxicity associated with MnSODs. In addition, there are very good alignments to homologous proteins 
fiom many molds includin1> Saccharomyces so. Thus it is very unlikely that this protein is an allergen or a toxin. 
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Table 19. Bioinformatica Summary Results of Protein Band #10. The 84 AA hypothetical protein (mitochondrial ATPase 
inhibitor) was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. 

AllergenOnline 
overall FASTA3 

Relatively low-scoring alignments were identified with E scores between 0.1 and 10 
and identities of 19-30% that were primarily identified to the muscle protein, 
tropomyosins. The alignments are clearly poor and do not represent conservation of 
homology. Thus these alignments are unlikely to represent a risk ofpossible clinical 
cross-reactivity. 

Allergen Online 
841mer FASTA3 

No matches were identified with >35% identity in any 80 AA match with 
Allerp;enOnline version 16. 

AllergenOnline 
E:s:act8AA 

All of the same proteins had 8 AA matches in AllergenOnline version 16. 

NCBIBLASTP 
, Allemen 

No significant alignments were identified. 

NCBIBLASTP 
Toxin or To.De 

No significant alignments were identified. 

NCBIBLASTP 
No keyword 

A few significant alignments were fuund for yeasts and molds. The highest scoring 
alignment wi1h a Saccharomyces sp. was with an E score of 3e-20 and identity of49% 
over74AA. 

Conclusion: The A TPase inhibitors do not appear to be allergens or toxins. The highest identity score to 
Saccharomyces sp., was with an E score of3e-20 and 49"A. identity over 69 AA. Thus it is very unlikely that this 

· is an allemen or a toxin. 
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4.3 Bioinformatie1 1ummery for the seventeen proteins from Pkldapastoris. None ofthe results from the 
bioinformatics searches ofthe Pichia pastoris (Ko1'1<.Jgataella phaffiz) proteins identified by Impossible Foods from their 
production batch ofSoy Leghemoglobin Preparation suggest that these proteins would present an important risk ofallergy or 
toxicity to consumers. At least not beyond the potential risks ofinhalation allergy for those with allergies to a variety of 
yeasts or molds. The sequence identities are quite similar to proteins from Saccharomyces cerevisiae, Candida a/bicans and 
other common molds or other organisms commonly encountered in the environment or in foods. Some ofthe common 
intracellular enzymes identified as putative allergens from a few organisms are highly conserved across broad taxonomic 
categories without evidence ofshared allergic reactivity. The evidence that the specific sequence matched "allergens" C81llle 
allergies is quite weak. The identity matches suggested as significant in this study based on small E score and moderate to 
high percent identities to allergens are to proteins with limited demonstration ofrisk ofallergy based on referenced 
publications in AllergenOnline.org, version 16. It is important to note that any further testing to evaluate potential allergenicity 
would require the identification ofsubjects who are speci:fice.lly allergic to sources of sequence matched proteins, and have IgE 
that binds specifically to the matched allergen from the source. That is quite challenging, especially for minor allergens. And 
even ifwilling serum donors can be identified, few are mono-sensitized to a given allergenic source, and few IgE binding tests 
are 1000/o definitive. What is clear is that no unique risks ofallergy were identified. In addition, the identity matches of 
significance to proteins using keywords toxin and toxic are primarily because the proteins are from toxic sources. There was 
no clear evidence tbat !lily ofthe bioinformatics matches were to proteins that are demonstnited to be toxic to hWilllllll or other 
mammals. 

S.O Conclusions 

Bioinform.etics analyses were performed on proteins from Pichia pastoris that were identified as residual proteins from the 
heterologous expression system using this yeast to express the LegHb protein from soybean (Glycine max) for food use. The 
putpose ofthis evaluation was to deterinine whether there might be some safely concerns for foods produced with these 
proteins included as ingredients. 

Based on the evidence and my knowledge ofcross-reactive IgE binding, there is not a scientifically justifiable reason to 
perfurm serum IgE binding studies with the Pichia pastoris proteins that were identified. There is no "at-risk" population of 
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allergic subjects that could be identified to evaluate potential cross-Iea.Ctivity and risks ofallergy or allmgenic cross-Iea.Ctivity 
are low (Goodman. 2008). And there are no other tests such as animal model tests that would be predictive of the risks offood 
allergy to any consumed protein. The science supports the in1roduction offood products made with the heterologously 
expressed LegHb, including minor components from Pichia pmtoris, to be used as food.' 
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SUMMARY 

The Soy Leghemoglobin (LegHb) protein used in this study was produced in Pichia pastoris and 
supplied by Impossible Foods, Inc. ofRedwood City, CA. The gene was originally derived from 
soybean (Glycine max) and encodes the 145 amino acid protein sequence listed as Accession 
number P02236 in the UniProt protein database. The Soy Leghemoglobin Preparation test 
material was supplied as a liquid protein solution by the study sponsor (Impossible-Foods, Inc.) 
with assurance of the soy leghemoglobin protein identity and purity being approximately 66%, 
with the remaining 34% ofproteins from the host, Pichiapastorls (synonym Komagatael/a 
pastoris). 

The Soy Leghemoglobin Preplltlltion was supplied as a concentrated aqueous solution end was 
subjected to digestion in pepsin based on the protocol in Thomas et al. (2004), as refined by 
Ofori-Anti et al., 2008 with minor modifications. The time to reach 90% digestion of the protein 
by pepsin was estimated as the first sample time having less than 10% residual protein primary 
protein compared to diluted non-digested sample protein. The ability of the assay to detect 1 OOA. 
residual protein was determined prior to the digestion tests using serial dilutions of the test 
protein in a similar SDS-PAGE, Coomassie blue staining to ensure that a residual of 10% 
undigested control sample detectable under the conditions used for the study. The primary 
LegHb band migrated at~ 13 kDa in SDS-PAGE. Pepsin was diluted in simulated gastric fluid 
(SGF) with the pH adjusted to 2.0. The pepsin solution was tested for proteolytic activity by 
digestion ofhemoglobin within 24 hours ofeach assay day. The mass ratio ofpepsin to LegHb 
preparation was adjusted to achieve - IO Wlits ofpepsin activity per microgram of total protein 
in solution. An additional assay was perfonned with the ratio of I unit ofpepsin activity per 
microgram of test proteins. Digestions were performed at 37"C under timed conditions. 
Samples ofthe digestion mixtures were removed and neutralized at various time points from 3 0 
seconds to 60 minutes and samples ofeach were electrophoresed in SDS-PAGE and stained with 
Coomassie blue to evaluate digestion completeness. 

