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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 evaluationt was also performed for 14 days prior to dosing.

SUMMARY

Four groups of adult Crl: Sprague-Dawley CD® IGS rats (15/group) were maintained on diets
calculated to provide target dose levels 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).

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 pericd 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 1 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.

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 Sponser and
Product Safety Labs (PSL) identification number.

Test Substance: Soy Leghemoglobin Preparation
PSL ID: 160720-5R

Lot #: PP-PGM2-16-088-301

Physical Description: Red/brown powder
Composition: Soy Leghemoglobin 48.82%
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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 10 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 of Groups: 4 (3 dose levels per sex + 1 control group per sex)
4.A.3 Number of Animals per Group: 15
4.A4 Sex: Female; nulliparous and non-pregnant,
4.A.5 Species/Strain: CRL Sprague-Dawley CD® IGS rats

4.A.6  Age/Weight: Seven to eight weeks at initiation; the weight variation did not exceed
+ 20% of the 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 Laborateries, 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 Laboraiory
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 gd 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.C5 Water

Filtered tap water was available ad /ibitum 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.

Identification

4.D.1 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 Monel® 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:
No. Animals/ . .
Grou Grou Target Exposure of Active Target Dietary Dose Level of
P (F)p Ingredient (mg/kg/day) Test Substance (mg/kg/day)”
) 15 : Basal Diet Control 0
0
Low Dose
2 15 250 512
Intermediate Dose
3 15 500 1024
High Dose
4 15 750 1536

* Based on 48.82% active ingredient (Al, Soy Leghemoglobin) of Soy Leghemoglobin Preparation (Lot # PP-PGM2-
16-088-301).

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 of 512, 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.

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.1 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, uniess
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 /ibitum 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 of Test 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 sampie of the test substance (neat) was retained.

6.8.5 Stability in Dietary Matrix

The test substance in the dietary matrix was previously determined to be stable over 10
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
battom of the diet mixer. Basal diet control samples were collected from 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.1 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 of linearity, precision, and accuracy.

6.C.3 Reference Substance
An aliquot of the 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 of the analytical test method(s) was documented.
Any remaining sample material was retained until the issuance of the final report.

6.C.5 DataReporting

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 treatrent 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 of 7 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, 10, 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.1 Scheduled Sacrifice

At terminal sacrifice, all survivors were euthanized by exsanguination under isoflurane
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, musculoskeletal 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' uterus cervix
ovaries oviducts

6.H2 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/Tox Services
{Amendment 1). Prior to data recording, initial histopathological evaluation was performed
without knowledge of treatment group assignment.

7. STATISTICAL ANALYSIS

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 of p<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

! Anterior-most portion of the vagina.

681



Product Safety Labs Study Number 44856

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,
Instem LSS, Staffordshire UK.

8. STUDY CONDUCT
A Testing Facility

In-life Product Safety Labs
2394 US Highway 130
Dayton, NJ (68810

Test substance and dietary analysis Impossible Foods Inc.
525 Chesapeake Dr.

Redwood City, CA 94063
P.I.: Rachel Fraser, PhD

Histological slide preparation Histoserv, Inc.
19526 Amaranth Drive,
Germarntown, MD 20874
P.l.: Pratiba Vohra

Clinical pathology and histopathology Regan Path/Tox Services
evaluation 1457 Township Rd. 853
Ashland, OH 44805
P.L: Karen Regan, DVM, DACVPF, DABT
B. GLP Compliance
This study was not performed in full compliance with GLP standards, but was conducted in a
GLP-compiiant facility.
C. Test Procedure Guidelines
This study design conformed to the following guidelines:

e 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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10.

11.

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.

PROTOCOL AND PROTOCOL. AMENDMENT

See Appendix A for the Protocol and Protocol Amendment.

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.

11.A.1 Analysis of Soy 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 1A, Appendix C).

11.A.2 Homogeneity

Homogeneity analysis of the initial diet preparation (Study Day 14) resulted in a relative
standard deviation (RSD) of 3.22, 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

B. 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, 3/15 Group 2, 3/15 Group 3, and 1/15 Group 4
animals and a broken upper right incisor in 1/15 Group 2 animals.

Corresponding findings during detailed clinical observations included hair loss in 3/15 Group 1,
3/15 Group 2, 2/15 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 o control Group 1 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 Hand [)

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 1 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 for the female rats, which correspond to
active ingredient concentrations of 250, 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.1 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 1F 7003, 1F
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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12,

13.

stage of the estrous cycle as determined from the microscopic examination; dilated/flnid-
filled uterus is a normal physiologic change at to proestrus stage of the estrous cycle.

11.,F.2 Microscopic

11.F.2.1 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 1 throughout the study.
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 1A; CHEMICAL ANALYSIS RESULTS

Result for Neat Test Substance Sample

Sample Name

Sampling Day"

Measured
Recovery (%o)

NT-1 A

Day 0

102.7%

! Day relative to initial dietary preparation (Study Day 14).
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TABLE 1B: CHEMICAL ANALYSIS RESULTS
Results for Homogeneity of Dietary Preparation
Day' | Group S(f‘:;‘gl‘; Conf:l:f:%tion C(::::r?:lr;et?on T'::g"és Alfc?fg * Irsp (%)
(ppm) (ppm) Target
1 Middle 0 ND NA NA NA
Top 5545 94.57%
2 Middle 5863 5649 96.36% 93.80% 3.22%
Bottom 5304 90.46%
0 Top 10633 093.65%
3 Middle 11354 10433 91.89% 93.8%% 2.27%
Bottom 10915 96.13%
Top 16008 94.52%
4 Middle 16936 15882 93.78% 93.91% 0.60%
Bottom 15822 93.42%

NA = Not Applicable; ND = Not Detected

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

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

levels.

? % of Target = Measured Conc. (ppm) / Target Conc. (ppm) x 100.
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TABLE 2: SUMMARY OF IN-LIFE CLINICAL OBSERVATIONS
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Sex: Female

Day numbers relative

0
mg/kg/day

to Start Date

512
mg/kg/day

1024
mg/kg/day

1636
mg/kg/day

Alopecia
Number of GCbservations
Number of Animals
Days from - to

Broken Tooth
Number of Observaticns
Number of Animals
Days from - to

35 42

19

21 38
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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 (mg/kg/day) 0 512 1024 1536
Number of Animals in Greup 6 6 6 6
Observations During
Removal From Cage And Score'
Handling
Handling Reactivity
Vocalization
Palpebral Closure
Lacrimation
Eyes
Mucous Membranes
Salivation
Emaciation
Piloerection
Fur/Skin 3
Muscle Tone
Respiratory Pattern
Open Field Observations

ooojooofoio(o
Qio|o|ojo|o|lo|lo|o

|~
(P4
e’
[¥8]
—
]
—
[#S]
—t
—

olog|olo|olo|o|e|e|ole
S|obioiolio|o|o|lolo|ele

oo
fer ]l Y]

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
Pupillary Response
Pupillary Reflex o | o | o | o

* An entry of 0 indicates that all animals in the group appeared normal 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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Number of Cyeles
e . [ 512 1024 1536
Swi: Fornale mg/kg/day mpkeiday mpke/day mg/laiday
Group 1 Group 2 Group 3 Growup 4
Dayis} Relauve to Start Date
013 Muan 19 24 23 21
s Q.5 0.6 0.8 0.5
N 15 15 I5 15

Statistical Test: Generalized Anova'Ancova Test

Transformation: Tdentily (No Transfonnation)
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Number of Cycles

Sex: 1 0 512 1024 1536
s Femate mg/kg/day mp/kg/day mg/ke/day me/kg/dny
Groug | Group 2 Girong 3 Gromp 4
Day(s) Refative to Start Date
943 Mean 73 19 71 =3
SD _ 05 o3 0‘4
" - 1 15 15

Sttistical Test: Generalised Anove/Aneova Test

Transiommation: Ydentity (No Trnsfomiation)
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TABLE 5: SUMMARY OF MEAN WEEKLY BODY WEIGHTS
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Bodyweight (g)
o i 312 027 1536
Se: Female mg/kg/day merkg/day me/kg/day me/kg/day
Group | Gronp 2 Growp 3 Group 4
Day(s) Relative to Start Date
o Mean 1797 R! 180.1 179.5 1807
5D 13.5 120 14.0 138
N L5 15 15 15
7 Mean 1989 ¥ 198.5 200.2 2080
5D 1.0 138 147 119
N 15 15 13 5
14 Mean 2137 1 27 212.9 2156
shx 133 145 17.1 184
N 15 15 15 15
21 Mean B3 B 245 232 2301
5B 173 183 19.5 222
N 15 15 15 13
28 Moemn 2357 ¥ 2371 233.7 2390
D 19.5 204 2.6 e
N 13 I5 i5 15
Kk Mean 2407 12 2433 2425 37
5D 12 210 .0 2779
N 13 5 15 15
2 Mean 2499 1 317 K] 573
sD 2.4 227 224 2846
N 15 15 15 15
43 Mean 2499 12 2531 233.3 2590
3D 218 2.1 129 206
N 15 15 15 1%

Statistical Test: Generalised Anova/Ancava Test

£ [R - Automatic Transformation: Rak]

211 - Automalic Transformation: identity {No Transformation)]

“I'mnstormation: Automatic

696



Page 31
PSL Study Number 44856

TABLE 6: SUMMARY OF MEAN DAILY BODY WEIGHT GAIN
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Mean Daily Body Weight Gain {giday)

¢ e T, [} 512 1029 1536
Sex: Female mg/kgiday mg/grdny mg/kgiday me/ka/day
Groupp | Group 2 Group 3 Group 4
Day(s) Relative o Start Date
0—-7 Mean AT 243 296 2.90
5D 1.02 0.59 1.07 1.07
N 15 I35 15 15
T ld Mem 210 1 203 1.8% .M
5D 6.77 0.69 0.89 0.88
N 15 IS 15 15
14 21 Mean 210 1 1.68 148 2.08
sD 1.05 1.08 0.99 083
N L5 15 15 15
21 —128 Mesn Los &2 18] ot 1.50 L7
sn 0.61 0.56 1.4 1.02
N 15 15 [ B 15
28 -+ 33 Mean 0.72 R? 0.88 1.27 1.24
5p 068 .51 0.62 1.to
N 15 15 1 5
A5 2 Mean 131 1 1.2] 112 1.38
5D .69 (.35 032 0.69
N 15 13 £5 i5
042 Mrean 1.67 R? 1.70 174 1.82
5D 0.38 .34 041 0.8
N 13 15 15 15

Statistical Test: Generalised Anova/Ancova Test

17-A

& Tr

: Identity (No ¥r

2[R - Automatic Transformatior: Rark]
3{d - Test Dunn 2 Sided p < 0.05)

fomation)

Transformagion: Automatic

698



Page 33
PSL Study Number 44856

TABLE 7: SUMMARY OF MEAN DAILY FOOD CONSUMPTION
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Mean Daily Food Consumption (giday)

Sox: Female 0 512 1024 1536

- map/kgiday mgke/day mg/ke/day merkg/day
Group | Group 2 Group 3 Gromp 4
Day(s) Relative to Start Date

37 Men 1823 &I 18.75 1893 18.55
sh 193 M 2.07 2.06

N 15 15 Ia 15
7o k0 Mean 1938 7 1752 1820 19.13
sh 3.40 200 .09 238

N i5 15 15 15
10 - L4 Mean 228 LF 19.18 1997 19.93
8D 225 150 330 268

h 1% 15 15 15
1 = [T Mean w3 19.36 1%.20 1911
sD 2.55 264 79 215

N 15 &3 15 15
17 - 21 Mean 2052 1 20,72 1%.80 20.37
SD 144 248 2.28 280

hi 15 15 15 15
-2 Meen e n» 19.50 13.60 18.20
sp 1.97 1.75 2445 2846

N 15 15 15 13
24 -+ 23 Mean 2033 I° 26,07 007 2013
sD 2,44 2.18 2.80 m

N 15 15 1§ 15
28 - 31 Mean 1991 1 12.58 20.13 19.56
5D 238 1.73 204 2.54

N 15 15 5 135
31 35 Meatt 1947 L 19.05 19.23 19.02
5D 348 1.97 242 2.63

N 15 15 £5 15
28 35 Mea XTI 1928 19.62 1925
3D 188 1.8t 218 2.53

N 15 15 15 15
3538 Mean 2006 1N W09 2027 20083
5D 227 243 235 2.6t

N 15 E5 15 15
338 Mean 1959 1 £9.47 1947 19.41
50 1.73 176 2.16 2.7

N 15 ES 13 i3

Statistical Test: Genertised Anovi/Ancown Test

1[R - Automalic Transformation: Rank]
2 [L - Autematic Transformation: Log]

3 [ + Autornatic Transformation: | dentity {No Transformation))

Trangformation: Antomalic
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TABLE 8: SUMMARY OF MEAN FOOD EFFICIENCY"

! Food efficiency = Mean Daily Body Weight Gain
Mean Daily Food Consumption
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Food Efficiency
e T [ 512 1024 1536
Sex: Female mg/kg/day mgkeiday mg/kp/day mpkg/day
Group | Growg 2 Group 3 Gromge 4
Day(s) Relative to Start Date
07 Meast [[RETT [EF] 0.157 0457
SD 0.053 0.026 0.052 0.050
N 15 15 15 15
T 1d Mern olo r 0108 0.092 0.10a
5B 0.041 0.032 0.0 0.040
N 15 15 15 15
14 - 21 Mean 0.100 I 04051 ¢.074 0.103
SD 0.042 0.046 0.045 0.035
N B 15 13 15
2l --28 Mean 0032 &+ Q0% s 0.074 0062
5D 0.029 0.027 0.04% 0.651
N E3 15 [} 15
28 -~ 35 Mean 0037 1 0.046 0.064 0.062
5D 0.035 0.026 0029 0.050
N 15 15 15 15
3542 Mean 0.065 I 0.059 0.070 0069
50 0.031 0040 0042 0932
N 13 15 15 15
Q-2 Mean 0.083 R? 0.087 0.08¢ 0093
SD 0017 0912 0016 0017
N 15 5] 15 £5

Statistival Test: Gereralised Anova/Ancova Test

11 - Autematic Transfomation: 1dentity (Mo Transtormation)]

2[R - Automatic Transformation: Rank}

3[d- Test Dunn 2 Sided p < 0.05]

Transforneation: Automatic
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TABLE 9: SUMMARY OF MEAN DAILY DIETARY INTAKE OF SOY LEGHEMOGLOBIN
PREPARATION
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Dictary Intake Vasable (mgkg/day)

Sex: Female 0 512 1024 L53¢
- mgkg/day mp/kg/day mekg/day me/ke/day
Group 1 Group 2 Group 3 Grougr 4
Day(s) Relutive to Stant Date

14~ 17 Mean 0.0 5350 1023.3 1502.3
S0 0.0 768 1210 131.2

N s L5 13 L5
17 - 21 Mean [aX43 5280 1026.3 15742
h1)) 0.0 430 76.0 968

N s 15 15 15
21 24 Mean 00 505.5 9747 1406.2
50 0.0 333 108.4 t53.1

N 15 LS 15 3]
24— 28 Mean 0.0 5150 £039.3 1603.1
8D 00 g2 100.6 1811

N 13 15 15 [
28 -2 35 Mean 0.0 5038 286 1536.3
sD 0.0 292 609 [R5

N i35 3] 15 i5
35238 Mean 0.9 540.1 1062.1 1609.2
5D 00 64,0 95.0 109.5

N 15 IS 15 i3
[E R Mean 0.0 SE30 1016.5 15325
5D 0.0 iLs 609 717

N o3 5 15 is
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TABLE 10: SUMMARY OF NECROPSY OBSERVATIONS
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TRemoval Reasa ALL Femuée
0 L2 oM $Hha
mylghy mphgtiyy mphgidy myfidy
Gop 1 Geop? Drep? Gropd
Nurbar of Anirds 15 15 4] 3
Bumber of Completed Anmas 15 13 13 15
urinary blodder
k1Y 1
trdith 1
arys
Submitied 15 113 15 15
fuidf fedt H 1 t 2
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TABLE 11: SUMMARY OF MEAN TERMINAL BODY AND ORGAN WEIGHTS
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Sex; Female 0 512 1024 1536
gy myfkopdy mgigay mahgday
Growp 1 Group 2 Group 3 Group 4
Day(s) Relatve to Start Date:
Termiral Mem 1 2200 a1 %33 %90
Bw sD 218 2% 229 206
@ N 15 15 15 5
Ovecies vk Ve YETEE 5138 0.1238 21370
Oviducts Wt ) 0.0174 0.0209 0.0128 0.0156
@ N 15 15 15 5
et Wean TS o547 0570 0.703
hiiy 50 0.22t 0102 0.t62 027
{0 N 15 15 15 15

1[I - Autematic Transformatiorr Jdentity {No Trensformation)]

2[R - Auomatic Transformation: Rank]
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TABLE 12: SUMMARY OF MEAN ORGAN-TO-BODY WEIGHT RATIOS'

! [organ weight/body weight] x 1000
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Sor ot 7 53 102 %
mghgiday mafkgday mykgiday mykgidzy
Group 1 Growp 2 Group 3 Group 4
Day(s) Relative to Start Data
Overies wih Ween 05270 0 05325 Y ]
oviducts/TBW sp 0.0733 00772 00457 0.0867
{Ratc) N 15
i5 15 15
Thers Wean HT R 3166 2376 75
g::) ) 0.841 03% 073 0957
N 15 5 15 15

I - Avtomaic Transformation: [denlily (No Transformation])]
2[R - Aulomatic Transformation: Rank)
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TABLE 13: SUMMARY OF BLIND HISTOPATHOLOGY ESTROUS CYCLE EVALUATION
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SUMMARY OF ESTROUS CYCLES
Blind Histopathological Determination (Day 43)

Number of Animals per Stage of Estrous Cycle

Stage Group 1 Group 2 Group 3 Group 4
0 mg/kg/day 512 mg/kg/day 1024 mg/kg/day 1536 mg/kg/day
Proestrus 3/15 1/15 2/15 5/15
Estrus 3/15 2/15 3/15 3/15
Metestrus 6/15 2/15 /15 2115
Diestrus 3/15 10/15 9/15 5/15

' 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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28-Day Dictary Taxicity Study
Product Safety Labs Pratocal #: P703.02 IMP
PSLL ID: 160720-5R.
Siudy No: 44§56

SOY LEGHEMOGLOBIN PREPARATION:
AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAY
PRE-DOSING ESTRUS CYCLE DETERMINATION

PRODUCT IDENTIFICATION
Soy Leghemoplobin Preparation

PSL PROTOCOL NO.
PI03.02 IMP

PERFORMING LABORATORY
Produet Salcty Labs
2394 U5 Highway 130
Dayton, New Jerey 08810

PSL STUDY NUMBER
44856

STUDY DIRECTOR
Jayson Chan, PhD>

SPONSOR
Impossible Foods Inc.

525 Chesapeake Dr.
Redwood City. CA 94063

Pege 1 ol 14
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Product Safety Labs

28-Day Dictary Taxicity Study
Protocol #: FT05.02 IMP

PSL ID: 160720-3R

Study Mo: 44856
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Product Safety Labs Protocol #: PT03.02 IMP

BSL ID: 160720-3R
Study No: 44856

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

OB.JECTIVE

The objective of tis study i to evaluate the potential reproductive toxicity {estrus eyele and
reproductive  organ histopathology) of Soy Leghcmwoglobin Preparation i femabe rals
comlinuousty exposed fo the test substance i the diet for ot least 28 days. Additionally. estrus
cyele evaation with also be performed for 14 days prior to dosing,

STUDY DIRECTOR

Jaysoo Chen, PhD

Study Divector

Tel: T32-438-5100 x1582

Emzil: JavsonChenetProductSafetvlabs com
NAME AND ADDRESS QOF THE TESTING FACILITY
Produst Safety Labs (PS1)

204 US Highway 130

Dayton, NJ 08810

Tel: 732-438:3100

SPONSOR

Impussible Foods Inc,

523 Chesapeake L.

Redwood City, CA 94063

S5PONSOR REPRESENTATIVE

Rachet Fraser, PhD

Imposgible Foods [ne,

525 Chesapeake D

Redwood City, CA 94063

Emuwil: ezchicl.fraser@impossibicipmds.com

DATES

Propmsed In-1ife Start Date: Fohruary §, 3017

Prapozed Experimental Termination Date: March 23, X317

TEST SUBSTANCE

8.A Source
"The test substance will be provided by the Sponsor,

8.8  ldentification

The tost substance ikl be wdentificd using the following infarmation provided by Ui Sponsor and
Product Safety Labs (PS1.) identification number.

Proge & of 14
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28-Day Dictary Toxicity Study
Product Safety Labs Protocal #: 703,02 IMP

PSL ID: 160720-3R

Btudy No: 44835

‘Test Substance: Soy Leghemoglobin Preparation
PSLID: 160720-5R,

Lot i; PP-PGM2.16-D88-301

Physical Deseription: Redbrown powder
Compnsition; Soy Leghemoglobin 48.82%
Storage Condifions: Frozen

Expiration Date: Not Applicable

Documentation of the muthods of synthesis, [abrication, or devivation of the test substance is
rutained by the Spoasor,

8.C  Analysis

The test substance, as meecived, is expected 1o be stohle for the duration of the stuly, The
Sponsor will be responsible for all analylical work required to characterzze the neal test subslance
and volidate its stability. Stability of the test substancs i the dictary matnx and that of the
concentration of the 1est substance in the test diets was dutarmingd 1o be stable over 1) duys n a
previous toxicity shudy’

8.0 Hazards
Appropriate rolkine satety precautions will he exercised in the handling of the test sphetance
unkzss otherwise indicated by the Sponsor.

9. GENERAL TEST SYSTEM PARAMETERS
8.A  Animal Reguirements
QAL bumber of Animals: &)
9A2  Number of Groups: 4 (3 dose kvels - T control group)
9.A3  Number of Animals per Group: 135
9.A4  Sex: Female fermales will be nullipsrous and non-pregnant.
9AS5  SpectesStrtin: CRL Spmgue-Dawley €13% 1GS raly

SA6  AgeWeight: Seven W cight weeks al iniliation; the weght vanation will not exceed
= 20% of the mean weisht for ach sex.
9A7 Suppher Charles River Labomtories. Ine. Rats will be shipped i Blered cirdons by
aitdisight andror truck.
8.8 Test System Justification
e Sprague-Dawley™ rat is dhe system of chodes becanse, historicatly, it has been a preforred and
commonly vaetl species For distary toxivity tests, The current state of smentific knowledge does

not provids acceptable altematives to the use of live animals to accomplish the oljective of this
study.

" Produact Satzy Labs (2016) Soy Leghaneglobén Proparaticar @ 18-y Diotary Study bk s, FSL Stady #1356t Rt o7
prepuralion)

Pege S04
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PSL Study Number 44856

28-Doy Dictary Toxicity Study

Product Safety Labs it iy A

PSL 1D: 16072(-3R
Study No: 44856

2.c

8.D

Husbandry

921 Housing

The animals will b individually housed in suspended staintess steel cages which conform 1o
the size moommendations i the Intest Guide Jor fhe Care wnd Lise of Loboratory dninals,
Litter paper placed! bencath the cage will he changed at Jeast thiee timesiweek, “The animal
room will have o 12hour lightdark cyele and will be kept clean and vermin Gee,
Ermvironmentat conbrols are sel to awintain tonyperabure and rolative humidity ranges of 21 =
2°C andd 304 T0%, respectively, Obsetved ranges will be documenited in the raw dota

9.2 Acclirmation

The animals will be comditioned 16 the housing facilities for of least five days prior to tosling,
Body weights and elinical observations will be recorled al least two Gmes pror 1o stady starl
9C3  Fed

2016 Centified Eovigo Tekbnl Global Rodent Dictd: (Emvigo Teklad, Ine,) will be stoced in i
dodicated tempeniture atd humidity monitored feed wotage site arid available od Nbgium
during acelimntion and stody Days 0-13. Tost dicts will be prepared s deseribed i Section
118 wing 216 Centitied Envigo Tektad Gliobal Rodent Diet® and will be available o/
libiturn during a1 koast studty Dovs 14-42,

904 Waber

Fittered tap water will bo available ad fibinsn fom individug] bottles pitached to the cages or
Fom an antomalic walering acowsss syslem. Water amalysts i conducted by Procision
Analytical Services, Inc, Toms River, NJ anid South Deunswick Municipal Water Supply,
South Bomswick, NJ.

905 Comlaminams

There are no kevwn contuminunts resonably oxpected 1o be Found in the fud or watar gut
winthd inferfere with the pesults of this stady. Routine analysiv consisting of ¢ach lobof teed
used in this study will be recvived from Envigo Teklad, Madiverr WL Watur analysis is
comducted periodically and the reconds are kept on file al Product Safety Labs, The datets) of
the troat rocent aalvecy will be veported dn the final report.

|dentification

901 Cage

Hach cage will be identifictl by a cage cond indicating at Jeast the study number, dose kevel
group assignment, individual animal identification. and sex of the.animal,

902 Animal

Each animal will be given a seguential number in additinn (o boing uniquely identificd with a
Moneli seif-piercing strinless stoe] car tag,

* Nataoaint Heszorel Coungil. (201 Graide fov Ore Crve 2waat Use of Ladrasearsor_tinamafs 657 edd ), Washingtun. DU The Mattonul

Avadenios [vess
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28-Day Dictary Taxicity Study

Product Safety Labs Protoced f: P703.02 IMP

P31 ID: 160720-5R
Stedy No: 44856

10.

1.

EXPERIMENTAL DESIGN.

10.A Route of Administration

The lest subslance will be adminisicred in the diet.
10.B Justification of Route of Administration

The dictary roule of administration was selected by the Sponsor. This route of rdministration is
recommended in the refeenced puidetines (Seetion 14.0) and a potential roule of human
CXpOSUIE.

10.C Control of Bias
Animals will b randomly assigned to fest groups according to PSL SOP #714.
10.0 Dose Levels

TFifteen female rats will be randomly assigned to cach of the following test groups:

Group Nﬂ.é:.:;ignlsf T:"E“‘ Expovurc i{f :~\cliw= Target Diciary Dose ‘1,.L.'vcl of
(r ngredicnt (mgkg/day) Vest Substance {mpkg/dayy
t 15 Bazal Di;."k Control o
2 15 Lnlg;osc a2
3 15 lntcmc;i(l;ztljlc Tose 1024
4 15 Hig_l;jfgmc 1536

* lssed on AR.B2% acovs mgredivnt LAL Soy Leghemoglobon) of Sov Leglunogdotan Prepaatiea (Lo # PP-POM2-
16-058-300)

16.E Justification of Dose Level Selection

The Spomsor, in consuliation with the Study Director and based on a 28-day dictary toxicity
study’, seloctod tareet dictary dose lovels of 312, 1024 and 1536 me/ke/day that corroapond to
tagget dose levels af 250, 5 and 750 mg kgaday of the active ingredient, Soy Leyhemoglabin,
To maintain tarpet dictary dosc levals (wonghout the study, concentrations in the tess dicts will be
caleulated based on. the most recent group hady weight and food consumption data,  [iets for
femules at cach distary dose kevel will be made soparately cach wosk,

GENERAL PROCEDURES

11.A  Selaction of Animals

Sixty (60) hoafthy female rats will be used on test. Animals will be selected for this study an the
basis of adegquate Dody weipht gain. absence of clinical signs of dissase or inpury. md 3 body
weight withm =20%o of the mean,  Sclected rats will be distributed by randomization according o
stratification by body weight so that there will be ne statistically simificant dillivenee among
eroup body warght means,

Poge 7 of 4
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28-Day Dictary Toxicity Study
Product Safety Labs Pratocal #: 703,02 TMP

PSL 1D: 160720-5R

Study No: 44856

11.8 Dose Preparations and Procedures
L1B.1 Diet Preparations {PSL S0P #605)
The test substance will be procesied. as needed. (o devreade particle size wsing a prinder amd
thes addid to 2016 Certified Envigo Teklad Global Rodent Diet® and thoroughly mixed in
high-sposd mixer. Controd diet (Basal Dict) will b inixed undur the same conditions as the
diets prepared with the test substance, All diets will be kept frozen following prepatation.
wtibess presented k the test ahimals o the same day s dit preporation. Al diets will be
propared approximately weekly ov more frequently, as neaded.

11.B.2 Dict Pesentation

The contrel dict will presended to.all animals on Days (-13 of the stedy.  On study Dy 14,
the cantm] ond kest diets will be presented to their rospectve groups. The divts will be
supliced cuncurrently with food consumption measwrements on Days 17, 21, 24, 28, 31, 33
and 38 Additional dct may be privided as aeeded throughom the stady W cnsure ad {ifiron
feoting, Animals will be éxposed to the vonteal or st diets lor at Teast 28 days,

I1LB3 Sﬂmpling {PSL SOP 2507)
The neal best substamie and selected propared dists (ot sach concentration), will be sampled in

duplicate. Samples witt he Fozen until anatyzed and'or may be discarded upon completion of
the ytudy.

11.B.4 Stability of "Yest Substance

The next téat substance wasy previously detaomined o be stable under pemal Jaboratory
conditions for the duration of 8 28ty study®. At the inithal dict preparations a sample of the
test subsiance {neat) will be retained.

TLB.3 Siabifity o Dietary Matrix

The test substanee in the distary mninx wiss previously determined to iz stable cver 10 days
in o previmws toxisity study’. Stability of the test substance in the distary matrix will not be
asacused in this study.

1LB6  Homopeneity

Samplss to evaluale homogenaity of the leat substance distobotion will be collected from
the initial dict preparation. Samples will be laken from approximastely the top, middle
and bottome of the dict mixer.  Basal digt control samples will be collected from the
middle of the mixer only. Chemical analvsis will verify the diets av homoreneous and bt
accutate concentration throughout the study.

1137 Conecoiration Verification

Samplos for concentration verification will be collocted az part of the homogencity
annlysis during {he first week of the study. Dict preparation caleulation will be verified
and test dicts will o mixed aceordinng to PSLs standard operating procedurs, Namival
dict concontrations will be used to determine the total intake of the test substance for cach

moup.
LLBB Sumple Preservation

Upem sampling, diet prepartions and neat test substance will be stored froam. Sampks will
be considered siable from the point at whicl they are fromn,
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Product Safety Labs Pratocol #: 70302 IMP

PSL ID: 166G720-3R

Study Nvo: 44856

{11.B9 Sample Analysis

A single duplicate of the frozen diet samples dexeribed above will be sont to Impossible
Foods for npalysty of el preparslion and neut lest substance sumples. A signed,
anafytical report Wil be provided to. the Study Director.  This report will include the
meihodology, pertingnt measuretents, study results, and talmiated cesultz, Al i dota
will be retained by Empossible Foods,  Any remmsining sataple material will be retainod at
Product Safely 1.abe uptil issunee of the final repont,

41.C  Analytical Chemistry
1181 Sample Sierage
Lpon-receipt, all samples will be stored and maimained Bozen priorio analysis.
H.C2 Method Validation

Prior to sample analysis, the suituhility of the method Wil be demonstrated.  Method
validatiom will include, bul is not limited to determination of Tincarity, precivion and accuracy,

11.C3 Reforence Subsiance

A1 allquot of the tevt substance will serve as the refercnes slandartd.

1104 Chintcal Analysis

Analjtical test methodology will be validaled by Impossible Foods personnel. Samples will
be analyred in rephcate. A detailed description of the ansiviical test methodis) will be
doczmented.  Any remaining sample matenal will be retamed ontd the sswange of the final
report,

1L.C5 Daa Reporting

Data will be caplured on standard raw diata vheets and s mstnumenl (tpud, 5 mecessary, il
sumpitized in tabultar form,

LLC6  Analytival Report and Records to be Mamtained

A sumed, anatviical repord will be provided to the Study Pirector. This report will melude the
methrdology, pertinent measuvements, sty veanbts, and Labulated results, Al raw dota will
bie maintained by Impossitde Feods. The anatytical report will he incorperated into the main
siudy report.

1.0 Clinical Ghservations

All aninals will be observed st least twice daily for vishility. Cage-=ide obscrvations of all
animiks will bo perfommed daily during the study, Al findings will he retorded..

{m Day 14 and approximatsly weckly thereaftr, a delailed ohsorvation will be corducted (P51,
S0P #726) while hundling the animal, generally on days that the animabs wre weighed and food
comsunplion measurements are taken.  Polential signs noled should inslade, bul pot be limited to:
changes in shin. fur. eves. and mucous membraney, oecurrencs of seeretions and excretions and
autoniomie activily (ep. kacrimation, pilocrection, pupil size. unuseal respirdtory paticm)
Likewise, changes to gail, posture and response o handling 3s well &x the prevence of clonic o
tonfe movemcnts, sterenlypios te.g. eicessive gronming, repetitive cireling), or hizarre behaviar
(e, self-mutiladion, walking backwandy) shoulit also be recorded. The date and clock time of al!
observations and'or mortality checks will heresarded,
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Product Safety Labs Pratocol 4: 170307 IME

PSL 1D 160T20-5R

Sudy 2p: 2856

The Study Director will be promiplly notified of severcs/remeiiable clinical obiervations, will be
ailvised when an anmimal s lound @ a menbund. condiion, and may suthortic culbumasia, and
neerppsy de nesesvary lo-avoid the Toss of qualty data. Al such authorizations wH1 e recordid
i s raw abatat,

11.E Estrus Cydles

Fattus an the temale tade will be deterimneed datky on Deys $h43 and Days 29-82 af the stisdy, by
vaglal favage to evaleate for repular cychioly. A vaginal Bvage wak alse perfornsd o
ternination La-determine the stagre af estres at sacriffee. Cylalogical svaluation will b psfarmad
without Enuwledpe of teatment group sysignmend. AL the cnd of the pro-doding estrow
evalnatinn, the Study Direstar will oveleale catrs eyelt data and will sxclude apy study animal
copsiderad to uxhibit siypical esrus cyeling, W oneceysary, animuls may-be reassigned lo crsure
balanced number across groops.

11.F Body Weight and Body Weight Gain
Individun] budy weights will be.nevprdid ut leasl two tines during avclimation, Test aimals will
be weighied o Dav 1) tpror to study stant} aad approximatsly weedly ercafior (mtervals uf 7

days 2 1) The anonaks will alan be woigivedl prior 1o saenlice. Povodonds seed not be woighal.
Bady woight gain will be catenlasd For-selecied mtervals and for the stidy ovesal]

4.8 Food Consumption, Food Efficiency, and Digtary Intake of Soy
Legherhoplobin Preparation

Individuat fond consamption will be meassred and recorded o Days 3.7, 10, 14, 17,20, .24, 28,

3135 and 3% and al e ond of tie study. Food ¢icicney and divlary mtakeof th fesl sebstance

img/hg/day) will slso he caleuleted and néported.

1,4 Terminal Sacrifice apd Histopathology
LA Sedioduted Sacrifive
At terminod pacrifice, all suryivars will be.cithepizod by cxsangmination under isollurans
inesthesia

Plasena samplés will e colkebed Fom al) animals, at their respective soerifice. amd storal
froven dapprosimaely -80°C) For future pogsible analyss. If paformed. the description
of analysis will be sdded hy amendment.

Al anvimibe in the study-(oseluding devedzate) will he subjoctod to & neerupsy, which witl
include exsmination of the extumal surlacy o Ule body, a1t onifices, musculoskelital
avitem, and e tiseadii, abdominal and cranbal cavilies and theit condenty. The falbosney
tisss fol all witmals sacnficed by desiph) will be weiphed wel a8 snon ak possible atter
dissactinn s avend drying:

Liketus nva g with ovidiaets eorkased )

The follvwing vegans and Gizsues fron all sninaly will be pressrved in 1075 peviral bultieed
tormalin B possibde Bters histopathwlepical sxamination

Fana uterus cervix
Bk wrrhicts

Additroral tisstex midy Do preservdd A iinlicatoll by s oF Saicite or et agn
imolvemant at the diserction o the Study Disstor. Tisses muy be dissanded opon
{anabizatem aof the stedy with appecval from ihe Spansar.
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12

12 Unyeheduled Saerifics

Any mt that dies or is sacrificed because of 2 monband weedition will be examined for the
cauge of Jesth or moaband condilion ot the day (ho sbsavalion iz made. The grimal(y) will
be evaluateil for gy berdoms  Cirmms and tuey will he exelsed wenghed Cexiupt fie
artimals foumd dud), and preseved ax deseribed for s ammaly sealiced by desipn

1LH3 Histopalhology

Histological exaniination will bo perforived on the preserveid orgsnd sl tissnss of anintals from.
foth the eonirel and kigh dose grawps (Groups ¥ and &, respeckively) and from any animal that

dleg durirg e connse of the study. '[Tese eximinatmns, may be exiended fo other tissues amnl

argans includipg Lissues from the low and wismmediate groups ar the request of Patholngist. in:
constltation with the Study Ditcctor and Sponsor, to further myesligate canges observed Tn the
high Jdose group. The firced tissuza will b Itimmed. procesved, coiboddid i pumatting socionad
with a microtume. placed on glass microseope shides, slained with heimwrylm and cogin (1E),
and cxamined by Hel migronepy.  Additkial ypecial stains can bs added tased oo HE
ovalogtion Al the diseretion. of the dudy pathologiat, t consultation with e Study (Rreciar and
Sponscn,. Shide preparation and histological assesement, by 3 board-cerified veterinary
patiologist, nill he performeal o Histo-Seientilic Resvarch Labomtories {HSRL)  Prioe to daty
recording, nitial himopathatomical evaluation will be performed withow! know el of treaiment
group assignmont.

STATISTICAL ANALYSIS

Product Safety Labx wall perform stafistical adalvsis of ol dats collected during the in-dife phase
of the. wludy 2= well 45 orgen \mg]lt data, il applieable. The use of the word * ignilicant™ or
"mgmln.anll\'" indicates 1 statiktically sigpificont difTerence butween the conbro} and the
experimental wroups, Stgnificance will be Judgod at a probability valus of p -+ .05,

Mean anl standid doviations will be valcolatud for oll guantitalive daty {e.g., weekly body
weights, daily lodvweistt iy, dally fornd vonsumption, filed efficiency, duily dictary itake,
organ welphts, ragan-to-bdy wedaht pation, ard ostrus cveles) 1 warvanted by RulGcivnt BlMg
sires, data withu groups will be cvatuied {or hqmuga.na:m- of variances® and nomalitg. Where
Hemegemeous varancsy and nomal disinitation s obwerved, ireatment and control proups will be
cumparci] psing 2 aneway analysis pf variancs (ANOV.A). Whin enc-way amalysis of vartmse
is significant, a comparison of the freated Sroups o contrl will b p:rtormc\‘i With 1 ltiple
comparisons tesl (v.g. Dunnctl's test)™. Whers varianoes dre considersd significantly different,
Lvoiizs will ba whrmml Using & for-parniete mithod (&g, Krasbal Wd!]vs nepepapEImetic
analyais of varmes)'. When vonsparametric moalysie of vivinos & sigilieomt, a commpativon nf
{reatel groups lo conlen? will b pordorined (e, Chmn™y tosth

I wareanted hy sullicient group sizes: e intidencs of cliveal observations miny be wvaluated
theoush sequential application of a iomd esl”  Other proveducey will b= used 1 appropriate and
will e dascribied in the final report

" Bantlent. M5 01937 Progethies of sutfisleny aitd staletive) tests. Mrocresfis of ibe fgral Sectte of Lowidm, Sortez o, Lok,
TRRI97
* U, CAV LR Baness pusttifio cormarars t e unoyul vnianeecexe o Amer, Simsiw Agger TA Wa-HID
" Timpee, W (9041 Sowe tibiles Tor nadSa colppansims witl comm) fimiseeeees, 53-8
* Rarskal, WOH. el Wkl WA 019827 Ui 08 itk b oieeviteram stofvils-of vsinbee, L o, Segtees Loor, 47, 33020
T et LXF PN \tuium:mmnmsuar:g malk fame Feafmnmetriry, &, TLLEAE, DN,
*Amteesly, A r2005) wnegeenen D drodestel 3 Ediiioni). Jnlu Wil..y& S, it Sk N
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28-Day Dictary Toxicity Study
Product Safety Labs Protoco! 4: PT03.02 IMP

PSL ID: 166726-5R

Study Ne: 43836

Statistical analyzis will be conducted by using one ur mors of the foflowing soflwore applications:
Provantis® version 9, Tables and Statistivs, Instem LSS, Staffordshine, UR; INSTAT or Prism
Biustatisticy, GraphPad Software, San Dicgo, CAL Statview, version 3, SAS Instilute Inc., Cary,
N and SipmaStal, version 2, Systat Software, San Jose, CA. Other statistical mothods will be
used if approprinte, al the time of analysis and described in the final repon,

13. FINAL REFORT
A sipned siody report will be provided to the Sponsor. This finalb report will include the
procedutes and eomelusions deawn by the Swdy Director, This repord will inchude, bt oot be
[iitesd to, the follewing information:
e imtividual animal data (and sverages where appropriste) for actunl conbentration of test
substance ricenved:
» imo of ohsorvation of each abnormal sign snd its subsequent courscy
s csbrus cyle:
+  body weights. body weight guin. food consumptioa. and food efficiency values,
¢ Selected organ weights and organ-to-body weight ratio,
s necropsy and patholopy Findings:

14. STUDY CONDUCT

14.A Testing Facility

In-life Praduct Safity Labs
2394 U5 Highweay 130
Davion. N1 088104

‘Tesl sithstanee and dictary analysis Impassible FoodsInc,
523 (hesapeake Dr.
Redwood City. CA 24063
Prospective P.L: Rochel Froser. PhD

Tistologizal slide preparation Hista~Scientific Research Laboratories
5930 Main Strect
Mound Jnckson, VA 22842
PL (histology): Craig Zook

Histological slide evaluation Histo-Sctentifrc Rescarch Laboratories
5930 Mam Stret ‘
Nount Jackson, VA 22842
Prospective P.L, {pathology )
Laura E. Eleock, DVM. PHD, DACYVP
14.B GLP Compliance
“TTis study will not be performed in full compliance with GLP standards, bur will be eonducted in
2 G P-compliant facility.
14.C  Test Procedure Guidelines
Thas study design is based on the following guidelines:

Pape 12 0f 14
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PSL Study Number 44856

28-Day Didtary Toxicity Study

Product Safety Labs Pratocal #: 703,02 NP

PSL 1D 160720-3R
Study No: L4856

18.

16.

17.

s OECD Guidelines for Testing of Chemicals and Food Ingredients, Svition 4 (Part 407
Health Effects, Repeared Dove 28-Day Oral Toxreity Stedy in Radenty {2008).

s US FDA Toxicological Principles for the Safety Asseasmoent of Food Ingredients. Redhook
2000, IV 4. n, Subedronte Foxvcity Studies with Rodents (2007)

REGORDS TO BE MAINTAINED

Thie original signed report ond paper raw data will he sent 1o the Sponsar. A copy of the signad
repoit. together wilh copy of the protocol and all raw dotu generated wl Product Safety Labs, will
be mainiained in the Product Sality Lahe archives.

The following records will be mamtamed:

A Information an Lest substance will include but not be Hmited to the following:
Storage Dinposition
Usage

B. Information on animals will include but not be limited to the {ollowing:

Recwipl dute of birth Foud comsutnption

Initial health asscssment Individual necropay records
Dosing Histopathology data

Bady weights Selected organ weights
Cytology dota

C. Alfl olher recosds that would demonstmte adherenee 1o the protocel.

Prepared slides and pathology data will be mamiained by Product Safely Lahs andfor by FISRE..
Mount Jackson, VA Test substonce and dictary analysis data will be maintained by Impossible
Fopds. Ine. 325 Chesapeake D, Redwood City, TA 4063,

Any clectroniv raw data generated by the Test Sile will be maintained o aceondance to the Tesl
Site SOPs,

PROTOCOL AMENDMENTS AND DEVIATIONS

All smendments and'or devintions to this prelocol and the rcasons thercfore, sholl be
appropriately documented. signed by the Study Director, and described in the fimad report
DISPOSITICN OF TEST SUBSTANCE

A reserve Sample of the test substance and records of sample disposition will be nuintained at
Product Safety Labs, All remaining test substance will be relainod for i jesst one. year from
receipl, unless olherwise specified by thé Sponsur, All vemaining test substance will be ratumed
10 the Sponzor utless otherwize directed.

e 13 of §4
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Product Safety Labs

EFROTOCOL AMENDMENT

SOY LEGHEMOGLOBIN PREPARATION;
AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAY PRE-DOSING
ESTRUS CYCLE DETERMINATION

PROTOCOL NQ.: P703.02 IMP AMENDMENT NO.: |
STUDY NO.: 43856 PSL NO.; i60720-5R
PROTOCOL SECTION;

by 1LH.3  Histopathology

Change From:
Stide prepuration nnd histological assessment. by o board-certified veterinary pathologist, will be
performed at Histo-Scicntific Research Litheratories (HSRLL).

Change To:
Slide preparation will be performed by Histoserv lne. Histological pssessment, by a board-cortificd
vetertnary pathologist, will be performed at Repan Path/Tox Services,

3 14.A Tesung Facility

Chuange From:

Histologicy] stide preparution Histo-Seientific Research Laboratarios
5930 Main Street
Mount Jagksarn, VA 22842
1 histologyr Craip Zook

Histological slide evalustion Histo-Scientific Ressarch Labormtories
5930 Main Strext
Mount Fackson, VA 22842
Prospective P (pathology):
Laura E. Eleock. DVM, PRD, DACVP

Chunge To:

Histological stide preparation Histosery, Inc.
19526 Amaranth Drive
Germantowee, MDD 20874
P.1.; Ptiba Viohea

Histological slids evuluation Regan Path/ox Services
1457 Tawnship Rd. 453

Ashiand, O 9805
P.L: Karen Regen, DVM, DACVE, DART

PAmendments & Deviatioas\ Amendment\b4B 36 Amendmert 1 - Changs Fucility & Ph.docx
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APPENDIX B: FEED AND WATER ANALYSES

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation

730
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APPENDIX B (cont.): WATER

In March 2017, 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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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

Project Title:
Analysis of Samples from Study:
Soy Leghemoglobin Preparation: AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS
WITH A 14-DAY PRE-DOSING ESTRUS CYCLE DETERMINATION

Sponser
Impossible Foods Inc.
525 Chesapeake Dr,
Redwood City, CA 94063

ANALYTICAL REPORT

Test Substance:
160720-3R

Author;
Rachel Fraser. PhD

March 17, 2087

Performing Laboratory:

Analytica] Services:
Impossible Foods
525 Chesapeake Dr,
Redwaomd City, CA, 94063

Project kdentification Number:
Impossible Foods Study Number IF-44356

Page t of 18

735



(b) (6)


http:Signcr:~.bsJJ'Jl!:'i!i!.J~.Wl

(b) (6)



Page 72

PSL Study Number 44856

IMPOSSIBLE

TABLE OF CONTENTS
GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT. 2
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TABLE OF CONTENTS 4
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2. PROCEDURE FOR THE DETERMINATION OF SOY LEGHEMOGLOBIN PREPARATION BY HIGH

PERFORMANCE LIGUID CHROMATOGRAPHY (HPLC) ..

3 RESULTS... .o R e U R e e e e e g
TABLE tA: CHEMICAL ANALYSIS RESULTS 10
TABLE 1B: CHE_MKFAL ANALYSIS RESULTS 11
TABLE 2Z: HPLC OPERATING CONDITIONS. 12
TABLE 3: METHOD VALIDATION RESULTS 13
TABLE 4: NEAT TEST SUBSTANCE CONCENTRATION VERIFICATION ANALYSIS ... 16
TABLE 5. DIETARY MIXTURE SAMPLE ANALYSIS 17

Papc 4 of 18
Analylicn Reporn
Study Number [F 34856

738



Page 73
PSL Study Number 44856

IMPOSSIBLE

STUDY INFORMATION
Protoco] Nov: 44856
Test Substunce: Say Leghemoulobin Preparation

LotBateh #: PP-PGM2-16-088-3¢M

Physical Description: Red/Brown Powder
Date Test Substance Received: February 28, 2087
PSL Reference No.! t60720-3R

PSL Study Number: 44856

Sponsor hinpossible Foouds Ine.

Dutos of Analysis)

Anzlytical Principal Investipaior Ruchiel Fraser. PhD
Primary Chemlisc Puja Agrawal. MS

Pape Sof |18
Analytical Report
Study Number iF 34856
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IMPOSSIBLE

1. SUMMARY

This report presents tite dictary mixture and tost substance anpalysis phase of PSE Study Number $4R56:
Sy Leghemoglobin Peeparation: AN INVESTIGATIVE 23-0AY DIETARY STUDY IN RATS WITIH
A M-DAY PRE-DOSING ESTRUS CYCLE DETERMINATION, Samples were eollevted duriag the
first feed preparation of the dosing phose of the study Tor neal lest substance conceniration veriftrniion
(NTY and feed homageneity () aml concentration verificutiun {performed on the HO samples) ond
transfizreed o the mmalviicel leboratory of Impossible Foods, Test article stability {neat and in rat féed)
wag previowsly demonsteated in PSL Swdy Number 43166: Soy Leghemoglobin Peeparation: A 28-DAY
IMETARY STUMY IN RATS and therelore was not sepeatied in this study . This method was validaied in
terms of linearity, specificity, precision, and accuracy, All samples were received frozen and were
maingained frozen prior 10 eximction,

Snamples:
Neat test substange for concenteation verification: Week 1

NTEA

Initial {Bay 0 Dictary Samples for Concenteation Verification and Homuogeneity {T = top. M = middie, B
= hottom b

HO 1T A M
HOZAT
HO3AM
HO4AD
HOSAT
HO 6 A N
HO?AD
HOSAT
HO A M
HO AR

Pape 6ol IR
Analytica) Repor
Sty Mumber [F 24856
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PROCEDURE FOR THE DETERMINATION OF SOY LEGHEMOGLOBIN
PREPARATION BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

A.
Nene;

Referance Standard

The mewt fost substanee was wsed as the refefence standard,  No perity epmection was

applied. Resulis were ropirted a5 lest substanee  concentmlion (versus active  ingredisng
contentrution).

Name: Soy Leghemoglobin Preparolion
LoVBatch #: PP-POGM2-16-088-301
PSE N H60720-31

Purity: 48,82%

Exp. Date: June 2017

Supnlied by: Impossinde Frods {ne

Method Validation

Linearity, system soitability, specificity. precision, nnd aceuracy (spike tecovery)
thderminations wene performed prior o analysis,

Stock: Standard Solution: A swndard splution was prepared by weighing 111 grams of
relerence standard into o 50 ml polypropyiene tobe, diluting with 25 g of {ysis
Renpent, shaking for 641 minutes, and mixing well.

8.0 Déector Finearity: The lincarity of detecior respanse was:assessed using reference
substance solutons kingeted 1o hracket the experted concentestiuns For the mnalyte,

Lincority Stondand Prepurmtion:  Five standord solwions with concentmions runging
leen approximustety 13,125 100 2 mp/e (LIN | - LIN 87 were prepuared by preparing
individeal dilutions of the stock stndard solution in Lysis Rengenl by weipht and
niining webl. Linearity solution shelFiife is 3 davs at 4C or 12 maonths ai -80C,

Lineor regrssion of the wulyte peak gave coefficienls of detennimtion (RS of
0.9998, which were considered acceprable.

B2 System Suitability: Five replicate injections of the mid-poind linearity solution {LEN
3-1} produced retaiive standind deviations for this study of 0.400.7% for pak. response and
0.1 % for retention time,

2B.3  Specificity: Spectficiy wos demonstratedd by the shsence of significam inerferences

in replicate linenrily {LIN 1-A) and control feed samples (FIO L AM-F) Backgiound was

<5% of the Jowest standund signal,

28B4 Acowracy {Spike reecoveryl and Precision:
Duplicate Q4 stock solutions were preparcd by welphing approximately 0.3 gram of o
conimol sample {0 | AM) into separpte 50 mi. polypropylene centrifuge tubes. adding
125 g {QC Low) or 2.5 2 (QC High) of STIM stock stundisrd sotatinn, amxd adding 8.75
g (QU High) or 7.5 g (QC High) of Lysis Reagenl imo cach tube, Each mivture was
vapped and placed in 8 mechanical shaker for 60 mimutes. The solulions were allowed
to sedtle for 30 minutes and Ghered wsing o 0.2pm 96-well [THer plates, Filire was

Pape 7of 18
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IMPOSSIBLE

colecied in Wewell conical bottom plate Bar HIPLC analysis,

Chiomategraphy of the working QU solulions demonstrated weoumty (% recovery) © he
Wal% for QC Low and 98,3% tor QU High, The RS was 4% for QU T.ow and 1.3%
for QC High lor precision,

C. Analysiz by High Performance Liquld Chromatography (HPLC)

2001 Swndard Preparation: The Wecarlty solufions were injected and used for
interpulativn of sy rosslts, The resalf is shown in 28,1

Noter All dict samples wene removed from the treezer and atlowed to eguitibeate 1o room
rsnpesituee befone welehing.

202 Test Sample Propartion for Neat Fest Subsigtee:  Samphes were prepured in
triphicate, Appraiximately (L1 g o the lest substunes was welghed inte S8 mb polypropy leme
centrifiege tubes, diluod with 25 g lvsis reosest. und pleced i & mechenicyd shker for 6l
miinutes. Seeandivy dilutions were perfurmed a8 necessary. Sumiphes were mixed well dod
Mered vsitg g O.2um 96-well fier plnes. Filtrate was. eoftected i 96-well conieal boltom
plate for FIPLC analysis. Filtvate shelf il is 3 days an 40 or 12 osths af -R0C,

203 Sample Preparation for Dictary Samples: Fach sample was prepaded in wiplicate,
Approximately 1.5 g of a sample was weiphed into ¢ 30 mL polypropy lene cemiifupe b
and diluced with Lysis Reagent os necessary (higher conceoiration samples hud a higher
dilution). "The solidion was capped wml placed in 0 mechanicnl shaker for 60 minues, 1he
solutinns were gllowed o scttle for 30 mioutes and fiitered using a 0.2um Sh-well Alter

phttes. Filtaste wus collecied in 96-well contal botlom phage Tor HPLC annbysis. Fillrate shelf’

hfeis 3 davs a1 4C or 12 months at -80C,

204 Analysis; Al the beginming of the onalysis, the jastrument was equilibrsted untt i
gave o stable, consistent haseling, The stdands and samples were infected af consisten fioe
intervals in arder to maintdn o steady basetine, A solven blank and standands svere rung all
samipies wore infectid in shaglet exoept for the spike recovery sameples, wiiich were injected in
duplicate.

25 Caleulations: Resulis were determined as falkows:

Caloolated Cone. ung/g) = Teak Arca - Inteicep!
Stope

[3ose Cone- ¢ppat = e, Cone. (i, Exyraction Buffer Wi g)x 1000
Snmple weight (gt

Theuserival Spske Cone. (g/ph = Wt ol S () x Std. Cone. {mpg)
Fexkractian Suffer We gl

Finad Cone {imgde) =~ Theorgtical Spike Lone. (mgfg) s W ol Sumple Akiguad {1 ¢ Finrl Wi

Final Cone.(mg/a)

Pape Bof 18
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o Nignal ¢ Backgsound = Avg, LIN LA sres sespogse v 1K

Ave. Control area respoise

% Torget — Dese Cong. |ppm) ¢ Correated Dose Level {pprtt % HID

3. RESULTS

A suniniary of the analviical chemistry rasults s presented in Table LA-B, 1IPLC operating conditions are
presented in Toble 2, The analytica) method passed all validation parameters {linearity. system suitability,
specificity, precision, pud aceuracyy and results ave reported i Table 3, Detailed ceswlts of neat test asticle
eoncentration verification and feed hamogeneily and concenirwtion verification ame presented in Tables 4-
3. Chromatograms are maintained in the riw data bt were not inehutesd in this repon.

Pape W of [§
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TABLE 1A: CHEMICAL ANALYS!IS RESULTS

Resolt for Neat Test Substance Sample

Measured

Sampling Day Recovery {%)

Dy ¢ H2.7%

Page [0 of 18
Analylicnl Reper!
Study Namber 1 24856
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Results for Homogeneity of Dietary Preparations

IMPOSSIBLE

TABLE 18: CHEMICAL ANALYSIS RESULTS

. Sample Target Measured % of ;\:erage _
Day’ { Group Location Concentration | Concentration Targef Yo of RSD {%)
{ppm) (ppm) Target
| Midule 0t ND NA NA NA
Top 3545 94,50
2 Middle 3863 3649 Uh.36% 93.80% 3.32%
Botism 5304 0.46%
0 Top 10633 93.65%
3 Middle 11354 10433 Y1.89% 93,89% 2.27%
Botlom 10915 96.13%:
Top 16008 9d.52%
b Middle 16436 13882 Y3.78% 93.4% (.6l1%%
Bottom 15822 03.429%

NA = Not-Applicable: ND = Noj Detected

" Day relative 1o inial dicany prepustian,

! Ve of Targed ~ Mensured Cone. {ppmi / Target Conc. fppm} s 100

Page [Lof 1¥
Analytical Report
Study Number IT 34856
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TABLE 2: HPLC OPERATING CONDITIONS

Enstrument

Agilent 100 Series HPLC Systen. with DAD

Column

Waters Acyuity xBridge BEH12S SEC. 2.8 x 150 mm 1T 3. 5un

Flow raw (mL/mtn}

086
Injection Volume (gl.) 23
Wavelength {nm) s
Cotumn Temperature {°C) Ambivst
Tray Temperture {°C) 4
. g . 20 mM Potassiuny Phosphate
Rum time tminy | 10w e HPLC-Cirade Waer pli 24, 5]::1;4 Sodium Cl?:;ride
(ml'min) (L1 %)
(4-14.00 min (.86 { 10
14,01-1%.04 min 6.K6 100 {
19.04 10 30,00 min (1.86 { 100

Page 2 of 18
Analyticnl Report
Study Number H 34856
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TABLE 3: METHOD VALIDATION RESULTS

|.inearity

[Analyzed on 03/1372017)

‘Theoretical
Sample 1D Peak Ares Coneentration

{mglg)

f.in 1 11,996 1134
' 12259 {1.131
Lin 2 21827 0.264
T 24.928 1263
Lin3 44816 {1.4410)
o 51.512 517
LT f.(M4

Lind 1589 1036
s 1076 2066

Lind -

P B 2058

Slope: 96983

Intereept: A2

Corretution Cocffivient ir): 1.01K)

Peak Area {mAU*min}

/ v = 96.983x - 0.5115

i ey

o0 g5 1.4 13 20 25
Tast Artleln Concentration {mefg)

R? - 099076
* Seriesl

——benesar [Series 1)

Pape t3of I8
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TABLE 3 (cont.): METHOD VALIDATION RESULTS
System Sultshitiy

[Analvesd on 0385201 7)

Theoretical
Samplc 1D Cone. {mg/g) Retention time Peak Aren
{inin}
+.369 0067
4,370 S0.093
[N 3-1 0340 4370 50097
4377 50038
4.368 50,831
Average 4.371 50,165
STDEV 0,004 0.206
“RED 1. 1% (L.4%
Avcuraey and Precision
{Analyzed on 03152017
Theoretical Calkcolated Average %
S;::::k Cone. Peak Area | Cone R %_ v Recovery
1 (g tmglgy | UOYEY | (8D %RSDY
4R 0.502 91.60%
0.50% 48209 -
QC 48205 a0k 97.59% B 0%
1w 13 6204 0448 93.11% (L.OF ¢ 1L43%
51 .
46506 0.444 93.30%
& 1O U8 DK
1.030 27302 e
QU 97 413 101D 97.98% YR 3%
High Loa 94277 1014 HR.62% [LIKD ¢ (L%}
o 98267 1019 | 9861%
¥ = 96,985 - 0.3

Page 4 of 1B
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TABLE 3 (cont.): METHOD VALIDATION RESULTS
Specilicity { Analyzed on G341572017)
Pieak Area | Specificity
11,996
LIN 1-4 12.239
HG 1 AM-I ND NA
HO ) AM-2 ND
HO 1 AM-3 NI
Page 1507 L&

Analytical Report
Study Number 1F 44856
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TABLE 4: NEAT TEST SUBSTANCE CONCENTRATION VERIFICATION ANALYSIS

Anntyzed an (3152017

. Suwmple | Final Caleulated AV
S |} N . b ]
Day! AP \elght | Conc: [Peak Ares| Cone, Yo 1 " u D/
Name . iRecovery HRSD
£ (i) {mg/g) Reenvery
(1 Fa3T D33 5477 1326 15 D25, 0az-
O NTUA G auees | onsiz | osietn | opsse [ omsern ] oeReme | o0
aipn2 § psee | 4vdel patd | 10nY3%
y ~969kx. 03

' Ditys retutive to the initing diet peparotion.
Page 1601 18
Anatvlicu) Repwr
Stedy Numbier |F 44856
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TABLE 5: DIETARY MIXTURE SAMPLE ANALYSIS

snufs Duy ¢ Apatveed on UVENMIET ~ 933624 T

i Y Earper
; ks howe sl . .
Samde - ek Dhe Coee. Aversge . Y % Tanget | Derweo e
Sumnls H i, ieb F::l"ﬂ[“.l :":‘;1’ Aren |f::r:., {[Hpany i) RSP | ¥ Vueeed Averspe | strate AvE.
- 5 Pyt / RERY
ML A W-) 055 1o [3}] n"‘,-’. 54 HA wt ,\fi\
HNL A M o M) 4.040 n NI A HA HA NAO KA Na Ky
o " " - M NA T e
) A M-I | s 4 (Y N NA HA NA
WA | wsss | sos67 i _suun) 2] Bt ik bl
HEATATZ 1 3| 11380 40 [T §7ka 254 114, M:iﬁl’;’t. ngq &
WIIATY | varad SOART 1M 14 nd 4524 il
HARES A i) SERS T Il i) i+ 30% At BN Y ot
HATAWE | e e LT sHE) 14488 o i ssun Indu 1exh, 45 i us. It "i 21.':
WASA M-S | e 4 ne0y §3065 eS| i o My
HEYE A B U 5103 33T 1 33t S B Uity
HiY4 A R ¢ ALTY £.0071 A7 424 E20 B . Ih a5, RRLLS
HOL AT | e §tisl I3 nase 5117 1 Uy
WIS AT 134082 i 1 vy L1k 10152 R,
MIAA Y 1+ %031 0o 12 MY 1) 44K Hewl wh1E FEce QR 1 ki
31244 niu !ll‘i.’:l L
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APPENDIX D: INDIVIDUAL ANIMAL IN-LIFE OBSERVATIONS

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-Day Pre-Dosing Estrous cycle Determination
Day numbers relative to Start Date

1 1 1 1 1 i 1 1 1
Group Sex Animal Clinical Sign Site [V 2 3 4 &5 & 7 8 9 0 1 2 3 4 5 6 7 8
1 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
7005 No Abneormalities Betected 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 . . . . . . . . . . . . . g M M M M M
7007 Mo 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 8§ 8 &8 § § 8
Alopecia Right Forepaw . . . . . . . . . . . . . 5§ M M M M M
7008 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 4 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 Betected X X X X X X X X X X X X X X X X X X X

Alopecia

Left Forepaw

Severity Codes: X = Present; S

Group 1 - O mg/kg/day

Group 3 - 1024 mg/kg/day

Group
Group

Slight;

M = Moderate

- 512 mg/kg/day
- 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 Determinpation
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 Anpimal Clinical Sign Site g 0 1 2 3 4 5 6 7 8 9 0 i 2 3 4 5 6 7
1 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 Mo Abnormalities Detected X X X X X X X X X X X X X X X X X X X
70068 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 MM M M
7007 No Abnormalities Detected X X X X X X X X X X X ¥ X X X X X X X
7008 No Abnormalities Detected . . . . . . . . .
Alopecia lLeft Forepaw s 8§ 8 5§ 8§ 8§ 8 5 858 | . . . . . . . . .
Alopecia Right Forepaw M M S & 8 8§ 8 85 8 8 &8 & 8§ 8 8 8§ 8 § 8
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 Abnermalities 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 $ 8 8§ 8§ 8§ § 8 & § s

Severity Codes: X = Present; §

Group 1

- 0 mg/kg/day
Group 3 - 1024 mg/kg/day

Group
Group

- 512 mg/kg/day
- 1536 mg/kg/day
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in Rats with a 14-Day Pre-Dosing Estrous cycle Determination

Individual Animal In-Life Clinical Observations

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

Group Sex Animal

7007
7008

7009
7010
7011

7012
7013
7014
7018

Day numbers relative to Start Date

Clinical Sign

Ne Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
Alopecia
Alopecia
Alopecia
No Abnormalities
No Abnermalities
Alopecia
Alopecia
No Abnormalities
No Abnormalities
Na Abnormalities
Alopecia
No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

Detected
Detected
Detected
Detected
Detected
Detected

Detected
Detected

Detected
Detected
Detected

Detected
Detected
Detected
Detected

Abdomen
Left Forepaw
Right Forepaw

Left Forepaw

Right Forepaw

Back

Left Forepaw

= = = -

P - Y I

oM.

x= = -

o - 7 B

Eo N S

M ox o= o= -

ko

oM = X .

L

Severity Codes: X = Present; §

Group 1 - 0 mg/kg/day
Group 3 - 1024 mg/kg/day

Group
Group

4

Slight;

M = Moderate

- 512 mg/kg/day
- 1536 mg/kg/day
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Individual Animal In-Life Clinical Observations

PSL Study Number 44856
Soy Leghemoglobin Preparation: An Investigative 28-Bay Dietary Study
in Rats with a 14-Bay Pre-Dosing Estrous cycle Determination

Group Sex Animal

Clinical Sign

-

Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Oetected
Abnormalities Detected
Alopecia
No Abnormalities Detected
Broken Tooth
No Abnormalities Detected
Alopecia
Alopecia
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Alopecia

7025
7026
7027
7028
7029
7030

No

No
No
No
No
No
No

Right Forepaw
Upper Right Incisor

Left Forepaw
Right Forepaw

Right Flank

L A L

KoK O X M-

Ko ox X M-

KoK X M oMK

-

>

- L A )

- -

w -

EL - - L

Moo R X -

» -

MO OO -

Mo oW XX -

Mo R X M-

oM oM OM XK -

o -

KoM O MM -

KooK X

oo

KO O M M.

O X MM .

DM M M.

WO OO X .

w -

Severity Codes: X = Present; 8

Group 1 - 0 mg/kg/day

Group 3 - 1024 mg/kg/day

Group
Group

Slight; M = Moderate

- 512 mg/kg/day
- 1536 mg/kg/day
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Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrous cycle Determination

Individual Animal In-Life Clinical Observations

PSL Study Number 44856

Group Sex Animal

7025
7026
7027
7028
7029
7030

No

Clinical Sign

Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities

Alopecia

No

Abnormalities

Broken Tooth

No

Abnormalities

Alopecia
Alopecia

No
No
No
No
No
No

Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities

Alopecia

Detected
Detected
Detected
Detected
Detected
Detected
Detected

Detected

Detected

Detected
Detected
Detected
Detected
Detected
Detected

Right Forepaw
Upper Right Incisor

Left Forepaw
Right Forepaw

Right Flank

b A .

oM MO M

L L i

A A A

oo MK X

Mo M M-

Mo O K M-

o A e G ]

o S A ]

PO X XKW

LA A

BB X X X X W

L A

PO ON X oM X W

BB MO XK WD

A A Y

- 7

oM X KX K WOW-

O KKK WMW!-

Fe 3

> o

L A S S IV I

Severity Codes: X = Present; S = 8light;

Group 1 - O mg/kg/day

Group 3 - 1024 mg/kg/day

M = Moderate

Group 2 - 512 mg/kg/day

Group 4 - 1536 mg/kg/day
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in Rats with a 14-Day Pre-Dosing Estrous cycle Determination

Individual Animal In-Life Clinical Observations

PSL Study Number 44856
Soy Leghemoglebin Preparation: An Investigative 28-Pay Dietary Study

Group Sex Animal

Day numbers relative to Start Date

Clinical Sign

7025
7026
7027
7028
7029
7030

No
Al
No
Br
No
Al
Al
No
No
No
No
No
No

Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
opecia
Abnormalities
oken Tooth
Abnormalities
opecia

opecia
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities

Alopecia

Detected
Petected
Detected
Detected
Detected
Detected
Detected

Detected

Detected

Detected
Detected
Detected
Detected
Detected
Detected

Right Forepaw
Upper Right Incisor

Left Forepaw
Right Forepaw

Right Flank

TR M oM X MWW

.

O OM M M MWW

.

KoMK XKW W -

=

HKoM K MWK WOW -

-

HOoM O M X MWW -

M X KWW

Severity Codes: X = Present; S

Group 1 - 0 mg/kg/day
Group 3 - 1024 mg/kg/day

Group
Group

4

- 512 mg/kg/day
- 1586 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
11 1 1 1 1 11
Group Sex Animal Clinical Sign Site 0 1 2 3 4 5 6 7 8 8 0 1 2 3 4 5 6 T 8
3 t 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 5
Alopecia Right Flank . . . . . 8 . . . . . . . . . . . . .
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
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 Abneormalities 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
Severity Codes: X = Present; S = 8light; 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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Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrous cycle Determination

Individual Animal In-Life Clinical Observations

PSL Study Number 44856

Group Sex Animal

7034
7035
7036

7037
7038
7039
7040

7041
7042
7043
7044
7045

Clinical Sign

No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

Alopecia

No Abnormalities
No Abnormalities
No Abnormzlities
Alopecia

No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

Alopecia

No Abnermalities
No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities

Detected
Detected
Detected

Detected
Detected
Detected

Detected
Detected
Detected
Detected

Detected
Detected
Detected
Detected
Detected

Back
Right Flank

Left Forepaw

Left Farepaw
Right Forepaw

> X

oM M X .

A A

O

Mo O -

KOO O

>

KoM oM x -

O XK

> o

MO P -

Mo o XK K.

o

o -

OO M X -

>

LA -

b S

P

oM K -

L A

> >

HOX O K -

MO M M N - -

o

KO M

KoK X M X -

>

oM o X -

oM M ¥ -

> o

F g -

KoM o MK K-

o

MO o -

KoMK M X -

>

O o -

b -

o

oM O -

oMo K -

o

E -

MO O M -

o

oM K

b A

>

L B

oM XK X

>

O - 75

Mo XXX W -

>

Mo oW

b S -

Severity Codes: X =

Present;

Group 1 - O mg/kg/day

Group 3 - 1024 mg/kg/day

Group
Group

- 812 mg/kg/day
- 1536 mg/kg/day
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Group Sex

Severity Codes: X = Present; S

Group t - 0 mg/kg/day
Group 3 - 1024 mg/kg/day

Group
Group

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

Animal

7034
7035
7036

7087
7038
7038
7040

7041
7042
7043
7044
7045

Slight;

individual Animal In-Life Clinical Observations

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

Day numbers relative to Start Date

Clinical Sign

No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

Alopecia

No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
Alopecia

Alopecia

No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities
No Abnormalities

M = Moderate

- 512 mg/kg/day
- 1536 mg/kg/day

Detected
Detected
Detected

Detected
Detected
Detected

Detected
Detected
Detected
Betected

Detected
fetected
Detected
Detected
Detected

Back
Right Flank

Left Forepaw

Left Forepaw
Right Forepaw

<o -

b S £

b A - /2 I

o -

LI 2 I

o - L > I

>

> >

b

oo

L - L

ko4

>

I i I I

>

O MKW
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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-Pay Pre-Dosing Estrous cycle Determination

7048
7049
7050
7051
7052
7053
7054
7055
7056
7057
7058
7059
7060

No
No
Ne
No
No
No
No
No
No
No
No
No
No

Clinical Sign Site
No Abnormalities Detected
No Abnormalities Detected
Alopecia
Alopecia
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected
Abnormalities Detected

Severity Codes: X = Present; 8

Group 1 - O mg/kg/day
Group 3 - 1024 mg/kg/day  Group

Group

Left Forepaw
Right Forepaw

- 512 mg/kg/day
- 1536 mg/kg/day

b A T T A ]

DCOBC BB PC X O DK X D

A A T A A ]

o A I R T T -

PCOBC DC P DC P M Ox 2 XM

E - A A B e T T
EL - i - A B T
PCOC PP D M P MO X X e
oA A S - S A I
ol - A R T
PO M X ODC B B D B » XOX v
oA A A A o
BCOMC OB BCPC P DO PG D O
- - S A B A
- e A L A A
A L T S
b L A e T T o T A ]
o M M O O M OO M X
BB M P PEOPC B X D DT OB B X v
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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 1 2 3 4 S 6 7 8 g 4] 1 2 3 4 5 6 7
4 t 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 t.eft Forepaw 5 5 8§ 8 s 8§ & & 8 8 s 8§ S 8 & § s
Alopecia Right Forepaw R . $ 5 § 8 5 8§ 8 8§ 8 8 8§ 5 5 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 Abnermalities 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 Abnormzlities Detected X X ¥ X X X X X X X X X X X X X X X X
7055 No Abnormalities Detected A 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; § = Slight; M = Moderate

Group 1 - O mg/kg/day

Group 3 - 1024 mg/kg/day

Group 2
Group 4

- 512 mg/kg/day
- 1536 mg/kg/day
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in Rats with a 14-Day Pre-Dosing Estrous cycle Determination

Individual Animal In-Life Clinical Observations

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

Group Sex Animal

Day numbers relative to Start Date

Clinical Sign

7048
7049
7050
7051
7052
7053
7054
7055
7056
7057
7058
7059
7060

No
No

Abnormalities
Abnoermalities

Alopecia
Alopecia

No
No
No
No
No
No
No
No
No
No
No
No
No

Abnormalities
Abnormalities
Abnormalities
Abnormalities
Apnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities
Abnormalities

Detected
Detected

Detected
Detected
Detected
Detected
Petected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected

Left Forepaw
Right Forepaw

OB DM OB OO MM XXX X E W

PO O MO X N KM X XNFZ W

b S S L A L T T

A T A A

b S L - B R

fa S A LT A A A -

4
Severity Codes: X = Present; ]
Group 1 - 0 mg/fkg/day Group
Group 3 - 1024 mg/kg/day  Group

Slight;

M

= Moderate

- 512 mg/kg/day
- 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 - anima! goes through normal repertoire of behaviors during
observation period. These consist of exploring, sniffing, grooming, rearing, etc.

. Inactive/Alert - animal sits in one place during the observation period but appears to be
aware of its surroundings. [t may go through its normal repertoire of activities but the
majority of the 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 — prolonged period of muscle contractions
Defecation 0. None/Normal
1. Soft {partially formed)
2. Diarrhea (watery feces)
Ease of 0. Slight/moderate resistance - animal is easy to handle, may squirm or vocalize

Removal/Handling

occasionally.
. No resistance - animal is limp/flaccid when being handled.
. High resistance - animal is difficult to handle, and/or squirms continuously.
. Aggressive - biting or lunging behavior specifically directed at handler.

Emaciation

. Absent
. Present (confirmed using body weights)

Fé’
15
[72]

Normal

. Exophthalmos - abnormal protrusion of eyeball

. Enophthalmos — sunken eyeball

. Eye damaged — mechanical damage (e.g. orbital bleeding, etc.)

Fur/Skin Appearance

. Normal

. Unkempt - coat rough or ungroomed, may be slightly stained
. Urine stained/wetness (ano-genital staining)

. Hair loss

]
=2

£

Normal

. Abnormal — limbs exaggerated/splayed, hind limbs and/or forelimbs show exaggerated
placement or movement

. Non weight bearing (Limping)

Lacrimation

Absent

. Present - lacrimation noticeable.

. Excessive - animal has excessive amount of tearing,

Note: Descriptors (i.e. color of ocular discharge will be noted on daily observation
sheet).

b = b2
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Locomotion 0. Normal
1. 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 of

motion.

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

Palpebral Closure

. Eyes wide open
. Eyes halfway shut
. Eyes completely shut

Piloerection

. Absent
. Present

Posture

. Normal (awake) — alert, sitting, standing, or rearing

. Normal (sleeping) — curled up, usually with head down

. Hunched — abnormal posture

. Flattened (prone) — limbs spread out lying flat or on one side

Respiratory Pattern

. Normal

Slow
Rapid

. Rales (Moist or Dry)
. Gasping
. Labored - Dyspnea

Salivation

None

. Present - salivation is noticeable around the edge of the mouth
. Excessive - salivation extends to the fur around the jaw

Tremors

. None

. Slight — localized to one area, or a twitch/spasm of a localized area
. Severe — more than one area or involving whole body

. Fascicuiation — wave-like ripples of a muscle or group of muscles

— O Sm o oINS S, oM R LN SN - O O = oo

Unusuai Behaviors . Absent
. Present — Be specific in describing all unusual behaviors on data sheet.
Urination . None/Normal
. Excessive
Vocalization, removal . Absent
from cage . Present - animal vocalizes unprovoked or continuously vocalizes when being handled.
Vocalizations, open . Absent
field observations . Present
Manipulative Tests
Pupillary reflex 0. Normal

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

768




Page 103
PSL Study Number 44856

APPENDIX F: INDIVIDUAL ANIMAL DETAILED CLINICAL OBSERVATIONS

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Number 44856
[ndividual Animal Detailed Clinical Observations
PSL Study Numbes 44855
Soy Leghemoglobin Preparatione An Investigative Z8-Day Dietery Study
in Rets wit a 14-Day Pre-Dosing Estrus Cycle Determination

Sex Female  Day(s) Relatve to Start Dale

0 DelCinObs (Removal e Cage)

pmofkafday Handing | Handing | Handing | Handing | Handing |Vecalizahion]vocaization [Vocaizalion] vocal Ve Papebrd | Palpebral | Palpebral | Paipebral

Group 1 Reactvity | Reactivity | Reactwily | Reactivity | Reactiily |  (RC) RC} RC) (RC) {RC} Ciesure | Closwe | Closwe | Closure

14 # -] 35 42 14 7 ] 35 a2 14 7t ® ES]

7001 0 0 [ 0 ] 0 9 ] 0 [ 0 [ 0 [
7002 0 0 ¢ 0 0 0 0 0 0 1 0 ¢ 0 0
7003 0 0 a 0 0 0 0 [ 0 0 0 0 ¢ o
7004 0 0 0 0 0 0 0 [ 0 0 0 0 ¢ 0
7005 2 0 0 9 b 0 0 0 0 0 2 0 ¢ 0
7006 0 ¢ 0 0 [ 0 0 0 ¢ 0 0 0 0 0
7007 9 ¢ 0 q 0 ¢ 0 0 ¢ 0 ¢ 0 0 0
7008 ¢ ] 0 0 0 ¢ 0 0 y 0 0 0 0 9
7009 0 0 0 0 0 a 2 0 0 0 0 0 0 0
7040 0 0 0 0 0 0 b 0 0 0 0 0 0 0
7041 0 0 6 0 0 0 0 0 0 ¢ ] ¢ 0 0
7012 0 0 a 0 0 0 o 0 0 o 0 0 0 0
™3 0 0 0 9 0 0 o ¢ 0 0 0 1] ¢ o
7014 0 0 0 ¢ - 0 0 0 0 0 0 9 ] 0 0
7015 0 0 0 0 ] 0 0 0 0 0 9 0 0 0
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PSL Study Number 44856
Ingividusl Animat Detailed Clinical Ghsewvationg
PSL, Study Mumber 44856
Soy teghemoglobin Preparationt An Investigative 28-Day Gietary Study
in Reds with a 14-Day Pre-Doging Estrus Cycle Determinatior

Sex Female  Day(s) Relative to Start Date

L] DetClinObs (Removel from Cage)

mkg/day Mucous ] Mcous ) 1 on | Salivati fvation | Emacidion | Emacidion | Emaciation | Emaciation | Emaciaion | Plogredion| Ploeracion

Group 1 vembranas {Membranes

35 42 14 2t 28 35 42 14 21 28 k=) 42 14 N

7001 0 0 0 0 0 0 [} 0 0 0 0 [ [] [}
7002 0 M ] ] ] 0 4] ] & 0 9 0 1] 0
003 0 1] 0 ¢ Q ¢ 0 1] 1] 0 @ 0 0 0
7004 ] 0 9 0 0 0 0 0 0 0 0 0 0 ]
1005 0 0 a 0 0 0 0 0 0 Q 0 4] 9 0
7006 1 0 0 ¢ 1 0 0 0 0 0 [ 0 1] ]
7007 0 ¢ 0 Q Q ¢ 0 0 [13 )] 1} 0 0 0-
7008 0 0 L] 0 Q 0 0 0 0 L] 1} 0 0 L]
78 0 0 1} 0 0 0 [ o 0 ] ] 1} E] 4]
010 [} 0 0 1] ] b] ] Q 0 0 ] 0 g 0
701 1] 0 0 [ [ 9 0 Q L] Q [ Q 0 0
0692 0 0 L] 0 0 0 [} 0 0 ] n 0 0 9
7013 0 0 0 G 0 0 ¢ 0 0 9 0 0 0 0
7014 0 0 Q ¢ 0 0 0 0 0 0 [ 0 4] 0
7015 0 2] 0 1] ] ] 0 Q 9 0 [ 0 1] 0
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PSL Study Number 44856
Individuel Animal Detalled Clinicat Observations
PSL Stady Mumber 44356
Soy Leghesmogiobin Freparation: An Investigaiive 28-Day Dietary Study
in Rits wil a 14-Day Pre-Dosing Estrus Cycle Detemination

Sex Female  Duy(s) Relative to Stat Date

0 DelCinObs {Removal from Cage)

mgkg/day  §Piloerecton [Filoerection | Piloerediion| FuriSkin | Fudoien | FuiSkin | Fumskn | FUrSkin Muscls ToneMusd Auscie ToneMuscle ToneMusde Tons Respiratory

Group § Patem

28 35 42 14 21 2 35 42 14 21 28 35 42 t4

00 0 1] 0 o [ ] [H] 0 o o 0 0 0 0
7002 0 [ 0 0 ¢ 0 0 0 0 o 0 0 0 0
003 0 G 0 0 [ 0 [ 0 0 ¢ 0 0 9 1]
T64 0 ] ¢ 0 1 0 0 0 0 0 ¢ 0 4 4
7005 4] 0 ¢ [ 0 0 0 1 0 0 ¢ 0 1] ]
7006 ] 0 6 3 3 3 3 3 0 0 ] 0 8 ]
7007 ] 0 0 ¢ 0 1] 0 4 0 0 [} 0 0 0
7008 L] 0 0 3 3 3 3 0 0 0 0 0 0 0
7009 0 0 0 4 0 ¢ 0 0 1] 0 0 ] 0 0
010 0 0 0 [} 0 [+ 0 0 L 0 0 [} 0 0
Toit 0 0 0 1 0 4 0 0 ] 0 0 1] 0 0
o2 0 0 0 0 0 0 ] 0 ] 0 0 0 0 0
m3 0 0 0 Q 0 0 0 0 0 ¢ 0 )] 0 )
014 0 Q Q 0 Q 0 0 0 0 [} 0 ] o ]
015 0 ] 0 0 0 3 3 3 9 0 0 0 ] 1]
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PSL Study Number 44856
individuel Animal Detdiled CAnical Observations
PSL Study Number 44856
Soy Leghemoglobin Preparatiory An Investigative 28-Day Cietary Study
in Rats with 3 14-Day Pre-Dosing Estrus Gyele Determinatian

Sex Female  Day{s} Relabve ko Start Date

[ DeCnObs (Removat from Cage) DetCinObs (Open Freld Obs)

mofkgiday  [Respiralory | Respiretory | Respiralary [Respiratory | Pupilfary | Pupilary | Pupillary | Puplary | Pupitary | Acvityd | Acovityl | Acivilyl | Actvityd | Acbtyl

Group 1 Paitem Pattemn Faltem Patem Reflex Reflex Reflex Reflex Reflex Arausal Arousal Aroussl Asousal Aroussl

pal 28 B 42 i4 Fil puiid 35 42 14 A 28 k=) 42

7o 0 a 4] 0 0 0 ] 0 0 ] 0 G 0 4]
7002 o ] ¢ 0 1] ] 0 0 0 1) ] 1) 0 |
1003 0 0 0 0 0 o 0 o 0 1] D [ 1] 1]
7004 0 0 0 [ 0 0 0 1 0 0 0 [ 4 ¢
7005 0 0 0 1] 0 0 0 i ] 0 0 0 ¢ ]
7006 0 1 0 L] ] o 0 0 4 0 ] 0 ¢ 0
To0? 1] ¢ 0 1] ] [+ 0 0 [ ] 1] 0 0 1]
7008 L] 1] 0 Q Q ) 0 0 0 0 a 0 0 0
7009 0 [} 0 Q Q 4] 0 0 13 0 0 0 0 0
7610 9 [ 0 0 ] ¢ 0 0 [ 0 0 0 0 ]
Toit 0 0 0 0 0 1] 0 0 0 0 0 ] 0 0
2 0 0 0 0 0 1 ] i ) 0 0 0 0 9
013 0 0 L3 0 Q 0 0 0 i} 0 0 0 0 Q
1014 0 0 ] 0 0 0 0 0 0 ] 0 ] 0 ]
7015 1] 0 ] 0 0 0 0 0 0 ] 0 ] L] 1]
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Individugl Animal Detailed Clinical Observations

PSL Study Numbes 44856
Soy Leghemoglobin Freparalionc An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cycle Delermination

Sex Female  Day{s) Relative lo Stat Date

0 . D&CinCbs (Open Field Obs)

mofkgiday  [Coradsh omvulsions|Convulsions|Corvaisns Canvusions| Tremors | TEGmorS | TféMocs | Tremors | ieemors | Posiite | Fostire | Posiee | Posture
Group 1