The results ofthis study demonstrated that the P. pastoris-produced LegHb protein and the 
Pichia host proteins within the Soy Leghemoglobin Preparation were rapidly digested in pepsin 
at pH 2.0 at both ratio of I µg in IO units (as per st.arulard protocol) and l µgin 1 unit pepsin 
activity (as an experimental protocol). The SDS-PAGE Coomassie blue gel staining method 
demonstrated that more than 90% of the P. pastoris-produced LegHb protein and the Pichia host 
proteins were digested in less than 2 minutes in replicate assays. No degradation bands were 
found to result from digestion ofthe LegHb protein or the Pichia proteins. Therefore. our 
conclusion is that the P. pasloris produced LegHb and the Pichia host proteins are rapidly 
digested at both ratio of 1 µg in 10 units and 1 µg in 1 unit activity ofpepsin at pH 2 and that no 
pepsin-stable fragments were identified in the assay. Based on Codex (2003) guidelines for the 
allergenicity assessment, there is no added concern ofrisk based on stability of this LegHb and 
Pichia protein preparation in pepsin. 
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1. Introduction 

Impossible Foods, Inc. ofRedwood City, CA is developing a potential food product that contains 
a hemoglobin prot.ein from soybean (Glycine maic), called Soy Leghemoglobin (LegHb), as the 
primary protein ingredient Impossible Foods, Inc. sponsored tests and an evaluation of the 
pot.ential allergenicity of the Soy Leghemoglobin preparation, which contains Soy 
Leghemoglobin protein and proteins from the Pichia pastoris production host, in order to 
consider whether there is a risk offood allergy associat.ed with consumption of the proteins. This 
report describes the rationale, test methods for testing the protein and results from an in vitro 
digestion assay intended to provide data relative to potential risks offood Bllfety. 

The Codex Alimentarius Commission guidelines for assessing the allergenicity ofGM plants 
(2003) recommends assessing the introduced prot.ein for stability in pepsin e.t acidic pH using 
standard conditions as an assay to help evaluate whether the introduced protein is likely to either 
increase the rate ofsensitization to the host crop, or increase the likelihood of eliciting an allergic 
response in food allergic consumers. The pepsin stability assay is one study in a weight of 
evidence approach intended to assess the potential allergenicity of genetically modified crops 
(Codex, 2003). The test me1hod for the assessment was first described by Astwood et al. 
(1996). The assay is not meant to predict whether a given protein will always be digested in the 
stomach of the human consumer, but the assay does provide a simple in vitro correlation to 
evaluate protein digestibility. Investigation ofproteins the.t have been tested suggest a marked 
positive predictive value the.t food allergens causing systemic reactions are relatively stable in 
the assay, while non-allergenic food proteins are typically digested relatively quickly (Bannon et 
al., 2002). Purified porcine pepsin bas been used to evaluate the stability of a number offood 
allergens and non-allergenic proteins in a multi-laboratory study the.t demonstrated the rigor and 
reproducibility in nine laboratories (Thomas et al., 2004). Porcine pepsin is an aspertic 
endopeptidase with broad substrate specificity. Pepsin is optimally active between pH 1.2 and 
2.0, but markedly less active at pH 3.5 and irreversibly denatured at pH 7.0 (Collins and Fine, 
1981; Crevieu-Gabriel et al., 1999). The assay is performed under standard conditions of 10 
units ofpepsin activity per microgram oftest protein. An additional assay was performed using 
1 unit of activity per microgram, which is one-tenth the published standard activity ratio. A 
relatively pure form ofpepsin was used for this assay from Worthington Biochemical Co., pepsin 
A, product LS0033 l 9. 

The original assay described by Astwood et al. (1996) recommended performing the digestion at 
pH 1.2, however, the FAO/WHO (2001) suggested using two pH conditions (pH 1.2 and pH 
2.0). In comparing pH 2.0 vs. pH 1.2, Thomas et al. (2004) showed the.t protein digestion e.t pH 
2.0 resulted in slightly slower rates of full-length protein and :fragment degradation, but did not 
alter the overall sensitivity ofa protein to digestion. Results at pH 1.2 were more consistent 
than at pH 2.0, with 91% and 77% agreement between laboratories, respectively. However, 
more recently, we have digested a number ofproteins at both pH 1.2 and 2.0 end have did not 
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demonstrate significant differences (Ofori -Anti et el., 2008). Therefore in this study we only 
evaluated stability ofthe protein at pH 2.0. 

The digestion was performed at 37°C and samples are removed at specific times and the activity 
ofpepsin is quenched by neutrali:wion with carbonate buffer and Laemmli loading buffer, then 
heating to more than 85°C fur 10 minutes. The timed digestion samples are separated by SDS­
PAGE and stained with Coomassie blue to evaluate the extent ofdigestion. A review ofthe 
digestibility essay by Bannon et al. (2002) and by Thomas et al. (2004) indicates that most of the 
non-allergenic food proteins that have been tested are digested in llJOund 30 seconds, while many 
major food allergens are stable, or produce pepsin-stable fragments that are visible for eight to 60 
minutes in this assay. 

Assay parameters used in this study included verification ofpepsin activity, established limit of 
detection of the protein in the stained gel (at 10% total stainable protein) and use ofan objective 
measurement of the time of digestion required to reach 90% digestion as described by Ofori-Auti 
et al. (2008). The activity of the J>epsin in SGF was tested on each day ofassay based on 
digestion ofbovine hemoglobin, as described by Worthington, to ensure that it is within a 
tole.ranee interval reported by Worthington for that lot ofenzyme. The results of our activity 
assay did not exactly duplicate the labeled activity detennined by Worthington for the lot, but did 
fall within the acceptance criterion ofthe Worthington certified activity, plus or minus 1,000 
activity units per mg ofpepsin. A second important criterion included in our standard operating 
procedure (SOP) is an objective measured level of residual test protein (LegHb in this case) that 
must be reached in determining the time ofdigestion. We defined the time ofdigestion 
required to achieve 900/o reduction in stained band intensity as the time-point when the residual is 
less than or equal to 10% of the amount of test protein in the initial sample. To accomplish that 
a dilution series oftest protein is tested in the same SOS-PAGE and colloidal blue staining 
system as the digests are analy7.ed with to evaluate a limit of detection (LOO). The LOO must 
be lower than I 0% to perfonn this assay. The analytical gel for the pepsin digests includes a 
10% test protein sample mixed with quenched pepsin (high pH, to avoid digestion). Details and 
results ofthe study are reported here. 

2. Materials 
2.1 Test Substance 

The test substance for this study was Soy Leghemoglobin Preparation, which contains 
leghemoglobin from soybean (Glycine max) expressed recombinantly in Pichia pastoris 
(strain MXY0291 ). The sample wes provided by Impossible Foods' from the 
production run PP-PGMZ-15-320-101. The protein sample was in solution in a 50 ml 
screw cap disposable polypropylene centrifuge tube, shipped on ice packs. The total 
protein was labeled as 79 mg/ml and the Soy Leghemoglobin composed 66% of total 
protein calculated by HPLC, according to the certificate of analysis. The buffer indicated 
by Impossible Foods was 200 mM NaCl. The concentration was evaluated in our lab 
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using GE 2D Quant assay and determined to be 79.94 mg/ml. Although the predicted 
molecular weight ofLegHb is 15.5 kDa, LegHb migrates at -13 kDa on SDS-PAGE. 
Impossible Foods has meas\Ued the intact mass ofLegHb using mass spectrometry and 
confirmed thet Pichia pastoria expresses the full-length form ofthe protein excluding the 
N-terminal methionine. Exclusion ofthe N-terminal methionine is common in microbial 
protein expression and does not affect protein function. The solution was aliquoted and 
stored at -20 •c. 