=
~
fad
wh
&
3

-
=
4
In
N
-
N
w
®]
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PSL Study Number 44856
tndividual Animial Detriled Clinicat Qhservations
PSL Study Number 44855
Soy Laghemogiobin Preparatiery An Irvest 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cycle Datermination

Sex Female  Dayls) Relative Lo Start Dale

[i DetClinChs {Cpen Field Obs)

gfdksf;!ar Posture Ga Gat Gat [ Gal | Locomotion |Locomotior i1 jon] Lc Defecation | Def Defecal

P
42 14 2 28 35 42 14 b4l 28 35 42 14 i 28

7001 0 0 0 L )] 0 0 [ 0 1] 0 [ 0 ]
7002 0 0 0 Q 0 0 4] 1] 0 i} 0 1] [} [}
7003 0 0 0 L] 0 0 g 4] 0 0 0 0 1] !}
7004 0 4 0 ] 8 0 0 0 0 0 1] 0 0 1]
7005 0 1] 0 0 ] ] 0 0 1 0 0 0 1 )]
7006 ] [ 0 1] 1] [« 0 0 [} 0 ] ] 0 1
7007 g 1] 0 0 i} G 0 0 [ 0 Q 9 0 ]
7008 0 0 L} Q a G 0 0 [ 0 1} 0 0 ]
7005 0 0 0 0 0 ¢ 0 0 ¢ 0 0 0 0 0
010 0 0 g 0 0 0 0 0 0 L] 0 0 0 ]
P 0 0 g 0 Q Q o 0 0 0 0 9 0 0
012 Q 0 L} 0 0 0 [+] 0 ] L] 0 9 0 0
1013 0 0 9 0 0 0 | 0 0 9 0 ] ] 4
7014 0 0 Q [} 0 0 1] b 0 3] 0 i} L] ]
7015 0 0 Q G 0 0 [ ] 0 0 0 0 L] 0
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Individual Animal Detailed Cérical Chseivations

PSL Study Number 44856
Soy Leghemoglobm Freparetion: An Investigative 28-Day Dietary Study
in Rats with & 14-Day Pre-Dasing Estrus Cycle Determination

Sex Female  Dayls) Relative {o Steri Date

0 DetClinChbs {pen Field Obs)
mofkg/day Defecalion [ Defecation | Utinabon | Urirston | Unnalion | Unnaton | Urinafion | Unusud | Unusual | Unusual | Unusua) | Unusunl [Voedization] Vocalization
Group Behaviors | Behaviors | Behaviors | Behaviors | Behaviors | (OF) (OF)
35 42 14 21 8 -1 42 14 21 ] 35 42 14 21
Too o 0 1] 0 1] 0 1] 0 0 )] 0 0 3] o
002 0 [} 0 0 ¢ 0 0 0 0 ¢ 0 0 4 ¢
7003 | [ 1] 0 [ 0 0 0 0 o 0 0 4] 0
1004 ¢ 0 ¢ 0 1] 0 ] 0 0 0 1 0 9 0
7005 1] 0 1] 1] 0 0 0 1] 0 0 ] 0 9 0
7006 ] ] [ 0 0 0 0 ¢ 0 0 ¢ 0 0 [}
7007 0 0 [H 1] o 0 1] [ 0 0 o 0 0 b
To08 0 0 0 ¢ 0 [+ 0 0 4 0 o o 0 0
7009 0 0 0 [ 0 [ o] 0 9 0 0 [} 0 0
010 0 0 o 1} 0 0 o /] 0 0 0 0 0 o
Ton 0 Q 0 0 0 [} 0 0 0 0 0 0 0 0
o2 0 ¢ 0 0 ] 0 0 0 0 0 0 0 [\ 0
m3 0 0 0 1] 4 0 0 0 0 0 0 0 0 0
To14 0 4 0 0 0 0 9 0 0 9 0 0 0 0
7015 0 0 1] 0 ] 0 9 Y] 9 9 a ] 1] 0
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Individusl Animal Detailed Chrical Chsenvations

PSL Study Mumber 44856
Soy Leghemoglobin Preparation: An Investgative 28-Day Dietary Study
in Ratswith a 14-Day Pre-Dosing Estrus Cycle Determmnation

Sex Fernale  Day(s) Relative lo Start Date

0 DeClinCbs {Open Field Obs)
mgkg/day  |Vocalizelion[Vocakzation] Vocaization
Group 1 oF) | ©h | w©A
28 35 42
7001 9 0 0
7002 0 0 1
7003 1] 0 L]
7004 0 0 0
7005 0 0 g
005 0 0 0
7087 0 0 i]
008 0 0 0
1009 0 0 0
7010 0 1] a
o 0 0 Q
7012 0 b} 0
m3 [} 0 1]
014 @ 0 ]
015 0 g 0
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PSL Study Number 44856

Indivicsdl Animal Detailed Clirica) Obsesvations

PSL Study Number 44856

Soy Leghemoglobin Preparation An lrvestigative 28-Day Dietary Shudy

in Rats with & $4-Cay Pre-Dosing Estrus Cycle Determination

Sex Female

Cay(s) Relative to Start Date

512
mfig/day
Group 2

DetClinObs {Removal from Cage)
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PSL Study Number 44856
individua Animal Detailed Clinicat Observations
P51 Study Number 44856
Soy Leghemogtobin Preparatiors An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dasing Estrus Cyele Delermination

Sex Female  Day{s} Relalive {o Starf Dale

512 DetCiin0bs (Removal Fom Cage)

mg/kglday Mucaus Mocous | Salivation | Savalion | samvation | Sahvahion livations | Emaciation | Emaciation | Emaciation | Emagialion | E tiger | Piloeredion | Pi

Group 2 Membranes {Membranes

35 42 14 N 23 15 42 14 21 28 35 47 14 21

7016 0 (] 1] 0 a 0 ] 0 L] 0 v] L] 0 0
7017 0 0 0 0 0 0 0 0 0 g 0 0 1] o
018 0 Q 0 0 1} 0 4] 0 0 Q 0 ] 0 0
7019 0 0 [\ 0 0 0 0 0 0 )] 0 0 ¢ ¢
7020 0 1] 0 0 0 ] 0 0 0 g 0 0 1 0
7021 0 0 ] 0 0 0 0 0 0 9 0 0 ¢ [
7022 0 0 0 0 L] 0 ] 0 0 ] ] 0 )] 0
7023 0 9 0 Q Q 0 ] 0 0 g 0 0 ¢ ]
7024 0 ] 0 0 /] 0 9 0 0 1] 0 0 ¢ i
7025 0 q a 1] g i) a 0 )] L] 4] 0 [ [
7028 0 9 0 0 9 0 9 0 0 1] 0 0 ¢ ¢
7027 0 9 Q 0 9 0 0 0 0 L] 0 0 ¢ [
7028 0 9 0 0 ] 0 0 0 0 4 0 0 1] 0
7029 0 ] ] 0 h] 0 0 /] 0 ] 0 0 1] )]
30 0 Q 0 0 L] 0 ] 0 0 ] 0 0 0 4
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PSL Study Number 44856
Inérvidusl Animal Detriled Chnical Observations
PSE Study Nomber 44856
Soy Leghemopiobin Preparatiore An Investigative 28.Day Dietary Study
in Rats with a 14.Day Pre.Dosing Estrus Cycle Determination

Sex; Female  Day(s) Refative to Start Dale

5§12 DaCinObs Removal from Cage) DelClnOhs {Open Figld Obs)

mofkg/day Respiralory | Respiretory | Respiralory |[Regpiratory | Pupilary | Pupllay | Pupilary | Pupdary | Pupillary | Actvity! | Actaly! | Activityl | Actvlyl | Ackvikyl

Group 2 Patem | Patem | Patten | Pattem | Reflex Reflex Reflex Reflex Reflax | Arowsal | Areusal | Arousel | Arowssl | Arousal

2t 78 35 47 14 2 28 £ 42 14 21 28 = 42

7016 [] [] ] i) 0 0 [] [ [] 0 [ 0 ] [
7047 ® 0 2 0 0 0 0 0 13 0 0 [ 0 0
e M 0 0 0 0 0 0 0 1] 0 0 ¢ 0 0
019 0 0 0 9 0 i} [ 0 [} 13 0 0 i} 0
7020 0 ] 0 0 [ 0 o 0 0 ¢ 0 0 ¢ 0
7021 0 & a 0 [ 0 0 0 0 5 & 0 9 0
1022 0 0 [13 0 D 0 0 1] 0 0 ¢ 0 0 0
7623 9 0 [ & Q 1] 0 0 0 0 H 4] 0 ]
7024 0 0 0 ] 0 ] [\ 0 ¢ 0 0 ¢ 0 0
1025 0 0 0 hl 0 0 [ 0 0 ¢ 0 0 0 0
1026 0 [ 0 0 ¢ 0 0 0 0 4 0 0 0 0
1027 Q 2} 0 0 0 0 0 0 0 ¢ 0 0 L} 0
7028 0 0 ¢ 0 0 0 0 0 0 0 ¢ 0 [} 0
629 0 0 [ 13 0 g 0 ¢ Q 0 [+] Q 0 0
7030 0 0 0 [} 0 [ 0 0 [} 0 0 ] 0 0
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PSL Study Number 44856
tndividusl Animal Detailes Chnical Observetions
PSL Study Mumber 46356
Say Leghemoglobin Preparation: An Investigetive 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estnes Cycle Delermination

Sex Female  Day(s) Relative to Sta Dale

512 DeltCinObs (Open Field Obs}

mokg/day  [Corndsions G onvuIsions| Comuisons GOMVIASIONS [Lonvusicns] T7emors | T7emofs | Tremors | Trémoss | iremors | Posture | Posture | Posiire | Poshoe

Group 2

14 21 28 35 42 14 H ] 35 42 14 2 28 35

7016 0 a a 0 i] [1] o L] 0 L] Q 0 0 ]
7017 0 0 ] 0 0 0 [ 0 0 0 ] 9 0 9
7018 0 0 Q [ 0 0 ] L] 0 0 0 0 bi] 0
018 0 0 0 i} ] 0 ¢ g 0 4 ] 0 9 0
7020 1] 0 Q 1] [t} 9 1] g 0 0 B 0 9 V]
7023 1] 0 0 0 /] 9 0 0 0 0 1] 0 0 0
7922 ] ] [} 0 1] 4] 0 0 0 0 1] ] 0 1}
o023 1] 0 ] 0 0 ] ] 0 0 0 0 0 0 ]
1624 Q 0 4 0 0 0 [+] 0 o ] 0 ] 0 ]
7025 a 0 g 0 0 1 0 0 0 L] o g ] 0
7028 0 0 ] -] 0 0 [+] b 0 q 0 0 L] (]
Te27 0 0 0 1] 0 0 [\] L] 0 0 0 Q ] ]
7028 0 0 0 1] 0 0 [ [} 0 0 :] 0 ] 0
7029 1] ] i} ¢ 0 ] 0 i} 0 0 1] 0 i} 1]
7030 1] g 0 0 0 4] 0 0 ] 0 0 0 a 0
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PSL Study Number 44856
Individual Animal Detailed Clinical Chsemvations
PSL Study Number 44856
Say Leghemoglobin Preparalion: An Invastigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cyele Determination

Sex Female  Day{s} Relabve 10 Stad Date

512 D&ClinObs (Open Feld Obs}

"(;rdkgfgﬂ)’ Posture Gait Gait Gail Gait Gal | Locomotion | Lacomolion | Locomelion | Lbcomation | Locomotion| Defecation | Defetation | Defétalion
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1538 DetCin0bs {Open Field Obs)
39"'9’ day  [Comwdsions "Comulsions CoryUsions|Corvirisions [Conwisiohs| Tremors | Tremsis | Tremors | Tremors | Tremors | Postié | Postwe | Postwé | Foshie
oup 4 |

14 21 2 35 42 14 il e} 35 42 i 2t ] 3
J046 [} 0 [1] 0 0 4] ] 0 0 4] 0 (1] o 1]
047 0 0 0 L] 0 0 o] 1] 0 [\ 0 o 4] 1]
7048 b 4] 0 ] L] 0 0 1] ] 0 b 0 1] o
7649 9 ¢ 0 0 Q [t} 0 0 [ i} ] 0 0 9
7050 0 0 ¢ 0 0 0 0 [} 0 [ 0 13 0 [
7051 0 b 0 0 0 0 0 13 1} 0 0 0 ¢ [}
7052 9 ¢ 0 0 Q [ 0 0 ¢ 0 ] 0 0 0
7053 o 0 [} 0 0 0 0 0 0 9 0 1] 0 0
7054 0 0 ') { 0 0 Q [ 0 ¢ 0 ¢ [} 1]
7055 0 Q 0 g o 0 0 0 0 0 E] 0 ] o
7056 ] ¢ 0 Q Q ¢ 0 0 4] 0 ] 0 0 0
1057 0 0 ¢ 0 0 0 0 0 0 G 0 ¢ 0 ]
7058 0 0 1 0 0 0 0 0 0 13 0 [ ¢ 1
7059 0 [ 0 9 9 0 "] 0 [1] 0 0 0 0 0
T0B0 ] q ] Q Q G 0 0 1] { 1] 0 0 L]
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PSL Study Number 44856
$ndividua Animal Detaiied Clirical Observations
PSL Study Numhber 44856
Soy Leghemoglobin Preparatiort An Invesligative 28-Day Dietery Study
in Rats with a 14-Day Pre-Dosing Eatrus Cycla Datermination

Sex Female  Day(s) Refative to Start Date

5% DelCinDbs [pen Field 0bs)

g{ﬁd:ﬂv Posture Gatt Gat Gait Gait Gat  fLocomotion {£ocomolion | Locemation | Locomobon | Locometion| Usfecation | Defecabion | Defecali

oup
42 14 2 28 k5] 42 14 2 28 3B 42 14 2 28

7046 H] 0 0 0 0 ] [ 0 13 0 0 [ a ]
7047 0 0 0 ] 0 ] 1] 0 ¢ 0 0 1] 0 0
7048 0 0 0 0 0 0 ] 0 1] 0 0 (1] Q 0
7049 0 ] 0 0 0 0 [ 0 [} 0 0 i} o 0
1050 0 1] 0 0 1] 0 [ 0 [H] 1] 0 0 ¢ ]
7051 0 8 ] 0 ¢ 0 & 0 0 1} 0 0 Q 0
7052 0 ] ¢ 0 0 0 o 0 0 [ 0 0 9 0
7053 1] 0 ¢ 0 0 0 0 1] 0 0 1] 0 0 1]
1054 0 0 H 0 0 ] 0 1] 0 0 ¢ 0 L] ]
655 0 0 0 1] 0 4 0 [ 1] 0 0 g ] 9
1656 0 0 o [13 1] ¢ 0 0 0 0 ] 0 0 0
7057 0 0 0 1] 0 ¢ 0 [ Q 0 [ 0 0 0
7058 0 0 0 ¢ 0 ¢ 0 0 0 0 0 0 0 0
7059 0 0 ] [ 0 ¢ 0 0 [} 0 0 9 0 0
7060 0 4] 0 t] a 0 0 0 0 1] 0 0 0 0
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PSL Study Number 44856
Individuel Animal Detelled Clinical Observations
PSL Study Mumber 44956
Soy Leghemoglobin Preparation: An Invesligative 28-Day Dietary Study
in Rats with a 14-Day Pee-Dosing Estrus Cycle Detarmination

Sex Female  Day(s) Relative to Start Date

153 DelChnObs (Open Feld Chs)

mofkg/day Cefecalion | Uelecalion | Unnaion | Utnation | Ukination | Unnaion | Unndion | Umisudl | Unusal | Unusud | Unusual | Unusual [Vioraizalion|vocalizabon

Group 4 Behaviors | Behaviors | Behai haviors | Behavi (OF) (0F)

35 42 t4 2 28 B 42 14 2t B 35 42 14 ral

7046 0 0 i} [ 0 0 [ ¢ 0 a o a L] g
047 [+] 0 0 [} 0 0 [ ] 0 [ 0 0 [} 1}
7048 0 0 0 1] 0 0 1] g ] 0 0 Q 4 0
7049 o 9 0 [ o 9 ) ] 0 0 0 0 1 1]
1050 [} 0 0 13 [ 0 0 Q 0 0 0 0 4] 0
i3 1 ] ] i 4 ] 0 0 0 0 4 0 Q 0
562 1] g 0 1] 1] L] 0 0 0 0 1] 0 Q 0
753 1] 2] 0 0 g 4] 0 0 9 0 1] 0 0 0
7954 13 @ 0 0 ¢ [} 0 0 L} Q- 3 0 0 0
TS5 1] g 0 (] 0 g 0 0 ] 0 1] 0 a 0
7056 ¢ ] 0 0 q 9 0 0 ] 0 [ 0 Q 0
087 ¢ 0 0 0 1] g 0 0 ] 0 1] 0 0 0
7058 0 Q 0 0 0 Q 0 0 0 0 [ 0 0 0
7059 1] a 0 0 0 ] 0 0 1} 0 13 0 0 0
7060 0 a 0 0 0 a 0 1] ] 0 0 0 0 0
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PSL Study Number 44856

Individual Arimal Detaled Clinica! Observabons

PS5 Sudy Number 44858
Soy Leghemoglobin Preparstiors Anirvestigalive 28-Day Dielary Study
in Rats with a 14-Day Pre-Dasing Estrus Cycle Determination

Sex Female

Day(s) Relative to Start Date

1536

myykg/day
Group 4

DelCinChs {Open Feld Obs)

Vocalzalion Vocalization [Vocafization
(CF} {OF) [OF)

EX
@
[xH
o
[

GO0 Oo0CcC 000000 C OO0
OO0 oODOoOOoOCAOOBOO0O00

(=T = — I — Y — .- = I = L o Y = i = = =
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PSL Study Number 44856

APPENDIX G: INDIVIDUAL ANIMAL ESTROUS CYCLES

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Nurnber 44856

Individual Animal Edlnus Cydles

PSL Study Number 44856

Soy Leghemaogiobin Preparation: An Invesbgative 28-Day Dietary Study
in Rats with & 14-Day Pre-Dosing Estrus Cytle Deteremnation

Sex Female  Slage of Eslnys

i) Day(s) Reldive

mgkg/day 1o Stedt Date

Geoup 1 .

10 121 12 13 ] 3 k3| 32 B 34

7000 D D E D E E D D P E
7002 P E D D D P £ ] D F
7003 3] P E D D 3] E E D D
7004 E D [} P P E D D P E
005 2] D P E E o n] D £ D
7006 E D 3] P P E D D P E
7007 P o] o} P E [} D D £ D
7008 E D D P o] E P [ D P
7009 E D D P P E D D p E
7010 P D o P E 3} D D E D
701 o] D P E E ] o] [} £ D
7012 E D o P b E [nj D P E
7013 P E D D o} P 5 D D P
7014 E o] D P P E D D P E
7015 P E D D o} P E D D P
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PSL Study Number 44856

Soy Leghemaglolin Preparation An Investigative 28-Day Diclary Study
in Rats with & 14-Day Pre-Dosing Estrus Cycle Delermination

Individuaf Animal Estrus Cycles

PSL Study Number 44856

Sex Female  Stage of Estrus

0

mglkgltlay
Group {

&

Day{s) Relative
to Stard Date

&

<]

&
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PSL Study Number 44856

Individua Animal Estrus Cycles

PSL Study Number 44356
Soy Leghemoghbin Preparalion: An Irvestigedve 28-Cay Dietary Study
in Rats with a 14-Day Pre-Dasing Estrus Cyce Deterination

Sex Female  Stage of Estrus

[53 Day(s) Rel@ve
mglkg/day lo Stgrt Dale
Group 2

=
M
-
]
4
w
K
o)

w
4

7018
7017
7618
7019
7020
7021
7022
7023
o]
035
7026
7027

708
7020
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PSL Study Number 44856

Individug Animai Estrus Cydas

PSL Study Number 44856
Soy Leghentoglobin Preparation: An investigative 28-Day Dietory Study
irs Rats with & 14-Day Pre-Dosing Estrus Cycie Determination

Sex Female  Stage of Estrus

[5i2 Diyls) Reiatve

mgigiday to Stert Date

Group 2 _ .

35 36 37 i e ) 0 41 42 43

7016 D P E D D P E D o}
7047 E D D P E b D P D
7018 D P £ 4] D P E D D
7619 D b P E D D P £ D
7020 P £ E D o P E a] ]
7021 M D o] P P E E D 2]
Tozz 2] P E D o] P € D D
7023 o} P E D D 4 E 2] D
7624 D P £ D D P E [+) D
7025 D P E B 3} P E D D
7028 E o} D P E E D D 3}
7027 P E 3] D o E ) P E
7028 E o] D P E D D P 3
7023 D P E D D P E b D
7030 D P 3 E D D P £ D
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Soy L

Individual Animal Estruas Cycles
PSL Study Number 44856

ghemogiobin Preparation: An lwestigative 28-Day Dietary Study
in Rals with & 14-Day Pre-Dosing Estrus Cycle Determination

Sex Female

Stage of Estrug

1024

mglkglday
Group 3

@

LH

I

Day(s} Relaive
lg Start Date

=S
-~
o

PR B

o
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7032
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PSL Study Number 44856

Soy Leghemoglobin Preparation: An lnvestigative 28-Cray Dietory Study
in Rats with a 14-Day Pre-Desing Estrus Cycle Delermination

Individual Animal Estrus Cydes

PSL Study Number 44856

Sex: Female

Slage of Eslrus

1624

mykgfday
Group 3

3!

-
pord

Day(s) Retalive
to Stat Date

]

@

p]

3
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w
R
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w
B
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PSL Study Number 44856

Indvicuel Animal Estrus Cydes

PSL Study Number 44856
Say Leghemoglobin Preparation: An investigative 28-Day Dietery Study
in Rats with a 14-Day Pre-Dosing Estrus Gycle Determination

Sex Female  Stage of Eslrus

1024 Day(s) Relalive

ighg/day to Slart Date

Groep 3 S e |

3% 38 7 38 I 40 4t 42 43

703 D D P P E o] E D D
7032 D P € D P E E D D
7033 0 P E D D P E o] D
1034 D P E o] o] P E b D
7035 o P E D u} P E D a]
T03% o P E 2] 2] P E D D
7037 2] P E 0 3] P E D D
7038 2] P E D D P E D 0
7029 E D D P 3 D D P E
7040 P E B 1] P E 3] B D
704t n P E E o] D P E E
042 E D D P E D D P E
7043 o] [ £ D P P E D D
w0 2] b P £ D 3] P £ D
7045 E 3 D D D 3 [+ 2] D
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PSL Study Number 44856

Soy Leghemeglobin Preparation; An Investigative 28-Day Distary Skudy
in Rats with & 14-Day Pre-Dosing Estrus Cycle Determénation

Irdividus Animal Estrus Cycles

PSL Study Number 44856

Sex Female

Stage of Estrus

1536

mglkgiday
{Group 4

=t
=

-
e

=i
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Day(s} Refdive
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PSL Study Number 44856

Soy Leghemoglobin Preparatiore An bnvestigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cycle Determination

Indbvidua Animal Esfrus Cydles

PSt, Study Neber 44556

Sex Femal

e Stage of Ednus

1536

mgkg/day
Group 4
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to Start Date
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PSL Study Number 44856

APPENDIX H: INDIVIDUAL ANIMAL WEEKLY BODY WEIGHTS

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Number 44856

PSL Study Numbser 44356
Soy Leghemogiabin Preparation An Investigative 28-Day Dietary Study
in Rals with a 14-Day Pre-Dosing Estrus Cycle Oelermination

Individual Arimal Meen Weskly Body Weighls

Sex: Female  Bodyweigd (g
0 Diy(g) Relafive
mg/ka/day 10 Start Date
Group | e
o T 14 21 28 35 42
Tk 160 186 200 209 214 218 239
7002 150 196 211 220 233 44 263
7003 182 20 231 246 249 258 270
T4 159 i74 182 196 202 208 209
TOOS 200 29 238 248 263 273 87
006 | 170 197 214 3 243 43 230
Foat 165 204 20 56 264 273 275
1008 19t patal 232 46 253 261 266
TO0% 12F 208 08 225 232 235 2497
7010 174 200 218 226 237 242 250
7011 174 129 212 05 234 246 54
T012 179 19 203 m 221 24 231
7013 176 199 218 238 216 249 264
7014 164 181 192 198 199 203 202
T015 200 208 226 237 240 334 242
Mean  179.7 198.9 2137 1283 2357 2407 9.9
5D 3 14.0 153 17.8 19.5 212 224
N 13 15 15 15 13 15 15
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PSL Study Number 44856

Individua Animal Mean Weekly Body Weights

P3L. Study Number 44856
Soy Leghemogtobin Preparati Investigative 28-Day Dietery Study
in Rats with & 14-Day Pre-Dosing Estrus Cycle Determination

Sex: Fomule  Bodyweiglt (g}

512 Tray(s) Relative
mg/kg/dny 1o Stan Date
Group 2 " e
Q T iq 21 28 38 42
7016 | 200 215 227 231 252 255 155
7017 163 179 191 204 211 215 323
7018 185 198 201 210 212 229 237
019 195 217 229 258 276 279 188
7020 176 192 209 et 235 240 247
029 187 202 219 235 247 252 267
022 180 200 212 prt] 237 244 252
7023 174 189 202 201 215 212 224
7024 1758 199 207 226 235 247 /1
7025 201 W 239 256 268 279 289
7026 171 191 215 230 43 243 265
027 167 195 214 22 232 242 237
e 159 177 194 207 213 214 226
7029 193 206 233 242 258 267 277
T30 176 190 199 200 213 221 228
Mean 1804 198.5 2827 224.5 2371 2433 25T
s 13.0 3.8 145 18.3 20.4 2E0 kel
N 15 15 15 5 15 15 I3
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PSL Study Number 44856

PSL Study Number 46856
Soy Leghemoglobin Preparation; An Investigative 28.Day Dislary Study
in Rats with a 14-Day Pre-Dosing Estrus Cycle Determination

Indivichaal Animal Mezan Weekly Body Weights

Sex: Female  Bodyweight (g)
(024 [ry(s) Relative
me/kg/dny 10 Start Date
Group 3

] 7 14 21 a5 42

7031 174 160 192 200 200 202 220

A2 172 198 283 3 38 251 262

F033 204 22 233 240 264 27 269

7034 199 224 237 238 148 262 273

TO35 180 M 219 ad| 233 246 253

7036 137 173 182 188 202 213 214

7037 190 200 199 204 211 224 237

F038 183 198 1z 221 242 251 260

039 176 196 214 229 234 241 25

1O 162 145 210 223 223 23 242

T 194 27 237 249 255 272 282

7042 176 181 195 23t 214 a7 221

T3 164 183 202 208 226 234 282

T4 192 217 236 260 275 282 %0

TO455 169 203 209 230 237 240 253

Mem 1793 2002 2529 s el 2337 42.5 25235

5D 14.0 14.7 i7.1 9.5 216 3.0 24

N 15} 15 5 5 [} 15 15
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Page 158
PSL Study Number 44856

APPENDIX I: INDIVIDUAL ANIMAL MEAN DAILY BODY WEIGHT GAIN

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Number 44856

Individual Asimal Mean Dally Body Weight Gan

PSL Study Number 44856
Say Leghemoglobin Preparation: An Envestigative 28.Day Dielary Study
in Rats with a 14-Day Pre-Dosing Estius Cycle Determinabion

Sex: Femnabe  Mean Daily Body Weight Guin (g/day)

0 . Day{s) Relative

mg/kp/day to Start Tate

Gronp 1 e st ¢ g ey e e e

47 Toald | 14202 428 3542 | 0 - a2
7001 37 2.0 1.3 0.7 08 1.6 1.6
7002 23 21 13 21 13 27 20
7003 39 3l 23 0.4 1.3 17 21
7004 21 1.1 .0 0.9 09 0.1 1.2
7008 41 1.3 L 2.1 1.4 20 21
7006 39 A 27 14 0.0 1.9 1.9
7007 1.3 13 5.1 Ll 13 03 19
008 EX 23 2.0 Lo L1 Q7 1.8
7009 20 2] 24 [ XH] 0.4 1.7 13
010 2 26 i 1.6 07 1.1 18
7011 2.1 33 19 13 i.7 11 1.9
7012 1.7 2 27 03 0.0 10 1.2
7013 33 27 29 1.1 0.4 21 2.1
7014 24 16, 09 0.l 0.6 1.3 L1
7015 1.1 .6 1.6 0.4 -0.9 k) |54
Mean | 275 2.10 210 1.05 072 1.31 1,67
SD 1.02 0.77 P05 0.61 0.68 0.69 0.38
LR E] i5 L5 15 15 13 15
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PSL Study Number 44856

Indvickal Apimat Mean Dty Body Weight Gain

P5L Stedy Number £4856
Soy Leghemoglobin Preparatiort An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estus Cycle Determination

Sex: Feale  Mean Daily Body Wesght Gain (g/day)

512 Day (s} Relative

mo/kg/day 10 Sinrt Dte

Group 2 N

0-+7 Foold P ld 20§21 28] 283513542 042
plilld 21 1.7 0.6 30 04 14 1.5
7017 23 1.7 1% 1.0 0.6 1.1 1.4
7018 t9 0.4 13 17 1.0 11 1.2
015 31 17 ER | 26 o4 1.3 22
7020 23 24 21 1.6 0.7 1.0 L7
702) 1 24 23 L7 o7 21 1.9
7022 29 a 14 21 1.0 1.1 L7
7623 21 1.9 -0.1 20 1.0 03 1.2
7024 2T 1.2 17 1.3 1.7 0.6 LS
1S 3 23 2.4 7 1.6 14 2.1
26 28 34 21 1.9 0.0 11 22
7027 1.0 27 1.0 K3 1.4 -0.7 1.7
08 26 2.4 1.9 09 0.1 1.7 16
7029 33 24 113 23 13 1.4 20
036 i 13 0.1 19 1.1 1.0 1.2
Mean | 263 2.03 168 1.81 0.88 £21 1.70
S 059 .69 108 0.56 0.51 0385 0.34
N L5 15 13 E5 15 33 15
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Indvidual Arimal Mean Daily Body Weight Gain

P5L Study Number 44856
Say Leghemoglobin Preparalion: An Investigative 28-Day Dietary Study
in Rats with 2 14-Day Pre-Daosing Estrus Cycle Dete:mination

Sex: Female  Mean Dully Body Weight Gain (g/day)
1024 Priy{s) Relative
me/kg/day to Siart Date
Group 3
057 042
7031 23 3 1.1 09 0.3 2.6 I.L
7032 a7 2.1 6 1.t 1.7 l.é i
7033 24 ¥ 1.0 34 09 0.1 1.5
7034 le Lg d9.1 b4 20 I.6 1.8
7035 34 2.3 0.3 | 1.9 &4 1.7
7036 13 13 0.9 20 1.6 0.1 A
7037 X} -0 0.7 3 1.6 9 ta
7038 21 10 13 30 1.3 1.3 1.8
7034 RS 26 Tt 07 19 26 2.0
TG 47 21 L& 03 b4 1.3 iy
T4 33 29 17 0.9 24 1.4 21
TO42 1.1 20 1.9 0.4 04 06 1.1
TO43 2.7 2.7 G4 30 It 8 2.1
T4 RX 27 34 21 15 1.1 23
TO35 L9 09 30 1.0 0.4 1.9 2.0
Mean 2.06 1.81 148 1.50 1.27 142 1.7
j:10] 1.07 0.89 0949 1.04 0.62 0.82 0.41
NEIS 15 15 15 15 15 15
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Individual Arimal Mean Daily Body Weight Gain

PSL Study Number 44855
Soy Leghemoglobin Preparation: An Irwesligative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrug Cycle Determination

Sex: Fennle

Mean Duily Body Weight Guin (g/lay)

1536 Diay(s) Relative
apke/day to Start Date
Group 1
07 Toald | 14 ~s 28 2128 | 2B ~35 | 35 —d2 | O — 2
7046 3l 37 2.0 27 Qb 2.0 2l
T47 29 33 34 3.4 -0.4 0.1 Xl
T048 it 2.6 33 i.l 20 1.2 10
1049 24 23 19 30 20 1.9 22
7050 23 13 1.0 0.4 19 1.3 1.4
705 23 19 36 20 0.0 23 240
7052 3.6 17 2.6 G.4 l.é 19 20
7053 1.9 37 23 0.7 23 13 25
7054 1.0 1.7 2.1 0.4 13 24 1.5
7055 %) 1.6 1.3 -04 07 LI 10
T056 27 1.4 13 B 03 bt 1.3
7057 3 1.§ 1] 1.0 0.4 04 1.1
7058 4.6 23 16 1.6 1.4 [ KY 21
7059 4.4 kR | 1 [ 3T %] 25
7060 23 2.6 1.6 0.3 1.6 1.6 1.6
Mlean 290 209 2.08 £27 1.24 138 1.82
sD 1.07 088 0.83 £09 1.10 0.69 0.48
N5 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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individud Animsa] Mean Daily Food Consumplion

P3L Study Numher 44856
Say Leghemogiobin Preparation An Invesigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Desing Estrus Cycle Deterrinabion

Sex Female  Mean Daily Food Cansumplion (g/day)

[t} Day(s) Relafive

mykg/day fo Start Date

Group 1 L

37 P10 ;P 0—14 | 417 ] 17 =21 § 20—24 | 2428 | 2631 | 31 =35 | 35—38| 3-8
7001 133 180 198 200 185 177 18.3 180 16.3 187 179
7002 20 2190 228 15.0 200 173 21.5 203 21.0 3.0 243
7003 93 1990 19.0 19.3 205 187 19.8 190 183 183 180
7004 239 153 17.0 1.9 18.8 163 16.5 163 16.8 7o 1.5
T0G5 16.0 300 218 19.7 225 240 20 223 21.3 23 220
7065 | i88 193 03 27 208 197 2.0 173 198 00 200
1007 | 193 117 138 257 23 20.3 2.3 2.3 210 20 208
Joo8 | 194 180 218 2 210 200 150 183 193 218 201
T009 | A5 w07 203 240 220 207 kil 230 300 21 ns
M9 8.4 18.0 190 180 193 200 18.5 B0 183 190 8.6
7011 68 180 208 180 203 200 19.5 147 19.0 193 143
7012 178 177 17.8 187 185 17.3 7.8 6.7 16.3 197 i78
3 | 209 M7 195 33 pcli] 193 2.8 27 215 247 ni
1014 6.5 16.0 175 180 18.0 173 230 16.0 163 16.7 16
5| 78 193 18.5 1y 05 17.0 2.0 6.7 1713 19.0 8.7
Mean | 1823 19,38 19.28 203§ 2052 1911 bt 19.11 19.47 20.18 19.59
S0 3.93 3.40 225 255 1.44 1.97 24 2.3 .48 227 1.73
N 15 15 13 15 15 15 15 15 15 15 13
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Individual Aninsal Mean Daily Food Consumption

PSL Study Number 44856
Soy Leghemoglobin Preparation: An Investigative 28-Day Gictary Study
in Rats with 2 14-Day Pre-Dosing Estrus Cycle Betermination

Sex Female  Mean Daily Food Consumplion (giday)

512 Day(s) Relslive

mg/kyiday to Steri Dode

Graup 2 e . e s et e g e B

37 T 7290 [0 1417 [ 1721 | 21 =24 | 2428 [ 2831 | 31235 [ 3538 | 338
7016 | 180 16.0 178 173 193 197 185 87 16.8 180 180
7 16.5 15.7 17.8 20,0 203 18.7 19.3 8.3 188 23 187
018 | 179 150 165 17.0 18.0 173 16.8 173 168 177 169
7019 338 20 220 247 255 227 29 227 233 3.0 pst]
00| 175 193 200 187 19.5 123 210 200 20.0 190 19.4
702 208 18.7 19.8 83 230 213 0.9 207 18.5 20 208
7022 185 15.7 188 187 19.3 20,0 19.3 183 168 180 186
7023 170 16.0 183 230 183 2090 8.0 17.7 168 203 186
1024 173 15.7 183 217 25 203 200 193 198 183 183
7025 | 210 18.7 205 19.3 220 2.7 28 213 210 n3 209
7096 | 198 210 208 190 %8 210 230 2.7 243 247 218
7027 | 190 18.3 19.0 18.0 19.3 183 198 no B0 67 188
1028 17.0 18.3 183 17.3 185 16.3 200 17.3 17e 193 180
08| =5 193 213 197 218 27 2.3 210 208 21 209
7030 17.8 16.7 188 157 19.0 19.7 17.0 18.3 17.5 200 180
Mean | 1875 17.82 15.18 19.36 2072 19.80 2007 - | 1958 19.05 20.20 19.47
so| 203 200 150 254 248 115 218 1.7 1.97 243 1.78
N 15 15 15 15 i5 15 15 15 15 15 15
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Individual Animal Mean Daily Foed Cansumplion

P5L Sludy Number 44856
Say Leghemoglobin Preparalion: An Investigative 28.Day Dietary Study
in Rats with a 14.Day Pre-Desing Estrus Cycle Determination

Sex Female  Mean Dally Food Consumplion (giday}

1024 Day(s) Reldlive

mgkgiday te Starl Date

Group 3 S S e g

37 T—10 1014 ] 1417 | 11 —=21 | 2 a2) | 2428 | 2831 | 31— 35
7031 168 15.0 165 187 163 133 5.5 17.7 143 183 160
7032 203 20.0 218 24.0 230 223 2.3 220 210 210 18
70633 185 19.0 200 19.0 2065 217 243 203 20.8 187 208
1034 24.0 23.0 210 21.3 220 207 5 230 238 6.7 235
7035 § 195 18.0 188 180 188 00 19.5 19.7 188 23 194
7036 | 168 15.7 16.3 15.7 17.0 173 1.8 18.0 16.8 17.0 169
7037 16.5 150 16.0 15.3 15.8 187 16.5 167 171.8 187 164
038 185 19.0 185 18.0 220 193 2.5 217 225 BT 206
7030 | 178 19.0 195 18.3 195 183 18.0 18.0 18.3 200 185
7040 | 198 18.7 195 237 193 7y 233 25.6 178 1.7 197
Todd 20.3 18.7 230 220 25 187 33 230 203 27 2td
Tea2 16.3 16.7 173 173 183 EY A 113 173 17.3 7.3 173
T043 | 2208 17.3 208 18.0 200 0.0 2.3 203 19.8 217 201
7044 17.8 199 26.0 207 21.8 210 2.3 230 21.0 220 214
7045 19.8 180 185 21.0 205 113 18.8 193 19.0 193 182
Mesn | 1893 18.20 19.97 19.20 16.80 1850 217 2043 19.23 2027 19.47
5D 201 208 3.30 279 22 245 2.80 2.1 242 2.3% 216
N}t 15 15 15 15 15 15 15 15 15 15 5
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Irclividual Animal Mean Daily Foed Consumption

in Rats with 2 14.Day Pre-Dosing Estrus Cytle Delermination

PSL Study Number 44356
Soy Leghemaglobin Preparation: An Investigative 28.Day Dietary Study

Sex Female  Mean Dailly Food Consumption {g/day)

1536 Day(s) Relative

mgkglday 1o Stat Date

Group 4 S —— S ——— S S ———

37 Tee10 | 5014 | 1417 | 1721 | 21 —24 | 2428 | 28635 | 1353530 | 3—38
7048 | 180 203 0.8 200 245 21.0 08 20.0 19.8 »7 208
7047 183 180 223 223 2t5 203 25 19.3 21.0 21.7 209
7048 | 195 183 185 20 23 197 2.3 21.0 21.5 243 206
7049 1 175 9.0 198 183 20 27 213 223 220 23 207
7850 | 165 157 163 147 179 1y 155 157 163 180 161
7051 | 208 237 %3 21.0 28 187 23 w7 188 20 218
7052 | 170 17.0 180 190 190 7.0 23 197 178 187 186
7053 | 203 20.3 218 203 228 197 45 2249 204 203 213
7034 | 170 170 180 187 188 150 ir.3 177 188 03 179
7085 155 6.3 16.5 %0 17.3 143 158 17.3 15.3 1.0 16.1
To56 | 173 7.0 7.8 173 170 187 163 163 155 5.7 166
7057 | 195 27 25 0.7 7.8 187 163 173 165 177 185
7058 § 198 193 250 0.7 223 0.7 B5 200 19.8 193 207
[UECN BcE] 230 206 20.0 235 20 25 253 245 30 29
TU60 | 168 19.3 180 16.7 183 160 21.8 8.7 7.5 180 18.1
Mean | 1856 19,13 1983 1.1 237 18.20 2.3 19.56 19.02 2013 19.44
SO} 206 238 268 215 280 28 3.09 254 263 281 pAY
N§ 15 1% 15 15 15 15 15 15 15 15 15
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APPENDIX K: INDIVIDUAL ANIMAL. FOOD EFFICIENCY'

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation

! Food efficiency = Mean Daily Body Weight Gain
Mean Daily Food Consumption
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PSL Study Number 44856

Indwidual Animal Mean Feod Efficiensy

PSL Study Number 44856
Soy Leghemoglobin Preparation: An Investigative 28-Day Dietary Study
in Rats with & 14-Day Pre-Dosing Estrus Cyele Determination

Sex: Fenale  Food Elliciency

1024 ay(s) Relative
mg/ke/day to Stast Date
Group 3 R —
[ N TR B R [ [ TR 0 T QU T30 . TP I B
T03i 013 0.02 {107 .00 0.07 0.14 0.07
7032 0.1% 0.10 G.1) 0.05 0.08 0.07 nlo
7033 0.12 0.09 0.05 0.15 0.64 -0.01 008
7034 .13 0.07 001 0.06 0.00 006 008
7035 0.I3 0.12 002 G.09 0.10 0.0% 0.09
7036 F 004 0.08 0.05 0.1t 0.09 0.0l 0.08
7037 Q.08 -0.0t 0.05 0.08 0.09 0,10 0.07
T038 0.1% 0.10 0.06 &35 0.0a 0.06 0.0%
1039 0.16 0.13 &t 0.04 0.06 0.13 011
T040 0.24 0.12 0.07 0.01 0.07 0407 0.10
7041 | 017 0.13 0.08 0.0+ 0.1 0.06 0.10
042 0.0% 0.12 0.10 0.02 0.02 043 0.06
7043 0.4 0.1 002 014 0.05 0.1z 0.10
7044 .20 a2 o.l6 019 9,05 0.08 ail
7045 Q.25 .05 0.1 0.00 0.02 0.09 0.10
Mean | G157 0.092 0,074 0.074 0.064 0.070 0.08%
S0 | o052 0.044 D5 o4 0029 0.042 0.0t
N 15 15 115 5 15 13 15
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Irkividual Animal Mean Food Eficiency