2.2 Control Substance 
The control substances for this study were bovine hemoglobin, bovine serum albumin 
(BSA) and chicken ovalbumin (OVA). Each was tested in &epmate digestion assays to 
demonstrate the validity based on previous tests and ~ults. The control substance 
tests were performed prior to the testing the samples. 

2.3 Referenee Substanee 
There was no reference substance for this study. Analytical reference standards (e.g., 
molecular weight markers) used in this study Wll1'C docmnented in the data and are 
described in this report. 

2.4 Charaeterizatlon of Test, Control, and Reference Sub1tance1 
Characterization ofthe Soy Leghemoglobin Preparation PP-PGM2-15-320-101 was the 
responsibility oflmpossible Foods, Inc. Impossible Foods shared the molecular weight 
and the protein (amino acid sequence) with us prior to the study, which was important in 
analyzing results. 

2.5 Critieal Analytieal Reagenlll 
• 	 Pepsin A, Worthingtnn Biochemical Corporation, product #3319, lot #35Bl5585, 

certified as having 2,810 activity units per mg solid 
• 	 SGF without pepsin: A 35 mM NaCl solution is adjusted in pH to 2.0 as measured 

with a calibrated pH meter, using 6.1 N HCI. 
• 	 SGF plus pepsin 4000 U: Dissolved the mass ofpowdered pepsin in SGF to achieve a 

final activity of4,000 units per l.52 mL ofSGF, based on the activity units from 
Worthington, which is l 0 units activity per 1 µg of tested protein. 

• 	 SGF plus pepsin 400 U: Dissolved the mass ofpowdered pepsin in SGF to achieve a 
final activity of400 units per l.52 mL ofSGF, based on the activity units from 
Worthington, which is 1 unit activity per l µg of tested protein. 

• 	 Bovine Serum Albumin (BSA) from Sigma Chemical Co., product #A9647-100G, lot 
#SLBP1123V. 

• 	 Ovalbumin (OVA), from Worthington Biochemical. Corporation, product #3054, lot 
#S2P13864. 
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• 	 Hemoglobin (Hb) from bovine blood, Sigma Chemical Co., product #H2625 -25 G, 
lot #SLBD9300V is used to test protein pepsin activity and pepsin digestibility. 

• 	 Limit ofdetection determination diluent: Mixed 40 ml ofSGF, pH 2.0 with 14.7 ml 
ofcarbonate buffer, pH 11.0. NaHC0:3, Fisher Scientific, cat #878284, lot #AD­
10033-32. 

• 	 Pepsin quenching solution: 200 mM NaHC03, pH 11 
• 	 6X Laemmli buffer, Boston BioProducts, CAS #BP-11 lNB, lot #J20Z4R. 
• 	 Jl-mercaptoetbanol, BioRad #161-0710, lot #210009868 
• 	 Precision Plus Protein™ Dual Xtra Standards from BIO-RAD, product #161-0377, 

control #64046347 
• 	 Novex: 10-20"A Iris-glycine polyacrylamide gels, LS mm thick, 15 wells (Invitrogen 

EC61385BOX), Jot #16022941. 
• 	 Tris-Glycine-SDS 10 x nmning buffer, cat#BPl341-4L, lot#l53375. 
• 	 BIO-RAD Coomassie Brilliant Blue R-250 staining solution, cat #161-0436, control 

#200005684. 
• 	 BIO-RAD Coomassie Brilliant Blue R-250 destaining solution, cat #161-0438, 

control #210012192. 

3. 	 Test System. 
The test system for this study was an in vitro digestion model using pepsin in simulated 

gastric fluid (SGF). Standard Operating Procedures (SOPs) for prepanition ofthe SGF, 
determination ofthe detection limit assay, pepsin activity assay, digestion assay, SDS-PAGE and 
gel staining are on record in the laboratory. The SGF preparation and digestion procedures 
were based on the methods described by Thomas et al. (2004) as modified by Ofori-Anti et al., 
(2008). 

The pepsin activity assay was based on the method described by Worthington for 
detennining the activity ofpepsin. An appropriate mass ofpepsinpowder was dissolved in 
prepared SGF, pH 2.0 to provide 0.9 mg/ml as a 30 x stock, which was then diluted to 1 x with 
SGF. Acidified bovine hemoglobin (2% mass to volume) was prepared and digestions to 
evaluate the labeled pepsin activity were performed in triplicate (1.25 ml per tube). 

The amowit ofpepsin powder used to prepare SGF was calculat.ed from the specific activity 
labeled on the product as 2,810 units /mg solid pepsin product One unit activity is defined as a 
change in ~D nm of 0.001 at 37 °C, measured as trichloracetic acid (TCA)-soluble products 
using bovine hemoglobin as the substtate. Tue assay was designed for fixed volumes and a 
fixed amount oftest protein so the amowrt ofpepsin diluted in SOF is adjusted to provide the 
appropriate ratio of IO units ofpepsin activity per microgram oftest protein in the digestion 
mixture. The appropriate amount of solid pepsin was added to SGF to provide 4,000 units (for 
10 units per microgram test protein) and 400 units (for 1 unit per microgram test protein) per 
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1.52 mL of SGF, respectively. The pepsin/SGF reaction mixture was preheated to 3 7°C in a 
water bath befure adding 80 microliters oftest protein (5 mglmL) fur a total volume of 1.6 mL, 
providing IO units and 1 unit per microgram test protein, respectively. 

Once the pre-heated (37°C) test protein solution was mixed with pre-heated pepsin-SGF, 
equal volume samples were withdrawn at predetermined times (between 0.5 and 60 minutes) and 
added to sample tubes containing neutralization (carbonate buffer, pH 11) and denaturing 
reagents (reducing Laemmli buffer) and immediately heated to 95°C, which stopped the 
digestion. Samples were then cooled in an ice-bath and then heated to > 85°C before running in 
SDS-PAGE. All samples from a single digestion were applied to wells ofthe same SDS-PAGE 
gel along with molecular weight markers, undigested test pro,tein equivalent to the initial 
tmdigested test protein sample and a 10% test protein sample and pepsin alone (to assess pepsin 
stainable protein bands). Samples were separated by electrophoresis, stained with Coomassie 
Brilliant Blue R-250 solution (at least 6 hours), destained in R-250 destaining solution and water, 
and the stained gels captwed using a Kodak Gel Logic 440 system (Carestream, Rochester, NY). 
The stability of the protein was defined as the time required to achieve 90% digestion, which was 
estimated based on the shortest time-digested sample with a band intensity equal to, or less than 
the 10% undigested standaxd well (Pl/10). Any new bands above approximately 3,000 MW, 
which were generated as intermediate products ofdigestion, were noted as stable (or partially 
stable) intermediate proteolytic fragments and were considered based on stability. Ifthose 
bands were also in the pepsin only controls (time 0 and time 60 mins), they were discounted as 
being from pepsin. Otherwise they would be analyzed by proteomic methods to determine 
whether they were :fragments ofthe test protein. 