28-Day Distary Study

PSL Study Number 44856
Soy Leghemoglobin Preparatiort An |rwestigal
in Rats with a 14-Day Pre-Dosing Estrus Cycle Delesmination
Sex: Femule  Food Efficiency
1536 Dhay(s) Rebative
mg/ke/day to Start Date
Group 4 A
0—7 Feoodd [ 14 =28 | 21 =28 1 26835 | 35— 42 | 02
046 | 0.16 0.13 0.09 0.13 +0.01 0.0o 0.10
047 0.16 0.6 0.16 0.16 -0.02 0.0t 0.10
o8 ¢ 015 0.02 0.l¢ 0.04 0.02 0.08 0.0¢
7049 t 014 012 0.09 0.14 0.09 008 0.11
7050 | 0.14 0.08 0.06 0.03 0.12 0407 0,08
051 | ol 0.07 0.16 010 040 01l .09
w5z 02l 0.16 0.1 0.02 008 0.10 0.1t
T0S3 024 o8 0.1l 0.03 o3l 0.06 012
T054 | 0.05 0.10 0.1l 0.03 0.0% 0,12 008
085 012 0.10 0.08 103 9.04 0.07 0.06
7056 | 0.1& 008 0.08 0.07 0.02 0.07 008
8T 0.1z 0.05 0,06 008 0.03 0.02 0.06
7058 0.24 011 0.07 007 0.07 0.03 0.1¢
7089 0.21 0.14 o0 0.05% 0.1% 002 ol
7060 0.13 0.14 0.69 0.01 0.02 098 0.09
Mean | 0.157 G106 Q.13 0.062 0.062 0.069 0493
SD | 0050 0.040 0.035 0.05¢ 9.050 0.032 0017
N3 13 15 15 15 15 5

838
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APPENDIX L: INDIVIDUAL ANIMAL MEAN DAILY DIETARY INTAKE OF SOY
LEGHEMOGLOBIN PREPARATION

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation

839
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PSL Study Number 44856

Sey Leghemoglobin Prepatation: An Investigetive 28-Day Dietary Study
in Rats with a 14-Day Pre-Desing Estrus Cyele Determination

tndividerid Animal Meon Daily Distary Intake

PSL Study Numbes 44855

Sex; Female  Dietary intake Vunable (mg/kefday)
592 Day(s) Relalive
mg/ke/day to Start Date
Gromp 2 o
28 w24 [ 2428 ] 28 -+ 31 {31 -+ 35 ] 3538 ¢ 3238
w6 458 448 477 487 446 451 424 456 4450
7017 545 614 568 h] 555 328 363 640 464
7018 S8E 456 491 472 139 475 472 498 482
7019 363 632 366 M} 551 99 338 378 563
7020 s61 324 498 163 313 33 338 i 33
7021 529 #91 360 320 303 509 199 563 537
7022 519 516 490 i16 49 470 496 476 502
7023 337 726 520 569 509 500 487 il 54%
7024 517 ald h2 1l 515 518 500 316 503 528
7025 503 474 492 484 S 454 436 493 498
7026 566 518 &1 523 576 312 5644 655 587
1027 33 493 498 475 518 551 450 RE) 513
7028 352 hE2] 11 452 N 495 513 383 339
7029 338 495 314 512 01 495 501 524 519
7030 552 462 54 563 485 523 511 384 34
Mean | 5292 5350 5280 503.5 515.0 502.7 5058 5101 526.6
S0 307 768 430 333 382 27.0 362 64.6 330
N 15 13 13 i3 L5 15 15 15 15

841
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Individual Animal Mean Daly Dietary Intake

PSL Study Number 44856

(R

Soy Legh .

inaRals v:'th a 14-D'e-1y Pre-Easing Estrus Oy

tior: An it

ligative 28-Day Dietary Study
cie Determination

Sex: Female

Daetury bituke Vanable {mg/keiduy)

1074 Dray(s) Relative

me/ka/day to Start Date

Gronp 3

PO+ 14 Td 17 [ 17 20 [ 21 -+ 24 | 34 -+ 28 | 28—+ 31 J 3t -+ 35 | 35 + 38 | 3 -»38
7031 | 976 926 249 775 952 1085 895 1214 576
7032 | 1159 1379 1164 1130 1093 1831 1061 106k 1147
7033 | 978 926 998 1055 1129 246 975 924 1004
034 | L293 1022 1080 1015 1164 1140 1150 1242 1166
7035 | 972 933 a1 1058 1028 1037 967 1048 1021
7036 | 1014 977 1057 1077 5065 1£56 997 1012 tosg
7037 | 913 875 202 97 952 962 991 1057 945
7038 | 1044 964 163 1022 HinH 1E00 137 1196 1106
7039 | 1035 973 995 ¥33 948 945 960 1053 06
7040 | 1060 1280 1018 934 1789 1157 966 262 1093
7041 | 1102 1054 1056 87 1120 1108 244 964 1044
7012 | 1004 994 tott 978 9§ 993 1008 013 1013
7043 1 1166 1012 1140 1§40 1155 1106 1070 P74 1146
7044 | 1251 994 978 944 950 1028 944 989 1040
7045 | 1003 1141 1042 581 @72 1002 1004 1022 1028
Mean [1060.6 {10233 [1036.3 9747 10593 (10599  [100A7 10621 {10498
se | 1ioa 1210 76.0 108.4 100.6 76.3 714 990 663
N| 15 15 i5 15 15 15 15 15 15

842



Page 177
PSL Study Number 44856

Soy Leghemogiabin Preparation: An fnvestigative 28-Day Dietary Study

PSL Study Number 44856

Individual Animal Mean Daily Dietary Intake

in Rats with a 14-Day Pre-Dosing Estrus Cycle Determination

Sex: Femule

Divtary Intuke Vadalle {mg&giday)

1536 Day{s) Relative
meelday ta Start Date
Group | e et o e e —
1721 [ 21 24 1 228 | 2835 | 31 —35 | 35 —38 3138
o6 | 1470 1417 1728 1479 1416 1399 1442 1658 1526
7047 | 617 1623 £490 409 1523 130% 1495 1542 1523
TB48 | 1322 1639 §577 B160 1353 leil 1624 1838 1605
TR | 1556 [B2E] £719 771 1623 1706 1655 1680 1648
7050 | 1376 1242 163 1262 14044 1419 1442 1367 1432
705t 1908 1526 1571 1289 1556 L4435 1364 1673 1509
7032 | 1535 1642 1582 IETR] 1950 1724 1541 1620 1644
033 1497 1100 1547 1337 1745 1567 1433 1422 1536
7034 | 1405 H57 1440 1152 1396 (430 1524 1649 1449
7085 | 1519 1473 1592 1323 1577 1733 1348 1725 1585
7056 | 1497 1483 1463 1318 1438 1445 I3 1439 FA89
7057 | 1934 1777 1543 1361 1438 1553 1519 1626 1675
7058 | 1588 1563 1687 1367 1817 1546 15327 1494 1629
7059 | 1548 1473 1769 1600 1691 1905 1738 1631 1730
7060 | 1487 1377 1505 1320 1898 1629 1512 1558 1581
Mean ]1563.2 15023 1574.2 1106.2 1603.1 156i.6 1518.2 1609.2 1576.8
50 ] 1573 i 95.8 1531 181.1 159.8 977 109.5 540
N 15 15 1] X 15 1% 15 1> I3
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APPENDIX M: ANIMAL NUMBERS, DOSE GROUPS, AND FATES

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Number 44856
Individual Animal Fates
PSL Study Number 44856
Soy Leghemogiobin Preparation: An Investigative 28-Bay Dietary Study
in Rats with a 14-Day Pre-Dosing Estrous cycle Determination
Removai Removal Removal Time Removal  Patholegy
Group Dose Level Sex Animal ¢Cage Day Week Date Time Slot Symptom  Reason
1 0 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 & 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 & 23/03/17 9:08 Term Term
7009 7009 43 6 23/03/17 9:08 Term Term
7010 7010 43 & 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
70t3 7013 43 6 2370317 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 7TN7 43 6 23/03/17 9:09 Term Term
7018 7018 43 6 23703/17 9:09 Term Term
7019 7019 43 6 23/03/17 9:09 Term Term
7020 7020 43 & 23/03/i7 9:09 Term Term
7021 7021 43 6 23/03/17 9:09 Tarm Term
7022 7022 43 6 23/03/17 9:09 Term Term
7023 7023 43 B 23/03/17 9:09 Term Term
7024 7024 43 5] 23/03/17 9:09 Term Term
7025 7025 43 6 23/03/17 9:09 Terem 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
7028 7029 43 [¢] 23/03/17 9:09 Term Term
7030 7030 43 6 23/03/17 6:09 Term Term
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PSL Study Number 44856
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 Bay Week Date Time 8lot 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 7038 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 2:09 Term Term
7037 7037 43 6 23/08/17 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 3] 23/03/17 9:10 Term Term
7041 7041 43 6 23/03/17 9:10 Term Term
7042 7042 43 3] 237037117 9:10D Term Term
7043 7043 43 5] 23703117 9:10 Term Term
7044 7044 43 8 23/03/17 9:10 Term Term
7045 7045 43 g8 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 3] 23/03/17 9:10 Term Term
7048 7048 43 6 23/03/17 9:10 Tera Term
7049 7049 43 8 23/03/17 9:10 Tera Term
7050 7050 43 6 23/03/17 9:10 Tera Term
7051 7051 43 6 23/03/17 9:10 Term Term
7052 7052 43 6 23/03/17 9:10 Term Ters
7053 7053 43 3] 23/03/17 9:10 Term Term
7054 7054 43 3] 23/03/17 9:10 Term Ter
7055 7055 43 5 23/03/17 9:10 Term Term
7056 7058 43 8 23/03/17 9:10 Term Term
7057 7057 43 B 23703117 9:10 Term Term
7058 7058 43 6 23/03/17 9:10 Term Term
7059 7089 43 6 23/03/17 o910 Term Term
7060 7060 43 6 23/083/17 g:11 Term Term
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APPENDIX N: INDIVIDUAL ANIMAL NECROPSY OBSERVATIONS

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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PSL Study Number 44856
b Individus Animal Nectopsy Observations
PSL Sludy Number 44856
Soy Leghemoglobin Preparation: An Inwestigative 28-Day Dietary Study
in Rats with a 14.Day Pre-Dosing Esbus Cycle Determination
Animal: 7004 Growp. 1 Sex. Female
Dose: 0
Necropsy Date:  3/23/2017
Gross Pathology Obsorvations [Correlation]:
No observations found
Any remaining protocol sequired tissues, which have been axamined. have no visible lesions
Animal; 7002 Group: 1 Sex; Famale
Dose; 0
Metropzy Dale: 32372017
Grosy Pathology Observations [Correlation):
Ho sbsetvations found
Any remaining protoca] required lissues, which have been examined, have no visible leswns
Animal: 7003 Groap: 1 Sex. Female
Dose: 0
Necropsy Dale:  3123/2017
Groas Pathology Observations [Comelation]:
uterus : fivid filled
Any remaining protocol requéred tissues, which have bieen examined, have no visible lesions
Anima; 7004 Group: 1 Sex: Female
Dose: [
Necropsy Dale: 3232017
Gross Pathology Observations [Corvelation]:
Ne observalions found
Any remaining protoce! required Bissues, which have been examined, bave no visible lesions
Animd; TO0% Group. 1 Sex: Femule
Dase: 0
Necrapsy Date: 32312017
Grosa Pathology Chaervations [Correlation]:
No obsenvations found
Any remaining protocol required lissues, which have been examined have no visible lesions
Animal; To06 Group: 1 Sex: Female
Dose: 0

Necropsy Dale:  3/2320H7

Last Clinicat Observations:

Alopetia, Abdomen, Slight
Alopecia, Left Forepaw, Moderate
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PSL Study Number 44856
Individual Animet Necrapsy Observations
PSL Study Number 44855
Say Leghemoglabin Preparation: An Investigative 28-Day Dietery Study
in Asts with 2 14-Day Pre-Desing Estrus Cycle Determination
Last Clinical Obsarvations (Continuad):
Nopedia, Right Forepaw, Moderale
Groas Paholegy Observations {Correlation]:
Mo observations found
Any remaining prolocol required tissues, which have been examined have no visible lesions
Animal: 7007 Group: 1 Sex: Female
Dose: 0
Necropsy Date:  3/2312017
Gross Pathology Ohaervations [Corralation):
No observations found
Any remaining protoce! required tissues. which have been examined, have no visible lesions
Aniat: 7008 Group: 1 Sex: Female
Dose: 0
Necropsy Date:  3/2372017
Gross Pathalogy Obaervations [Correlation]:
No abservations found
Any remaining piotcsol required tissues, which have been examined, have no visible lesions
Animal: 009 Group: 1§ Sex: Female
Dase 0
Necropsy Dale; 312312017
Gross Pathology Observations [Correlation]:
WNo gbsenvations found
Any remaining protocal required tissues, which have been examined. have no visible lesions
Anima Ja10 Group: Sex: Female
Dose O
Mecropsy Date! 312372017
Gross Pathology Observations [Cemelation):
No ebsesvations found
Any remaining protosal required tissues, which have been sxamined, hive no visible lesions
Animal: 70H Group: ¢ Sex: Female
Dose: @

Neceopsy Date: 32372017

Gross Pathology Observations {Corralation):
No obseevations found
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PSL Study Number 44856
Individual Anima Nacropsy Qbservations
Say Legh lobin P Psﬁw’m{nbu;ﬁ 28-Day Dietary Study
ay emoglobin Preparation An lnvesl e 28-Day Digtary
in Rats: Elh a 14-Day Pra-Dosing Estrus Cysle Determination
Any remaining protocel required tissues, which have been examined, have no visible lesions
Animal: 7012 Group: 1 Sex:  Femafe
Dese: 0
Necropsy Date;  3/23/2017
Gress Pathology Obaervations [Correlation]:
No observations found
Any remaining protocel raq'u'red tissues. which have been examined have no visible lesicrs
Animal; n3 Geaup: 1 Sex: Femaie
Dose. ¢
Necrepsy Date. 312372017
Gross Pathology Obaervations [Comralation]:
uterus ; fluid filed
Any remaining prolocel reguired lissues, which heve been examined, have no visible lesions
Animal; 014 Group: 1 Sex: Female
Dose: 0
Necropsy Date: 312372017
Gross Pathology Observations [Corelation]:
No observations found
Any remaining protocel required tissues, which have been examined, have no visible lesions
Anima; ms Group: % Sex: Female
_ Dose: o
Necropsy Dale; 312312017
Last Clinical Observations:
Alopecia, Lell Forepaw, Slight
Groas Pathology Obaervations [Corrnlation]:
non Teted finding: no taled finding [Atopecia, LeR Forepaw, Shght (C)]
Any remaining protocel required fissues, which have been examined, have no visible lesions
Animal; 7016 Group: 2 Sex. Female
Dose: 912
Necropsy Date:  3123/2017
Gross Pathology Observations [Corrolation]
Mo observations found
Aty remaineng prolocol required fissues, which have been examined have no visible lesions
Animal: w07 Group, 2 Sex.  Female
Dose; 312
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PSL Study Number 44856
Indwvidual Animal Neeropay Gbservations
Soy Leghemogiabin P Psémsﬁmymr‘butgaaﬁ%s 28-Day Dietary Study
o emogichin Pr or An lrves e 28 i
d in Rats e«glh a M-ggy Pre-Dusing Estrus Cysle Degrmina?izn
Necropsy Dale: 32372017
Gross Pathology Observations [Comrelation]:
No ebservations found
Any remaining protocol required lissues, whish heve been examined, have na visible fesions
Anima: 7018 Group: 2 Sex Female
Dose $12
Mectopsy Date: 312322017
Gross Pathology Obaervations [Correlation]:
No ebsesvations found
Any remaining pretocol required bissues, which have been sxamined, have no visible lesions
Animal: 019 Group: 2 Sex: Female
Dase: 512
Necropsy Date: 323017
Gross Pathology Observations [Correlation]:
No ahservations found
Any remaining protocol required fissies, which have been examined, have no vishle lesions
Animal; 7020 Group: 2 Sex: Femala
Dose: 512
Neciopsy Dale: 32372017
Grass Pathology Observations iCorrelation]:
No observations found
Any remaining protocol required fissues, which have been examinad, have no visible Jasions
Anima: 7021 Grovp 2 Sex. Female
Dose 512
Necrogsy Dale:  323/2047
Gross Pathology Obaservations [Correlation]:
No observations faund
Any remaining protocel required Gssues. which have baen sxamined. have: no visible lesions
Animal; 7022 Group: 2 Sox: Female
Dose: 512

Necropsy Date; 312302017

Gross Pathology Obaervations [Correlstion]:
o observations found

Any remaining piotocol required tissues, which have been examined, have: no visible lesions

851



Page 186
PSL Study Number 44856

Individual Animal Neoropsy Obsetvations

P5L Study Number 44855
Soy Leghemoglobin Preparation. An Invesligative 28-Day Dietery Study
in Rats with a 14-Day Pre-Dosing Estrus Cyzle Detarmination

Animal; 7023 Group: 2 Sex: Female
Dose 512
Negropsy Date: 3232017

Gross Pathology Observations [Correlation]:
Ne abservations found

Any remaining protocs! required tissizes, which have been examined have no visibie lesions

Anima: 7024 Group: 2 Sex; Female
Dose: 2
Necropsy Bale: 312372017

Last Clinical Observations:

Alopecia, Left Forepaw, Slight

Alopecia. Right Forepaw. Stight

Gross Pathology Obaervations [Correlation]:
No observations found

Any remaining protocol required tissues. which have been examined. have no visible lesions

Anime: 7025 . Group: 2 Sex: Female
Dose; 512
Necropsy Date: 31232017

Gross Pathelogy Observations [Correlation}:
No observations found

Any remaining peatocol required tissues, which have been examined, have no visible lesions

Animal: To26 Group: 2 Sex: Female
Dose: 52
Neciopsy Date; 32372017

Groas Pathology Observations [Corralation):
uterus : fluid filed

Any remaining protocel required tissues, which have been axamined, have no visible lesions

Animsl: 1027 Group: 2 Sex: Female
Dose: 512
Necropsy Date: 31237207

Gress Pathology Obaervations {Correlation):
No ahservations found

Any remaining protocol required issues, whith heve been examined heve no visible tesions

Animal: 7028 Group: 2 Sex: Female
Dose: 512
Nacropsy Date: 312312017
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PSL Study Number 44856
Indnvigual Animal Necrapey Observations
Soy Legh rhi PrPS!a.raa;' udy“f{lnu?'lber ':Mﬂhf:!i 28-Day Dietary Study
oy Leghemogithin Preparation’ An Investigative 28-Day Distery
inﬁ?ais :ngﬂ'n a 14Day Pre-Doging Estrus Cysle Determination
Gross Pathology Cbaervationa [Correlation]:
No atservations found
Any remaining protocol reqeired tissties, which have been examined, have no visible lesions
Animal: 7029 Group: 2 Sex: Female
Dose: 512
Necropsy Dale: 312312017
Gross Pathofogy Observations [Correlation]:
Ne abservalions found
Any remaining protocof required Fssues, which have been examined. have no visible lesions
Anima: 7630 Group: 2 Sax: Female
Dose 52
Necropsy Date: 372312017
Gross Pathology Obaervations {Corralation]:
No obsansations found
Any remaining protocol requited tissues, which have been examined, hawve no vigible lesions
Aimal; 7031 Groups 3 Sex: Female
Doser 1024
Necropsy Date: 312312087
Gross Pathology Obaervations [Correlation]:
Mo observations found
Any cemaining peotocol required tissues, which have been examined, have no visible lesions
Anime: 032 Group: 3 Sex: Female
Dose: 1024
HNecropsy Date: 34232017
Gross Pathology Observations [Coralation]:
No obsendalions found
Any remaining protocal required lissues, which have been examined, have no visible lesions
Animd: 7033 Group: 3 Sex: Female
Dose: 1024
Necropsy Date: 312372017
Gross Pathology Observations [Comrelation]:
No observations found
Ariy rernaining prototol required lissties, which have been examined have no visible lesions
Anima: 7034 Geoup: 3 Sex: Female
Dose: 1024
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PSL Study Number 44856
Individual Animal Necrapsy Observations
Soy Legh lobi Fpsﬁwmrb’l‘lﬂa?ﬁ 28-Day Dietary Study
eghemoglobin Pr o An Inves! e 284 ietery
' ingRaQs 3\!931 a 14-6pay Pre-Dosing Eshg:hgyde Dea‘nninﬂﬁnn
Negropsy Date: 3232017
Groas Palholegy Observations [Comrelation]:
No observations found
Any remalning pratocol required Bissues, which have been examined, have no visible tasions
Animal: 7035 Greup: 3 Sex: Female
Dose: 1024
Necropsy Date: 31232017
Groas Pathology Observations [Corralation):
Mo ohservations found
Any remaining protocol required fissues, which have been examined, have no visible lesions
Animal: 7036 Group: 3 Sex: Female
Dose: 1024
Necropsy Dale: 32372017
Gross Patholegy Observationa [Correlation]:
No observations found
Any remainang protocol required fiseues, which have been examined, have no visible lesions
Animal: 7087 Group: 3 Sex: Female
Dose: 1024
Necropsy Dale: 312312017
Gross Pahology Observations [Corralation]:
No abservations found
Any remaining protocol required lissues, which have baen examined. have no visible lesions
Animal: 7038 Group: 3 Sex: Female
Doge: 1024
Necropsy Dale:  323/2017
Gross Pathology Cbservations {Comelation]:
No cbeervations found
Any remaining profocol required lissues, which have been examined, have no visible lesions
Animal: 7039 Group: 3 Sex: Female
Dose: 1024

Necropsy Date: 312372017

Gross Pathology Observations [Correlation]:
No observations found

Any cemaining psolecal required tissues, which have been examined, have no visible lesions
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PSL Study Number 44856

Individusl Animal Necropsy Obsesvstions

Soy Leghi lobi ﬁpsﬁwgnu;"batﬁgfﬁ?f 28-Day Dietary Study
eghemoglobin o An lives| e 28- i
4 in s:?uwa 14-§pay Pre-Dosing Estrus Cycle nﬂm;ﬂn

Anima: 7040 Group: 3 Sex; Female
Dose: 1024
Necropsy Date: 31232017
Last Clinical Obsarvations:
Alopecis, Left Forepaw, Stight
Aopecia, Right Forepaw, Slight
Groys Pathologry Obacetvations [Correfation]:
uterus : fuid flled
Any remaining protocol required fissues, which have been examined, have no visible lesions
Anima; 041 Group: 3 Sex: Female
Dose 1024
Necropsy Date: 32372017
Grosa Pathology Obasorvations [Correlation]:
No sbservations found
Any remaining protecel required §ssuss, which have been axaminad, have no visible lesions
Aninal: 7042 Groep: 3 Sex; Female
Dose: 1024
Nacropsy Dale; 312372017
Grosa Pathology Obaervetiona [Cormetation]:
No observations found
Any remaining protecel required fissues, which have been examined, have no visible lesions
Animal: 7043 Group: 3 Sex: Female
Dose: 1024
Necropsy Date: 32372017
Gross Pathology Observetions [Correfation]:
No pbservations found
Ary remaining protecol required issues, which have been examined, have no visible lesions
Animal: 7044 Group: 3 Sex: Female
Dosge: 1024
Wecropsy Date: 312312017
Gress Pathology Obaervations [Correlation]:
No observatons found
Any remaining protocol requéred fissues, which have been examined, have no visible lesians
Arimal; 0435 Group: 3 Sex: Female
Dose 024

Wacropsy Date; 312312017
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individual Anime Necrapsy Obsetvations
PSL Study Number 448356

Say Leghemoglobin Preparation’ Aninvestigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Daosing Estrus Cycle Detesmination

Gross Pathology Obacrvations [Correlation]:

No abservations found

Any remaining protocol required Bssues, which have been examined have no visible lesions

Animal: 7046 Group: 4
Dese. +536
Necropsy Dale: 32312017

Sax: Female

Gross Pathology Observations [Correlation]:
o observations found

Any reraining protose] required bissues, which have been examined have no visible lesions

Arimal: 1647 Group: 4
Dose: 1536
Necropsy Date: 32312047

Sex Female

Gross Pathology Observations [Correlation]:

unirary dodder : 13x%8 mm
urinary Hadder : thick
unrary bladder ; urolith

Aty remaining protocol required Lissues, which have been examined have no visible lesions

Animal: 7648 Group: 4
Dose: $536
Necropsy Cate: 312312017

Sex:  Female

Groas Pathology Obacreations [Correfation]:

Mo abservations found

Any remaining protocol required issues, which have been examined, have no visible lesions

Animal: 7049 Group: 4
Dose: 1336
Necropsy Dale: 372312017

Sex Female

Gross Pathology Observations [Correlation]:
No ghservalions found

Any remaining protocol reqsired tissues, which have been examined, have no visible lesions

Animal: 7050 Group: 4
Dose: 1536
Necropsy Dale: 3232017

Sex: Female

Gross Pahology Observations [Corretation]:
Ne observations found

Any remaining pretocol required lissues, which have been examined. have no visible lesions
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PSL Study Number 44856

Individusal Animal Necropsy Cbservations

PS5t Sludy Number 44856
Soy Leghemoglobin Preparationt An Inwestigative 28-Day Dietary Study
in Rets with a 14.Day Pre-Daosing Estrus Cycle Determination

Animal: 7051 Group: 4 Sex: Female
Dosa: 1536
Necropsy Dale:  ¥2312017
Gross Pathology Obscrvations {Corralation]:
No observations found
Any remaining protoce] required tissues, which have been examined, have na visible lesions
Animal; 1052 Group: 4 Sex: Female
Dose: 1536
Necropsy Dale: 3232617
Grozs Pathology Qhaervations {Carealation]:
No abservations found
Any remaining prolecel required Bissues, which have been examined, have na visible lesions
Animal; 7053 Group. 4 Sex: Femule
Doga 1536
Necsopsy Dale: 3232017
Gross Pathology Observations [Comrelation]:
utenis: fuid flled
Any remaining piotocol required tissues, which have been exantined. have no visible lesions
Animal: 7054 Group: 4 Sex: Female
Dose: 1536
Neciopsy Dale; 312312017
Groas Pathology Observations [Correlotion]:
No observaliors found
Any remaining protocol required lissues, which have been examined, have no visible lesions
Animal. 085 Group, 4 Sex: Femszle
Dose: 1536
Neceopsy Date: 32372017
Groas Pathology Observations [Correlation]:
No obsesvalions found
Any remaining peolocel required listues, which have been examined, have no visible lesions
Animal; 1066 Group: 4 Sex: Female
Dose: 1536

Necropsy Date: 32372017

Gross Pathology Observations (Correlation]:
No obsenvations found
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PSL Study Number 44856
Individual Animal Necropsy Observatians
PSL Stdy Numbes 44855
Soy Leghemogiebin Preparation: An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cyele Determination
Any remaining protocol required lisses, which have been examined, have n visible fesions
Animal: 1057 Group: 4 Sex: Femafe
Dose 1536
Necropsy Date: 3232017
Grows Pathology Observations [Correlation]:
No observatiores fourd
Any remaining protecol required issies, which have been sxamined have no visible lesicrs
Animal; 058 Group: 4 Sax: Female
Dose: 1536
Necropsy Date: 312312017
Gresa Pathology Obacrvationa [Corralation):
o ahiservalions found
Any remaining protocol required fissues, which have been axamined have na visible lesions
Arimd; 7059 Group: 4 Sex. Female
Dose: 1536
Mecropsy Dale: 32312017
Gross Potheology Ohservationa {Cormalotion]:
No cbeervations fund
Any remaining protocol required lissues, which have been examined, have no visihle lesions
Animdl: 7060 Group: 4 Sex: Female
Dose: 1538

Necropsy Diale: 42312047

Gross Pathology Observations [Comlation]:
wterus : fiud filed

Any remairing pratocal required lissues, which have been examined, have oo visible lesions
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Individual Animal Necropsy Observations

PSL Study Number 44856
Say Leghemoglobin Preparatione Anlaveskigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cyele Delermination

Key Page

Codes

ETGL) = Tracksble Gross Legion, (MPF) = Major Pathelogical Finding, (?) = Questionable, (E) = Excluded
C) = Clinical Observalion, (M) = Mass. {3) = Gross Palhotogy, {H) = Histo Pathology

Group Information

Short Name Long Name
1 1

) 2
3 3
1 4
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PSL Study Number 44856

APPENDIX O: INDIVIDUAL ANIMAL TERMINAL BODY AND ORGAN WEIGHTS

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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Indvidsal Arimal Terming Bady and Organ Weights

PSL Sludy Number 44856
Say Leghemogiohin Preparation: An Investigative 28-Day Dietary Study
in Rats with 8 14-Dsy Pre-Dosing Estrus Cycle Delereninatian

Sex Female  Day(s) Relalve o Start Date
(]
mgkgiday Termina Cuaries with Ulerus
Grawp 1 BW Oniucts Wt wi
&) (g} @
7001 29 0120 083
7002 248 01472 072
7003 268 0.137 097
7004 ny 0.130 0.3
1005 291 01425 0.54
7006 249 053 0.49
7007 bia| 0428 058
7008 Al 0.i09 0.40
7009 257 0158 0.89
010 252 0§39 047
mn 235 0.§29 0.57
7012 234 0§05 037
mns3 68 0.129 1.10
7014 210 0.108 04z
7015 237 0.438 0,56
Maan 2499 01311 0604
sD 218 00174 0.22§
N 15 15 15
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Indviduat Animal Termina Body and Organ Weights

PSL Sludy Number 44855
Soy Leghemaglobin Freparation: An Investigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cyele Determination

Sex Female  Day{s}Relebive to Start Date

512
myfkgfday Temmind Owaries with LHenis

Growp 2 BW Oviducts Wt Wi
i 1)} (o

7016 267 0174 0.54

7017 24 0.106 0.48

7018 236 0124 0.43

7019 20 0.144 0.54

7020 51 0.153 055

7021 %9 0474 0.57

7022 258 0123 0.43

702 plil 0132 0.4

7024 %3 0.154 0.65

7025 20 0.106 0.47

7026 %0 042 0.84

7027 235 0128 0.5

7R 23 0117 0.58

702 282 0130 0.62

7030 231 0130 0.43

Meen 2831 0.1343 0547

50 21 0.0209 0,102
N 15 13 i5
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Individuat Animat Terminal Body and Organ Weights

PSL Study Number 44856
Soy Leghemoglobin Preparation: An lnvestigabve 28-Day Distary Study
in Rals with a 14-Day Pre-Dasing Estnzs Cycle Determination

Sex Femate  Day(s) Relative bo Slart Date

1024
mg/kg/day Termina Ovaries willy Uierus
Grow 3 BW Oviducts Wt Wt
{e) (g} {g)
703 225 0.124 ¢.51
T032 2%t G128 ¢.55
T033 2713 G130 655
7034 276 (1A )7] ¢.55
7035 254 0.152 .53
7036 218 6106 0.48
Tox 28 [eRDE:] .47
7038 2358 [cR ] 0.55
1039 25 0137 0.53
7040 239 0122 114
ToH % 0120 053
Todz 248 0104 0.60
7043 i 0124 0.53
7044 o 0135 0.47
1045 253 0105 0.56
Meax 253.3 01234 0.570
50 28 ¢coize o162
N 15 15 5
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PSL Study Number 44356

APPENDIX P: INDIVIDUAL ANIMAL ORGAN-TO-BODY WEIGHT RATIOS

PRODUCT IDENTIFICATION

Soy Leghemoglobin Preparation
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Individual Asimal Organ-to-Body Weight Ratios

PSL Sludy Number 44356
Soy Leghemoplobin Preparalion An lrvestigative 28-Day Dietary Study
in Rats with a 14-Day Pre-Dosing Estrus Cycle Delermination

Sex Female  Day(s) Relative to Start Date
512

mgkglday Ovanies wilh (herus
Growp 2 QviguctsTBIW TBW
{Ratio) {Ralio}

1016 0652 202

7017 0.473 214

7018 9.525 208

7019 0,497 186

7020 0610 218

7o 0.636 212

7022 0,430 181

703 0574 19

7024 0.609 257

7025 0,366 162

0% 0.473 B

oz 0345 217

Tox 0.525 280

7025 0.461 220

7030 0.563 1.86

Mea 05325 2166

SD 0.0772 0.390

M 15 15
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Individoal Arimal Osgan-o-Bady Weight Rafios

h n

PSL Study Number 44855
Eroveration Al

Soy L

in Rele with = 14Dy Pre-Dosing Es

tigative 28-Day Dietary Study
trus Cycle Determénation

Sex Female  Day(s) Relative to Siad Dale
1024

mghgiday Ovanes Wik Ters
Growp 3 oviduclsTBW mew
{Ratio) {Ralio}

7031 0.351 221

7032 0.450 21t

03 0.976 .0t

7034 0.442 1.9%

703 0,58 208

7036 0.486 220

7037 0.496 197

7038 0.475 212

7039 0529 205

7040 0.510 an

o4 0.430 1.90

7042 0.477 275

1043 0.464 FAR

7044 0.438 1.58

7045 0415 2.21

Mean 0.4886 2716

sD 0.0467 o

N 15 15
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Individual Arimsl Organ-to-Body Weighl Ratios

PSL Study Number 44856
Soy Leghemoglobin Preparatior An Investigative 28-Day Dielary Study
in Rets with a 14-Day Pre-Dasing Estrus Cycle Determinalion

Sex Female  Day{s)Relativeto Start Date
536

mgke/day Ovanes with Renis
Growp 4 oviduets/TBW mBw
{Retio) (Ralic)

7048 0.512 293

7047 6486 208

7048 0.557 1.84

7049 0.522 219

1050 0.634 230

7051 556 247

7052 0.598 20

7053 Q446 374

7054 0.556 240

7055 0.550 431

7058 6.563 240

7057 0.539 213

7058 0.476 258

1059 0.379 25

7063 0619 a2

Mean 0.5332 2745

SD 0.0667 0.857

N i5 15
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APPENDIX Q: INDIVIDUAL ANIMAL BLIND HISTOPATHOLOGAL ESTROUS CYCLE
EVALUATION

Submitted By:

Regan Path/Tox Services
1457 Township Rd. 853
Ashland, OH 44805

PRODUCT IDENTIFICATION

Soy Leghemogiobin 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
0 mg/[l(g/day 7008 M
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
j 7022 D'
512 mg/kg/day 7023 D
7024 D
7025 D!
7026 p
7027 PE?
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 eviauation collected immediately prior to scheduled sacrifice.

! Diestrus with evidence of early proestrus

* Prolonged Estrus
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INDIVIDUAL ANIMAL ESTROUS CYCLES
Blind Histopathological Determination* (Day 43)

Group Animat ID Stage of Estrous Cycle
7031 D
7032 D
7033 D
7034 D’
7035 D
7036 D
7037 D

1024 m;kg/day 7038 D
7039 E
7040 P
7041 E
7042 E
7043 D'
7044 M
7045 P
7046 P
7047 E
7048 M
7049 D*
7050 D
7051 P
7052 E

1536 m;/kg/day 7053 P
7054 E
7055 P
7056 D'
7057 M
7058 D'
7059 D
7060 p

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.

" 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 Services, inc

ANATOMIC PATHOLOGY REPORT
Final Report July 25, 2017

SOY LEGHEMOGLOBIN PREPARATION;
AN INVESTIGATIVE 28-DAY DIETARY STUDY IN RATS WITH A 14-DAY
PRE-DOSING ESTRUS CYCLE DETERMINATION

STUDY NUMBER 44856

Prepared by:

Regan Path/Tox Services, Inc
1457 Township Rd. 853
Ashland, Ohio 44805

Telephone {419) 651-8080
Fax (419} 207-8086

Submitied to:

Product Safety Labs
2394 US Highway 130
Dayton, New Jersey 08810
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INTRODUCTION

The obyectve of this study wae 10 evaluate the potemiad rproductive toxinty (estrous eyele and
reproiluctive orean hisloputhology) of Soy Leghemeoglobin Preparstion in fepale raws
vonlinoously exposed to the test subistance in the diet for at feast 28 davs,

MTTHODS

The stidy design is presented in Text Table 1, The complete study design is descobed in the
stutdy protscel amd amendent 1 Briefly, & fenuwle CRIL Sprague-Dawley CD® 1GS ras,
approximtcly 7-8 wecks nld. wore assigned to the study. The test substance was adminisiered v
the diet to thiee groups of 15 femde rats ot target distary dose lovels of 311 1024 afd 1536
o ky/day that cornispongded W target dose levels of 250, 500 and 730 mg/heday of the aetive
ingredienl. $oy Loghermoglobin, Concentrations in Lhe fest diets were eateylsied bused on the

mosl recert group body weight and food consumption data, For 14 days prier to tha dtant of
P bod) 1 Y& p

dising tstudy days 0-13), vagingd Javiage was performed o 11 rats $o evaluale for reulur esirous
vychicity,  Vaginal laviige was also performied on sindy days 29-42, and 2t sludy 1ennination on
diry 83 1o determidine the stags-of estrus al the scheduled necropsy, Necropries and vrgan woight
determinations were pertirated hy Produut Safety Labs, Tissue pressiog and slide prepanition
were parformed by Histosery, Ine Germantown. MD, Slides containing formalin- Gxed, parattin-
embedded. H&l-stained sections of ovaries. opviducts. ulerus, cervix asd the anterior-most
portion of the-vaging fye wll animals were trasforrsd 1o Repun Pathology Toxicology Services,
Ing. Ashland, OH, Rir naicroscopic examination by Karen 8 Regan DVM, Dipl ACVP, DABT,
The mitial examibation was. conducted with the pathologist blinded 10 treddnmionl group and
involved only estrons ycle staging For oll anmmals (the eyule w determined Fom e faal
sapindl lavage un the day o seheduled neerapay was provided to the pathologist for this
sxantoaton} Onee this initinl examingion was completed. the slides were unblinded and the
reproductive  Tissies  (ovaries,  ovidiois,  derus,  cerviv oand vagima)  were  examinel
miorosenpicatly Bor all animals in Groups 1 and 4 Graduble microscopic lindings were given a
severily score hased upon a scale of minimal (grade 1), mild (erade 2), moderate (grade 3
marked {grade 4) apd severe {grade 55, Clinical and pecropsy ohservations and orgat weight data
were provided 1o 1he study pathologist foe refinement of mterpretution of results,

Text Table 1. Study Design

Numher Target ixposure of | Target Dictary Dose Level
Grogp of Croup Name Active Ingredlent of Test Snhatance
Females (mg/kg/day) (ma/ke/duy)®
i 15 Bamal 1¥Het Control ] i
2 15 Low Dese 250 312
3 15 Inkermediale Dose 500 1024
) 15 High Dose 750 1336

* Bagond oa 28 82%:adtive mpeediom < AL Suy Laphomiglobin of Suy Laghemoglubin Prepanison {La o PRGN
16-ERE-30

15
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RESULTS AND ISCUSSION

Martality
There were no enrdy deathis Al animats survived 10 1lie scheduled necropsy on Study Day 43,

Macrascopic Olverviniuns

‘Mere were no test substance-related macroscopic observations, The only macroseopic
nlservations were upnary bladder thickeped (Mze recorded as 13 5 5 5 & man) and dralitl present
Jor 4F 7047, and uterus Fuid-Flled for animals 1TF 7003, AF 703, 2F 7026, 3F 7044, 41 7053,
and 4F 7064, Per profocol, the urinary bladder was not saved for microscopi: examinasfion.
Fluid-filled uterus correlated with the procstrus stage of the estrous evele s detennined from the
mricrosenpiv examination; difated Muid-lilled wierss is 0 normal plysiologic change o the
proestrug stage of the astrons evele See Microscopic Observations section, helow for discussion
oty extrous cyelicity.

Organ W'eights
There were 1o tost aticle-related changes in the mean valugs of absolute weiglts of the ovartes
with oviducts or thi: wierus,

Micrascopie Observagions

Individusl animal estrous cyele-stage determinations conducted withow knowledge of treajment
gronp are provided in Appendis Table 1. Summary microseopic observilions are pressnled in
Appendix Table 2. snd tndividunl Aniusad Microscopic Daks are presented in Appendin, Table 3.

There were oo test substance-refuted microscopic ohwerviions in the reproduclive tissucs
exandned, Detenminution of the stage of the estrous oycle was initially conducted with the
pathelogist blinded 10 treatment group, g the estrobs eyele stige oy determined Frim vigino)
lvuge smears obteined on Ihe day of necropsy was provided {or cach animal, From these daty
afone, nll but oue antual (2F 7027) were considered (o be cyeling normally. Animal 2F 7027
appenred 1o have a prolonged estrus based on morphology of the ovaries (hrge awetivc Follicles,
mushiple CLs ata similar agestuge of atresin) and the presence of squamous epithelin) metaplasia
in the uteros. Alter treatient groups were revealed, this finding was considerad spomaneous and
incidental because of the fack of similur Bidings i animals a the ligher dose fevels. There were
some differences between the assessment of cycle stage obtained Grom the vaginad lavage on e
duy of study terminatton and the eyole stuge as determuned from the microseopic examination.
These differeness muy buve ansen From tming (even 2 Few hours between obtiining the vaginal
lavage mnd euihunasis ntey case diTerences) and'or the fact tha only the witerioramost vaging
was presant for microscopic assessinent. Generadly. the section used for eycle assessment cotnes
from the mid vagioe Tn somre aniirtals, very Jitthe vaging was present For aicrosedpic exant.

Importantly, reparding estrous eyele dalg. determination of stage alone without muorphologiv
exuminntion and rovordmg of the reproductive tissoes for other changes is un incomplete
assessment amd cnn be potentislly misleadiug withowi comsiderstion of morphology of the
reproductive tissues. b the current study, however. microscopic examination al the reproductive
tssues for other changes was oomducled on the control and Group 4 anduals. There was o
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evidence of a test substonce-refated effect in the tissues examined from these two groups, Al
animats in these two groups had evidence of old and eecent corpora jutes {CL) and follicles m
varipus stages of develapment in the ovaries, and had reproductive tissue morphology consistent
with the stage of the eyvcle they were in. One control animal {7013) had Jacge sirctic follicles
ubserved in both ovaries, and one Group 4 animal (7048) had lukeinized follicles (Tollicles with
evidence of luteinizotion in the wall hut have not ovolated) in bth ovanies, Both of Lhese
vhservations ere reported a5 background findings observed b rats of the strain and sge nsed in
this study (Dtixon et al, 2014 and were considered incidenlal because of their singolar
OCCUTTEDCES.

SUMMARY

The test substance, Soy Leghemoyglobin Prepuration, wos adminisiered in the diet to three groups
af {5 female rats at target dietary dose levels of 312, 1024 and 1336 mykp/day that
corresponded 1o 1arget dose levels of 250, 560 and 750 mg/ke/day of the active ingredient, Soy
Leghemoplohin, For 14 doys prior to the start of dosing {(siudy days (123}, vaginal favage was
performed on all ms o evalumie for reguler edtrous eyelicity,  Vaginal favage was also
performed on study days 20-42, and ut study termination (study day 43) to determine the stage of
cstrus at the scheduled necropsy. The ovaries, oviduets, uterus, cervix and antcrior-most portion
of the vagina were collected (rom oll animals for potential microscapic cxamination. The tissues
for all animals were initially cvalualed for suage of cstrous cycle only: this was performed
without knowledge of treatment group, Following this assessment, the tissues were evalunted
microscopically from animals in Groups 1 end 4. Thene were no test substance-related changes in
MmacToscopic or microscopic observations, organ weights or estrous cyclicity.