Proteins with more than I0% stainable full-length protein band remaining at 60 minutes were 
considered stable. Proteins nxluced to < I 0% stainable band at 5 to 30 minutes were considered 
of intermediate stability. Proteins reduced to < 10% stainable band by 2 minutes were 
considered labile (rapidly digested). 

3.1 	 Justification for Selection of the Test System 
In vitro digestion models are used conttnonly to assess the digestibility ofingested 
substances. Previous studies have used this simple, in vitro assay to evaluate potential 
risk offood allergy, and demonstrated that stability in pepsin is a risk factor for food 
allergy, which might be related to initial sensitization or to elicitation once the individual is 
sensitized (Astwood et al., 1996 and del Val et al., 1999). The FAO/WHO (2001) 
suggested conducting the pepsin digestion assay at pH 1.2 and pH 2.0. We have 
performed additional independent tests showing results were quite similar for most test 
proteins using pH 1.2 or 2.0 (Ofori-Ant et al, 2008). In this analysis, digestion was 
performed at pH 2.0 as a conservative approach as some authors have claimed a lack of 
predictive value for the digestion assay in pepsin at pH 1.2 (Fu et al., 2002; Y agami et al., 
2000). However, Bannon et al. (2002) reviewed a broad range ofpublished representative 
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pepsin digestion studies and fotmd a sttong positive predictive value when comparing the 
stability ofallergenic and non-allergenic dietary proteins. As defined by Codex (2003), 
this assay, which measures the resistance ofa test protein to proteolysis in a test tube assay. 
It is not meant to be a stand-alone determinant in evaluating the potential allergeoicity of 
proteins in1roduced into GM crops and is not intended to predict the fate ofproteins in the 
digestive tract ofconsumers. The results are to be judged in a weight of evidence 
approach which should also include history of safe use, sequence identity matches to 
known allergens and abundance ofthe protein in food material.. 

3..2 	 Experimental Controls 
Controls in this study were meant to ensure assay relial]ility and include: 

• 	 Measurement ofthe activity ofpepsin in SGF. 
• 	 Evaluation ofthe sensitivity ofthe staining properties ofthe test protein from serially 

diluted samples, in a separare, but similar SDS-P AGE gel. 
• 	 Inclusion of samples ofpepsin without test protein at times zero and 60 minutes to 

determine whether any stainable protein bands observed in digestion samples with 
test protein are from the test protein, contaminants in pepsin or from pepsin 
autocatalysis. 

• 	 Inclusion ofprotein in SGF without pepsin at times zero and over 60 minutes to 
evaluate the effect ofacid and heat alone. 

3.3 	 Sample Retention 
Samples of test protein end digested S111Dples were numbered to distinguish assay time 
points and assay replicat.es by date. Residual samples were stored at -20°C and will be 
discarded approxi:mak:ly six: months after the completion ofthe study. 

4. Detlliled Stady Methods. This study evaluated the stability ofrecombinant leghemoglobin 
from Glycine max in pepsin at pH 2.0. A number ofcontrol steps were perfonned to ensure 
study ve.lidity. A detailed description of the study is presented here. Laboratory records and 
protocols are on file in the Goodman laboratory, Dept ofFood Science&. Technology, 
University ofNebraska, Lincoln, USA. 

4.1 	 Verification of Detedion System Specificity and Semitmty. A dilution series of 
sample was prepared with sample quantities loaded in SDS-PAGB gel using 1 x reducing 
Laemmli buffer, covering the range representing 200% total protein per well (296 µg/ml of 
total protein) down to 2.5 % (3.7 µg/ml of total protein. Bi~Rad precision plus protein 
MW markers were applied to separate lanes. Following electrophoresis, the gels were 
stained with Coomassie Brilliant Blue for at least 2 hours. The gels were destained 3 
times with destaining solution and water until the background was clear. The image was 
captured using the Kodak Gel Logic 440 Image Station. 
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4.2 	 Preparation ofSGF Pins Pepsin. The simulated gastric fluid (SGF) reaction bufkr was 
prepared by adding 122.8 mg ofNaCl to 59.94 mL of distilled water. The pH of the 
solution was adjusted to pH 2.0using approximately60 µI of6.1 N HCI and water. The 
HCI content was approximately 0.084 N, and the salt concentration was 35 mM NaCl. 
The certified activity ofpepsin A from Worthington was used to calculate the amount of 
solid pepsin that was dissolved in 1.52 mL ofSGF. For this lot, the certified value was 
2810 units per mg ofpepsin solid material. The first target was 4,000 units ofactivity per 
1.52 ml solution which is 10 units pepsin activity per 1 µg tested protein. Based on the 
Worthington analysis, the concentration ofpepsin A used in the assay was 0.93 mg/ml, 
which is 0.093 g ofsolid pepsin adding to 100 ml of SQF. The second target was 400 
units of activity per 1.52 ml solution which is l unit activity per 1 µg tesred protein. The 
concentration used was 0.093 mg/ml, which is 10 dilution ofthe previously made solution 
with SGF. After thoroughly dissolved and mixed, the pepsin solutions were stored at 4°C 
and assayed for activity and used within 24 hours. 

4.3 	 Pepsin Activity Assay. Bacli. time SGF plus pepsin was prepared for a digestion assay; 
the activity ofthe pepsin and the digestion assay were both completed within 24 hoUIS. 
The purpose ofperforming the activity assay was to ensure that the pepsin was active 
within a pre-defined range around the certified claim ofactivity by Worthington. This 
product has a labeled activity of2,810 units per mg of solid material. The activity assay 
we used was similar, but not identical to that used by Worthington. The tolerance was+/. 
23% of the target units per mg compared to the Worthington certified claim. The SGF 
plus pepsin was freshly prepared and stored at 4°C just before use, and then warmed to 
37°C before the addition ofthe target protein. The procedure was performed as follows: 
4.3.1 	 A solution of2% acidified bovine hemoglobin (Hb) was prepared by dissolving 0.5 

g ofhemoglobin (Sigma# H2625) in 20 mL ofdistilled water, then mixing with 5 
mL of300 mM HCI. 