(b) (6)
— | X 1, 35 et}
Karen B Refian)\DVM, DABT, DACVP Date -
Sty Parhir|ogist
REFERENCE

Dixon, D: Alison, R: Bach, U Colman, K; Foley, GL: Harleman, J); Haworth, R; Herben, R;
Heuser, A; Long, G: Mirsky, M; Regan, K; van Esch, E; Westwood, FR; Vidal, J; Yoshida,
Y. 204, Nonprodiferative and proliferative tesions of the rat and mouse female repraductive
system, JJ Toxicol Pathol 27(3&4 Supplh18-1078
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Product Safety Labs Appendix Table 1
Study 44856 Individuai Anima) Estrous Cycle Dats
Day 43 Farinent
# Cytotogy Biind estrus Macroacopic
Siice 1D Estils daterreiration® | Anmal 1Y Graup Obsarvalions
35 a7e P P 7o Group 1 nona
34 1074 & E TO02 Group 1 norne
3 1003 D 2 7003 Group 1 utens: fluid-fillec
38 1081 ¥ ) 7004 Group 1 none
36 1078 [ D 7005 Group 1 nong
27 1061 ) M 7008 Group 1 none
" 1023 0 E 7007 | Group i rione
K] 1072 ) M 7008 Grotip 1 npne
51 1008 D b 7008 | Group ! rone
a2 | 1080 D. w 7010 | Growpi nare
7 1042 b o 7014 Group 1 none
12 1m7 [ M 7012 Group 4 nong:
4 1005 D ) 7613 | Groupt | Werus: fuid-flled
3t 1066 5] M 70494 Group 4 none
59 11 E E 7016 Group 1 nong
ps] 1058 [y [ 7018 Group 2 nione
14 1042 D o 017 Group 2 none
1w 1040 3 ] riiall Group 2 fion
13 10228 B .] 7018 Graip 2 rone
50 1 Hos e (o 7020 Group 2 ane
- ) o o 7021 | Sroup2 | rons
a0 | 1084 O D 7022 | ®Group2 none
93 m7 ) o 7023 Group 2 none
R 1063 D [ 024 Group 2 nne
28 1062 O o 7076 Group 2 none.
A5 1085 5] [ 7028 Group 2 1pens: Auid-filled
32 1068 = PE ro27 Sroup 2 none
15 1033 E E 7028 Group 2 NN
54 1173 ] > 7029 Group 2 Aone
8 1100 Iz M 7020 Group 2 ione
51 1113 8] ) 7031 Group 3 FIONE
i 100 [} 5} ) Group3 | none
39 1084 =] D 7033 | Growp3 | rone
24 1063 5] D 7024 Group 3 noe
1 1001 ] D 7036 Group 3 none
65 1353 D 0 T038 Group 3 none
2 1042 D D 7037 Group 3 nong
b7 1164 ] D 7088 | Group ¥ nong
41 10188 £ E 7028 Group 3 aona
23 1051 D P 7040 Group 3 wderus; fluiddilled
12 124 E E 7041 Group 3 Al

“Late dissprusfearly proestruy
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Product Safety Labs Appendix Tabla 1
Study 44856 Individuat Animal Estrous Cyde Data
Day 43 Pertinent
o Cytolagy Btind estrus Macroscopic
Stide 1D Estrus determiration® | Anemalib Group’ Obsevativns
37 1080 E g 7042 Group 3 npne
58 1168 D D* T3 Group 3 nene
43 1052 [») M 7044 Group 3 none
40 1087 G £ 7045 Group 3 nena
18 1041 E P 7048 Group 4 nona
8 1046 D E 7047 Group 4 none
46 1097 [ M 7048 Group 4 none
G0 1264 ) B 7049 Group 4 none
aq_ | 10e3 b D 7050 | Groupdq | " none
| s | o | P 7ost | Gouwd | oo
26 1058 E £ 7052 Group 4  none
20 1043 ] 2] 7053 Group 4 wtems: Muid-filled
8 1015 =1 E 7064 Group 4 none
14 103 o P 7056 Group 4 none
a5 1133 D o 7068 Group 4 none
&2 1145 B M 7057 Group 4 fione
4 1049 o o 7058 Group 4 none
16 1038 5] D 7059 Group 4 none
47 1049 P P 7080 Group 4 1gers, flulddidled
*Late diestrus/early proestrus 8
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Appendix Table 2

Surmmary Animal Data - Groups X and 4

Group 1 4
- Incidence || Incidence
Tissue/Diagnosis
Ovary {No. Examined) {15) {15)
Within normal iimits 14 14
Large atretic follicles 1 0
Luteinized follicles 0 1
Werus [No. Examined) {18) {15}
Within normal limits 15 15
Cervix (No. Examined) {15) {15}
Within normal limits 15 15
Vagina {No. Examined) (14) i {18)
Not examined 1 1]
Within normal limits 14 i5
Oviducts {No. Examined) ) {15) {15)
Within normal limits 15 15

882



Page 217
Study Number 44856

Product Safaty Labs Appendix Table 3

Study No: 44856 Individual Animal Data

Group 1
Animal Number (Group 1) | 7001 | 7002 | 7003 § 7004 | 7005 | 7005 | 7007 | 7008 | 7008 | 7010 | 7019 [ 7012 : 7013 : 7014 ; 7015
Bllnd sitde ID 3078 | 1074 | 1003 | 1087 : 1079 | 106t | 1023 | 1072 | 1006 | 1090 | 1013 | 1017 | 1005 i 1066 ] 1181
Tissue/iagnosis 1l e
Gvary T -

Wiihin normal limits Y Y Y Y Y Y . Y Y Y Y Y Y Y
_Large atretic foliicles i B.1
foteras ™ 3

Within norma! limits M Y Y Y Y Y Y Y Y ¥ ki Yoix
Vagina' —_—

Mot examned Y
“Within narma limits Y Y Y ¥ Y A4 Y Y Y Y Y Y Y Y
Cervix i i N

Within narmal limts i Y Y Y Y i Y ¥ Y Y Y Y Y Y Y Y Y
Estrous Cycle i . )

Stage P E P M LD M £ M 5] M [ M P M E
Nomal R Y Y Y ¥ Y Y Y Y hi Y Y Y Y Y
Oviduct f i

Within normal limits LY Y Y A o hd Y Y Y Y Y ¥ Y Y ¥

“ - Cne of pair present
Y - Present
B- Bilateral

*Late diestrus/early proestrus E -Estrus

' - Anterior vaging only D - Diestrus
M - Metestrus
P+ Proestrus

883



Page 218

Study Number 44856
Produsct Safety Labs Appendix Table 3
Study No: 44856 Individuat Animal Data
Group 4
Animal Number (Group 4) 7045 | 7047 3 Y048 ¢ 7049 | 7050 | 7051 ¢ 7052 | 7053 | V054 | V055 | 7056 | 7057 | 7058 i V059 | 7060
Blind slide I 1041 | 1076 3 1097 | 1264 | 1093 [ 1055 1058 | 1043 | 1095 | 1031 | 1133 [ 1115 | 1049 | 1038 | 1099
Tissue/Dlagnosis
Within normal fimits ¥ ¥ Y YUY A ¥ Y ¥ Y ¥ ¥
Luteinized follicles WBR L] . B
tterus o o
Within normal limits Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
vagina'
Wittin normal imiis ¥ Y ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ i v ¥ Y ¥
Cervix o
_wWithin normal ivnits Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Estrous Cycla
Stage [ E M o D P i E P E P Dr M D* D P
Normal Y Y Y Y Y Y i Y Y Y Y ¥ Y X Y ¥
Oviduct
Within norenal limits Y ¥ Y Y Y Y Y Y Y Y Y Y Y Y Y
*Late diestrus/early proestrus E-Estrus
- One of pair presemt AMinimal tssue unilateral 0 - Dicstrus
¥ - Present * Mininal tissue bilateral 4 - Motestrus
' - Anterior vagina only P « Proestrus

884



Annex 4



Product Safety Labs

STUDY TITLE

Soy Leghemoglobin Preparation :
Bacterial Reverse Mutation Test (Ames Test)

DATA REQUIREMENT

US FDA Toxicological Principles for the Safety Assessment of Food Ingredients,

Redbook 2000, IV.C. 1. 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.13/14

"Mutagenicity-Reverse Mutation Test using Bacteria”
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PERFORMING LABORATORY
Product Safety Labs
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Impossible Foods, Inc.
525 Chesapeake Dr.
Redwood City, CA 94063
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Product Safety Labs
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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, L50/44, 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 thoroughiy
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).

(b) (6)

2 \ o1 ‘ | ¢
Study Direcior: . Date: 1 2

Name of Signar; Mithila Shitur, BVSc & AH, MS

Name of Company: Product Safety Labs
(b) (6)
Sponsor:_ Date: \?_\:4"\k LP

Name of Signer:;@aM@SU——) % [/'\‘h

Name of Company: Impossible Foods, Inc.

(b) (6)
Submitter:__ Date: \')“\_‘7’\\ L/

Name of Signer: Q;g L;@ & Emggj . 2 SA\S b

Name of Company:_Impossible Foods. Inc.
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Product Safety Labs Study Number 42759
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:

Date Findings Reported To

QA Activity Date Conducted Study Director And
Management
Protocol review Aug 21,2015"; May 17, 2016 Aug 21, 2015; May 17, 2016

In-process inspection:
Test substance preparation of main Apr 12, 2016 Apr 12,2016
and confirmatory tests

In-process inspection:
Muain test colony counting of TA1535 Apr 29, 2016 Apr 29,2016
Raw data audit May 17,2016 May 17,2016
Draft report review May 17, 2016 May 17,2016

Final report reviewed by:

(b) (6)
Dec. 7, A/

Maryann @krzewski / O Date
Quality Assurance Audit '

Product Safety Labs

' 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 (FIFRA), OECD, EC Directive
STUDY NUMBER: 42759

SPONSOR: Impossible Foods, Inc.

TEST SUBSTANCE IDENTIFICATION:

525 Chesapeake Dr.
Redwood City, CA 94063

Soy Leghemoglobin Preparation
Lot #: PP-PGM2-16-015-101

DATE RECEIVED: January 27, 2016

PSL REFERENCE NO: 160127-7D

STUDY INITIATION DATE: March 29, 2016

DATES OF TEST: April 12 - April 29, 2016
NOTEBOOK NO.: 16-42759: pages 1-96

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
typhimuriwm (8. 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.

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 pg/plate corresponding to active component soy
leghemoglobin concentrations of 1.58, 5.0, 15.8, 50, 158, 500, 1580, 5000 pg/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.
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 refated to the characterization of the test substance was provided by
the Sponsor (see also Appendix B):

Composition: Soy Leghemoglobin - 6.74%'
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.

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 Date of Expiration
Substance Identification Lot No. CAS No. Receipt PSL 1D No. Date

. . 63508SA Mar 8, 2016 160308-5H Aug 5, 2017
Sodium Azide (NaNs} | ¢a505, | 20628228 | )\ 43 2016 | 160413-5H | Augs,2017
ICR 191 Acridine 6260ICR | 17070-45-0 | Mar8, 2016 160308-3H | Feb 23,2018
Daunomycin 2175DU | 20830-81-3 | Mar8, 2016 160308-2H Jun3, 2017
ey | 8201MS | 66:27-3 | Mar8,2016 | 1603084H | Nov6,2017
2-Aminoanthracene 6421AA 613-13-8 Mar 8, 2016 | 160308-1H Dec 2, 2017
(2-AA) 6425AA Apr 13,2016 | 160413-1H | Mar3], 2018

5. VEHICLE CONTROL SUBSTANCE

Sterile water was used as the vehicle control.

' 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%.
measurement. The value original value provided by lmpossible Foods was used to calculate study doses.

This is within an acceptable margin of error of the analytical
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6.

GENERAL TEST SYSTEM PARAMETERS
A. Test System Identification

Each of the S. typhimuritm and E. colf 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 Mutations Detected Nullfl);er Ex[;)i;?:ion
ST TA1535 his; rfa; uvrB Base-pair substitution 5107D Mar 17, 2018
ST TA1537 his; rfa; uvrB Frameshift 5100D Feb 04, 2018
ST TA98 his; rfa; uvrB; R-factor Frameshifi 5047D Aug 20,2017
STTAI100 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 of a 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 pKM101 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. fyphimurium (TA1535,
TA1537, TA98, TA100) and E. coli (WP2 uvrA) strains selected for use in this study.

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. 89 liver fraction was purchased from Molecular Toxicology, Inc., and
sourced from male Sprague-Dawley rats induced with phenobarbital and benzoflavone.

The 89 mix, freshly prepared on the day of use, was maintained on ice prior to and during use and
contained 5% v/v 89 fraction. The prepared S9 mix contained the following sterile cofactors
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(Maron & Ames, 1983): 8 mM MgCl;, 33 mM KCl, 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 1 x 10° 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
ug/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 (89). Appropriate dilutions were prepared using the solvents
listed below prior to testing,

Positive Control

Substan(:t.a Solvent Tester Strain A cl:;l:::iz;ﬁ(csg)
{Concentration)
S??siuﬁ g/?nzli()ie Sterile water Ti t]yg&l?: ; lg; 5 Absent
e e I I
?2810;% (Iil)n Sterile water S zyp’fhj\rggﬂum Absent
Methyl(;n;;tlhf;lrsgl fonate Sterile water Wgécl?\ﬁ' A Absent
2'A(Té%°§$zz‘;ene 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:

s 100 plL of the prepared test substance solutions, negative (vehicle) control, or prepared
positive control substance

» 500 pL S9 mix or substitution buffer
o 100 pL bacteria suspension (ST or EC)
e 2000 pL 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 Dose | Final Dose | Number of Replicates Numb.er
No. (ng/plate) -59 +S9 of Strains
Vehicle control 0 0 3 3 5
1 23,384 3 3 5
2 74 3 3 5
3 233.84 3 3 5
4 740 3 3 5
Test substance 5 73384 3 3 5
6 7400 3 3 5
7 23,384 3 3 5
8 74,000" 3 3 5
Positive control *B #8 3 3 5

*The OECD standard limit dose
® 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 pg/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-1t™). 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

895



Product Safety Labs Study Norcber 42759

10.

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 of Mutagenicity 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 normally 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:

o  The results for the test item showed a substantial increase in revertant colony counts, i.e.,
response MF > 2 far strains TA98, TA100, and WP2 uvrA or MF > 3 for strains TA1535
and TA1537, with mean value(s) outside the laboratory historical control range.
Otherwise, results were considered negative. '

o 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
tevel, 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.

STATISTICAL ANALYSIS

Product Safety Labs calculated means and standard deviations for all quantitative data collected.

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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1.

12,

MS. The primary scientist for this study was Anupama Dubey, BS, with contributions from
Kathleent Quinn, BS. This study was conducted to comply with the Good Laboratory Practice
{GLP) regulations as defined in:

e U.S.FDA GLP: 21 CFR 58, 1987
Which is compatible with:

* OECD Principles of GLP (as revised in 1997): ENV/MC/CHEM(98)17, OECD, Paris,
1698

» 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:

o US FDA Toxicological Principles for the Safety Assessment of Food Ingredients,
Redbook 2000, IV.C. 1. a. (2007)

» QECD Guidelines for Testing of Chemicals, Section 4 (Test No. 471):“Bacterial Reverse
Mutation Test" (1997)

« Commission regulation (EC) No 440/2008 B.13/14

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 Facitity Management are
presented in the Quality Assurance Statement,

AMENDMENTS TO THE PROTOCOL

1) Per sponsor request, to calculate the active ingredient in the test substance, Section 7A. 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:

Dose | Final Dose | Number of Replicates | Number
Treatment No. (pg/plate) -59 p+89 of Strains
Vehicle control 0 0 3 3 5
1 23.384 3 3 5
2 74 3 3 5
3 233.84 3 3 5
4 740 3 3 5
Test substance 5 5338.4 3 3 5
6 7400 3 3 5
7 23,384 3 3 5
8 74,000* 3 3 5
Positive control *B 0 3 3 5

*The OECD standard lmit dose
® Dose depends on the test organism and the positive control
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13.

14,

15.

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 ot number will be changed to:

Test article name - Soy Leghemoglobin Preparation
Active ingredient - Soy Leghemoglobin
Lot #: PP-PGM2-PP-PGM2-16-015-101

throughout the protocol in all applicable places as per the GLP-Certificate of Analysis,

DEVIATIONS FROM THE PROTOCOL

None.

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.

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 89 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 TA1535, TA1537, TA98 , TA100 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.

17.

CONCLUSION

Based on these findings and on the evaluation system used, Soy Leghemogiobin Preparation did
not elicit evidence of bacterial mutagenicity in the Ames assay.

REFERENCES

Ames, B. N., Durston, W. E., Lee, F. D., & Yamasaki, E. (1973). Carcinogens are mutagens: a
simple fest system combining liver homogenates for activation and bacteria for detection.
Proceedings of the National Academy of Sciences, Vol. 70 (No. 8), 2281-2285.

Gatehouse D (2012). Bacterial mutagenicity assays: test methods. Methods in Molecular
Biology, Vol. 817 21-34.

Maron, D. M., & Ames, B. N. (1983). Revised methods for the Salmonella mutagenicity test.
Mutation Research, 113, 173-215.

Mortelmans, K., & Zeiger, E. (2000). The Ames Salmonella/microsome mutagenicity assay.
Mutation Research, 455, 29-61).

U.S. Department of Health and Human Services, Public Health Service, Centers for Disease

Control and Prevention & National Institutes of Health. (2009). Biosafety in Microbiological and
Biomedical Laboratories (5th ed.). HHS Publication No. (CDC) 21-1112.

899



(b) (6)



Product Safety Labs

Page 16 of 28

Study Number 42759

TABLE 1A: REVERTANT COLONY COUNTS — TA 1535

Plate Incorporation Method - Main Test

Revertant Colonies per Plate

TA1S35 Without Activation (-39) With Activation (+S9) Mutation Factor
Treatment Dose* Counts | Mean SD Counts Mean SD -59 +89
(ng/plate)
20 13
Sterile Water N/A 16 18 2.1 10 13 2.5 1.00 1.00
19 15
il 14
Test Substance 23.384 10 9 2.1 11 11 35 0.50 0.85
7 7
7 14
Test Substance 74 18 12 5.5 15 14 0.6 0.67 1.08
12 14
9 16
Test Substance 233.84 9 10 1.7 10 13 31 0.56 1.00
12 12
16 10
Test Substance 740 11 12 4.0 9 9 1.0 0.67 0.69
g 8
11 14
Test Substance 23384 14 12 1.7 10 13 2.3 0.67 1.00
11 14
4 12
Test Substance 7400 11 11 7.0 10 11 1.0 0.61 0.85
18 11
18 14
Test Substance 23384 18 15 52 8 10 38 0.83 0.77
9 7
11 12
Test Substance 74000 11 12 1.2 16 13 31 0.67 1.00
13 10
557
Sodium Azide 1.5 564 567 11.8 - 31.50 -
580
328
2-AA 10 - 331 333 5.7 - 25.62
339

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 pg/plate.
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TABLE 1B: REVERTANT COLONY COUNTS — TA 1535
Pre-Incubation Method - Confirmatory Test

Revertant Colonies per Plate .
TA1S3S Without Activation (-89) | With Activation (+59) Mutation Factor
Treatment Dose * Counts | Mean SD Counts Mean SD -89 +89
(ng/plate)
15 9
Sterile Water N/A 12 13 2.1 12 11 1.5 1.00 1.00
11 11
12
Test Substance 74 16 15 2.6 15 11 3.6 1.15 1.00
17 10
12
Test Substance 7.4 9 11 2.1 7 10 3.6 0.85 0.91
13 14
19 9
Test Substance 233.84 11 6 4.2 13 10 2.6 1.23 0.91
17. 8
12 9
Test Substance 740 11 3] 0.6 11 10 1.2 0.85 0.91
1 i1
17 11
Test Substance 23384 8 13 4.7 4 3 3.6 1.00 0.73
15 9
15 13
Test Substance 7400 7 11 4.0 9 12 2.6 0.85 1.09
11 14
6 9
Test Substance 23384 5 7 2.1 8 10 2.1 0.54 0.91
9 12
6 14
Test Substance 74000 14 12 53 11 11 2.5 0.92 1.00
16 9
547
Sodium Azide 1.5 607 585 32.8 - 45.00 -
600
275
2-AA 10 - 279 275 3.5 - 25.00
272

N/A = Not applicable

* Test substance levels correspond to active component soy leghemoglobin concentrations 1.58, -
5.0, 15.8, 50, 158, 500, 1580, 5000 pg/plate.
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TABLE 2A: REVERTANT COLONY COUNTS - TA 1537

Plate Incorporation Method - Main Test
Revertant Colonies per Plate .
TA1537 Without Activation (-S9) | __ With Activation (+S9) Mutation Factor
Treatment (fg?;f_&:e) Counts | Mean sSD Counts Mean Sp -89 +89
12 9
Sterile Water N/A 13 13 0.6 10 12 4.9 1.00 1.00
13 18
9 13
Test Substance 23.384 9 10 2.3 13 14 1.2 0.77 1.17
13 15
9 10
Test Substance 74 15 11 3.5 16 14 32 0.85 1.17
9 15
11 10
Test Substance 233.84 12 11 0.6 17 14 3.5 0.85 1.17
11 14
11 g
Test Substance 740 18 13 4.0 8 10 29 1.00 0.83
il 13
10 14
Test Substance 23384 11 11 0.6 14 14 0.6 0.85 117
i1 15
9 7
Test Substance 7400 9 9 0.6 6 2 3.2 0.69 0.67
8 12
6 8
Test Substance 23384 7 7 0.6 11 10 1.7 0.54 0.83
7 11
8 12
Test Substance 74000 7 3 1.5 10 13 3.6 0.62 1.08
i0 17
520
ICR 191
. 1 450 506 50.9 - 38.92 -
Acridine 549
410
2-AA 10 - 370 393 20.7 - 3275
399

N/A = Not applicable

* Test substance levels correspond to active component soy leghemoglobin concentrations of
1.58, 5.0, 15.8, 50, 158, 560, 1580, 5000 pg/plate.
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TABLE 2B: REVERTANT COLONY COUNTS - TA 1537

Pre-Incubation Method - Confirmatory Test
Revertant Colonies per Plate .
TA1837 Without Activation (:89) | With Activafion (759) Mutation Factor
Treatment Dose * Counts | Mean sSD Counts Mean SD -59 +89
{ug/plate)
7 3
Sterile Water N/A 9 3 1.0 13 12 3.2 1.00 1.00
8 14
9 15
Test Substance 23.384 13 13 4.5 20 17 2.5 1.63 1.42
18 17
24 19
Test Substance 74 13 17 6.4 13 15 3.5 2.13 1.25
13 13
6 10
Test Substance 233.84 10 8 2.1 il 12 2.6 1.00 1.00
7 15
9 5
Test Substance 740 6 11 6.2 6 8 4.4 1,38 0.67
18 13
10 9
Test Substance 23384 9 8 2.6 11 11 1.5 1.00 0.92
5 12
9 11
Test Substance 7400 7 10 3.6 10 10 1.0 1.25 0.83
14 9
10 14
Test Substance 23334 10 12 2.9 20 14 6.5 1.50 1.17
15 7
14 18
Test Substance 74000 13 14 1.0 13 16 2.5 1.75 1.33
15 16
5486
R 1 5640 | 5530 | 95.6 : 69125 | -
5465
351
2-AA 10 - 389 381 27.3 Lo 31.75
404

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 pg/plate
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TABLE 3A: REVERTANT COLONY COUNTS -~ TA 98

Plate Incorporation Method - Main Test

Revertant Colonies per Plate

TA%S Without Activation (-S9) With Activation (+59) Mutation Factor
Treatment Dose * Counts | Mean SD Counts Mean SD -89 +59
(ng/plate)

25 23

Sterile Water N/A 27 25 1.5 32 27 47 1.00 1.00
24 25
26 24

Test Substance 23384 23 24 1.7 28 26 2.1 0.96 0.96
23 25
21 21

Test Substance 74 20 20 0.6 23 23 2.0 0.80 0.85
20 25
21 29

Test Substance 233.84 28 23 4.0 25 28 2.6 0.92 1.04
21 30
20 27

Test Substance 740 24 22 2.1 25 27 2.0 0.8% 1.00
23 29
20 27

Test Substance 23384 23 20 2.5 26 26 0.6 0.80 0.96
18 26
20 30

Test Substance 7400 25 22 2.5 24 25 5.0 0.88 0.93
22 20
25 18

Test Substance 23384 26 26 0.6 17 19 2.1 1.04 0.70
26 21
23 30

Test Substance 74000 20 23 35 23 28 4.7 0.92 1.04
27 32

809
Daunomycin 6 815 801 15.9 - 32.04 -
778
2786
2-AA 10 - 2471 2634 157.8 - 97.56
2644

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 pg/plate
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TABLE 3B: REVERTANT COLONY COUNTS -TA 98

Pre-Incubation Method - Confirmatory Test
Revertant Colonies per Plate .
TAS8 Without Activation (-S9) Wit Actieaion 759) Mutation Factor
Treatment Dose * Counts | Mean SD Counts Mean SD -89 +89
{pLe/plate)

21 22

Sterile Water NfA 23 21 1.5 28 26 38 - 1.00 1.00
20 29
24 24

Test Substance 23.384 21 22 1.5 24 25 1.2 1.05 0.96
22 26
27 26

Test Substance 74 22 21 6.6 25 29 6.1 1.00 1.12
14 36
18 21

Test Substance 233.84 22 19 2.6 23 23 2.0 0.20 0.88
17 25
24 22

Test Substance 740 28 28 3.5 23 22 0.6 1.33 0.85
31 22
23 21

Test Substance 23384 23 21 29 29 25 4.0 1.00 0.96
18 25
19 29

Test Substance 7400 23 21 2.0 25 28 23 1.00 1.08
21 29
26 31

Test Substance 23384 22 22 4.0 19 7 26 6.1 1.05 1.00
18 27
25 25

Test Substance 74000 19 24 4.6 35 30 5.0 1.14 1.15
28 29

305
Daunomycin 6 320 309 9.6 - 14.71 -
302
2344
2-AA 10 - 2637 2446 165.8 - 94.08
2356

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 pg/plate
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TABLE 4A: REVERTANT COLONY COUNTS ~TA 100

Plate Incorporation Method - Main Test
Revertant Colonies per Plate .
TA100 Without Activation (-9) it Activaiion (F55) Mutation Factor
Treatment | ,2°°" | Counts | Mean | SD | Counts | Mean | SD | -89 +59
(pgfplate)
98 128
Sterile Water N/A 99 103 7.8 109 119 9.6 1.00 1.00
112 121
91 110
Test Substance 23384 a5 98 9.5 97 106 8.1 0.95 0.89
109 112
93 114 7
Test Substance 74 87 91 32 108 109 4.6 0.88 0.92
92 105
81 97
Test Substance 233.84 108 97 14,4 119 102 15.1 0.94 0.86
103 90
83 104
Test Substance 740 93 89 5.1 118 108 8.7 0.86 0.91
90 102
94 91 :
Test Substance 2338.4 93 98 6.7 95 94 3.1 0.95 0.79
106 97
102 96
Test Substance 7400 92 96 3.5 103 99 3.5 0.93 0.83
93 09
103 103
Test Substance 23384 94 97 5.5 109 107 3.2 0.94 0.90
93 108
97 90
Test Substance 74000 g5 100 7.0 106 101 9.5 0.97 0.85
108 107
509
Sodium Azide 1.5 508 503 5.5 - 4.90 -
499
2372
2-AA 10 - 3010 2830 400.0 - 23.78
3109

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 pg/plate

907



Product Safety Labs Study Nercoer 42755

TABLE 4B: REVERTANT COLONY COUNTS ~TA 100

Pre-Incubation Method - Confirmatory Test

Revertant Colonies per Plate .
TA100 Without Activation (-89) With Activation (+59}) Mutation Factor
Treatment Dose * Counts | Mean SDh Counts Mean SD -39 +89
{(ne/plate)
106 120
Sterile Water N/A 112 103 10.3 124 120 4.5 1.00 1.00
92 115
94 91
Test Substance 23.384 85 89 4.7 104 o8 6.5 0.86 0.82
87 98
80 105
Test Substance 74 84 86 7.2 102 106 4.0 0.83 0.88
94 110
113 88
Test Substance 233.84 90 96 14.6 114 104 14.0 0.93 0.87
86 110
108 117
Test Substance 740 101 101 7.0 165 110 6.1 0.98 0.92
94 109
87 93
Test Substance 23384 100 04 6.6 80 92 11.1 0.91 0.77
95 102
94 90
Test Substance 7400 72 81 11.4 81 89 7.5 0.79 0.74
78 96
107 90
Test Substance 23384 91 05 10.2 105 98 7.5 0.92 0.82
88 99
97 113
Test Substance 74000 106 96 10.0 116 111 6.2 0.93 0.93
86 104
517
Sodium Azide 1.5 335 524 g.5 - 5.09 -
521
2426
2-AA 10 - 2607 2500 94,7 - 20.83
2468

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 pg/plate
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TABLE 5A: REVERTANT COLONY COUNTS — EC WP2 uvrA

Plate Incorporation Method -~ Main Test
. Revertant Colonies per Plate .
E. Coli WP2 uvrA Without Activation {-89) With Activation (+59) Mutation Factor
Treatment Dose * Counts | Mean SD Counts Mean SD -S9 +89
(ug/plate)
37 60 .
Sterile Water N/A 36 40 5.5 40 52 10.4 1.00 1.0¢
46 55
52 44
Test Substance 23384 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 43 101 1.15 0.83
44 44
43 54
Test Substance 2338.4 42 45 44 52 45 13.3 * 113 0.87
50 30
52 50
Test Substance 7400 43 41 11.6 54 57 83 1.03 1.10
29 66
47 50
Test Substance 23384 42 46 36 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
19
2-AA 10 - 99 113 12.2 - 217
21

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 pg/plate
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TABLE 5B: REVERTANT COLONY COUNTS - EC WP2 uvrA

Pre-Incubation Method - Confirmatory Test
. Revertant Colonies per Plate \
E. Coli WF2 uvrA Without Activation (-89) W?th Activation (+59}) Mutation Factor
Treatment Dose * Counts | Mean SD Counts Mean SD -89 +89
(ng/plate)
30 46
Sterile Water N/A 37 34 38 42 41 5.6 1.00 1.00
36 35
45 55
Test Substance 23384 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 4] 4] 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 2.5 357 373 252 - 10.97 -
402
130
2-AA 10 - 120 19 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 pg/plate
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APPENDIX A: HISTORICAL CONTROL DATA

Plate Incorporation Method - Revertants Per Plate

Strain Treatment (ngJ)::lS:te) S% | Mean SD Min | Max
TA1535 Sodium Azide 1.5 - 618 91 359 1192
TA1537 ICR 191 Acridine 1 - 1136 1437 119 6388

TA98 Daunomycin 6 - 938 343 350 1500
TA100. Sodium Azide 1.5 - 600 126 394 1003
E. Coli MMS 2.5 - 634 101 386 846
TA1535 2-AA 10 + 267 86 85 636
TA1537 2-AA 10 + 280 99 42 542

TA98 2-AA 10 + 2321 971 83 3915
TA100 2-AA 10 + 2377 806 976 4169
E. Coli 2-AA 10 + 125 30 63 196
TAI1535 Sterile Water N/A - 13 2 7 21
TA1537 Sterile Water N/A - 12 4 6 25

TA98 Sterile Water N/A - 28 8 16 49
TA100 Sterile Water N/A - 130 16 104 155
E. Coli Sterile Water N/A - 45 7 29 57
TA1535 Sterile Water N/A + 13 1 9 20
TA1537 Sterile Water N/A + 15 3 8 28

TASS Sterile Water N/A + 29 5 18 40
TA100 Sterile Water N/A + 145 14 116 170
E. Coli Sterile Water N/A + 59 13 31 81

" Historical Data maintained by PSL from 2015,
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APPENDIX A (cont.): HISTORICAL CONTROL. DATA'

Pre-Incubation Method - Revertants Per Plate

Strain Treatment Dose S9 | Mean | SD | Min | Max
(ug/plate)
TA1535 Sodium Azide 1.5 - 622 71 478 831
TA1537 ICR 191 Acridine 1 - 3227 1227 875 5700
TA98 Daunomycin 6 - 602 345 146 1227
TA100 Sodium Azide 1.5 - 539 166 138 904
E. Coli MMS 2.5 - 509 143 313 808
TA1535 2-AA 10 + 293 64 64 30
TA1537 2-AA 10 + 260 107 112 541
TAS8 2-AA 10 + 2384 938 506 | 3530
TA100 2-AA 10 + 2388 583 1308 | 3620
E. Coli 2-AA 10 + 128 29 60 188
TA1535 Sterile Water N/A - 16 3 8 23
TA1537 Sterile Water N/A - 14 5 5 23
TA98 Sterile Water N/A - 29 7 14 46
TA100 Sterile Water N/A - 118 18 83 143
E. Coli Sterile Water N/A - 46 10 30 67
TA1535 Sterile Water N/A + 12 2 8 19
TA1537 Sterile Water N/A + 14 5 6 26
TA98 Sterile Water N/A + 35 7 23 50
TA100 Sterile Water N/A + 125 16 88 147
E. Coli Sterile Water N/A + "~ 53 9 36 76

' 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-PGM2-16-015-101
PSL Reference No.: {60809-3D
Date of Analysis: September |, 2016

Result:

Soy Leghemoglobin — 6.68%

(b) (6)

&
Approval: / /’ ?/’ A &
David Sinning / Date

Analytical Services
Product Safery Labs

(b) (6)

QA Release: 7 So»gb\‘{_ 201t
Rhonda Krick, B.S. Date
Quality Assurince
Product Safety Labs

This material was analyzed in compliance with Good Laboratery Practice (40 CFR 160} standurds.
Data are reported in PSL GLP Study No. 43974

PRODUCT SAFETY LARS 7IHAE-5150
2394 1S5 Highway 130 osgpproducisaietddby o
Gayton, N..l'9 Dan,t'n waw fochicisafedyliba com

usa
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4, Preface

4.1. Abbreviations

Art. Artikel {arficle)

ATCC American Type Culture Collection

BGBL Bundesgesetzblatt (Federal Law Gazette)
Brdl 5-bromo-2-deoxyuridine

bw body weight

CA chromosome aberration

CPA cyclophosphamide

DNA desoxyribonucleic acid

e.q. exempli gratia {for example)

eC European Commission

EMS ethylmethanesulfonate

EPA Environmental Protection Agency

FBS fetal bovine serum

GLP Good Laboratory Practice

GmbH Gesellschaft mit beschrankter Haftung {company with fimited liability)
ie. id est (that is)

KCl potassium chloride

NADP nicotinamide adenine di-phosphate

No. number

CECD 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

viv volume per volume

The following abbreviations are used in the tables with structural chromosomal aberrations:

alig 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/ib break / iso-break

frif fragment / iso-fragment

d/id deletion / isc-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

cX chromosome type exchange

cd chromosomal disintegration (pulverisation)
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5. Quality Assurance

51. 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 promuigated on August 28, 2013 (BGBI. | 5. 3498) [1].

Konsens-Dokument der Bund-Lander-Arbeitsgruppe Gute Laborpraxis (“Consensus Document of
the Naticnal and Lander Working Party on Good Laboratory Practice®) on the archiving and storage
of records and materials, 5 May 1988 [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
BDevelopment, Paris 1998 [3].

The QECD 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 andfor 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 Eurcfins 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.10: “Mutagenicity — /n vifro Mammalian Chromosome
Aberration Test’, dated May 30, 2008 [5].

53. 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 accerding 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 spensor'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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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 [} and 24 h without metabolic
activation {(experiment [). 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|

Without and with metabolic activation, 4 h treatment, 24 h preparation interval:

500, 1000, 2500 and 5000 pg/mk

Experiment Il

Without metabolic activation, 24 h treatment, 24 h preparation interval:

100, 200, 500 and 1000 yg/mL

In experiment | and 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 Il, precipitation occurred in the concentrations 500 pg/mL and higher during the
fixation of the cells. In contrast to experiment |, 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 | without metabolic activation, toxic effects (decrease below 70% rel. mitotic index)
were seen at concentrations of 1000 pg/ml. (69%), 2500 pg/mL (56%) and 5000 pg/mL (54%) (Table
5). In experiment | with metabclic activation no toxic effects (decrease below 70% rel. mitotic index)
were observed.

In experiment t without metabolic activation, toxic effects regarding the mitotic index were noted in
the concentrations 500 pg/mL {69%), 1000 pg/mL (53%), 2000 pg/mt (26%), 3000 pg/mL {13%},
4000 yg/mL (38%) and 5000 pg/mL (42%) (Table 7). However, only concentrations up to 1000 pg/mi
were evaluated for chromosomal aberrations, as precipitation was noted from concentrations of
500 ug/ml and higher.

In experiment |, no biologically relevant decreases of the proliferation index was observed. In
experiment Il, a concentration-dependent cell cycle delay was detected. As cytotoxicity was
determined at the evaluated concentrations without any increase in chromosome aberrations, the
celi cycle delay seemed to be cytotoxicity related.

In experiment | without metabolic activation, aberration rates of 500 pyg/mL (4.0%), 1000 pg/mL
(4.3%) and 2500 pg/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 staiement is in line with the result of the highest tested
concentration of 5000 pg/mL (1.7%), which is within the historical control data. Reduced clastogenic
effects due to cytotoxicity in the highest test item concentration of 5000 pg/mL (rel. mitotic index
54%) can be excluded as for the [ower concentration of 2500 pg/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 pg/mk and 1.7% aberrant cells at 5000 pg/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 | without metabolic activation, the test item Soy Leghemoglobin
Preparation did not induce structural chromosomal aberrations in human lymphocytes.

In experiment | 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 ug/mL) is slightly above the control range with 4.3% of chromosomal aberrations
(Table 8). However, as the negative control is at the upper limit of the historical control data and test
item concentrations 2500 pg/mL (2.0%) and 5000 pg/mL (2.7%) are within the control data and no
dose dependent increase or a frend towards higher aberration rates is obvious, this effect is
regarded as not biologically refevant.

In experiment [l, 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 | and 1l 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 y* Test for frend 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 800 pg/mL) and CPA (7.5 pg/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 |, without and with metabolic activation

. Mean % Historical o
GDose Conce?trﬁtion 'ﬁilta;;;'ce Prollif:ration Aberrant Cells L;l;;;it‘? ;y !:retz_cipg- sggiti'f%al
roup|  [pgimi] Index [%] ndex e — Control ation cance
Gaps Gaps Range
C 0 100 1.16 5.7 3.3 - -
without 2 500 86 / 6.0 4.0 - -
4 htreatment, |5 1000 69 / 73 | 43 |o0o%-30% :
24h aberrant
preparation 4 2500 56 { 6.0 4.0 cells - -
interval 5 5000 54 1.09 6.7 1.7 . -
EMS 800 63 ! 18.5 16.0 - +
h C 0 100 1.12 7.7 3.7 - -
wit
4 h treatment, 3 1000 111 / 7.3 43 1 oo%-37% . .
24 h 4 2500 83 / 5.0 2.0 aberrant - -
preparation {5 5000 105 1.07 5.0 2.7 cell -
interval
CPA 7.5 88 f 18.5 15.5 - +

Less than 300 cells were evaluated for chromosome aberration of the positive 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: Ethylmethanesuifonate

a - without precipitation. + with precipitation
b: statistical  significant increase compared to negative controls (Fishers exact test, p<0.05),
+: significant; -not significant
Table 2: Summary; Experiment Il, without metabolic activation
Mean % Historical
. Relative . . Laborato - Statistical
gose Conce?trftlon Mitotic Prolllfsratton Aberrant Cells Negativ;y I’t;flep:- Signifi-
roup [ng/mL] Index [%)] ndex - Control son canceh
incl., excl. Range
Gaps Gaps
c 0 100 1.66 4.3 2.3 - -
out 1 100 87 / 60 | 27 } i
treatment, 2 200 95 / 6.7 3.3 0.0%- 4.2% - -
h aberrant
24 : 3 500 69 1.23 3.3 2.0 cells " .
reparation
P in!:erval 4 1000 53 1.12 3.3 2.0 + -
EMS 400 43 ! 51.3 54.7 - +
Less than 300 cells were evaluated for chromosome aberration of the positive control EMS (75 cells)
The mitotic index was determined in 1000 cells per culture of each test group.
The relative values of the mitolic index are related to the negative controls.
C: Negative Control (Culture Medium)
PA: 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 vifro chromosomal aberration test and
under the experimental conditions reported, the test item Soy Leghemoeglobin 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 abermration {(CA) fest 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 & 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 smalt 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 disecases and there is
substantial evidence that these changes including oncogenes and tumor suppressor genes are
involved in cancer in humans and experimentat 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/mlL, 2 pL/mL
or 10 mM, whichever is the lowest. When the test chemical is not of defined compositicn, 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 structural 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 / 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] adopied 26 September, 2014 — recommends using a variety of
cell lines er primary cell cultures (e.g. Chinese hamster fibroblasts, human or other mammalian
peripheral blocd 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 Aberraticn 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 ltem

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: 6.5-85

Active Component: 6.74% Soy Leghemoglobin

Purity: no data

Expiry Date: not applicable

Storage Conditions: -2010-80 °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 originai value
of 6.74% Soy Leghemoglobin provided by Impossible Foods', 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.

! A GLP Certificate of Analysis was prepared by PSL (from PSL study numbers 43970 for the active ingredient) and gave a Pescent Soy
Leghemoglobin of 6.68%. 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. BCBQO451V

Dissolved in nutrient medium

Final concentrations 400 and 900 ug/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 Eurcfins 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 ug/ml

CPA displays a good stability at room temperature. At 25 °C only 3.5% of its potency is lost after
24 h [10]. 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 denors with no known recent
exposure to genctoxic 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
vatiability.

Bilood 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
RPM! 1640 medium supplemented with:

15 % fetal bovine serum (FBS)
100 UMO0  pg/mL penicillin/streptomycin solution
024 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 atmaosphere with 5% COs.

10.4.3. Mammalian Microsomal Fraction $9 Homogenate

An advantage of using in vifro 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 metabelic 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 (89 mix).

The S9 liver microsomal fraction was obtained from Trinova Biochem GmbH, Giessen, Germany.
Male Sprague Dawley rats were induced with phenobarbital / B-naphthoflavone.

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 fyphimurium
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[alanthracene
- the chromosome aberration assay using cyclophosphamide

A stock of the superatant containing the microsomes was frozen in aliquots of 5 mL and stored at <
-75 °C.

The protein concentration in the 89 preparation (Lot: 3513) was 42 mg/mL.

10.4.4. 59 Mix

An appropriate quantity of the S9 supernatant was thawed and mixed with S8 cofactor solution to
result in a final protein concentration of 0.75 mg/mL in the cultures. The final percentage of S8 mix in
cell culture medium is 5% viv.

Cofactors were added to the S9 mix to reach the concentrations below:

8 mM  MgCl,

33 mM  KCI

5 mM  Glucose-6-phosphate
5 mM NADP

in 100 mM sodium-phosphate-buffer pH 7.4. During the experiment the S8 mix was stored on ice.
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10.5. Experimental Design

10.5.1. Culture Initiation

In the culture vessels 500 uL 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 yg/mL. The highest
dose group evaluated in the pre-experiment was 5000 ug/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 pg/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 | and ||

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.

o | . Concentrations in pg/mL
Mix |intervai | interval

Experiment |
- 4h 24 h 200 500 1000 2500 5000
+ 4h 24 h 200 500 1000 2500 5000
Experiment [

- | 24n [ 24n | 100 | 200 | so00(P)[1000(P)]2000(P)]3000 (P)]4000 (P) 5000 (P)

Evaluated experimental points are shown in bold letters
P Precipitation was observed during preparation of the cells

10.6. Experimentai Performance

10.6.1. Treatment
Experiment |
‘Short-term exposure 4 h (without and with S9 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 ulL/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 celis 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 I}
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 S8 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 ug/mL).
The cultures were harvested by centrifugation 24 h after beginning of treatment. The supematant
was discarded and the cells were resuspended in approximately 5 mL hypctonic solution (0.4% KCi).
The cell suspension was incubated at room temperature for 20 min. After removal of the hypotonic
solution by centrifugation the celis 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®. 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,
paraliel 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 cuiture. The proliferation index (Pl} was calculated at time
point of preparation as:

1 (% cellsin M1) + 2 (% cells in M2) + 3 (% cells in M3)

PI= 700

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 Industrie, Cytogenetik” [11]) using microscopes with 100x oil immersion
objectives. As strucitural chromosomal aberrations breaks, fragments, deletions, exchanges and
chromosomat 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
(oceurring 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 / is considered acceptable for addition to the |aboratory
historical negative control database.

- concurrent positive contrals should induce responses that are compatible with those generated
in the historical positive confrol data base and produce a statistically significant increase
compared with the concurmrent negative controi

- 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

Adeguate number of celis 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,
) 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,
¢) 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 lymphacyte 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-Hither
Report:

Study Director Christine Tiessen
Reason:

Project handover

e Concerning:

Test item name (study plan, p. 1}
Study Plan:

Leghemoglobin
Report:

Soy Leghemoglobin Preparation
Reason:

Spoensor's request

+ Concerning:

7.1 Characterisation of the Test Item (study plan, p.11)

Study Plan:

Active Component: 6.74% Leghemoglobin
Report:

Active Component: 8.74% Soy Leghemoglobin
Reason:

Sponsor's request

These deviations did not influence the quality or integrity of the present study.
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12. Resuits and Discussion
12.1. Results

12.1.1. Pre-Experiment for Toxicity

According to the guidelines the highest recommended concentration was 5000 pgfmL 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 yg/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).

Table 4: Test for Cytotoxicity

Dose Concentration
Group [ng/mL]

Mitotic Index
relative

[%]

without metabolic activation

C 0 28.5
1 10 37.5
2 50 25
3 100 29
4 250 27
5 500 30.5
6 1000 28.5
7 2000 25
8 3000 20
9 4000 25
10 5000 25.5

100
132
88
102
95 -
107
104
88
70
88
89

with metabolic activation

C 0 52.5
1 10 455
2 50 54.5
3 100 44 5
4 230 51
5 500 37
6 1000 48
7 2000 26
8 3000 41
9 4000 35.5
10 5000 36

100
87
104
85
97
70
91
50
78
68
69

The mitotic index was determined in 1000 cells per culture of each test group.

The relative values of the mitotic index are refated to the negativ control.

C: Control
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12.1.2. Summary of Experiment | and Experiment |

Table 8: Experiment | - Summary of Cytotoxicity Data

Mitotic Index
Culture relative
1 2 Mean 1 2 Mean [%d]

Dose Concentration Polyploid Cells
Group [pg/ml]

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 b4
EMS 200 0 0 G 37 13 25 63
with metabolic activation
c 0 0 0 0 39 37 38 100
3 1000 0 0 o 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 detenmined 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 Cantrol (Cuiture Medium)

EMS: Ethylmethanesulfonate
CPA: Cyclophosphamide
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Table 6: Experiment | — Summary of Aberration Rates

Dose Com_:en- Treatment Fixation mean %aberrant cells
Group tration Time Interval
[gimi] incl. Gaps excl. Gaps
without metabolic activation
C 0 4 h 24 h 5.7 3.3
2 500 4h 24 h 6.0 4.0
3 1000 4 h 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 200 4h 24 h 18.5 16.0
with metabolic activation
C 0] 4h 24 h 7.7 3.7
3 1000 4 h 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 positive 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 Il - Summary of Cytotoxicity Data

Mitotic Index
Culture relative
1 2 Mean 1 2 Mean [%]

Dose Concentration Polyploid Cells
Group [ug/mi]

without metabolic activation

c 0 0 0 0 59 61 60 100

1 100 1 0 0.5 53 51 52 87

2 200 0 b o 54 60 57 95
3 (P 500 0 G 0 40 43 42 69
4(P) 1000 0 G 0 22 4 32 53
5(P) 2000 nd nd n.d 15 16 16 26
& (P) 3000 nd nd n.d 8 8 8 13
7(P) 4000 nd nd nd 27 19 23 38
8P 5000 nd nd nd 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 detenmined 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

nd: not determined

P: Precipitation

Table 8: Experiment Il - Summary of Aberration Rates

Dose Concfen- Treatment Fixation mean %aberrant cells
Group tration Time Interval
[ug/mi] incl. Gaps  excl. Gaps
without metabolic activation
C 0 24 h 24 h 4.3 2.3
1 100 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 | - Proliferation Index determined by BrdU-Labeling

Dose G (:tont?en- Treatment Proliferation 1. 2. 3.
ose Lroup ration Time Index Mitosis Mitosis Mitosis
[kg/mL]

without metabolic activation

c 0 4h 1.16 84 16 0

5 5000 4 h 1.09 91 8 0
with metaholic activation

C o 4 h 1.12 88 12 o

5 5000 4 h 1.07 83 7 0

C: Negative Control (Culture Medium)

Table 10: Experiment Il - Proliferation Index determined by BrdU-Labeling

Concen-
Dose Group trrj:tion Treatment Proliferation 1. 2. 3.
Time Index Mitosis Mitosis Mitosis
[ug/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)
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12.2. Biometry

Statistical significance at the 5% level {p < 0.05) was evaluated by the Fischer's exact test. 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 |, without metabolic activation
Negative
Control .
Concentration | Treatment | Aberrant Cells -
v$;sstis fugimL] Time [h] (excl. gap) Significance | p Value
Group
Cc 0 4 10 - 1.0000
2 500 4 12 - C.8286
3 1000 4 13 - 0.6716
4 2500 4 12 - 0.8286
5 5000 4 5 - 0.2956
EMS 900 4 32 + <0.0001
+: significantly increased
- not significant
EMS: Positive Control (Ethylmethanesulfonate)
Table 12: Biometry - Experiment 1, with metabolic activation
Negative
Control .
Concentration | Treatment | Aberrant Cells A
v$:3551:s fugimL] Time [h] (excl. gap) Significance | p Value
Group
C 0 4 11 - 1.0000
3 1000 4 13 - 0.8355
4 2500 4 8 - 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 -
V$Lssl:s [ug/mL] Time [h] (excl. gap) Significance | p Value
Group
Cc ] 24 7 - 1.0000
1 100 24 - 1.0000
2 200 24 10 - 0.6240
3 500 24 6 - 1.0000
4 1000 24 6 - 1.0000
EMS 400 24 41 + <0.0001
+ significantly increased

- not significant

EMS: Positive Contral (Ethylmethanesulfonate)

Table 14:

Biometry — Trend test

Statistical significance at the 5% level (p < 0.05) was evaluated by the 32 test for trend. The p value
was used as a limit in judging for significance levels.

Experiment Treatment Time [h} Significance P Value
Exp. | without
metabolic activation 4 - 0.1222
Exp. | with metabolic
activation 4 - 0.2315
Exp. Hl without
metabolic activation 24 - 0.4083

+: significant
- not significant

Statistical significance: statistical significant concentration-related increase in cells with chromosomal aberrations

{x?® 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 | and |l 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 [) was 4 h without and with metabolic
activation. The treatment interval in experiment |l was 24 h without metabolic activation. Duplicate
cultures were set up per concentration in experiment | and |ll. 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 ug/mL

Experiment | {duplicate culture)

Without and with metabolic activation, 4 h treatment, 24 h preparation interval;
500, 1000, 2500 and 5000 pgiml

Experiment Il (duplicate culture)

Without metabolic activation, 24 h treatment, 24 h preparation intervai:

100, 200, 500 and 1000 ug/mL

12.3.1. Precipitation

In the pre-experiment and experiment | 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 il precipitation occurred in the concentrations 500 ug/mL and higher during the fixation
of the cells. In contrast to experiment [, 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 pg/mL,
4000 pg/mL and 5000 ug/mL led to a reduction of the mitotic index to 50%, 68% and 69%,
respectively. Given that the mitotic index of the concentration 3000 pg/mL was 78%, the decrease
induced by the concentration 2000 pg/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 refevant. However, the highest concentrations 4000 pg/mL
and 5000 pg/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 pg/mL (69%), 2500 pg/mL (56%) and 5000 ug/mL (54%) in experiment |
without metabolic activation (Table 5) and in experiment | 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 | 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 | with metabolic
activation, could led to a detoxification process. Therefore toxicity might be lower than in
experiment | without metabolic activation.

In experiment || without metabolic activation toxic effects judged by the mitotic index were noted in
the concentrations 300 pg/mL (69%), 1000 pg/mL (53%), 2000 pg/mL (26%]}, 3000 pg/mL {13%),
4000 pg/mL (38%) and 5000 pg/mL (42%) (Table 7). The stronger cytotoxic effects compared to
experiment | can be attributed to the loenger incubation period of 24 h. Although the mitotic index
seemed fo increase in the higher concentrations 4000 ug/mL and 5000 pa/mL, only concentrations
up to 1000 pg/ml were evaluated for chromosomal aberrations as precipitation was noted from
concentrations of 500 pg/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 |, 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 pg/mL) {(without metabolic activation) and 1.07
{5000 pg/mL) (with metabolic activation). No biclogically 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 pg/mL) were 1.23 and 1.12. A biologically relevant
decrease to 78% at 500 pg/mL and 72% at 1000 pg/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
determined 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 repreducible increase in the number of cells with chrcmosome 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 | without metabolic activation, aberration rates of 500 pg/mL {4.0%), 1000 ug/mL
{4.3%) and 2500 pg/mL (4.0%) evaluated are slightly increased above the historical control range
(Table 18). 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
biclogically relevant. Moreover, this statement is in line with the result of the highest tested
concentration of 5000 pg/mL (1.7%), which is within the historical confrol data. Reduced clastogenic
effects due to cytotoxicity in the highest test item concentration of 5000 pg/mL {rel. mitotic index
54%) can be excluded as for the lower concentration of 2500 pg/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 pug/mL and 1.7% aberrant cells at 5000 pg/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 cbserved. In
conclusion, in experiment | without metabolic activation the test item Soy Leghemoglobin
Preparation did not induce structural chremosomal aberrations in human lymphocytes.

In experiment | 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 yg/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 pg/mL (2.0%) and 5000 ug/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 Il no biolagically 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 | and Il 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 800 pg/mL) and CPA (7.5 pg/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 resulis in the experiment. No siatistically
significant increase (p < 0.05) of celis with chromosomal aberrations was noted in the dose groups
of the test item evaluated in experiment | and |l without and with metabolic activation.

The ¥* 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 | without
and with metabolic activation and in experiment I without metabolic activation,

12.3.5. Polyploid Cells

Table 5 and Table 7 show the occurrence of polyploid metaphases. No biclogically relevant increase
in the frequencies of polyploid cells was found after treatment with the test item.
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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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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
- +
+ - + -
Gaps  Gaps | Gaps Gaps
mean [%]}] 3.4 1.5 31 1.3
SD[%]| 1.57 | 0.84 | 163 | 0.82
RED[%]| 464 | 556 | 52.3 | 62.0
min [%]| 0.5 0.0 0.0 0.0
max [%]| 6.5 3.0 9.7 3.7
n| 35 35 62 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

+ Gaps - Gaps
mean [%)] 3.0 1.1
SD [%] 1.54 0.90
RSD [%] 514 79.1
min [%] 05 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: Historica! Laboratory Control Data of the positive control (2010 - 2015)

PC

Number of aberrant cells

metabolic activation

- +
+ - + -
Gaps  Gaps | Gaps Gaps
mean [%]| 17.0 | 144 | 17.2 | 1486
SD[%]| 6.74 | 647 | 4.58 | 4.15
RSD[%]] 39.7 | 450 | 266 | 284
min [%]] 9.5 7.0 9.6 8.0
max [%]f 41.0 | 381 | 31.0 | 26.7
ni 68 68 62 62

PC: Positive Control {(EMS without metabolic activation, CPA with metabolic activation)
mean: mean number of aberrant cells

2183 Standard Deviation

R3D: 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|

Table 18: Experiment | - Structural Chromosomal Aberrations, without metabolic activation: 4 h treatment, 24 h fixation period.

Concen- i Aberrant Cells Ga Types of Aberrations Found

gr‘c’;e tration  Cufture sg"l'fd P°(':V‘|’|'°’d incl.  excl. ps Chromatid types Chromosome types Other
P [wgimi] els 28 Gaps Gaps g ig b f d ex ib if id 3] ma cd
1 150 o} 10 4 6 0 4 0 0 0 0 0 0 0 0 0
c Q 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 a 0
2 500 2 150 0 9 5 3 2 1 0 0 0 0 4 0 0 0 0
fotal 300 0 18 12 5 2 6 0 0 0 0 5} 0 0 0 0
1 150 1] 11 5} 5 1 5 i} 1 4] 0 0 0 0 0 0
3 1000 ‘2 150 0 11 7 4 0 4 0 0 0 3 0 0 0 0
fotal 300 0 22 13 9 1 g 0 1 o 0 3 0 0 0 0
1 150 0 15 10 7 1 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 ] 1 10 0 2 0 0 1 0 0 0 0
1 150 0 13 3 11 0 2 0 1 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 1 0 0 o 0 0 0 0
1 150 0 19 14 5 0 4 0 0 2 0 8 0 0 1 0
EMS 800 2 50 0 18 18 2 0 13 i} 2 11 0 3 0 0 0
total 200 0 37 32 7 0 17 0 2 13 0 11 i} 0 1 0

C: Negative Control (Culture Medium)
EMS. Ethyimethanesulfonate

(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; cx = chromosome type exchange; cd = chromosomal disintegration)
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Table 19: Experiment [ - Structural Chromosomal Aberrations, with metabolic activation: 4 h treatment, 24 h fixation period.

Concen- i Aberrant Cells Gans Types of Aberrations Found

(l;)ose tration  Culture Sg":led POéYF:::!d incl.  excl. p Chromatid types Chromosome types Other
TOUR  igimil els © Gaps Gaps g g b f d e b i id cx ma cd
1 150 0 10 5 5 9] 3 0 1 0 0 1 0 0 0 0
c 0 2 150 0 13 6 7 1 4 1 1 0 0 0; 0 0 0
total 300 0 23 ki 12 1 7 1 1 1 0 1 0 0 0 0
1 150 0 7 4 4 0 4 0 0 0 0 0 0 0 0
3 1000 2 150 0 15 9 7 0 7 0 1 0 0 1 0 0 0 0
total 300 0 22 13 11 0 11 0 1 0 0 1 0 0 0 0
1 150 0 9 2 7 1 0 0 0 0 0 1 0 1 0 0
4 2500 2 150 0 6 4 1 1 3 0 1 0 0 0 0 0 0 0
total 300 0 15 6 8 3 0 1 0 0 1 0 1 0 0
1 150 0 4 2 1 1 2 0 0 0 0 Q 0 0 0 0
5 5000 2 150 0 11 B 5 1 5 0 0 1 0 1 0 0 0 0
total 300 0 15 8 6 2 7 0 0 1 0 1 0 0 0 0
1 150 0] 18 17 3 T 1 1 3 2 5 0 0 0 0
CPA 7.5 2 50 v; 19 14 6 1 17 0 0 1 0 5 0 0 0 0
total 200 0 37 31 g 1 24 1 1 4 2 10 0 0 0 0

0% 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; cx = chromosome type exchange; cd = chromosemal disintegration)
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16.2.2. Main Experiment

Table 20: Experiment Il - Structural Chromosomal Aberrations, without metabolic activation: 24 h treatment, 24 h fixation period.

Concen- . Aberrant Cells Ga Types of Aberrations Found

;ﬁe tration  Cuiture S;::’Ied Poéye T;;Jld incl. excl. ps Chromatid types Chromosome types Other
P mgimi s Gaps Gaps g g b f d ex b if id ex ma cd
1 150 0 10 6 4 2 4 0 0 1 0 1 0] 0 0 0
o4 0 2 150 0 3 1 1 1 1 0 0 0 0 0 0 0 0 0
total 300 0 13 7 5 3 5 0 0 1 0 1 0 0 0 0
1 150 1 12 3 7 2 3 0 0 0 0 1 0 0 0 0
1 100 2 150 0 6 5 1 0 4 0 0 0 0 1 0 0 0 0
total 300 1 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 1 0 1 0 0
2 200 2 150 0 4 2 1 1 1 0 0 0 0 1 0 0 0 0;
total 300 0 20 10 12 1 7 0 0 0 0 2 0 1 0 0
1 150 0 8 4 4 0 4 0 0 0 0 0 8] 0 0 0
3 500 2 150 0 2 2 1 0 2 0 0 0 0 0 0 0 0 0
otal 300 0 10 6 5 0 51 0 0 0 0 0 0 0 0 0
1 150 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 5] 4 0 6 0 0 0 0 0 0 0 0 0]
1 20 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 1 0 0 0 1 0
total 75 0 43 41 21 5 62 0 0 2] 1 5 0 0 3 o

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; cx = chromosome type exchange; cd = chromosomal disintegration)
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16.3. Appendix 3: Certificate of Analysis
Product Safety Labs
Product: Soy Leghemoglobin Preparation
Lot #: PP-PGM2-16-015-101
PSL Reference No,: 160809-3D
Date of Analysis: September 1, 2016
Result:
Soy Leghemoglobin — 6.68%
(b) (6)
I M_
Approval: L !
David Sinni i Dat
i "
Product Safety Labs
(b) (6)
QA Release: — M‘ !
Rhonda Krick, B.S. Date
Quality Assurance
Product Safcty Labs
This material was analyzed in compliance with Good Laboratory Practice (40 CFR 160) standards.
Data are reported in PSL GLP Study No. 43970
PRODUCT SAFETY LABS 732-438-5500

2304 US Highwey 130
Dayten, NJ 08810

usA

psipreductsafalylabs.com
vt prediusciasfelylabs comn
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UPDATED EXPERT COMMENTS ON POTENTIAL ALLERGENICITY
OF SOYBEAN LEGHEMOGLOBIN

Steve L. Taylor, Ph.DD.
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,
5oy 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 GRN117

[n one meeting between FDA and Impossible Foods, FDA compared GRN540 to GRN117,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 GRN117 that invalidates GRN117 as a model for
the type of data that should be submitted by Impossible Foods on soy leghemoglobin. A key
feature of GRN117 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
consurners 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 atlergens. 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 leghemogiobin 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 s a transitory condition. The vast majority of soy-allergic infants cutgrow
their soy allergy by the age of 10 years (Savage et al., 20]/0). 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 IRB 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 ona
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 IgE-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
leghermoglobin 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 2 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
when conservative bioinformatics criteria are used in the assessment as was 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 [gE 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 1o truly document
cross-reactivity among legumes. In that pioneering study, only two of 69 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 IgE 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 (1.1%) 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 12/3( 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 of 35 individuals (60%) were also allergic to peanut (Klemans
etal., 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 of 27 (56%)
to lentil and chickpea, 9 of 16 (56%) to chickpea and pea, 8 of 15 (53%) to lentil, chickpea and
pea, 3 of 5 (60%) to lentil and peanut and 2 of 5 (40%) to peanut and pea and 0 of 7 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
leghemoglebin 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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Summary of the Allergenicity and Toxicity Assessment of Soy Leghemoglobin
Preparation for Food Use

My laboratory performed a weight of evidence assessment of the potential allergenicity
and toxicity of leghemoglobin 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 G1:126241 (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 (leghemaoglobin) on AllergenOnline.org, version 16, with evaluation of Full-
length (looking for sequence matches >50%), Sliding 80-mer {matches with >35%
identity over B0} 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 Burkholderia 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 Bordetella bronchiseptica nitric oxide
dioxygenase and Bordetella 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.
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The bioinformatics analysis described above was also performed on 17 proteins of the
recombinant host organism, Pichia sp. (Komagataella 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 tetal 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 thistie with 49% identity, and 80mer alignment and
an 8 AA identity match. Yet Sal k 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 BLASTP 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
foxicity.

Giycero! 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 nurtber 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 Bla 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 (Davidiella 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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Richard E. Goodman, PhD, rgocdman2@unl.edu Office phone {402) 472-0452; Cell (402) 417-554¢ Page 2

965


mailto:rgoodman2@unl.edu

Mitochondrial aldehyde dehydrogenase (501 AA) had two high scoring matches to
homologous seguences of two fungi (Pavidiella 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 albicans 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 alcohel dehydrogenase {350AA) had a high identity match {76%)
with the homologous protein of Candida albicans, Can f1.0101. 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
(36-42%) 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 triecsephosphate-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 NCBI 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 clive pollen, but the relevance of atiergy is weak. There

1
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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 Komagataelia sp. and
aliergy 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 Leghemoglobin 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 ratic of 1 pgin 10 units (as per standard
protocol) and 1 pg in 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 Centsr

University of Nebraska

1901 21* Street

Lincoin, NE 68588-6207
rqgeodman2@unl.edu

Cell phone: 402 417 5549

1804 North 21 Street / Nebraska Innovation Campus ! PO Box 888207 / Lincoln, NE 68588-6207
Richard E. Goodman, PhD, rgoodman2@unt.edu Office phone (402) 472-0452; Cell {402) 417-5548 Page 4

967


mailto:rgoodman2@unl.edu
mailto:rgoodman2@unl.edu

Annex &



FARRP Study No. REG ImpFoods]
Universify of Nebraska Impossible Food Page 1 of 20

Study Title

Bioinformatics Analysis of the Potential Allergenicity and Toxicity of Leghemoglobin from Giycine max for Food Use

Authors
Richard E. Goodman

Kwame Andobh-Kumi
Xiaoyun He

Study Completed On
10 October, 2016

Performing Laboratory

Food Allergy Research and Resonrce Program
Food Science and Technology
University of Nebraska
1901 North 21™ Street
Lincoln, NE 68388-6207

Laboratory Project ID
Study Number: REG ImpFoodsl

969



(b) (6)



FARRP
University of Nebraska [mpossible Food

Study No. REG ImpFoodsi

Good Laboratory Practice Compliance Statement

This study was not conducted and reported in compliance with the requirements of the Good Laboratory Practice Standards (40
CFR Part 160) of the Code of Federal Regulations of the United States of America. This is a characterization assessment of
the similarity of the introduced proteins to known and putative allergens based on source of the genes and the sequences of the
proteins. There is no fest system. However, raw data including PubMed searches and bioinformatics comparisons were

archived in PDF format in the Authors laboratory with a copy given to the sponsor.

Applicant/Sponsor
Rachel Fraser
Principal Scientist
Impossible Foods, Inc,

525 Chesapeake Dr.

Redwood City, CA 94063

USA )

Author: 4

Name: Richard E. Goodman, Ph.D. FAAAAI

Title: Research Professor, FARRP, University of Nebraska—Lincoln

Date: /0 0@&;, 2.0(4

(b) (6)

Applicant/Sponsor:
Name: Kachel braser, Fh.D. |
Company: Impossible Foods, Inc.

Date: !Dk !jss ” 2

971



FARRP Study No. REG ImpFoods]
University of Nehraska Immpossible Food Page 4 of 20
Study Number: REG — ImpFoodsl
Title: Bioinformatics Analysis of the Potential Allergenicity and Toxicity of Leghemoglobin from
Glycine max for Food Use
Facility: Food Allergy Research end Resource Program
Food Science and Technology
University of Nebraska
1901 North 21 Street
P.O. Box 886207
Lincoln, NE 68588-6207
USA
Principle Investigator; Richard E. Goodman
University of Nebraska
Tel: +1 (402) 472-0452
Study Start Date: 15 January, 2016
Study Completion Date: 10 October, 2016
Records Retention: All shudy specific raw data and a copy of the final report will be retained at the Food Allergy

Research and Resource Program, University of Nebraska.

Signature of Final Report Approval:

(b) (6)

[0_Oclebn 2off,

Principle Investigator: Richard E. Goodman Date

972



FARRP Stady No. REG ImpFoods]
University of Nebraska Impassible Food Page 5 of 20

SUMMARY

The Leghemoglobin (LegHb) protein which is naturally produced in soybean (Glycine max) has been produced as a
recombinant protein in Pichia pastoris and supplied by Impossible Foods, Inc, of Redwood City, CA. The gene encodes the
145 amino acid protein sequence listed as Accession number P02236 in the UniProf protein database. The host, Pichia pastoris
is also known by the synonym Xomagataella pastoris.

Evaluation of potential risks of food allergy and toxicity associated with this product included a literature search of studies that
might indicate possible risks, as well as a search of the amino acid sequence against the eurated AllergenOnline.org database
version 16 (January 2016), which is maintained at the University of Nebraska as well as against the NCBI Protein database
using BLASTP with keyword limits for allergy and toxicity.

None of the results from the bioinformatics searches of the soy leghemoglobin amine 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 search results from the AllergenOnline database show that the likelihood of cross-reactivity for the soy
ieghemoglobin 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 of food allergenicity or toxicity.
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Abbreviations

Ba Amino acid

AQL vié http/Avww.AllergenOnline.com/ database version 16

BLASTP Algorithm used to find local high scoring alignments between a pair of protein sequences (using databases on
Entrez)

CODEX CODEX Alimentarius Commission Guideline for the safety assessment of food derived from biotechnology

Entrez NCBI A public genetic database maintained by the National Center for
Biotechnology Information (NCBI) at the National Institutes of Health, Bethesda, MD. Protein entries in
the Entrez search and retrieval system are maintained by the NCBI of the National Institutes of Health
(US.A)

FAQ Food and Agricultural Organization

FARRP Food Allergy Research and Resource Program, University of Nebraska

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 Library
of Medicine, National Institutes of Health (U.S.A.)

8mer Exact word search for segments of eight 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 pene was synthesized and transferred to Pichia pastoris for production of food, 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 of food allergy and foed toxicology based on literature searches and bioinformatics comparisons of the
expressed protein relative to those of known allergens and toxins.

Hemoglobins are ubiquitous proteins in pature. Hemoglobins have been shown to be expressed in bacteria, fungi, higher plants
and animals (Everse, 2004). The structure and general function of hemoglobins are highly conserved throughout nature.
Animal hemoglobins and myoglobins have been widely consumed in the human diet throughout history through meat, poultry,
and fish products. Plant hemoglobins are 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 inbibition (Duff et al., 1998). Since sprouted barley is widely used in the beverage industry (malted barley) and in the
baking industry (malted barley ﬂour), dietary exposure is common, Thus, it is clear that various heme proteins of plant and
animal origin are widely consumed in the human diet.

Lepume nodules are unique symbiofic organs whers atmospheric N; 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 of 1-5 mM in the cytosol of noduie host cells. These proteins transport and deliver O, fo the symbiosomes at a
low but steady concentration that allows efficient bacteroid respiration while preventing nitrogenase inactivation (Appleby and
Bergersen, 1980). Generally, there are several LegHb isoproteins in the nodules. Soybean nodules contain four major LegHbs
{Fuchsmen and Appleby, 1979).

Impossible Foods, Inc. has proposed using purified soy leghemoglobin (>65% purity), produced as a recombinant protein in

Pichia pastoris to enhance the flavor of meat apalogue products. They are interested in evaluating the potential allergenicity
and toxicity of the soy leghemoglobin to ensure product safety.
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2.0 Parpose

The purpose of this study is fo perform an evaluation or screening of the potential allergenicity and toxicity of the soy
leghemoglobin based on published literature about the source of the gene and bioinformatics (sequence comparisons) of
leghemoglobin with known allergens and toxins. The intent is to guide decisions regarding whether additional safety tests
would be needed for the protein if uged in food products.

30 Mcthods

3.1 Scientific literatare search strategies. The PubMed database (http://srww.nebi.nlm,nih.gov/pubmed } maintained by the
U.8. National Library of Medicine was used as the primary data source for scientific literatare on allergy and toxicity.
The primary question is whether the source of the gene is a common cause of allergy or foxicity. 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 allergenicity, Search terms “Glycine max” as well as “Glycine max” AND “allergen” were used on 07
March, 2016. Further searches with “Ghing max™ AND “allergen” AND “leghemoglobin™ as well as “Glycine
max”™ AND “gllergy” AND “heme” were conducted on 07 March, 2016.

3.1.2 Search for toxicity, Search terms “Glycine max™ AND “toxin” as well as “Glycine max” AND “toxic” were used
on 07 March, 2016. Second search “Glycine ma” AND “toxi*” AND “leghemoglobin” as well as “Glycine max™
AND “toxi*” AND “heme” were conducted on 07 March, 2016.

3.2  Sequence database search strategies.
The AllergenOnline version 16 (bttp://www.allergenonline.org/) and the NCBI Entrez Protein
(uttp://www.nebinlm.nih.gov/BLAST/) databases were used as the protein amino acid data sources for the sequence
compatisons 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 Rescarch and Resource Program of the University of Nebraska. Protein
enfries in the Entrez search and retrieval system is compiled and maintained by the NCBI of the National Institates of
Health (U.S.A.). The database is potentially updated or modified daily, and therefore the date of sequence searches by
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BLASTP is relevant fo the dataset used in the BLASTP searches, BLASTP and FASTAS3 are unique computer
algorithms that provide similar local alignments end results if the appropriate scoring matrices and criteria are used.

32.1 FASTAS3 overall search of AllergenOnline. The potential sequential and inferred structural similarifies of
the soy leghemoglobin were evaluated using version 16 of AllergenOnline.org with E scores of 10 and 1.0.

322 FASTA3 of AllergenOnline by 80 aa segments, This short (80-amino acid) segment search is based on the
recommendation of Codex (2003). The rationale is that this might help in identifying structural metifs, 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 homologues of an allergen that have significant Jocal 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 firther testing for possible cross-reactivity although matches using the sliding
80 amino acid window search that are not also identified by overall FASTA search may represent an irrelevant
alignment. Thus evaluation of E scores and relative coraparison of metched sequences with the NCBI database is
sometimes warranted.

3.2.3 Exact Word match of AllergenOnline by 8-contiguons aa.

A word/string search routine on AllergenOnline.org was used to identify any cight contiguous amino acid segment of
soy leghemoglobin sequence that exactly matched any 8 amino acid segment of any of the 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 of NCBI Entrez without keyword Llimit, The BLASTP is available on the NCBI Entrez website
(http://www.nebi.nim.nih.gov/BLAST/). The current version is BLASTP 2.3.0 (22 Dec., 2015). The purpose of this
BLASTP search is to compare the soy 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 of this
protein.

3.2.5 BLASTP of NCBI Entrez with “allergen” and “allergy” as keywords limit. BLASTP search was used
comparing soy leghemoglobin sequence against the entire Endrez Protein database, with a limit option selected to query
entries for “allergen” or “allergy”, to align only with proteins identified as allergens or allergy. The purpose of this
BLASTP search is to ensure that a significant match with a newly discovered allergenic sequence that has not yet been
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entered into AllergenOnline is not overlooked. Evaluation of the E value, the length of the alignment and the percent
identity of any identified maich is necessary to judge the significance of any alignment using BLASTP.

32,6 BLASTP of NCBI Entrez with “toxin” and “toxic” as keywords limit. The purpose of this BLASTP
search is to identify matches to known toxic proteins (toxins) and if alignments share significant identities, to determine
potential risky that would require further testing.

4.0 Resulés and Discussion. The summary results for the PubMed search using search terms, and the amino acid sequence of
soy leghemoglabin, are presented here.

4.1 PabMed Searches. The scientific literature datebase, PubMed, was searched for evidence that the leghemoglobin from
Glycine max are likely source of allergy or toxicity. The search did not reveal evidence that the leghemoglobin from Glyeine
max represents food safety risk. Summary of all information is present in Table 1.

4.1.1 Allergenicity. A search of PubMed using only the orgenism name, “Ghrine max”, returned 21,936 articles.
Restricting the search of PubMed by including both “Glycing max” AND “allergen” returned 381 references. A
second search with ferms “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
flavoneid biosynthesis due to mutation of Arabidopsis HY 1 which is not relevant to the topic under review. [t can
be concluded from the literature search that the leghemoglobin from Glyeine max does not raise a concern of

possible allergy.

4.1.2 Toxicity, The search of PubMed using both “Glycine max™ AND “toxin” returned 419 references, using both
“Giycine max” AND “toxic” retutned 342 references. A second search with terms “Glycine max” AND “toxi*”
AND “leghemoglobin® yielded one reference on nitration of leghemoglobin in functionsl legume nodules in &
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 “toxi*” AND “heme” yielded 8 references.

None of the publications implicated any natural protein expressed by the organisms of interest as a toxin. The
majotity of the papers reported on the effect of heme-peroxidases or heme oxygenase system, disordering of these
systems may cause adverse effect on plants or animals or human because of changing of hydrogen peroxide level.
Thus, based on literature search there is no reason to suspect the leghemoglobin produced from Glycine max would
elicit a toxic effect on consumers.
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Table 1 Pubmed search resnits (Summary table)

| Pratein Source Search resnits
Glycine max Glycine max Glyclne mox Glycine max
only AND Leghemoglobin | AND allergen/ailerg® | AND toxi*
Glcine max 21936 articles | 201 articles found on 381 articles found. 419 articlas found for toxin and 342 articles found for
{Soybemn) were fornd. leghemogiobin. When Further searches with toxie.
aliergen was added fo leghermoglobin added to | An additionaf criterion of “leghemopiobin” added to the
the search criterie, no the search criteria search eriteria yielded one result but was not relevant to
reference came up, yielded no results. One | the fopic.
article was sited when An additional etiterion of “heme™ added to the search
searched with Soy AND | criteria yielded $ results but were not relevant to the topie.
allecgy AND hame but
was net relevant i the
topic.

4.2 Sequence comparison of the LegHb to allergens and toxins, The amino acid sequence of soy leghemoglobin (Table 2)
was compared to known allergens using both a full-length FASTA alignment search and a sliding window of 80 comparisons
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 Aminc scid sequence of the soy leghemoyglobin

Orpanizsm Hemoglobit clags Native protein sequence
emnglobin (legHb MEAPTERQRALVSSIFBAFKANT EQYAVVFY TSI LERAPAREDL FAFLINGVDPSNPRLT
Glyeine max leghemnglabin (legth) GEAEFLFGLVRDSAGOLXANGTVVADARLGS THRQRATT DPQFVVVEEALLRT T KEAVED
GI:126241 KRSDELSSAWEVAYDELAAATKKAF

4.2.1 Full length FASTAS vs. AllergenOnline with LegHb. Results of the full length FASTA3 searches of the soy
leghemoglobin against AllergenOnline version 16 did not identify any significant aligmment with an allergen. Scoring
results for the soy leghemoglobin showing alignmaents with £ scores less than 1.0 are shown in Table 3 and demonstrate no
significant matches with any allergen. Their identities (%) are markedly below the level that is likely to indicate cross-
reactivity (< 50% identity, Aalberse, 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 leghemoglobin is sufficiently similar

to an allergen to suspect they might trigger allergic responses in allergic subjects due to cross-reactivity.

Table3. Overall FASTA3 search of AllerpenOnline with the soy leghemoglobin., Only the alignments with E scores less
than 1.0 of known and putative allergens in AllergenOnline version 16, compared to the soy leghemoglobin, using FASTA3 are
fisted since none of the results were significant. The matched proteins are very distant homologues of hemoglobin, occupetional

allergens.
Quary sequance Soquance Organtam Duscription Langth E scors % identity =a
ar¥ an Aligranent
!mglh
56405052 Chimonomus Globin 161 0.00024 28,2 145
fhumemd thummt o st hasmogiobin
121244 Chironamus Glbln 161 0.00043 25.6 147
thumirs thummi .
56405054 Chiranomus Glohin 161 0.0008 250 144
thummi tiemmi
Say Chironem
. 121248 3 Globin 161 0.0012 25.0 144
Leghemeglob m thumm humml
(legHb)
Gl:126241 121249 Chirenomus Gloin 162 0.0012 252 151
Glycine max thummd thummi
2506460 Chiranamia Globin 158 0.0039 24.2 149
thummi thummi
1707908 Chironamus Glctin 160 0.0053 252 138
thumami thimen
121258 Chironomus Globin 151 0.0068 %9 119
thummi thumai
121237 Chlonomus Globin 151 0.019 28.3 137
hummi thummy
2506461 Chironomus Glebin 162 0.048 240 150
thumimé thummi
1707911 Chironomus Glchin 181 0.057 24 140
theannd thummi
121256 Chironomus Giobin 151 p.32 22,1 149

thusnmi thummi
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422 Sliding 80-amino acid wiadow FASTA3 vs. AllergenOnline with LegHb, Results of the comparisons of the soy
leghemoglobin sequence against all of the sequences in AllergenOnline.org version 16 database have no results. Thus, the
soy leghemoglabin showed no alignment over the Codex threshokl.  The risk of cross-reactions for allergic consumers is

very low,
Table 4. Scanning §0-mer sliding window search resalts for soy leghemoglobin

BOmer Sliding Window Search Resulis

Dutaase AflergenOatine Datshass 16 (faumary 27, 2016)
— — >laghen ispomsible Foods 1 March 2016

ENSDELSSANEVAYTELAM I KKAF
Leagth s
Number of W mars &

Foudhar of Sognences with Miis 0

No Matches of Greater than 35% ldeatity Found
AlergenOnline Database vi6 (January 27, 2016)

4,23 Eight-contiguons amine acid exact word search with LegHb. There were no matches of eight amino acid
segments between soy leghemoglobin and any allergen in the AllergenOnline.org version 16 database, further
demonsirating a lack of risk of food allergy.
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Table 3. Eight-contignous amine acid search results for soy leghemoglobin

Query sequance MGAFTEKQEALVSSEFEAFKANIPQYSVVFYTSILEKAPAAKDLFSFLSNGVDPSNPKLTGHAEKLFGLVRDSAGULKANGTVWADAALGSIHA

QKAITDPQFVVVKEAL LKTIKEAVGDIKWSDELSSAWEVAY DELAAAIKKAF

Number of Smers 138

Results No sequencea found with an exact 8mer match

4.2.4 BLASTP of NCBI without keyword limit with LegHhb. The full-length of the soy leghemoglobin was compared
1o all sequences in NCBI-Entrez database. The scoring alignments with £ scores of the top 10 non-heme protein
alignments identified by BLASTP were considered in some detail to determine if there is significant homology to proteins
of sources 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 evolutionarily related to Oxygen carrying proteins from diverse sources, including organisms
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 neutral, but the ubiquitous nature of leghemoglobin without obvious mdlcahons of harm

suggesting they are generally sefe,

4.2.5 BLASTP of NCBI Entrez using “allergen” and “allergy”. The full-length amino acid sequence of the soy
leghemoglobin was compared to sequences in NCBI Entrez, which were designated as “allergen” or “allergy” in the NCBI
database on 27 Feb, 2016. The alignment results with keyword “allergen” returned no results with an E score of less than
10. The aligned matches with keyword “allergy” (Tables 6) were not significant as judged by low identity matches (<50%
identity } with partial protein alignments. The results showed that the soy leghemoglobin sequence had lower E scores with
adenylate / guanylate cyclase catalytic domain protein from Leptospira yanagawae serovar Saopaulo (F=Te-05) and with
nitric oxide dioxygenase from some strains of bacterial, such as Burkholderia multivorans, Bordetella pertussis,
Achromobacter piechaudii, Bordetella bronchiseptica etc. (with E scores vary from 0.002 to 0.19). While none of them had
more than 50% identity over one-half length of the query sequence. These proteins or enzymes were labeled by “allergy”
because the sequences of them were obtained from a project funded in whole or in part with federal funds from the
National Institute of Allergy and Infectious Diseases. No evidence showed that these proteins were allergens. For example,
the function of adenylate / guanylate cyclase catalytic domain protein is 2Fe-28 iron-sulfur cluster binding domain. And the
function of nitric oxide dioxygenase is bifimctional nitric oxide dioxygenase / dihydropteridine reductase. The aligned
proteins would not be considered homologues of the soy leghemoglobin and the probability of cross-reactivity is extremely
small based on observations of Aalberse (2000) and Goodman et al. (2008).
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Table 6. BLASTP of NCBI Entrez with leghemoglobin using the keyword “allergy”. ‘The scoring alignments with the top 2
aligned proteins are shown for the soy leghemoglobin protein vs. proteins labeled with the keyword “alierpy” in the NCBI Entrez
database on 27" Feb, 2016, using BLASTP, The sequence identities are low and / or the length of alignments are very short,
indicting unlikely homology and that the overall structure is unlikely to be similar. Thus even if the NCBI sequence is a proven
allergen, there is very little likelihood of cross-reactivity by the heme protein.

; . Length Y Query
Sequence GI# Organism Pescription s E score identity Cover
Lentospira yenagawae acenylate/guanylate cyclase catalytic
EOQB0444.1 r Saopaui domain protein 440 705 o] 83
E£1058091.1 Burkholdorte nitric oxid dicxygennsa 403 0.062 43 34

4.2.6 BLASTP of NCBI Entrez with “toxin” and “toxic”. The full-length sequence of the soy leghemoglobin was
compared to sequences in NCBI-Entrez, which were designated as “toxin” or “toxic™ in the NCBI database on 28 Feb, 2016.
The alignment results with keywerd “toxic™ retumed no results with an £ score of less thaa 10. The aligned proteins with
keyword “toxin” are shown in Table 7. Two identity matches were found, with homologues of nitric oxide dioxygenase from
Bordetella bronchiseptica and dibydropteridine reductase from Bordefella 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%) and the length of
alipnments are very short (31%}, indicting unlikely homology and that the overall structure is uniikely to be similar. There does
not appear to be a basis to suspect that the soy leghemoglobin are likely toxins.