4.3.2 	 Three polypropylene screw-top centrifuge tubes were labeled as Test (#1-3), three 
were labeled as Blank (#1·3), each received 1.25 mL of2% acidified Hb and all 
were preheated to 37°C for 10 min, 

4 .3 .3 At a timed interval (- 1 min.), each ofthe test tubes in turn received 0 .25 mL of 
SGF plus pepsin, was mixed by gentle vortex and returned to the incubator. As 
each test tube reached 10 min. incubation time, 2.5 mL of5% TCA (Sigma 6.1 N 
product T0699, diluted 1 :20 with distilled water) was added to stop the reaction, the 
tube was mixed briefly by multiple inversion and then placed on ice to cool down. 
Then insoluble material (undigested hemoglobin) was removed using syringes 
(LuerLok BD 309646, 5 ml) and syringe filters (Coming Incorporated, 0.45 µm 
PTFB, product #431220). 

4.3.4 	 Blank tubes were interspersed with the Test tubes. Blank tubes (with 1.25 mL of 
Hb) received 2.S mL of5% TCA, multiple inversion, then 0.25 mL ofSGF plus 
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pepsin. After I 0 min incubation time, these tubes were also placed on ice and then 
filtered to remove insoluble material. 

4-3.5 	 The absorbance at 280 nm was measured on a spectrophotometer (Spectronic 
Genesys 5, MILTON ROY). The activity units ofpepsin per mL were calculated 
as the mean net absorbance (A280 nm Hb -A280 controls) multiplied by a 
conversion fiictor of 1,000 to yield units ofactivity per mg ofsolid pepsin. 

4.4 	 Control Protein Digestions (Hemoglobin, BSA and OVA). Bovine hemoglobin, bovine 
serum albumin (BSA) and chicken ovalbumin (OVA) digestion assays were tested as 
control proteins to verify the appzopriate activity ofthe test system. 

4.5 	 Test Protein Digestion. The Soy Leghemoglobin (LegHb) concentration within the Soy 
Leghemoglobin Preparation was estimated by Impossible Foods as 79 mg/ml oftotal 
protein containing 66% LegHb, and was measured as 79.94 mg/ml of total protein in our 
laboratory. We have used 79.94 mg/ml value for calculating concentrations. Protein 
solutions were aliquoted and kept at -20 °C until immediately before use. 
4.5.1 	 Sample tube preparation. 1.5 mL centrifuge tubes were labeled as Pl/I 0, PO, P60, 

DO, 00.5, D2, D5, 010, 020, 030, 060, EO, E60. 
4.5.2 	 70 µL ofpepsin quenching solution (carbonate buffer) and 70 µL of5X Laemmli, 

reducing buffer were added to each tube in 4.4. l. 
4.5.3 	 An aliquot ofhemoglobin in a tube labeled as P, was prepared. 
4.5.3 	 P1110: 190 µL of SGF plus pepsin was added, quick heated at 85°C, then 10 µL 1/10 

diluted hemoglobin solution was added. Solution WWI vortexed and then heated at 
85°C for 10 min. 

4.5.4 	 Label a tube Pmx (no pepsin, protein control): 80 µLout of tube P and then I.52 mL 
SGF were added and mixed. 

4.5.4.1 Immediately 200 µL into the PO tube were removed, mixed and heated at 
85°C for 10 min. 

4.5.4.2 After 60 minutes at 37°C water bath, 200 µL into the P60 tube were 
removed, mixed end heated at 85°C for 1 Omin. 

4.5.5 	 Label 11 tube~ (pepsin enzyme, no protein control): 80 µL distilled water were 
added to l.52 mL SGF plus pepsin, and then were mixed. 

4.5.5. l Immediately 200 µL into the EO tube were removed, mixed and heated at 
85°C for! 0 min. 

4.4.5.2 	 After 60 minutes at 37°C water bath, 200 µL into the B60 tube were 
removed, mixed and heated at 85°C for 10 min. 

4.5.6 	 Label a tube Dm• (digestion mixture): 80 µLout of tube P was added to 1.52 mL 
SOF plus pepsin and mixed, then placed in 37°C water bath. 
4.5.6.1 	 At 0.5, 2, 5, 10, 20, 30, 60 min internals, 200 µL ofdigestion mixture were 

withdrawn into D0.5, D2, 05, 010, 020, 030, D60 quenching tubes. (e.g. 
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D0.5 at 30 sec., D2 at 2 min), each sample tube was heated to 85°C for 10 
min. 

4.5.7 Po: 190 µL ofSGF plus pepsin was added, quick heated at 85°C, then 10 µLout of 
tube P was added. Solution was vortexed and then heated at 85°C fur 10 min. 

4.6 	 SDS-PAGE Gel. All samples on any one gel were from a single digestion experiment 
Novex 10-20"/o tris-glycine gels were used with SDS-PAGE buffer. 
4.6.l 	 10 µL ofeach sample tube was loaded per well, containing 1.47 µg ofstarting 

LegHb per well except in wells for P1110 tube which was 0.147 µg. 
4.6.2 	 4 µL ofpre-stained precision plus protein™ Dual Xlra Standards molecular weight 

marker proteins were loaded in the outer two wells. 
4.6.3 	 Electrophoresis was accomplished at a constant ISO voltage. 
4.6.4 	 Gels fur staining were stained for a minimum of6 hours in Coomassie Brilliant 

Blue as detailed by Bio-Rad, then destained for at least 30 min in destaining 
solution and water. 

4.7 Image Analysis. The destained gels were visualized in a Gel Logic 440 Image Station 
under white light trans-illumination. The image was captured and the image intensity 
adjusted to optimum background and band intensities. The raw image was saved as an 
archival file. 
4.7.J 	 The molecular weight ofthe hemoglobin, BSA, ovalbumin, Legllb and any 

resulting degradation band that was not in the pepsin only lane was noted. 
4.7.2 	 The 10% control band (Pl/10) was used as the standard for comparison of all 

digested samples on a given gel. 
4.7.3 	 The first time point the digested band appeared to be less than the!0% concentrated 

sample was used to estimate the time to achieve 900/o digestion. 
4.8 Proteomic LC-MS Identity of Band1 from Pichili ptmoris. Impossible Foods performed 
LC-MS/MS analysis of 10 faint bands that were visible in Figure I 0 a and b, which corresponded 
to proteins from Pichia postoris that were ~l% ofthe Soy Leghemoglobin Preparation total 
protein :fraction. All ofthe Pichia protein bands were digested and no longer visible in Fig. 9 and 
l Oa), demonstrating they are rapidly digested. 

S. 	 Results & Discussion 

5.1 	 Limit of Detection. The stained gel ofthe dilution series oftotal protein (Figure l) 
demonstrated a clear pattern ofreduced intensity of stained bands with each step in the 
dilution series. The minimum amount ofprotein that was detected was 0.075 µg oftotal 
protein which contains 0.049 µg ofLegHb. Based on these data, the limit ofdetection was 
approximately 5% oftotal protein which contains 3 .3% as LegHb at I 00% loaded in the 
digestion samples. This level ofsensitivity was clearly sufficient to detect l 0% residual 
ofhemoglobin or any other protein in the digest. 
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S.2 	 Pepsin Activity. The certified activity ofthe lot ofpepsin from Worthington used in this 
study was labeled as 2,810 units per mg ofsolid and was tested 2826 units per mg right 
before the digestion assays were performed. 