Table 7. BLASTP of NCBI Entrez with leghemaglobin nsing the keyword “toxin™.  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 of the soy
leghemoglobin. '

Sequence GI# Organiam Description Length az | E score % identity Query
: Cover%
BAOEDG48.1 Bortlatelia nitric oxide dioxygengse
branchizenth 402 0.027 35 3
ALY21654.1 Bordetolis pertussls dihydropteridine reductass A02 0.028 25 a1
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4.3 Bioinformatics summary for the leghemoglobin. None of the results from the bioinformatics searches of the soy
leghemoglobin amino acid sequence, compared to known and putative allergens or toxins, suggested any clear and significant
sequence similarity that suggests potential adverse effects for consumers. The search results from the AllergenOnline database show
that the likelihood of cross-reactivity for the soy leghemoglobin with the alletgens is very low, And the search results from PubMed
and BLASTP on allergens and foxic proteins suggest that the soy leghemoglobin has a low risk of food allergenicity or toxicity.

5.0 Conclusions

Bioinformatics analyses were performed on leghemoglobin from soy (Glycine max) 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
IgE binding studies with leghernoglobin of Glycine max as no significant sequence identity matches were found fo any known
allergens. Therefore no “at-risk™ populatior. of allergic subjects counld 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 idertified some statistically significant, but short. and modest
identity matches to two proteins from becterial species that are pathogenic 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 keyword selection did identify a number of important high identity matches to other leghemoglobins

{hemoglobins from legumes). These are homologues of proteins that carry oXygen necessary for microbes in root nodules to fix
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 of a recombinant food protein using a
leghemoglobin gene derived from soybean. The product, referred to as Soy Leghemoglobin Preparation, is intended for food
use to enhance the flavor profile of meat analogues. Soy Leghemoglobin Preparation is being developed by Impossible Foods
andd 17 P. pastoris proteins were identified by Impossible Foods, Inc. of Redwood City, CA as being present in the final
product. The 17 proteins were identified using proteomic analysis from 10 stainable protein bands in & one-dimensional SDS-
PAGE as the most abundant residual proteins from the yeast in the Soy Leghemoglobin Preparetion. Each of the 17 Pichia
proteins represented 1% or more of the total protein content of Soy Leghemoglobin Preparation. The P. pasforis proteins were
identified by LC-MS/MS and the highest matching peptide fragments identified profeing by the highest BLASTP aligoment to
proteins of P. pastoris. )
Evaluation of potential risks of foad 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 of allergenicity or toxicity,
as well as a search of the amino acid sequences against the curated AllergenOnline.org database version 16 (January 2016).
AllergenOnline is maintained at the University of Nebraska to evaluate potential risks of allergic cross-reactivity, Additional
sequence comparisons were performed using the NCBI Protein database using BLASTP with keyword limits for allergy and
toxicity.

The results of these evaluations indicate that the proteins from Pichia pastoris are unlikely to present any wnique and
unacceptable risks of allergy or allergic cross-reactivity, compared to risks presented by foods containing ingredients from
other yeasts and molds approved for food use, In addition, no information was ilentified that would suggest these proteins
from P. pastoris are potential toxins or would result in the production of toxic metabolites. My conciusion is that no further
tests should be required to demonstrate the safety of foods produced using the Say Leghemoglobin Preparation, which includes
modest concentrations of the identified P. pasforis proteins.
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Abbreviationy

AA Amino acid

AOQL v16 hitp:/iwww. AllergenOnline.com/ database version 16

BLASTP Algorithm used to find local high scoring alignments between a pair of protein sequences (using databases on
Entrez)

CODEX CODEX Alimentarius Commission Guideline for the safety assessment of food derived from biotechnology

Entrez NCBI A public genetic database maintained by the National Center for
Biotechnology Information (NCBI) at the National Institutes of Health, Bethesda, MD. Protein entries in
the Entrez search and retrieval system are maintained by the NCBI of the National Institutes of Health
(US.A)

FAQ Food and Agricultural Organization _

FARRP Food Allergy Research and Resource Program, University of Nebraska

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 Library
of Medicine, National Institutes of Health (U.5.A.) '

Smer Exact word search for segments of eight amino acid matches between the query protein and proteins in

AllergenOnlin.org
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1.0 Introdunction

The soy Leghemoglobin (LegHb) protein evaluated in study REG ImpFoods] was expressed tn Pichig pastoris for production
of food. As evaluated, LegHb is not expected to present any specific risks of allergy to toxicity for those consuming the food
product. In this study Impossible Foods, Inc. provided the primary sequences of proteins from P. pastoris that are present as
minor proteins in the Soy Leghemoglobin Preparation due to normal expression by the recombinant yeast host.  This :
bicinformatics study is intended to evaluate potential risks of food allergy and food toxicology of the 17 most abundant
endogenous Pichia proteins in the Soy Leghemoglobin Preparation food product.

The same bioinformatics methods used to evalvate the potential risks of food allergy and toxicity for LegHb were used in this
study to evaluate each of the 17 proteins from P. pastoris. The raw data has been archived af the University of Nebraska.
This report provides a summary of the findings for each of the seventeen proteins.

2.0 Purpose

The purpose of thig study is 1o 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 of the gene and
bioinformatics {sequence comparisons) with known atlergens and toxins. The intent is to guide decisions regarding whether
additional safety tests would be needed for the proteins if used in food products.

3.0 Mgethods

3.1 Sclentific Bterature 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 primary data source for scientific literature on allergy and toxicity.
The primary question is whether the source of the gene is 2 common cause of allergy or toxicity. The data (authors,
publication, date and abstracts) from searches were saved to files for review. Publication abstracts of publications
identified in the searches were manually reviewed and any likely relevant publications suggesting adverse health risks
were investigated further by reading the journal articles.  Simple searches for the organism name Pjchia pastoris
retrieved 5244 references. A search for Komagataella phaffii only retrieved 6 entries.  None of the publications on X
phatfii were related to allergens or toxins of the organism. Many of the P. pasforis references were about cloning genes
from various sources into the yeast for eukaryotic expression. The search had to be mare specific as described below.
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32

3.1.1 Search 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.
Therefore new searches used simply the organism (Pichia pastoris) AND the individual protein names {(alpha
aminoadipate reductase, cobalamin-independent methionine synthase, aconitase, transketolase, glycerol kinase,
catalase A, glucose 6 phosphate dehydrogenase (G6PD), PAS, mitochondrial aldehyde dehydrogenase, delta-
aminolevulinate dehydratase, mitochondrial alcohol dehydrogenase, malate dehydrogenase, putative protein,
triosephoasphate isomerase, cyclophilin, cytosolic superoxide dismutase and mitochondrial ATPase inhibitor. In
some cases where too many publications were identified, additional keywords of allergen or allergy were added.

3.1.2 Search for toxicity, Search terms “Pichia pastoris® AND “toxin”™ were used on 1 July, 2016, returning 185
publications. Alternatively toxic was used in place of toxin, still retuming 72 publications. Therefore the
alternative of using Pichia pastoris AND the name of each protein was used: alpha aminoadipate reductase,
cobalamin-independent methionine synthase, aconitase, {ransketolase, glycerol kinase, catalase A, glucose 6
phosphate dehydrogenase (G6PD), PAS, mitochondrial aldehyde dehydrogenase, delia-aminolevulinate
dehydratase, mitochondrial alcohol dehydrogenase, malate dehydrogenase, putative protein, triosephoasphate
isometase, cyclophilin, cytosolic superoxide dismutase and mitochondril ATPase inhibitor and in some cases “AND
foxin” or “AND toxic” were added to focus the search. Abstracts and when needed, full-publications were
reviewed

Seguence database search strategies.

The AllergenOnline version 16 (hitp://www.allergenonline.org/) and the NCBI Entrez Protein
(http://www.ncbi.nlm.nih.gov/BLAST/) databases were uged as the protein amino acid data sources for the sequence
comparisons for allerpens and toxins on 27 May, 2016. The AllergenOnline database was updated in 27 January 2016
and is maintained by the Food Allergy Research and Resource Program of the University of Nebraska. Protein entries in
the Entrez search and retrieval system is compiled and mainteined by the NCBI of the National Institates of Health
(U.S.A.). The database is potentially updated or modified daily, and therefore the date of sequence searches by
BLASTP is relevant to the dataset used in the BLASTP searches. BLASTP and FASTAS are unigue computer
algorithms that provide similar locel alignments and results if the appropriate scoring matrices and criteria are used.

3.2.1 FASTAS3 overall search of AllergenOnline. The potential sequential and inferred structural similarities of
the 17 proteins from Pichia pastoris were evaluated using version 16 of AllergenOnline.org with E scores of 10 and
1.0
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3.2.2 FASTAS of AllergenOnline by 80 aa segments. This short (80-amino acid) segment search is based on the
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 frue homolagues 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 possible cross-reactivity although matches using the sliding
80 amino acid window search that are not also identified by overall FASTA search may represent an irrelevant
alignment. Thus evaluation of E scores and relative comparison of matched sequences with the NCBI databage is
sometimes warranted. ‘

3.2.3 Exact Word maich of AllergenOnline by 8-contignous AA.

A word/string search routine on AllergenOnline.org was used to identify any eight contiguous amino acid segment of
the query protein sequence that exactly matched any 8 amino acid segment of any of the 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 BLASTPF of NCBI Entrez without keyword limit. The BLASTP is available on the NCBI Entrez website
{http://www.ncbi.nlm.nik.gov/BLAST/). The current version is BLASTP 2.3.0 (22 Dec., 2015). The purpose of this
BLASTP search is to compare the 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 of this protein.

3.2.5 BLASTP of NCBI Entrez with “allergen” and “allergy” as keyword limits. BLASTP search was used
comparing leghemoglobin sequence against the entire Entrez Protein database, with a limit option selected to query
entries for “allergen” or “allergy”, to align only with proteins identified as allergens or allergy. The purpose of this
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 overlocked. Evaluation of the £ value, the length of the alignment and the percent
identity of any identified match is necessary to judge the sigrificance of any alignment using BLASTP.

3.2.6 BLASTP of NCBI Entrez with “toxin™ and “toxic” as keyword limits. The purpose of this BLASTP

search is to identify matches to known toxic proteins (toxins) and if alighments share significant identities, to determine
potential risks that would require further testing.

1000


http://www.ncbi.nlm.nih.gov/BLAST
http:fJlergenOnline.org

FARRP Study No. REG ImpFoods2
University of Nebraska Impossible Foods Page 12 of 43

4.0 Reaulis and Discussion. The summary resuits for the PubMed search using search terms, and the amino acid sequence of
17 proteins from Pichia pastoris, are presented here. Impossible Foods, Inc. contracted the UC Davis Genome Center to
identify 17 proteins from 10 Coomassie stained bands from the SDS-PAGE gel shown in Figure 1, ‘The UC Davis Genome
Center used LC-MS/MS to identify the proteins in bands that represent ~ 1% of the total protein abundance. The protein
identities and sequences are listed in Table 1.

Figure 1. Coomassie blue stained gel of a Soy Leghemoglobin Preparation final product with residusl Pichia
pastoris proteins, The Coomassie stained SDS-PAGE gel imege is from Impossible Foods, Ine, from PP-PGM2-15-320-101
production batch of Soy Leghemoglobin Preparation. Soy leghemogliobin is the broad stained band at 1210 13 kDa. The
stained proteins marked with orange bands and numbered from 1 (~ 140 kDa) to 10 (~ 8 kDa) are proteins from P. pastoris that
represent 21% of the total protein fraction of Soy Leghemoglobin Preparation. Their identities were determined by LC-MS/MS
with matches to full-matched sequences from NCBI listed in Table 1.
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Table 1 Amino acid sequences of 17 proteins from Pichis pastoris (synon. Komagaiaella phaff) 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 pel bands from Pichia pastoris proteins shown in Figure 1.
Multiple protein matches were identified for 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.

Organism

Protein, GI and band#

Naiive protein sequence

Komagataella

phaffii

{Pichia pastoris)

Alpha aminoedipate reductase
GI:238030060

Protein band #1 — 1460 AA

MAEENLNYWARILDGETLSVLPADYNREPVAGKVI EANKTFDISDILPFLNRANE PSVTQFTAPLAVEAVLE
VYRLIGODDIVILT DS FRRONLEFVVRLYVDESKIFVDVSKQVGEQYLE SLERA T PLRDIVTHLEESRQL
PRYFPIFRLSFQTAKRVEOLSTLVEGS TR LATPLENNTS INIYYNSLLYTHNRIAYFSQOFSSFIDEVN
KAPETPIGKISLLTRQOSKLLPDPTANLDNSGYRGAIODIF SDNARRFPURTCVVETKSFLNENSQTRTF
TYXQIDQAINIVORYLVHTGIKRGDVVMI YAYRGVDLMVAVHGVLRAGATFAVI DPAYPPARQNVYLVA
KPAGLIVLEXKAGVLDQLYEDY IRNELSLVSRI SNLKI ERDGRVLGGDVDGRDALYDYQUPETRRTGVLVG
PRSNPTLSFTSGREQY PKGVLGRAFS LAY YF PNMS KT FNLSENDRFTMESGIAHDP IQRDMET 2LFLGAG
LLIPTEDDIGTEGKLAEWMOTYGATVTHL T PAMGCL LSAQATRE T PRI HHAY PVGDILTKRDCLRLQTIA
QUVRT TNMYGTTETQRAVSYFEI PERAQDSTFLEVOKDIMBACKGHHN VYL LYVNRHDREIKTCATGEVGE
IYVRAAGLAEQY RGO POLNKEKFYPNNFVS PEKWVEEDRKI SRDEPRREFYLEGPRDRLYRTGDLGRYLFT
GDCEVAGRADDQVKIRGFRIELGEIDTHI SREPLIRONVTIL.VRRDEDEERPILISYVVERETPELENFKSS
SCDLDDLRDPIVRSLLLYRELIRDLRAHLKKTLASYATPTI IVPHARLP LNFRGRVDEKRRLEFPDTVQLA
AVAQKSSAEVIDSEFITTELQINDLWLOVLPNP PAS I SLEDSFEDLGGHS I LATRMI FRLRRELAVDLEY
GEIFRHPTVELFAAREVDRVENGDEVQFADNKQES TSAGSDECVVIYPODAXDLVSSQLLPIYKSRIALAN
AELINIFLTGATGFLGIYILRDLLERDLOVQVYYABVRARDERSGLERLRNTGRVYSIWNEEWT SRIXVVI
ADLSKDELGLSGERYAELANTIDLIIENGALVAWVYRPYSXLROARVI STINVLNLANSCKEKQFGFVSST
STLDTERYITLIDILTEQGENGIPE SDDLLGSSRGLGTGYGUSANAAEY ITRRAFERGLRGAIIREGYVT
GHARTGACNTDOFLLRMLEGCAELGRLEN LINTURMVEVDEVATL.VVTASSLEBTABSGRCVVOVTIGEPRI
RENEFLNALNDYGYEVRLT DYVEMERDLERTFVVDQSKDSAL Y PLLEFVLONLPDTKAPELOSKMAKDIL
SGDTRWTGYBGIRGRGVRSAQIGIYIAYLIRTGF LYY PSKEGRKPLPEIRI SERSLRLIXEGAGARTSAA

Komagataella
phaffii

{Pichia pastoris)

Cobelamin-independent
methionine synthase

(1238030843

Protein band #22— 768 AA

MVQSSVLGEPRIGAERELRKI TEAYWSGRVGRDELPRVGKE I RENNWKLOKAAGVDVIASNDRFSYYDQVL
DLSLLTNAIPERYTEYELDPIDTLFAMGRGLORRATDSERAVIVTALEMVEWFISNYHYVRPTESHETEF
KLNGGRPYDRYLEARKLGIETRPVVVGPVSY LFLGRADRDSLOLE PISLLERILPVYARLLAKLSARGAT
SVOIDEPILVLLLPERVORAFKTAYEYLANARNI PELVVAS YFGDVRPYLAS IKGLPVHGFHFDFVRAPE
QFDEVVARLTARQVLAVGIIDGRNINRALFSEAVARVERA T AALGRDRVIVATSASLLHTPVDLTNEXKL
DEEIRNWESFRIQRLDIEVVVVARKAVSGEDVREAL SUNAAATKSREDSAITNDADVQKRVDS ENEKLI SHA
AAFPERLAAQKGKFNLPLFPTTTIGSFEQTIRDIRINRNRKETRGEI TAEQYDIFIKSEIERVVRFQEEIGL
OVLVBGEPERN DMV Y FGEQLRGE AT TTRGH VS YGSRYVRPEVVVGDVSRFHAMAVRESVYRAQSTITRRF
MEGMLTGPITVLRKSE PRNDVSOKVOAL QL GLALRDEVNDLEARSVEVIQUVDEPAIREGLPLRSGOERSD
YLKYRAESFRIATSGVENT P IHSKRFCYSOLDPNAT KALDADVVSI EFSKRDDPNYIGEFSNYERHIGLG
LFDIBSPRIPSREEFIARIGEILKVY PADKEWVN PLCGLKTRGHEEYRASTTRMVEAAKT YRERYAQN

Komagatacila
phaffi

{Pichia pastoris)

Acocnitase
GL:254564667

Protein band #2b — 780 AA

HMLSARRVLAKINSRGLATVSGLTRDS LVEMNLLERGH Y INYRQUL DNVNI VRERLGREPLTYAERLL YGHL
DEFHEQDIERGVSYLELRPORIACODATAYMAI LOFMSAGMPS VATET TVECDELIQAQKGGRADLERAI
RLNKEVYDFLATACAR YN I GFRRPGSGI IHQIVILENYAFPGELL IGT DSRTENAGGLGYLAIGVGGADAY
DVMAGTL PHFLRAPHI IGVRLT GRMNGWT S PEKDI X LRLAGTITTVKGGTGAIVEY FGRGVDTEFSCTGHATIC
HMGAE IGATT SV P FNNSMVYDE LDATGRSEIGEF ARV FQKEYLARDPGCEYAQVIRIDLNTLEPEINGRF
TPELATPFVSKMKEVAVANDWPLEVEVGLIGSCINSSYEDMTIRAAS I IR DAASHGVRARS LY TVTPGEEQI
RATIARDGOLXT FTOFGGSVIANACGPCLGOWDRODIRRGDKRTIVS SFRRNETSRNDGNPATHAEVAS B
ENVIAYALRGOLRFNPLTDELKDENDENRFLLEDFVGVCLPVRGYDEPGENTYOAPPEDRASVEVVYISBRSD
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RLQRLTPEQPHDGKDAERLFILI RSVGRTTTDHI SMAGPNLEKYRGHLON I SNNYMIGAINAENGEANNVE
NHYTGVYSGVEDTAAAYRDNGVEWVVIGGENFCEGS SREAAALE PRYLGGEAT ITKS FARTHETNLKKCS
LLPLNFTDPAAYDRIQPDDEVDILCLTELAPGRNVELRVAZADGSPTWE T PLSHTYRAEQIERFRYGSAL
NNMAAVEASK

Komagataelia
phaffis

{Pichia pastoris}

Transketolase
GL238030057

Protein band #3 — 6§79 AA

MS DLLAINTIRLLAVIEVARANSGHPGAPMELAPAAHT LIEOMREFN PR PAWINRDRFVLENGHACALEY
TMLELYGYDYTIDDEXSFROLNSKT EGEFRAELPCVEVI TGP LEQCIANAVCLATAQAQLAAT YNKPNYE
LESNYTYAFLGUGCLGEGVAQEAISLAGHIGDGLRLIATWDDNQIS IDGDINVEFTEDVPARFRAQEREV
LSVKDGNDOLEGIARARLAKBX TTNR PTLIRLPTI I GYGELOQGTHGVHGS PLEPIDIRQLEERFGFDEEQ
NEVVEREVIESYAKEVATNGQVEVEWNELLTAYTKEY PELGQELHRRL.DEGRLPENWQRALPTYTVDDRRV
ASRXLEEIVLISIERELPELVGESADLTGANLIRNPDAVDE QP RS TGLGDI SGRYFRFGVREHGMGALIR
GLAAYGANERAYGE TR LHEFV e YASGAVRLEALIGHPIIWVATHDSIGLGEDGFTHQPI ET LAHLRAT BN L
MVHRPADGRETSAAYLRATESKETPS I TALTRONL POLEHSSIERARRGEGYTVYEPVENFDIILVASGSEY
SIATDGAKKLGTEGYKASVYSI POFFTEDSQARS YL SV L POV EIMAVEVHS TFEWSKY SHEQFGINRY
GISGPGPEIYRFFEF TRAEGVADRASKVYQFYKGKELLSELNKAFESVHA

Komagateella

phaffii
(Pichia pastoris}

Clycerol kinase
G1:238034027

Protein band #4 — 621 AA

HMGKDYTPLYATIDIGTTSTRAILENDYHGQEVAKHGIEY STSAQDRIKRKRSQT IBBEGI ST TVEDELEVE
SVDNRAGPTLOFPOQPGWVECRPSHILANRVQCLAACLVTHENKNL DRDERNKYRLI SIGVANMRET TVVH
SRRTGKPLYINGIVWNDTRNNDIVDEYTAKYSEKEREEMRTLCGCPISTYE SATKFRWLLKHVPEVKQAYD
NADGDLMFGT IDSWLT YHLENERSHVTDVTNAS RTNFMNIETNXY DORLLKFWDVDTSKVILPEIRSSAR
VYGHFEVPHLEAIGYVESYLIDDALALLET IEGA PLAGCLGDQSASLVGOLAVRKGDARCTYGTGAYLLY
RTGDOTLISERGALITVGYWFPGLOESENGRHS SKPQYALBGS IAVAGSVVOWLRENLRLI SXAQDVGEL
ASQVDNSGEVVIVRAFSGLFAP YWDSNSRGT I FGLTQY TS ASHIARNAT RCVEFOTRATLKAMI SDAGAS
ADFLEEBSKATGHNPLAVEAVDEEMSESDENMOIQADILGRCVIVRRE INPECTALGAATAAGEGVERED
RIWGSLEECTEAI LEGHEMYLAAGNTSLOFRATLSDEVRRKEWRLWENATAKAKGWLKDTA

Komagataella
phatfii

(Pichia pastoris}

Catalage A
GI:254569930

Protein band #5a — 510 AA

MEQPERNTTSNGAPVSDVEATERATFDRANHANNAPEVGELLLQDFQLIDSLAHFDRERT PERVVERKGA
GAFGEFEVIDDI SDVEAARFLOTIGKRTRIFTRFSTVGGERGSRDEARDPRGFYTRFYTERGRLDLVYNN
TPIPFIRDPERFFHFIHTQRRNPATNLEDANM RN Y LVNNQES THQVMYLFSDRGTPRSLREMNGY SGHT
YRHYNEKGEHVYVQURFKS DL GVVRFNNEEAGR LAGEDFDYHEGDLFRATERGEYPSRTCYIQTMT QEQA
ARQPFSVEFDLIRVWEPRKDFELRRFGKEFTLNENEKNYFAEVEQAARPSPSHTT PSMQPSADPVLOSRLFSYP
DTHRHRLGVNYQCIPVNCEVAPVETPOMRDGSMTIVNGNLGSTPNYRISFCPFSTEAQIQTNSHTPEEVLA
AHTERFHWGGILLAKSYDFEQEPRALWKVEGKTEGOORNECHIVAVEVAARNHETQDRVFEYEBRVYPETG
DUIRREVLQLSPRGDSAARL

Komagataelia
phaffit

{Pichia pastoris)

Glucose & phosphate
dehydrogenase

GL:238031000

Protein band #5b — 504 AA

MIDOTKAVEFVGHTAIVVEGASGDLARKX X TEPALFGLYREGY LSRRVEIIGYARSELDDKEFRDRIVEYFR
THNKGDEDKVQEFLRLCY Y TS AP YUK PDGYEKLRETINEFEKENNVEQSHRIFYLALFPSVEIRVATEVR
KYVBPGSKGIARI IVERPFGHRLQSARELINALXPIWKEEELFRY DHYL.GREMVENL LAFRFGNAFINAS
WONRHISCIQISFKEPFGTEGRGGYFDSIGIIRDVICNALLOVL Y LLIMERFVSNDPEAVRDERVRILRS
ISELDLNDVLVGQYCKSEDGRKKPAYVDDETVKPGSKCVI FAAIGLAINTERWEGVEI ILRAGKALNEGKY
EIRVOYRQSTGFLNE IQRNELVIRVOPNEAMYMRLNSKVPGVSQKTTVIELDLTYKDRYENFYIFEAYES
LIROAMRGDHENFVRDDELIQSWEIF T PLLYHLEGPDAPAPRIYPYGSRGPASLTKFLODEDYFFESREN
YOWEVTRPDVLHEM
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MIRTSPATRKALRSOINAFNVARLREYSSLPLOVRLI TLENGRTYINQPTCLF INNEFVESKQCRTFAVL NP
STEEEITHVYESRE DDVELAVAAAQEAFDSTHNS TQDPARRGRVLNRLADLIEEHSETLAAIEBLDNGRAY
SSARGDVGLVVAYLRSCAGWADEVEGRVVETGS SHFRYVRREPLEVCEDT I PNN T PLINWIWA VG EALAT
GYTVVLETARSTPLSALYVSQLVEEAGI PAGVHENI VEGFGRITGEAIATHPRYRRVAFTGATATGREIMR
AAAESNLERVILELGGESPNRIVENDANIRQAVAR I ILGL ¥ YNSCEVCCAGSRVYVOAGTIYDELLARFKTA
AENVREVGNPEFLEDTEQGAQTEQQQLERI LGEVERGRADGAT LI TGGERLGDRGYFVQPT I FGDVTPEME T
VEERTFGPVVT ISKEDT T DEVYDLANDSQYGLARGTHIDDINRVIDVARRIRS GTVHVNT YNDFHOMVEF
GGFGQSGIGREMGVEALENYTQYRATRVEINHENE

HIFAPELEFEIDLERGLKY TFLGLFINNEFVEGVEGELLY VINPCOETRY TOUWEASAADVORAVDARE
DRENNSVWATQDELERGK LMK LADLIDROFNILAGT ESIDNGRAYTSAQGDVTLAVR Y T RICAGWADKT
LGNVVLSGRTELNLVIREPLGYVGOI I FWNF PL LML AWRLGPALATCN T VVLRTAESTPLAGLYVARKLIK
EpGEPPGYUNIL SGRGHPAGRAT AARPRIKRI ARTGS TATGRRIMEARREANLERVILELCGCRSFNIVRE
DADIQRTIENITLGIFFNEGEVCCAGERVYIQDTVY EEVLEAFRRET DNVEVGGPPEEGVFQGPRTAELO
LNATLSYIKBGROEGARVITGGSRYRNRGYYIRETT FADYVTEDMKY VREEF REPVUTITRFS TYDEVVEY
ANNTHYGLARGIHTHENLEFAIDVASRIKACVVWINT YRDFHHMVPFGGYGE SGIGRELGARAT.DNYT QAR
ATRIAYTEEHK

NMYBRAEYLODAPTQIRRILSCGYNH PLLREWGBERQLNRNMET FPLFVTDREDEEELI PSLEPNI RRFEVN
KLIPYVGGLVERGLRAVILFGVPLKEPGVRDEEGTARDDPEGEVIOQAIRELRENFEDLYTITDVCLCEYTS
HGHECGILYEDGTINRELSYRRYAAVAVRYAQAGANSYARSDNTDGRIRDI KEGLLSAGLARRTFVMSYRA
RFSGNLYGPFPRDAAGECPEQGDRACYQLPSGERGLAHRAYL I ROIMNEGT DT IVEPSTEYLDIVADAYQLC
KDY PICCYQVIGEYAMLAAMRERNIVDLES IAFEARQGFLRAGARL ] ISYFTPEFLEWLSE

MSRTIPITOXAVIFETNGGFLE YRDIFVPRPRINELLINVKY SGVCET DIBARKGDWEL DNRLPL VEGHE
CAGVVVAYGENVIGHEIGDYAGIRWLNGSCLNCEYCIQGARSSCAFADLEGFTEDGSFQOYATALATORAA
RIPREALLAEVAPI LCAGTTVYFRALRTADLRIGUWVATL B GAGGELGSLAVO YAXRLGLRVLGIDGGADKG
EFVRSLGARVFVDFTRTRDVVAEVQELINGGPHGVINVIVS PHATIHQSVQYVRTLEXVVLVGLPSGAVVN
SOVEWHVLRSIEIRGEYVERREDIABAIDLFITRGLVRARIRI IGLSELAKVYECMEAGAT IGRYVVDTSK

FARRP
University of Nebraska
Komagataella Hypothetical protein PAS
phathi GI:238031215
(Pichiapastors) | p 0ot vond #5c — 535 AA
Mitochondrial aldehyde
Komagataella dehydrogenase
phaffil
GL:23803324%
(Pickia pastoris)
Protein band #6 — S01 A4
Delta-aminolevulinate
Komagataella dehydratase
phaffii
GI:238033645
(Pichia pastoris)
Protem band #7a — 341 AA
Mitochondrial aleohol
Komagataelia dehydrogenase isozyme Il
phaffit
GL 235031179
(Pichia pastoris}
Protein band #7b-350 AA
Komagataella Malate dehydrogenase
phathi GI: 238034064
(Pichiapastoris) | p_ oo bend #7c-342 AA

MYRVTVCGAAGGIGQPLSIMFRLNEYVT T LALYOVVNVPGVGEDLIHIDTLTKLES YLPENDGLEKALTG
SDLVITPAGVPRRP GMTRODLFAIRAGI TROLARGIAQFAPSAFVLVISHPYNSTVEIVARYLRRNNVEN
PORLPGYT TLDCVRANT FVAE LRRDREASAFDTRVLGGHEGE TIVEVFBQSAPEVYRELSDEGRAALVHR
VOFGEDEVVRARNGAGSAT LS MA Y ACY KLGHALLAAINDI PRI IR TEVY LR NS IKCGAREAFK Y INERL
KDSDSSDVRFFALPVVLSSNGIEEIRWDILERVDARETELLEIAYGOLSKRIARGTAF IAGH
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Putafive protein, unknown

Komogataella function MVVAI RGGTCLGLMNLTWRPTPTPI DDA ETI RYAVEERGVRY LNGGEFYNFELDSNLNLOGY IQRFARRY

phaffi PELYRKVSLSVKGAVELVDVSPDSS PENLEKS I SNI TKHLPNNFLPIFEPARE DERYS IEET IENLSKEV

haffss EDGRIGGISLSEVGADT IRRAAKVARIACVEVEFSLLTRDI LENGVLAACELLNI FIIAYSPLGRGFLTE

G1:238033788 TINSKADIPEGDIRLSLERFNDDEVT EENT.XLVACLER TRUKKGVTLAQL S LAWL RKFEDKHVKVL P TPS

{Pichia pastoris) CSSPRRVAENTXETSLTDSEFOBITDFAESVPIRGGRYNKASEAVING
Protein band #74-328 AA

Komagaraella Trfose phosphate isomerase MARTTEVCEGN KNG KRS THE 1 TERLNNTKLPENVEVY I APPAPY LAV ENRQRTVYVSAQNSFDEA

phaffi SGAYTGEVSVEALRDLEVPYVILGHSERRT INKEDDAF] ASKTRFALDQGLRVI LCIGETLEERDANI TT,
GIL:238032989 DVVREQLOAVVDVVS DTN IVVAYE FYRATCTGLART PEDAQDVREQY ROFLATVI GEDQAEKVRI LYGG

SVNGRKMAVEFRDEADVDGFLVGGASLEPEFVDI INSRY
{Pichia pastoris)

Protein band #8 — 248 AA

Protein band #10 - 84 AA

Hypotbetical pratein
Ko”’“f“’"eﬂa {cyclophilin) PP7435 MTRTFFDVSBNDQPLGRIVFELYDDVPKT [ ENFRALCTGENGYGYXDST FHRVI POFHL QCEDETRENCT
haff? GGRS T YGERFPADENF THRNT KEGLLSMANAGPNTRESQFF I TTVEC PNLOGKEVVEGEVVDGLDVVSKIE
7 GI:328350030 TLGSSSCATETQLKITNSEEL
{Pichia pastoris)
Protein band #9a — 161 AA
Cytasolic supsroxide
Komagataella dismutase
haffii MVKAVAVLRGDSTVGEIVYEEQSSESSPT T ITY D EGHSPNAEREFH T HOFGDNTRECTSACEHFNEFGK
2 GL238034030 PHCAPTDEAREVGDLGRVXTDAEGVARGYITDNOVEL I GETS I L GRTVV I HOGTDDLGRGGHANS LRTEN
: AGGRPACGVIGLAA
{Pichia pastoris)
Protein band #9b — 154 AA
Mitochondria ATPase
Komagaraella fnkibitor
phaffii :ggg@gg?gggmmysmsTrmgnsnss GLAFTKREKAOE DFYT REHOABQLAKLRSOLKNQKEH
(Pichia pastoris) GI1:238029765
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4,1 PuybMed Searches.  The scientific literature database, PubMed, was searched for evidence that any of the proteins from
Pichia pastoris, and specifically the 17 proteins identified by Impossible Foods, Iac. are likely source of allergy or toxicity. The
search did not reveal evidence that the Pichia pastoris or the 17 proteins from the species represent food safety risks. Summary
of all information is present in Table 2.

4.1.1 Allergenicity. A search of PubMed using only the organism name, “Pichia pastoris” AND “allergen” returned
128 articles. A quick review of the 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 of proteins from various eukaryotic sources. Adding & 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 yeast, therefore the search exclusion was not appropriate. A search with the newer name
of the species, Komagataelia phaffii without any other search term returned only six publications, all related to the

taxonomy or genomics cloning of the yeast species (synon. Pichia pastoris) or the use of thig species as a

recombinant vector. To more fully evaluate the potential risks of allergy, the names of each of the identified 17 P.

pastoris proteins were searched in combination with Pichia pastoris using the “AND™ function. The identified

references and/or abstracts were saved in an archive. Review of the information failed to identify any study data to
suggest possible allergenicity of the endogenous proteins identified by Impossible Foods in their proteomic analysis.

Thus there is no evidence that endogenous proteins from Pichia pastoris are allergens.

4,12 Toxicity. The search of PubMed using both “Pic/ia pastoris” AND “toxin” returned 185 references, however,
most appear fo relate to expressing various eukaryotic genes to produce recombinant proteins. The list was
reduced to 26 by excluding “recombinant”. One of the publications specifically looked for protein toxin
expression by P. pastoris, Banerjee and Verma (2000). They tested various strains of the yeast to produce protein
toxins that would kill other yeasts. They failed 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 organisms. Thus,
based on literature search there is no reason to suspect that Pichia pastoris produces toxic proteins.
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Table 2 Pubmed search results (Summary tahle)

Protein Source Scarch resulés
Pichic pastoris | Pickia pastoris Pichia pastoris Individual endogenous (17) Pickia proteins
or AND allergen AND toxin
Komagataells
phafili
185 articles were found. | Searches with the following individual identified preteins
Pichia pasioris | 5243 articles 12§ articles, most relate did NOT identify any publications that described
were found. o expression of Adding NOT allergenicity or toxicity.
SyHON. heterologous gensa and | recombinant reduced
Komagataella proteins. the numberto 26. Alpha-aminoadipate reductaseé: Zero articles
phaffii . Cobalamin-independent methionine synthase, NOT
§ articles when NOT Carefully reading the recombinsnt: Four axticles
(recombinant recombinant was added. | abstracts demonsteated | Aconitase: Two articles
yeasthost) | | - that only one considered | Transketolase: Five articles
Six references were pasaible protein foxims | Glycero] kinase: Five articles
found for Komagataella | expressed by the yeast, | Catalase A: Twenty cne articles
Phatfii, dll related to Pichia pastoris. 'The G6PD: One article
heterologous expression | paper {(Banerjee and Hypothetical PAS: Twenty one articles
or to taxonomic Verma, 2000) Mitochendrial aldehyde dehydrogensse: One article
reletionships with P. demonstreted thet no Delta-aminoclevalinate dehydrogenase: One article
pastoris or other toxic proteing were Mitochondrial alcohol dehydrogenase: Two articles
Komagataella sp. identified in F. pastoris. | Malats debydrogenase: One article

Unknown finction (possibly pyridoxal reductase: Zero
Triosphosphate isomerase: Zero

Cyclophilin: Zero

Cytosolic superoxide dismutase: Three articles
Mitochandria ATPase inhibitor: Zere
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42 Sequence comparisons of the 17 Pichia pastoris proteins to allergens and toxins, The amino acid sequence of each

of the 17 endogenous proteins of Pichia pastoris identified by Impossible Foods from the 10 highest intensity bands were
compared to known allergens using both full-length FASTAS3 alignment searches and a sliding window of 80 comparison
against AllergenOnline.org, version 16 as well as an exact 8A A word search. Additionslly, a BLASTP search was performed
against the NCBI database using keyword search limits of “allergen” / “allergy™ and “toxin™/ “toxic”. Results are presented in
summary form in Tables 3 to19 for proteins 1 through 17. '

Table3. Bicinformatics Sammary Results of Protein Band #1. The 1400 AA protein, Alpha aminoadipate reductase
was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline No match to any protein in AllergenOnline version 16 with an E score of < 1. Four low

overall FASTA3 identity short segment matches with E scores between 1 and 10.

AllergenOnline No match f6 any protein in AllergenOnline version 16, with identity of >35% over any

80mer FASTA3 80 AA segment.

AllergenOuline No exact 8mer match with any protein in AllergenOnline version 16.

Exact 8 AA

NCBI BLASTP Two low scoring identity matches to non-homologous, hypethetical proteins with B

Allergen scores >1 e-05, and alignments of < 25% of the length and < 30% identity.

NCBI BLASTP A number of low scoring identity matches to homologous proteins (small E scores) that

Toxin or Toxic are proteins from organisms that are classified as toxic to insects (e.g. Bacillus
thuringiensis), but no significant alignment to an obvious toxin or toxic proteins.

NCBI BLASTP Many high scoring identity matches with protein homologous proteins from other yeasts

No keyword and molds. The highest scoring match to a Saccharomyces sp. protein has an F score =

0.0, and 60% identity in a 1418 AA alignment.

Conclusion: No risk of Allergy or toxicity identified for protein #1
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Table 4. Bioinformatics Summary Results of Protein Band #2a. The 768 AA Cobalamin-independent methionine synthase

protein was compared with AllergenOnline.org version 16 and with NCBI Protein or 17 May, 2016.

AllergenOnline One significant match to a protein in AllergenOnline version 16, The protein is Salk 3

overall FASTA3 (Assarchzadegan ef al,, 2011), a pollen allergen from Russian thistle (Salsola cali}, with
an E score of 1e-158, 49% identity over the full length. The Sal k 3 is unique in
identification of an allergen, yet a BLAST with Sal k 3 reveals highly homologous
proteing in many dicotyledonous plants ranging from pigweed, o mustards, cotton,
strawberries, soybeans and peaches with much higher identities than achieved by Pickia
pastoris protein band #2. It is not clear how important Sal k 3 is as an allergen and the
large protein is likely to be heat-denatured and digested rapidly by multiple proteases. .

AllergenOnline The only protein in AllergenOnline version 16 is Sal k 3, with a best 80 AA alignment

80mer FASTA3 of 77.5%.

AllergenOnline The only protein with an exact 8mer match is Sal k 3.

Exact8 AA

NCBI BLASTP Two low scoring identity matches to non-homologous, hypothetical proteins with £

Allergen scores >1 e-05, and alignments of < 25% of the length and < 30% identity.

NCBI BLASTP A number of low scoring identity matches to homologous proteins (small E scores) that

Toxin or Texic are proteins from organisms that are classified as toxic to insects (e.g. Bacillus
thuringiensis), but no significant alignment to an obvious toxin or toxic proteins.

NCBI BLASTP Many high scoring identity matches with homologous proteins from other yeasts and

No keyword molds. The highest scoring match to a Saccharomyces sp. protein has an E score = 0.0,
and 77% identity in a 765 AA alignment.

Conclusion: There is a very minimal risk of allergy based on the modest alignment with Salk 3. However, Sal k 3

has many higher scoring alignments with proteins in commonly consumed plant foods, and no publication of allergy

except airway allergy and skin test reactivity to Sal k3. Thus the risk of allergy is likely to be verylow. There was

no significant match to a toxin, so the likely risk of toxicity is extremely low.

1009


http:AllergenOnline.org

FARRP
University of Nebraska

Study No. REG ImpFoads2
Impossible Foods Page 21 of 43

Table 5. Bioinformatics Summary Resnuits of Protein Band #2b. The 780 AA Aconitase protmn was corapared with
AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016,

AllergenOnline Two alignments with £ scores between 0.1 and 1 (Aspergilius sp. endo-chitosane 238

overall FASTA} AA, 31% identity over 80 AA; Sarcoptes scabiei inactive cysteine protease, 340 AA,
25% identity over 139 AA}, and 10 alignments with £ scores between 4 and 10, various
proteases with low identity scores (24% to 37% identity) with proteins in
AllergenOnline.org version 16.

AllergenOnline No matches of >35% identity over 80 AA with any protein in AllerpenOnline.org

80mer FASTA3 version 16.

AllergenOnline No exact 8 AA match with any protein in AllergenOnline.org version 16.

Exact B AA .

NCBI BLASTP One very low scoring alignment with an alkyl hydroperoxide annotated as 2 “Mal

Allergen allergen” (no reference) from an Antarctic coastal bacteria, genomic sequence. The E
score was (.86, 35% identity over 72 AA and three other irrelevant lower identity
alignments.

NCBI BLASTP A number of statistically significant alignments with £ scores smaller than 1e-50, one

Toxin or Toxic with 0.0. However most of the alignments are modest identities of 50% or less,
indicating homology. Most of the source organisms are foxic, but no obvious reference
to toxicity of the proteins. There was one higher scoring alignment of 66% with E score
0.0, to a bovine homologue of the aconitase enzyme (GI:157831069, 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 impacts the consumer of the compound.

NCBI BLASTP Many high scoring identity matches with protein homologous proteins from other yeasts

No keyweord and molds. The highest scoring match to a Saccharomyces sp. protein has an E score =
0.0, and 81% identity in a 775 AA slignment.

Conclusion: There is a very minimal risk of allergy based on the modest alignment with endo-chitosane and inactive

protease found in full-length alignment. Thus the rigk 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

homologue of Saccharomyces cerevisiae was much was much higher. Thus the likely risk of foxicity is extremely low.
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Table 6. Bicinformatics Summary 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 No matches to proteins in AllergenOnline versior 16 with an E score <1. There were
overall FASTA3 >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 significant,

AllergenOnline No identity match of >35% over any segment of 80 amino acids compared to any

80mer FASTA3 protein in AllergenOnling version 16.

AllergenOnline No exact 8§ AA matches with eny protein in AllergenOnline version 16,

Exact 8 AA

NCBI BLAST?P No significant alignment with any protein in NCBI with using the keyword allergen.

Allergen .

NCBI BLASTP Mamy small £ score identity matches of just under 50% identity to transketolases of

Toxin or Toxic bacteria (e.g. Bacillus cereus) or cyanobacteria that are known to be toxic organisms.
These are homologues of the enzyme involved in sugar catabolism from photosynthesis.
No references were obvious showing any toxic effects of these enzymes on consumers.

NCBI BLASTP Many high scoring identity matches with protein homologous proteins from other yeasts

No keyword and molds. A transketolase from the commonly used food yeast, Saccharomyces
cerevisiae has an E score of 0 and 70% overall identity to the transketolase of P.
pastoris.