S.3 	 Control Substance Digestion Results. Stained gels of digestion tests of control 
substance hemoglobin, BSA and ovalbumin (Figure 2 - 7) demonstrated that at both ratio 
of 10 units and 1 unit ofpepsin activity per 1 µg oftest protein, BSA and hemoglobin were 
digested rapidly within the SGF plus pepsin test system and that ovalbumin was stable wilh 
more than 10% visually stainable full-length protein band remaining at 60 minutes. 
However, BSA left residual pepsin resistant fragments at a low MW, which was more 
pronounced with a ratio of 1 unit activity per microgram ofprotein, compared to l 0 units 
per microgram. Attbe ratio of 10 units ofpepsin activity per 1 µg oftest protein, OVA 
was mostly digested to a stable fragment just below the MW ofpepsin, between 20 and 60 
minutes. However, when the activity ratio was reduced to 1 unit ofpepsin activity per 1 
µg oftest protein, OVA was markedly more stable, with little digestion. These results 
with 10 units with OVA and BSA are consistent with results from previous tests (Ofori­
Anti, AO. 2008), which demonstrates the reproducibility of this SGF plus pepsin test 
system. 

S.4 	 Leghemoglobin Protein Digestion Results. Two representative stained gels of digestion 
experiments ofLegHb at pH 2.0 at the ratio of 10 units and I unit ofpepsin activity per I 
µg of test protein (Figure 8-9) demonstrated that at both ratios, the LegHb protein was 
stable in acid alone for 60 minutes {lane 3 ), but rapidly digested by pepsin in 2 minutes 
(lane 5) to below the visible band intensity of the quenched pepsin I 0% LegHb control 
(Pl/JO control in lane 13). 

5.5 	 Pichia pastoril proteins. Gels in Figures 8, 9 and 10, lanes 1-3 have several faint bands 
showing between l OkDa, and 250 kDa, which were identified through mass spectrometry 
by Impossible Foods as proteins from the host, Pichia pastoris. The sequences of the 
proteins have been evaluated by bioinfonnatics to evaluate sequence identity matches with 
known allergens and toxins. They include: alpha aminoadipate reduetase (1400 aa), 
cobalarnin-indeperulent methionine synthase (768 aa), aconitase (780 ea), ll'ansketolase 
{679 aa}, glycerol kinase (621 aa), catalase A (510 aa), GAPDH (504 aa}, hypothetical 
protein PAS (525 aa), mitochondrial aldehyde dehydrogenase (501 aa), delta­
aminevulinate dehydrogenase (341 aa), mitochondrial alcohol dehydrogenase m(350 aa), 
malate dehydrogenase (342 ea), putative protein ofunknown fimction (328 aa), triose 
phosphate isomerase (248 aa), hypothetical protein-cyclophilin (161 aa), cytosolic 
superoxide dismutase (154 aa) and mitochondrial ATPase inhibitor (84 aa). These stained 
protein bands were rapidly digested to the point of being invisible at time 0.5 minutes or 2 
minutes (lanes 4 and 5 in the gels shown in Figures 8, 9 and 10). 
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6. ConclU1ions 
The results ofthis study demonstrated that the LegHb protein and the Pichia pastor is proteins 
within the Soy Leghemoglobin Pn:paration were rapidly digested after incubation in SGF plus 
pepsin at 37°C, at both ratio of IO units and 1 unit ofpepsin activity per 1 µg of total protein, 
both with more than 900Ai digested within 2 minutes based on Coomassie Blue staining detection. 

7. References 
. 

Astwood, J, D., Leach, J. N., and Fuchs, R. L. (1996). Stability offood allergens to 
digestion in vitro. Nature Biotech. 14: 1269-1273. 

Bannon, G.A., Goodman, R.E., Leach, J.N., Rice, E., Fuchs, R.L., Astwuod, J.D. (2002). 
Digestive stability in the context ofassessing the potential allergenicity offood 
proteins. Comments Toxicol. 8: 271-285. 

Codex Alimentarlus (2003). Codex Alinonn 03/34: Joint FAQ/WHO Food Standard 
Programme, CodexA/imen/arius Commission, Twenty-Fifth Session, Rome, Italy 30 
June-5 July, 2003. Appendix Ill, Guideline for the conduct offood safety assessment 
offoods derived from recombinant-DNA plants, and Appendix IV, Annex on the 
assessment ofpossible allergenicity. Rome, Codex Alimentarius Commission, 2003, pp 
47-60. 

Collins, J.F., Fine, R. (1981 ). The enzymatic digestion ofelastin at acidic pH. Biochim. 
Blophys. Acta 657: 295-303. 

Crevieu-Gabriel, I, Gomez, J., Caffin, J.P., Carre, B. (1999). Comparison ofpig and 
chicken pepsins for protein hydrolysis. Reprod. Nutr. Devel. 39: 443-454. 

del Val, G., Yee, B.C., Lozano, R.M., Buchanan, B.B., Ermel, R.W., Lee, Y M., Frick, 
O.L. ( l 999). Thioredoxin treatment increases digestibility and lowers allergenicity of 
milk. J. Allergy Clin. Immunol.103: 690-697. 

FAQ/WHO (2001). Eva!W11ion ofthe allergenicity ofgenetically modified foods. 
Report ofa Joint FAO/WHO Expert Consultation on the Allergenicity ofFoods 
Derived from Biotechnology. January22-2S, 2001. Rome, Italy. 

Page 19of30 

1052 



I'··· 

FARRP Study No. REG 2016 Pepsin-LegHb 

University of Nebraska Page 120 of30 


Fu, T.J., Abbott, U.R., Hatzos, C. (2002). Digestibility offood ellergens and non­
allergenic proteins in simulated gastric fluid and simulated intestinal fluid-a 
comporative study. J. Agric. Food Ch£m. 50: 7154-7160. 

Ofori-Anti, AO., Ariyarathna, H., Chen, L., Lee, H.L., Pramod, S.N., Goodman, R.E. 
(2008). Establishing objective detection limits for the pepsin digestion assay used in 
the assessment ofgenetically modified foods. Reg. Toxicol. Pharmacol. 52:94-103. 

Thomas, K., Aalbers, M., Bannon, G.A, Bartels, M, Dearman, R.J., Bsdaile, D.J., Fu, T.J., 
Glatt, C.M., Hadfield, N., Hatzos, C., Hefle, S.L., Heylings, J.R., Goodman, R.B., 
Henry, B., Herouet, C., Holsapple, M., Ladies, G., I-andzy, T.D., Macintosh, S.C., Rice, 
E.A., Privelle, L.S., Steiner, H.Y., Teshima, R., van Ree, R., Woolhiser, M., Zwadny, J. 
(2004). A multi-laboratory evaluation of a common in vitro pepsin digestion assay 
protocol used in assessing the safety of novel proteins. Regul. Toxicol. Pharmacol. 
39: 87-98. 

Yagami, T., Hai.shima, Y., Nakamura, A., Osuna, H., Ikezawa, Z. (2000). Digestibility of 
allergens extracted from natural rubber latex and vegetable foods. J. Allel'&JI Clin. 
bnmunol.106: 752-762. 

Pago 20 of30 

1053 



M 1 2 . 3 4 5 6 7 8 9 10 11 M 
!_,_, '.~I ~- ) c J 1..J '-- i ,_J I .J i_J l.J l._J 1._.J LJ L 

250- if""*1 - -250 

150- - ·~ -150 

100- - - -100 

75- - --75 

so- '-so*-37 
25-. ·-25
20-­ •-20 

L<·gHh I 15-) 
10~-

s--· 
2­

FARRP Study No. REG 2016 Pepsln·LegHb 

University of Nebraska Page 121 of30 


­

ll'tgue 1, Ceoma11le BrillilmtBlae Stadned SDS-PAGE Gel Showing die Serial Dllntioa ofSoy 
Legllemoglobln Prqiaratlo• Starting l'rona 200% olTotal Proma. Proll:ins were separated by SDS­
PAGB using a 10-+20% pnlyaciylllllide gradient in a glycine buffered pl. 

Lane Description Protein Contat 
I 200% Tola.I promin 2.96 I'S (1.95 I'S LegHb) 
2 150% Tota1 protein 2.21 1'8 (1.46 118 LegHb) 
3 100% Total protein 1.47 µg (0.97 118 Legllb) 
4 80% Toflll protein 1.18 l'B (D.78 l'B Legllb) 
5 60% Toflll protein 0.88 JIB (0.58 1'8 LegHb) 
6 411% Total protein 0.59 118 (0.39 118 LegHb} 
7 20% Tolal prolxlln 0.29 118 (0.19 118 LegHb) 
8 10% Tolal protein 0.15 118 (0.097 118 LegHb) 
9 S% Tolal protein 0.075 118 (0.04911g LegHb) 

10 2.5% Total protein 0.037 118 (0.024 118 LegHb} 
M Molecular weight Marker na 
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Figure 2. CoolllDlle Brilliant Dine Stlllned SOS.PAGE Gel Sbowlng tbe Digeltion ofBovine 
Hemoglobin In Sl111ulated Gutrie Fluid at tbe ratio of10 Units per pg Pntein (pH 2.0). Proteins 
were separallld by SDS-PAGE using a 10~20% polyacrylamide gnidient in a glycine buffered gel. 
Hemoglobin was loaded 1.47 pg per lane based on pre-digestion ooru:entndion (pH 2.0). 

Lue Deaerlption Incubation time 
M Molecular weight Mmter na 
I Experimental control: Hemoglobin (PO) 0 min 
2 Experimental control; Hemoglobin (P60) 60 min 
3 Hemoglobin in SGF, (DO) 0 min 
4 Hemoglobin in SGF, (D0.5) 0.5 min 
5 Hemoglobin in SGF, (D2) 2 min 
6 Hemoglobin in SGF, (DS) 5 min 
7 Hemoglobin in SGF, (DlO) 10 min 
8 Hemoglobin in SGF, (D20) 20 min 
9 Hemoglobin in SGF, (030) 30 min 

10 Hemoglobin in SGF, (060) 60 min 
l I Experimental control: Pepsin (EO) 0 min 
12 Experimental control: Pepsin (E60) 60 min 
13 10% Hemoglobin with quenched pepsin (PillO) 0 min 
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Ff&ure 3. Cool11818ie Brllll1111t Blue Stained SDS·PAGE Gel Showing the Digeatio11 of Bovine 
Hemoglohla la Simulated Ga1tric Fluid at a Ratio of 1 aaib per Pl (pH 2.0). Proteins were 
separated by SOS-PAGE using a 10--.20% polyacrylamide gradient in a glycine buffenxl gal. 
Hemoglobin was loaded 1.47 ll8 per lane based on pre-digestion concentration (pH 2.0). 

Lane De1eriptloa Inenhation time 
M MnlecularweightMuker na 
I Experimental control: Hemoglobin (PO) 0 min 
2 Experimental control: Hemoglobin (P60) 60 min 
3 Hemoglobin in SGF, (DO) 0 min 
4 Hemoglobin in SGF, (DO.S) O.S min 
S Hemoglobin in SGF, (02) 2 min 
6 Hemoglobin in SGF, (DS) S min 
7 Hemoglobin in SGF, (DIO) 10 min 
8 Hemoglobin in SGF, (020) 20 min 
9 Hemoglobin in SGF, (030) 30 min 

10 Hemoglobin in SGF, (060) 60 min 
11 Experimenllll control: Pepsin (EO) 0 min 
12 Experimental control: Pepsin (B60) 60 min 
13 l0%Hemoglobin with quenched pepsin (Pl/10) 0 min 
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Figun 4. Coomassie Brllllant Blu St.111111 SDS-PAGE Gel Sbowins the Dipltfon ofBSA In 
Slmlllated Gastric Flnlll •t tile raUo of 10 11affil per 111 pl'Otmhl (pH 2.1). Proleins wa-e separated by 
SDS-PAGE using a 10~20% poJ.yaciylmnidc grmtient in a glJiChiD bufi'cred geL BSA W*! loaded 1.47 11g 
per lllllll based on prc-digeltion concmmation (pH 2.0). 

Lane Dllcriptlon Iuublltion time 
M Molecular weisht Matbr na 
1 Experimental conlrol: BSA (PO) 0 min 
2 ExperimCllllal conlrol: BSA (P60) 60 min 
3 BSA in. SGF, (DO) 0 
4 BSA in. SGF, (DO.S) o.s min 
S BSAinSOF,(D2) 2 min 
6 BSA in. SGF, (DS) s min 
7 BSA in. SGF, (DlO) 10 min 
8 BSA in SGF, (D20) 20 min 
9 BSA in SGF, (D30) 30 min 

10 BSAinSGF,(D60) 60 min 
11 ExperimeDtal control: Pepsin. (EO) 0 min 
12 Experitneatal control: Pepsin. (F.60) 60 min 
13 10% BSA with quenched pepsin (Pl/10) 0 min 
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Figure 5. Coomassie Brilliant Blue Stained SDS-P AGE Gel Showing the Digestion of BSA in 
· Simulated Gastric Fluid at the Ratio of 1 Unit per pg Protein (pH 2.0). Proteins were separated by 
SOS-PAGE using a 10~20% polyaciylamide gradient in a glycine buffered gel. BSA was loaded 1.47 µg 
per lane based on pre-digestion concentration (pH 2.0). 

Lane Description Incubation time 
M Molecular weight Marker na 
I Experimental control: BSA (PO) 0 min 
2 Experimental control: BSA (P60) 60 min 
3 BSA in SGF, (DO) 0 min 
4 BSA in SGF, (D0.5) 0.5 min 
5 BSA in SGF, (02) 2 min 
6 BSA in SGF, (05) 5 min 
7 BSA in SGF, (010) 10 min 
8 BSA in SGF, (020) 20 min 
9 BSA in SGF, (030) 30 min 

I0 BSA in SGF, (060) 60 min 
11 Experimental control: Pepsin (EO) 0 min 
12 Experimental control: Pepsin (E60) 60 min 
13 10% BSA with quenched pepsin (Pl/10) 0 min 
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J.l'lpre 6. Celllll8Mfe llrilllut M•e Stained SDS·PAGE Gel Shawlq 1hll Dlg•tloa ofOVA in 
Simulatlld Gllltrlc Fl.id at1heBatta of10 U.Ha per J11 Protela (pH 2.0). Proteins Y1m1 soparatod 
by SDS·PAGE using a 10.-.20% polyagiyluuicle gTildient in a glyeine bulfeRld gel. OVA wu loaded 
1.47 1111 per lane based on pnH!.igution llOllc:emration (pH 2.0). 

1-e Deeerlptlon 
M Molecular weight Marker na 
1 ExperiJmml3l control: OVA (PO) 0 min 
2 Expllrlmentid control: OVA (P60) 60 min 
3 OVA in SGF, (DO} 0 min 
4 OVA in SGF, (D0.5) 0.5 min 
5 OVA in SGF, (m) 2 min 
6 OVAinSGF,(DS) 5 min 
7 OVAinSGF,(DIO) 10 min 
8 OVA in SGF, (D20) . 20 
9 OVA in SGF, (D30) 30 min 

10 OVA in SOF, (060) 60 min 
11 Expm:imealal. oomrol: Pepsin (EO) 0 min 
12 Experimeotal eonlrol: Pepsin (E60) 60 mm ' 
13 10% OVA wi1h quenched pepsin (Pl/10) 0 min 
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F1gure 7. Coolllllllie Brilliant Blue StallUld SUS-PAGE GeJ Showing 1he Dipltioa ofOVA In 
Slmalltted Gta1trle llnld at the Ratio ofl Ullllt per pg Protilln (pH 2.0). Proteins wenueparati:d by 
SDS-PAGB using a I 0420".4 polyacrylamide gradient in a glycine buffered gel. OVA was loaded 1.47 
µg per lane besed on pre--digestion coneentration (pH 2.0). 

Lane DellCJ'iption lneabatiml time 
M Moleeular weight Marker na 
1 Experimental control: OVA (PO) 0 min 
2 Experimental control: OVA (P60) 60 min 
3 OVA in SGF, (DO) 0 min 
4 OVA in SGF, (DO.S) o.s min 
5 OVA in SGF, (02) 2 min 
6 OVA in SGF, (DS} 5 min 
7 OVA in SGF, (010) 10 min 
8 OVA in SGF, (020) 20 min 
9 OVA in SGF, (030) 30 min 

10 OVA in SGF, (060) 60 min 
11 Experimental eontrol: Pepsin (BO) 0 min 
12 Experimental eontrol: Pepsin (E60) 60 min 
13 10% OVA with quenched pepsin (Pl/10) 0 min 
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Flpre B. Coomalllle BrilliantBl•Stained !IDS-PAGE Gel Sllowlm.g tileDi,.tlo• ofb., 
Legl!emcndobbl P....,....,&11 In Simulated GutlieJhdd at the Ratio of10 Uaita per pgProleln (pH 
2.0). Proteins were~ by SDS·PAGE using a 10-+20% polyacrylamide gradient in a glycine 
butlered gel. LegHb wu loaded 1.47 µg per laae based on pre-digesti.OD eom:cnUation (pH 2.0). 

J..ane Dellllliption IDC1lbatlo• time 
M Molecular weight Marker na 
1 Bxperimmllltl control: LegHb (PO) 0 min 
2 Experimental control: LegHb (P60) 60 min 
3 LegHb in SGF, (DO) 0 min 
4 LegHb in SGF, (DO.S) 0.5 min 
s LegHb in SGF, (D2) 2 min 
6 LegHb in SGF, (DS) 5 min 
7 LegHb in SGF, (010) 10 min 
8 LegHb in SGF, (D20) 20 min 
9 LegHb in SGF, (D30) 30 min 

10 Legllb in SGF, (D60) 60 min 
11 Bxperiment8l conlrol: Pepsin (EO) 0 min 
12 Experimentlll colllrol: Pepsin (E60) 60 min 
13 10% LegHb with quenched pepsin (Pl/10) 0 min 
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lilg1lre 9. CoollWlle Brilliant Blue Stalaed SDS-PAGE Gel SJiowm1 the Dlgeltloa ofSay 
Leghemopibbi :Pnplll'ldloa ta Slmlllated Giutrie Plaid at the Ratio of1 Ualt per Nl"n>Wll (pH 
2.0). Proteins were separallld by SDS-PAGE using a 10-+20% polyacrylamido gradient in a g1ydne 
buffel'ed gel. LegHb was loaded 1A7 µg per lldlO 1-iadon ~digestion c:oneenll'ation (pH2.0). 

Line Deleriptlon lnnbaUoa time 
M Molec:uluweightMmter na 
1 E1lpmimanta1 control: Legllb (PO) 0 min 
2 Bxperimental oontrol: Legllb (P60) 60 min 
3 Legllb in SGF, (DO) 0 min 
4 LegHbinSGF,(DO.S) 0.S min 
S Legllb in SGF, (D2) 2 min 
6 legHb in SGF, (DS) S min 
7 LegHb in SGF, (DlO) 10 min 
8 LegHb in SOF, (D20) 20 min 
9 Legllb in SGF, (D30} 30 min 

10 Legllb in SOF, (D60} 60 min 
11 BxperimaDta1 cmdrol: Pepsin (ED) 0 min 
12 Experinumtal c:ontrol: Pepsin (E60} 60 min 
13 10%LegHbwithquenchedpcpsin(Pl/10) O min 
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Figure 10a) Figure 10 b) 
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Flpre 10. CoomaHle Brllllant Blue Staiud SUS-PAGE Gel ofSoy ut!Jhemoalohin Preparation 
with 1 Unit pepain adlrity per pe ProtdI (pB 2.AI) h111 J.llpre 9 (left Jllllld. 10 a). and protela 
ldentiff gel from lmpmlible l'oocl1 (rigkt paael 10 b), Coomusie stained gvls llhowing the 10 bands of 
P. ptorll protoins that were identified by LC-MS/MS. Note that all 10 blulds ofPli:hla proteins are 
visible at time zero, but not at time 30 seconds ofdigeetion in pepsin (lane 4 of figure 10 a). 
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