Conclugion: The data indicate there is no obvious risk of allexgy or toxicity from the transketolase protein. The

higher scoring alignment with transketolase of Saccharomyces 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.

AllergenOnline No matiches to proteins in AllergenOnline version 16 with an E score <1. There were
overall FASTA3 >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 significant.

AllergenOnline No metches of >35% identity over 80 AA were found compared to any protein in

80mer FASTA3 AllergenOnline version 16,

AllergenOnline No exact 8 AA matches were identified to any proiein in AllergenOnline version 16.

Exact 8 AA

NCBI BLASTP No significant alignments were identified.

Allergen .

NCBI BLASTP A mumber of low scoting identity matches to homologous proteins {(small E scores ¢.g.

Toxin or Toxic 6e-118) that are proteins from organisms that are classified as toxic to insects (e.g.
Bacillus thuringiensis), or mammals (e.g. Mycobaclerium tuberculosis), with up to 41%
identity matches and many gaps over 550 AA, but no significant aligument to an
abvious toxin or toxic proteins.

NCBI BLASTP Many higher scoring identity matches with protein homeologous proteins from other

No keyword yeasts and molds were found. The highest scoring alignment with a Saccharomyces sp.
was with an E score of 0.0 and identity of 53% over 664 AA.

Conclusion: There does not seem to be a risk of allergy based on the lack of alignment to allergens. There are
modest alipnments to proteins that have not beern demonstrated fo be toxins, but are from organisms that are known to
be toxde. However, with higher identities to proteins from other yeasts, including Seccaromyces sp., it is very unlikely
that this protein is a toxin.
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Table8. Bioinformatics Summary Results of Protein Band #5a. The 510 AA Catalase A protein was compared with
AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline One highly significant match with 2.6 ¢-058 but identity match with only 37% identity

overall FASTA3 over 475 AA was identified to catalase of Penicillium citrinum, a putative allergen called
Pen ¢ 30, based on IgE binding to mold allergic subjects in Taiwean. There are two Asn-
linked glycans on the natural Penicillium citrinum protein and the deglycosylated form
had reduced binding, but still some IgE binding  One subject had a positive SPT to Pen
¢ 30. Other alignments had large E scores near or above 1 and short low identity matches.

AllergenOnline The only alignment with >35% identity over 80 AA was to the Penicillium citrinum

80mer FASTA3 catalase and the best aligned 80 AA segment was 60% identity, indicating restricted
conservation of sequence to a subsection of the protein.

AllergenOnline No exact 8 AA matches were identified to any protein in AllergenOnline version 16, not

Exact 8 AA even to the catalase of Penicillium citrinum.

NCBI BLASTP Only the single alignment of Penicillivm citrinum was identified, with an E score of 9e-

Allergen 93 and identity score of 38% over 424 AA.

NCBI BLASTP Many significant (very small E score) alignments were identified (as low as 5¢-149 for

Toxin or Toxic toxin, 0.0 for toxic) to homologues from organisms noted for toxins or toxicity (e.g.
Bacillus sp., Enterococcus faccalis, Streptomyces sp., Clostridium sp.). 'The alignments
are ppproximately 50% for proteins identified with “toxin®, and 71% as the highest for
those identified with “toxic” erganisms (Candida boidinii). The enzyme is common to
all organisms living in oxygen containing environments as it detoxifies hydrogen
peroxides by converting them to water and oxygen. I is not a toxin and is not toxic to
mammalian cells. No published evidence was found that catalase A is a toxin,

NCBI BLASTP Many high scoring idenfity matches were found with homologous proteins from other

Neo 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 witha
Saccharomyces sp. was with an E score of 0.0 and identity of 66% over 494 AA.
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Conclusion: There does not seem to be a risk of allergy based on the lack of alignment to allergens. Catalase

from Penicillium citrinum has been identified as an inhaled spore allergen, with no described allergic reactions to
ingestion. Peniciliium camembertii is widely consumed with brie and other soft-ripened cheeses, which have versions of
catalase that ave closer to the allergenic ones than is the Pichia protein. Penicillium is a member of the fungal
subdivision Pezizomycefes, which is distinct from the subdivision Saccharomycoting, which contains Pichia. Several
members of Pezizomycetes are widely eaten (e.g. morels) and have versions of catalase that are closer to the allergenic
ones than is the Pichia protein. The lack of cross-reactivity upon consumption of morels and soft ripened cheeses
establighes it as highly unlikely that the Pichia catalase will elicit cross-reactivity. Similarly, several members of the
Saccharomycatina (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 fo be toxic. Many homologues were identified to
proteins from yeasts, including Saccharomyces sp., thug it is unlikely that this profein is a toxin.
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Table 9. Bioinformatics Summary Resalts of Protein Band #5b, The 504 AA glucose 6 phosphste dehydrogenase protein
(G6PD) was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline Low scoring metches were identified with E scores ranging from 0.91 to 9.4 for 6

overall FASTA3 proteins that had identity matches of 24% to 47% over shott alignments of 88 down to 30
AA. These proteins were not homologues end the identity matches appear random.

AllergenOnline The only alignment with >35% identity over 80 AA was to the putative allergen,

80mer FASTA3 Blattella germanica, German cockroach, Bla g 3 (hemocysnin) with 37% identity as the
best aligned 80 AA segment,

AllergenOnline No exact 8 AA matches were identified to any protein in AllergenOnline version 16.

Exact 8 AA

NCBI BLASTP No significant identity match was identified in NCBI with keyword allergen.

Allergen

NCBI BLAST?P Many significant (very small ¥ score) alignments were identified (as low as 6e-93 for

Toxin or Toxic toxin, 6e-95 for toxic) to homologues from organisms noted for toxins or toxicity (e.g.
Bacillus sp., Enterococcus faecalis, Streptomyces sp., Clostridium 5p.). 'The alignments
are approximately 35% for proteins identified with “toxin”, and 35% as the highest for
those identified with “toxic” organisms (Fictibacillus phosphorivorans). The enzyme is
common to all organisms. It is not a toxin and is not toxic to mammalian cells.

NCBI BLASTP Many high scoring identity matches were found with homologous proteins from other

No keyword yeasts and molds. The full-length G6PD alignment to Saccharomyces sp. was with an £
score of (.0 and identity of 64% over 495 AA,

Conclusion: There does not seem to be a risk of allergy based on the lack of alignment to allergens. 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 proteins from yeasts, including Saccharomyces sp., thus it is unlikely that
this protein is a toxin.
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Table 10. Blolnformatics Summary Results of Proteln Band #5¢. The 525AA hypothetical protein (PAS) was compared
with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016. '

Toxin or Texic

AllergenOnline Two very significant scoring alignments were identified, one with an £ score of 5¢-126

overall FASTA3 and 58% identity {(Davidiella sp. aldehyde dehydrogenase} and one with 1e-124 £ score
and 58% identity to Alternaria alternata aldehyde dehydrogenase. The next highest
alipnments were to diverse species and of much greater £ scores and lower identities.
These are minor hypothetical allergens.

AllergenOnline Three alignments were found with >35% identity over 80 AA. The highest scoring ones

88mer FASTA3 were to the same Davidiella sp., and Alternaria sp. as the full-length FASTA, with
highest scoring 80mers of 72% identity. The third was to a storage mite, Zepidoglyphus
destructor, with 35% identity.

AllergenOnline A number of exact 8 AA matches were identified to the Davidiella sp. and Alternaria sp.

Exact 8§ AA proteins in AllergenOnline version 16.

NCBI BLASTP There were a few significant alignments using NCBI with keyword allergen. The best

Allergen scoting ones were to Davidiella sp. (Cladosporium sp.) end Aureobasidium namibige.

NCBI BLASTP Some significant (very small E score) alignments were identified (as low as 2e-171 for

toxin, 2e-177 for toxic) to homologues from organisms noted for toxins or toxicity {e.g.
Bacillus sp.). The alignments aze 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.

NCBI BLAST?
No keyword

Many high scoring identity matches were found with homologous proteins from other
yeasts and molds. The full-length PAS alignment to Saccharomyces sp. was with an £
score of 0.0 and identity of 69% over 512 AA.

Conclusion: There does not seem ta be a risk of allergy based on the lack of alignment to allergens. The two hits are
to members of the fungal subdivision Pezizomycetes, which is distinct from the subdivision Succharomycotina, which
contains Pichia. Several members of Pezizomycetes are widely eaten (e.g. morels) and have versions of ALDH that are
closer to the allergenic ones than is the Pichia protein. The lack of cross-reactivity upon consumption of morels
establishes it as highly unlikely that the Pichia ALDH will elicit cross-reactivity. Similarly, several members of the
Saccharomycoting {including S. cerevisige), whose ALDH's are equally closely related to the allergenic ones as is
Pichia are widely caten 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
proteins from yeasts, including Saccharomyces sp., thus it is unlikely that this protein is a toxin.
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Table 11. Bicinformatics Summary Results of Protein Band #6. The 501 AA mitochondrial aldehyde dehydrogenase
protein was cormpared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline Two high scoring matches with 2.4e-138 and 1.2e-131 with identity matches of 60%
overall FASTA3 and 57% were identified to  aldehyde dehydrogenases. One was Davidiella tassiana
(Cladosparium herbarwm) and one to Alternaria alternata with nearly 60% identities
over nearly full length alignments. These are minor airway allergens identified only by
low-level IgE binding in the studies used to identify them as putative allergens.

AllergenQOnline The same two mold allergens were identified in alignments with best-scoring identity
80mer FASTA3 matches of 76% amd 74% identities.

AllergenOnline The same two mold allergens had a large number of 8 AA matches as expected based on
Exact 8 AA high identity matches in AllergenOnline version 16.

NCBI BLASTP High scoring mitochondrial aldehyde dehydrogenase fungal proteins were identified in
Allergen NCBI as the clear alignments using keyword allergen. Cladosporium (Davidiella sp.)

and Aureobasidium namibiae were highest scoring with Z scores of 0.0 and identities of
61% and 60%. These proteins are putative allergens, IgE binding, no biological activity.
NCBI BLASTP Slightly lower scoring alignments (compared to the fungal mitochondrial aldehyde
Toxin or Toxic dehydrogenases) or 6e-170 and 4e-165 and identity scores of 53% and 51% respectively
were found for toxin. Interestingly, a human mitochondrial aldehyde dehydrogenage
was the highest scoring protein with “toxic™ as a search term, having an E score of 6e-
173 and 52% identity. The next scoring match was to aldehyde dehydrogenase of
Bacillus thuringiensis were identified using toxin and toxic keywords. The matches
were to homologous proteins from bacteria (e.g. Bacillus thuringiensis) that do not have
mitochondriz, but the function is still needed in these bacteria. There is no published
evidence was found that any aldehyde dehydrogenase is a toxin.

NCBI BLASTP Many high scoring identity matches 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 of 0.0 and identity of 62% over 488 AA.

Conclusion: There is 2 very minor potential risk of allergy based on the identity aligmments to two putative mold
aiyway allergens however, the enzyme is ubiquitous and there has not been proof that these proteins cause allergic
disease. Only that they can bind IgE from some airway sensitized individuals. The two hits are to members of the
fimgal subdivision Pezizomycetes, which is distinct from the subdivision Saccharomycoting, which contains Pichia.
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Several members of Pezizomycetes are widely eaten (e.g. morels) and have versicns of ALDH that are closer to the
allergenic ones than is the Pichia protein. The lack of cross-reactivity upon consumption of morels establishes it as
highly unlikely that the Pichia ALDH will elicit cross-reactivity, Similarly, several members of the Saccharomycotina
(including S. cerevisiae), whose ALDH’s are equally closely related to the allexgenic ones as is Pichia are widely eaten
without cross-reactivity. It is very unlikely that this protein is an allergen or a toxin.

1018



FARRFP : Study No. REG ImpFoods2
University of Nebraska Tmpossible Foeds Page 30 of 43

Table 12. Bioinformatics Summary Results of Protein Band #7a. The 341 AA Delta-aminolevulinate dehydratase protein
was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline Very low-scoring aligmments with £ scores of 4 to 10 were identified to glucanase

overall FASTA3 enzymes from diverse sources {€.g. rubber tree, grass pollen, cockroach and wheat).
These alignments are unlikely to represent a risk of possible cross-reactivity.

AllergenOnline No matches were identified with >35% identity in any 80 AA match with

80mer FASTA3 AllergenOnline version 16.

AllergenOnline No exact 8 AA matches were identified with AllergenOnline version 16.

Exact 8 AA

NCBI BLASTP Two high identity matches were found to a dehydrogenase of Candida albicans as a

Allergen putative 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 recognition. No connection to allergy.

NCBI BLASTP Modest scoring alignments were identified using toxin and toxic keywords. The

Toxin or Toxic matches of approximately 40% identity were to homologous proteins from bacteria. No
published evidence was found that these proteins are toxins.

NCBI BLASTP Many high scoring identity matches with homologous proteins from other yeasts and

Na keyword molds were identified. The highest scoring alignment with a Saccharomgyces sp. was

with an £ score of 0.0 and identity of 76% over 340 AA.

Conclusfon: It is unlikely that there is any risk of allergy for this protein. The same is true for toxicity. In addition,
there are very good alignments to homologous proteins from many molds including Sacearomyces sp., with 76%
identity over 340 AA. Thus it is very unlikely that this protein is an allergen or a toxin.
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Table 13. Bioinformatics Summary Results of Protein Band #7b. The 350 AA mitochondrial alcohol dehydrogenase
protein was compared with AllergenOpline,org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline One significant-scoring alignment was identified with an £ score of 1.2¢-108 and 76%

overall FASTA3 identity over the full-length (350AA) to Candida albicans Can £ 1.0101. This protein
should be considered a putative allergen as the publication demonstrating IgE binding
to the apparent MW of a partially purified (Shen et al., 1989) and was also expressed as
a recombinant-with very light IgE binding (compared to the native) by a pool of 4 sera
(Shen et al., 1991) have not absolutely demonstrated that the large number of subjects
bound IgE to this specific protein. However the natural protein is glycosylated that
might impact IgE binding. There was no demonstration of biclogical activity.

AllergenOnline Only the single protein Can £ 1.010] identified by full FASTA was identified with

80mer FASTAY >35% identity in any 80 AA match with AllergenOnline version 16.

AllergenOnline Only Can f 1.0101 contained exact § AA matches compared to protein band #7b with

Exact8 AA AllergenOnline version 16.

NCBI BLASTP Two high identity matches (£ scores 0.0, identities of 80% and 76%) were foumd to a

Allergen dehydrogenase of Candlida albicans as a putative allergen. A third aligmment was
identified with an E score of 0.001 and identity of 28% over 120 AA to Salmonella
enferica putative oxidoreductase.

NCRBI BLASTP Modest scoring alignments were identified using toxin and toxic keywords to alcohol

Toxin or Toxic dehydrogenase enzymes of bacteria that are associated with toxicity (Corymebacterium
ulcerans, Bacillus thuringiensis, B. cereus, Escherichia coli and Streptococcus sp.).
The E scores were small 1e-87, 2e-55 and percent identities 36% to 42%. However, no
published evidence was found that these proteins are toxins.

NCBI BLASTP Many high scoring identity matches with homologous proteins from other yeasts and

No keyword molds were identified. The highest scoring alignment with a Saccharomyces sp. was
with an Z score of 0.0 and identity of 74% over 347 AA.

Conclasion: It is unlikely that there is any risk of allergy for this protein. The same is true for toxicity. In addition,

there are very good alignments to homologous proteins from many molds including Saccaromyces sp. Thus 1t is very

unlikely that this protein is an allergen or a toxin.
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Table 14, Bioinformatics Summary Resulés of Protein Band #7¢, The 342 AA malate dehydrogenase protein was
compared with AllergenOnline.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%

averall FASTA3 identity over the full-length (341AA) to Malassezia furfur Mala £ 4.0101. This protein
should be considered a putative allergen as the publication demonstrating IgE binding
to a natural, semi-purified protein, but there was another isoform isolated and two other
proteins from the partially pure one called Mala 4 (Onishi et al., 1999). However the
natural protein is glycosylated that might impact IgE binding. There was no
demonsiration of biological activity.

AllergenOnline Two proteins were identified with >35% identity in any 80 AA match with

80mer FASTA3 AllgrgenOnline version 16. One was as expected, Malassezia furfur Mala £4.0101,
with a highest identity score of 70%. The second was to convicilin of Piswm safivum
with 36.2% identity as the highest scoring 80mer. The overall alignment to that protein
was poer, E score of 45, 31% identity in an 84 AA overlap.

AllergenQOnline Only Mala £4.0101 contained exact 8 AA matches compared to protein baod #7¢ with

Exact 8 AA AllergenOnling version 16.

NCBI BLASTP The only significant match by BLASTP was to Malassezia sympodialis Mala £

Allergen 4.0101with an £ score of 6e-71 and an identity of 45%.

NCBI BLASTP Significant scoring alignments were identified using toxin and toxic keywords to the

Toxin or Texic malate dehydrogenase enzyme. The highest scoring hit was to a rat (Ratfus norvegicus)
with E score 2e-94 and 47% identity. Then a number of toxic organisms (Vibria
cholera and K. coli} with slightly lower identities and slightly higher E scores.

NCBI BLASTP Many high scoring identity matches 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 of 4e-109 and identity of 53% over 339 AA.

Conclusion: The C. albicans ADH has been identified as an allergen linked (weakly) to Candida-related asthma. But

the similar degree of identity to 8. cerevisine 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 of allergy for this

protein as only one putative dermal allergen had a significant match. The risk of toxicity 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 protein is an allergen 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.

Toxin or Toxic

AllergenOnline One low-scoring alignment was identified with an £ score of 0.23 and 24.6% identity

overall FASTA3 over the full-length (328AA) to Juniperus accidentalis Jun 0 4.0101. This alignment is
very low scoring and unlikely to be relevant to rigks. There was no demonstration of
biological activity.

AllergenOnline No alignments with >35% identity over any 80 AA match with AllergenOnline version

Simer FASTA3 16 were identified.

AllergenOnline No exact 8 AA matches compared to protein band #7¢ with AllergenOnline version 16.

Exact 8§ AA

NCBI BLAST? No significant match was identified using BLASTP and keyword Allergen.

Allergen

NCBI BLASTP Modest scoring alignments were identified using toxin ard toxic keywords to the

malate dehydrogenase enzyme. The highest scoring hit was to a bacterial protein
{Escherichia coli aldehyde oxidase) with E score 2¢-39 and 32% identity. Then a
number of toxic organisms (E. coli, Microcystis aeruginosa, Raphidiopsis brookii) with
slightly lower identities and slightly higher £ scores.

NCBI BLASTP
No keyword

Many high scoring identity matches with hormaologous proteins from other yeasts and
molds were identified. The highest scoring alignment with a Saccharomyces sp. was
with an F score of 3e-68 and identity of 40% 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 of toxicity 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
allergen or a toxin,
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Table 16. Bicinformatics Summary Resulis of Protein Band #8. The 248 AA Triose Phosphate isomerase protein was
compered with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline Four high-scoring alignments were identified with £ scores smaller than 9.3e-51 and 5-
overall FASTA3 53% identities aver nearly the full length of four triosephasphate-isomerase proteins of
diverse sources (wheat, two from house dust mite and one from shrimp). Yet
triosephosphate isomerases are ubiquitous and there is no published evidence for such
wide-spread cross-reactivity. Thus these aligmmnents are unlikely to represent a risk of

possible cross-reactivity.
AllergenOnline 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
Exact 8 AA AllergenOnline version 16.
NCBI BLASTP Similar identity matches were found by BLASTP to triosephosphate isomerase of house
Allergen dust mites and scabies. However, there is not clear published proof that this protein is
cross-reactive.
NCBI BLASTP Moderately high scoring alignments were identified using toxin and toxic keywords.
Toxin or Texic The matches with E scores of 2e-55 to 7e-65 and identities of 40% to 50% were found

to homelogous proteins from bactena (e.g. Escherichia coli, Bordeteila sp., Clostridium
sp.). No published evidence was found that these proteins are toxins.

NCBI BLASTP Many very high scoring identity matches with homologeus proteins from other yeasts
No keyword and molds were identified. The highest scoring alignment with a Saccharomyces sp. was
with an E score of 1e-128 and identity of 71% over 248 AA.

Conclusion: It is unlikely that there is any risk of allergy for this protein. The same is true for toxicity. In addition,
there are very good alignments to homologous proteins from meny molds including Saccaromyces sp. Thus it is very
unlikely that this protein is an allergen or a toxin.
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Table17. Bioinformatics Summary Results 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 le-
overall FASTA3 46 to cyclophilin proteins of diverse 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 vifro cross-reactivity, there is no published
evidence for such wide-spread clinical cross-reactivity. Thus these alighments are
unlikely to represent a risk of possible clinical cross-reactivity.

AllergenOniine Seven proteins were identified as having alignments with >35% identity in any 80 AA

S0mer FASTA3 match with AllergenOnline version 16. The highest alignment was 87% and all had 80
identities greater than 78%.

AllergenOnline All of the same proteins had 8 AA matches in AllergenOnline version 16.

Exact 8 AA

NCBI BLASTP A few cyclophilins were identified with high matches of diverse sources (e.g. moid,

Allergen Aspergillus fumigatus and Malazessia furfur; 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.
NCBI BLASTP Modest scoring alignments weare identified using toxin and toxic keywords. The
Toxin or Toxic matches with £ scores of 3e-32 or larger and identity scores of approximately 40% to

50% identities to homologous proteins from bacteria (e.g. Enterococcus sp., Legionelia
sp., Corynebacterium sp., also with some unusual species in terms of toxicity, such as
Dariig rerio). No published evidence was found that these proteins are toxins.

NCBI BLASTP Many higher scoring identity matches with homologous proteins from other yeasts and
No keyword molds were identified. The highest scoring alignmeént with a Saccharomyces sp. was
with an E score of 9e-88 and identity of 75% over 162 AA.

Conelusion: Cyclophilins are unlikely to pose a risk of allergy. While a few cyclophilins have been identified as putative
allergens, and they have been demonstrated to bind IgE from some subjects, the proteins are infracellular in function and

have versions of cyclophilins that are closer to the allergenic ones than is the Pichia protein. Aspergillus is in the fungal

ubiquitous. The closest hit is to dspergillus allergen. Aspergilius oyzae is widely consumed in miso, tamari, and soy sauce and

subdivision Pezizomycetes, which is distinct from the subdivision Saccharomycotina, which contains Pichia. Several members
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of Pezizomycetes 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-reactivity upon consumption of morels, miso, tamari, and soy sauce establishes it as
highly unlikely that the Pichia cyclophilin will elicit cross-reactivity. Similarly, several members of the Saccharomycoting
(including S. cerevisiae}, whose cyclophilin’s are more closely related to the allergenic ones as is Pichig are widely eaten
without cross-reactivity. The same is true for toxicity. In addifion, there are very good alignments to homologous proteins
from many molds including Saccharomyces sp.  Thus it is very unlikely that this protein is an allergen or a toxin.
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Table 18. Bioinformatics Summary Resulta of Protein Band #9b. The 154 AA cytosolic superuxide dismutase protein
was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnpline
oversll FASTAS

Twenty three isoforms of olive pollen superoxide dismutase in AllergenOnline version
16 were aligned with nearly identical scores relative to this P. pastoris protein, They
ranged from E score of 3.9¢-30 to 8.6¢-35 and identity scores of 53% to 57%. The next
highest scoring superoxide dismutases were £ scores of 3.5 10 6.5 and identities of 27%
to 45% over 30 to 58 AA. Butteroni et al. (2005) demonstrated IgE binding using sera
from a large number of olive pollen allergic subjects, but there are no publications
demonstrating biclogical activity (e.¢. BHR, SPT).

AllergenOgline
| 80mer FASTA3

Twenty three isoforms of olive pollen superoxide dismutase were identified as having
mafches with >35% Identity over 80 or more amino acids. The olive pollen proteins
are almost identical and the identities range from 55% to 60% over the best 80 aa
alignment.

AllergenOnline
Exact 8 AA

All of the same 23 proteins had 8 AA matches in AllergenOnline version 16.

NCBI BLASTP
Allergen

Muttiple iscforms of olive pollen (Ole e 5) were identified as having identity matches
with £ scores ranging from 3e-55 to %e-55 and approximately 57% identity over 152
AA, As noted above, there is evidence of IgE binding to the olive pollen MnSOD
protein using olive-polien allergic subjects, but no demonsiration of direct biological
reactivity.

NCBI BLASTP
Toxin or Toxic

Modest scoring alignments were identified using toxin and toxic keywords. The
matches with £ scorez of 2¢-8 or larger and identity scores of approximately 30-34%
identities to homologous proteins from bacteria (e.g. Clostridium sp., Corynebacterium
sp., using the keyword toxin. High sequence identities (E scores smaller than le-80
and >70% identity) to a wide variety of fungal MnSOD proteins were identified using
the term “toxic”. However the linkage appears to be due to the ability of the MnSODs
in a wide arrey of organisms to de-toxify free radicals. No published evidence was found
that these proteins are toxins.

NCBI BLAST?
No keyword

High scoring identity matches with homelogous proteins from other yeasts and molds
were identified. The highest scoring alignment with a Saccharomyces sp. was with an £
score of 5e-81 and identity of 76% over 152 AA.
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Conclusion: Superoxide dismutase of Pichia pastoris is unlikely o 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 of wide-spread
cross-reactivity shared by MnSQD related proteins that corresponds 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
from many molds including Saccharomyces sp.  Thus it is very unfikely that this protein is an allergen or a toxin.
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Table 19, Bioinformatics Summary Results of Protein Band #16. The 84 AA hypothetical protein (mitochondrial ATPase
inhibitor) was compared with AllergenOnline.org version 16 and with NCBI Protein on 17 May, 2016.

AllergenOnline Relatively low-scoring alignments were identified with £ scores befween 0.1 and 10

overall FASTA3 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 of possible clinical
cross-reactivity.

AllergenOnline No matches were identified with >35% identity in any 80 AA match with

86mer FASTA3 AllergenOnline version 16.

AlergenOnline All of the same proteins had 8 AA matches in AllergenOnline version 16.

Exact 8 AA ‘

NCBI BLASTP No significant alignments were identified.

Allergen

NCBI BLASTP No significant alignments were identified.

Toxin or Toxic

NCBI BLASTP A few significant alignments were found for yeasts and molds. The highest scoring

No keyword alignment with a Saccharomyces sp. was with an E score of 3e-20 and identity of 49%
aver 74 AA.

Conclusion: The ATPase inhibitors do nat appear to be allergens or toxins. The highest identity score to

Saccharomyces sp., was with an E score of 3e-20 and 49% identity over 69 AA. Thus it is very unlikely that this

protein is an allergen or a toxin.
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43 Bioinformatics summary for the seventeen proteins from Pichia pasforis. None of the results from the
bioinformatics searches of the Pichia pastoris (Komagataella phaffii) proteins identified by Impossible Foods from their
production batch of Soy Leghemoglobin Preparation suggest that these proteins would present an important risk of allergy or
toxicity to consumers. At least not beyond the potential risks of inhalation allergy for those with allergies to a variety of
yeasts or molds. The sequence identities are quite similar to proteins from Saccharomyces cerevisiae, Candida albicans and
other common molds or other organisms commonly encountered in the environment or in foods. Some of the common
intracellular enzymes identified as putative allergens from a few organisms are highly conserved across broad taxonomic
categonies without evidence of shared allergic reactivity. The evidence that the specific sequence matched “allergens™ cause
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 demonsiration of risk of allergy 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 of subjects who are specifically 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 if willing serum donors can be identified, few are mono-sensitized to a given allergenic source, and few IgE binding tests
are 100% definitive. What is clear is that no unique risks of allergy were identified. In addition, the identity matches of
significance to proteins using keywords toxin and toxic are primarily because the proieins are from toxic sources. There was
no clear evidence that any of the bicinformatics matches were to proteins that are demonstrated to be toxic to humans or other
mammals,

5.0 Conclusions

Bioinformatics 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
purpose of this evaluation was to determine whether there might be some safety concerns for foods produced with these
proteins 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 IgE binding studies with the Pichig 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-reactivity and risks of allergy or allergenic cross-reactivity
are low (Goodman, 2008). And there are no other tests such as animal model tests that would be predictive of the risks of food
allergy to any consumed protein.  The science supports the introduction of food products made with the heterologously
expressed LegHb, including minor components from Pichin pastoris, 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 Foads, Inc. of Redwood City, CA. The gene wus 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% of proteins from the host, Pichia pastoris (synonym Komagataella
pastoris),

The Soy Leghemoglobin Preparation was supplied as a concentrated aqueous solution and was
subjected to digestion in pepsin based on the protocol in Thomas ef 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 10%
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 conirol 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 of hemoglobin within 24 hours of each assay day. The mass ratio of pepsiu to LegHb
preparation was adjusted to achieve ~ 10 units of pepsin activity per microgram of total protein
in solution. An additional assay was performed with the ratio of 1 unit of pepsin activity per
microgram of test proteins. Digestions were performed at 37°C under timed conditions.
Samples of the digestion mixtures were removed and neutralized at vatfous time points from 30
seconds to 60 minutes and samples of each were electrophoresed in SDS-PAGE and stained with
Coomassie blue to evaluate digestion completeness.

The resulis of this study demonstrated that the P. pasforis-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 1 pg in 10 units (as per standard protocol) and 1 pg in 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 agsays. No degradation bands were
found to result from digestion of the LegHb protein or the Pickia proteins.  Therefore, our
conclusion is that the £. pasioris produced LegHb and the Pichia host proteins are rapidly
digested at both ratio of 1 pg in 10 units and 1 pgin 1 unit activity of pepsin 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 of risk based on stability of this LegHb and

Pichia protein preparation in pepsin.
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Abbreviations
an amino acid
Azedom Absorbance of light at & wavelength of 280 nm
BSA Bovine serum albumin
CFR Code of Federal Regulations
DO-60 Digestion samples (hemoglobin plus pepsin) from time 0 (quenched prior to digestion)
to time 60 min
ED Expamenﬁ]cmholpepsmm&mxtﬂnhamoglobm,hmeﬂ
E60 Experimental control pepsin without the hemnglobm, 60 min
Hb Bovine blood hemoglobin
kDa kilodalton
LegHb Leghemoglobin from Glycine max (Soy), Pichia pastoris produced
LOD Lower limit of detection
ms milliampere
mg milligram
ml milliliter
mM millimolar
ul microliter
ny Not applicable
ng nanogram
OVA Ovalbumin
PO Experimental control protein without pepain, time 0
P60 Experimental confrol protein without pepsin, 60 min
PAGE Polyacrylamide gel electrophoresis
Pi/10 Experiments] control protein at 10% loading
R? Square of the correlation coefficient
SDS Sodium dodecy] sulfate
SGF Simulated gastric flnid (without pepsin)
SOp Standard operating procedure
T Time point
TCA Trichloroacetic acid
Tris Tris(lrydroxymethyl)aminomethane
viv solute volums to solution volume
wiv solute weight to solution volume
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1. Introduoction

Impossible Foods, Inc. of Redwood City, CA is developing a potential food product that contains
a hemoglobin protein from soybean (Glycine mayx), called Soy Leghemoglobin (LegHb), as the
primary protein ingredient. Impossible Foods, Inc. sponsored tesis and an evaluation of the
potential 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 of food allergy associated 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 of food safety.

The Codex Alimentarius Commission guidelines for assessing the allergenicity of GM plants
(2003) recommends assessing the introduced protein for stability in pepsin at acidic pH using
standard conditions as an assay to help evaluate whether the introduced protein is likely to either
increase the rate of sensitization 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 method for the assessment was first described by Astwood er ai,
(1996). The assay is not meant to predict whether a given protein will always be digested in the
stomach of the human consurner, but the assay does provide a simple in vitro correlation to
evaluate protein digestibility. Investigation of proteins that have been tested suggest a marked
positive predictive value that food allergens causing systemic reactions are relatively stable in
the assay, while non-allergenic food proteins are typically digested relatively quickly (Bannon ef
al., 2002). Purified porcine pepsin has been used to evaluate the stebility of a number of food
allergens and non-allergenic proteins in a multi-laboratory study that demonstrated the rigor and
reproducibility in nine laboratories (Thomas ef al., 2004). Porcine pepsin is an aspartic
endopeptidase with broad substrate specificity. Pepsin is optimally active between pH 1.2 and
2.0, but merkedly less active at pH 3.5 and irreversibly denatured at pH 7.0 (Collins and Fine,
1981; Crevieu-Gabriel ef al., 1999). The assay is performed under standard conditions of 10
units of pepsin activity per microgram of test 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 of pepsin was used for this assay from Worthington Biochemical Co., pepsin
A, product LS003319.

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). Incomparing pH 2.0 vs. pH 1.2, Thomas et al. {2004) showed that protein digestion at pH
2.0 resulted in slightly slower rates of full-length protein and fragment degradation, but did not
alter the overall sensitivity of a 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 of proteins at both pH 1.2 and 2.0 and have did not

Page 9 of 30
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demonstrate significant differences (Ofori —Anti et al,, 2008). Therefore in this study we only
evaluated stebility of the protein at pH 2.0.

The digestion was performed at 37°C and samples are removed at specific times and the activity
of pepsin is quenched by neutralization with carbonate buffer and Laemmli loading buffer, then
heating to more than 85°C for 10 minutes, The timed digestion samples are separated by SDS-
PAGE and stained with Coomassie blue to evaluate the extent of digestion. A review of the
digestibility assay by Bannon et @l. (2002) and by Thomas et ai. (2004) indicates that most of the
non-allergenic food proteins that have been tested are digested in around 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 of pepsin activity, established limit of
detection of the protein in the stained gel (at 10% total stainable protein) and use of an objective
measurement of the time of digestion required to reach 90% digestion as described by Ofori-Anti
et al. (2008). The activity of the pepsin in SGF was tested on each day of assay based on
digestion of bovine hemoglobin, as described by Werthington, to ensure that it is withina
tolerance interval reported by Worthington for that lot of enzyme. The results of our agtivity
assay did not exactly duplicate the labeled activity determined by Worthington for the lot, but did
fall within the acceptance criterion of the Worthington certified activity, plus or minus 1,000
activity units per mg of pepsin. 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 of digestion. We defined the time of digestion
required to achieve 90% 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 of test protein is tested in the same SDS-PAGE and colloidal blue staining
system a8 the digests are analyzed with to evaluate a limit of detection (LOD). The LOD must
be lower than 10% to perform this assay. The analytical gel for the pepsin digests includes a
10% test protein sample mixed with quenched pepsin (high pH, to avoid dipestion). Details and
results of the study ate reported here.

2. Materials
2.1 Test Substance

The test substance for this study was Soy Leghemoglobin Preparation, which comtains
leghemoglobin from soybean (Glycine max) expressed recombinantly in Pickia pastoris
(strain MXY0291), The sample was provided by Impossible Foods’ from the
production run PP-PGM2-15-320-101. 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 caleulated 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 of LegHb is 15.5 kDa, LegHb migrates at ~13 kDa on SDS-PAGE.
Impossible Foods has measured the intact mass of LegHb using mass spectrometry and
confirmed that Pichia pastoris expresses the full-length form of the protein excluding the
N-terminal methionine. Exclugion of the N-terminal methionine is coromon in microbial
protein expression and does not affect protein function. The solution was atiquoted 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). Esch was tested in separate digestion assays to
demonstrate the validity based on previous tests and results.  The control substence
tests were performed prior to the testing the samples.

2.3 Reference Substance
There was no reference substance for this study. Analytical reference standards (e.g.,
“molecular weight markers) used in this study were documented in the data and are
described in this report.

2.4 Characterization of Test, Control, and Reference Substances
Chamcterization of the Soy Leghemoglobin Preparation PP-PGM2-15-320-101 was the
tesponsibility of Impossible 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 Critical Analytical Reagents

e Pepsin A, Worthington Biochemieal Corporation, product #3319, lot #35B15585,
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.

e SGF plus pepsin 4000 U: Dissolved the mass of powdered pepsin in SGF to achieve a
final ectivity of 4,000 units per .52 mL of SGF, based on the activity units from
Worthington, which is 10 units activity per 1 pg of tested protein,

* SGF plus pepsin 400 U: Dissolved the mass of powdered pepsin in SGF to achieve a
final activity of 400 units per 1.52 mL of SGF, based on the activity units from
Worthington, which is 1 unit activity per 1 pg 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
#52P13864.
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¢ Hemoglobin (Hb) from bovine blood, Sigma Chemical Co., product #H2625 -25 G,
lot #SLBDY300V is used to tast protein pepsin activity and pepsin digestibility.

o Limit of detection determination diluent: Mixed 40 ml of SGF, pH 2.0 with 14.7 ml

of carbonate buffer, pH 11.0. NaHCO;, Fisher Scientific, cat #578284, lot #AD-

16033-32.

Pepsin quenching solution: 200 mM NaHCO;, pH 11

6X Laemmli buffer, Boston BioProducts, CAS #BP-111NB, lot #120Z4R.

B-mercaptoethanol, BioRad #161-0710, lot #210009868

Precision Plus Protein™ Dusal Xtra Standards from BIO-RAD, product #161-0377,

control #64046347

o Novex 10-20% tris-glycine polyacrylamide gels, 1.5 mm thick, 15 wells (Invitrogen
EC61385B0OX), lot #16022941.

e Tris-Glycine-SDS 10 x nmning buffer, cat #BP1341-41, lot #153375.

» BIO-RAD Coomassie Brilliant Blue R-250 staining solution, cat #161-0436, control
#200005684,

o 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 vifro digestion mode! using pepsin in simulated
gastric fluid (SGF).  Standard Operating Procedutes (SOPs) for preparation of the SGF,
determination of the 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
determining the activity of pepsin.  An appropriate mass of pepsin powder was dissolved in
prepared SGF, pH 2.0 to provide 0.9 mg/ml as a 30 x stock, which was then diluted fo 1 x with
SGF. Acidified bovine hemoglobin (2% mass to volume) was prepared and digestions to
evaluate the labeled pepsin activity were performed in friplicate (1.25 ml per tube).

The amount of pepsin powder used to prepare SGF was calculated from the specific activity
labeled on the product as 2,810 units /mg solid pepsin product. One unit activity is defined asa
change in Agspam of 0.001 at 37 °C, measured as trichloracetic acid (TCA)-soluble products
using bovine hemoglobin as the subsirate. The assay was designed for fixed volumes and a
fixed amount of test protein so the amount of pepsin diluted in SGF is adjusted to provide the
appropriate ratio of 10 units of pepsin activity per microgram of test protein in the digestion
mixture. The appropriate amount of solid pepsin was added to SGF to provide 4,000 units (for
10 umits 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 37°C ina
water bath before adding 80 microliters of test protein (5 mg/mL) for a total volume of 1.6 mL,
providing 10 units and 1 unit per microgram test protein, respectively.

Once the pre-heated (37°C) test protein solution was mixed with pre-hested 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 runming in
SDS-PAGE. All samples from a single digestion were applied to wells of the same SDS-PAGE
gel along with molecular weight markers, undigested test protein equivalent to the initial
undigested test protein sample and a 10% test protein sample and pepsin alone (to assess pepsin
stainzble protein bands). Samples were separated by electrophotesis, stained with Coomassie
Brilliant Blue R-250 solution (at least 6 hours), destained in R-250 destaining sotution and water,
and the stained gels captured 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 standard well (P1/10). Any new bands above approximately 3,000 MW,
which were generated as intermediate products of digestion, were noted as stable (or partiaily
stable) intermediate proteolytic fragments and were considered based on stability. If those
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 of the test protein.

Proteins with more than 10% stainable full-length protein band remaining at 60 minutes were
considered stable. Protfeins reduced to < 10% 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 ate used commonly to assess the digestibility of ingested
substances. Previous studies have used this sitaple, in vifro assay fo evaluate potential
risk of food 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 ef al., 1996 and del Val ez 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 ef 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; Yagami ef al.,
2000). However, Bannon et al. (2002) reviewed a broad range of published representative
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pepsin digestion studies and found a strong poszitive predictive value when comparing the
stability of allergenic and non-allergenic dietary proteins. As defined by Codex (2003),
this assay, which measures the resistance of 2 test protein to proteolysis in a fest tube assay.
It is not meant to be & stand-alone determinant in evaluating the potential allergenicity of
proteins introduced into GM crops and is not intended to predict the fate of proteins in the
digestive tract of consumers. The resulis are to be judged in a weight of evidence
approach which should alse include history of safe use, sequence identity matches to
known allergens and abundance of the protein in food material.

32 Experimental Controls
Controls in this study were meant to ensure assay reliability and include:

e Measurement of the activity of pepsin in SGF.

» Evaluation of the sensitivity of the staining properties of the test protein from serially
diluted samples, in a separate, but similar SDS-PAGE gel.

s Inclusion of semples of pepsin 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
autocatulysis.

¢ Inclusion of protein in SGF without pepsin at times zero and over 60 minutes to
evaluate the effect of acid and heat alone.

3.3 Sample Retention
Samples of test protein and digested samples were numbered o distinguish assay time
points and assay rephcntes by date. Residual samples were stored at -20°C and will be
discarded approximately six months after the completion of the study.

4. Detailed Study Methods. This study evaluated the stability of recombinant leghemoglobin
from Glycine max in pepsin at pH 2.0. A number of control steps were performed to ensure
study validity. A detailed description of the study is presented here. Laboratory records and
protocols are on file in the Goodmen laboratory, Dept. of Food Science & Technology,
University of Nebraska, Lincoln, USA.

4.1 Verification of Detection System Specificity and Sensitivity, A dilution series of
sample was prepared with sample quantities loaded in SDS-PAGE gel using 1 x reducing
Lacmmli buffer, covering the range representing 200% total protein per well (296 pg/ml of
total protein) down to 2.5 % (3.7 pg/ml of total profein. Bio-Rad precision plus protein
MW markers were applied fo 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 weter until the background was clear. The image was
captured using the Kodak Gel Logic 440 Image Station.

Page 14 of 30
1047


http:replicat.es

FARRP Study No. REG 2016 Pepsin-Legb

4.2

4.3

University of Nebraska

Page { 15 of 30

Preparation of SGF Plus Peprin. The simulated gastric fluid (SGF) reaction buffer was
prepared by adding 122.8 mg of NaCl t0 59.94 mL of distilled water. The pH of the
solution was adjusted to pH 2.0 using approximately 60 ul of 6.1 N HCI and water. The
HCI content wag approximately 0.084 N, and the salt concentration was 35 mM NaCli.

The certified activity of pepsin A from Worthington was used to calculate the amount of
solid pepsin that was dissolved in 1.52 mL of SGF. For this lot, the certified value was
2810 units per mg of pepsin solid material. The first target was 4,000 units of activity per
1.52 ml solution which is 10 units pepsin activity per I pg tested protein. Based on the
Worthington analysis, the concentration of pepsin A used in the assay was 0.93 mg/ml,
which ig 0.093 g of solid pepsin adding to 100 ml of SGF. The second target was 400
units of activity per 1.52 ml solution which is 1 unit activity per 1 ug tested protein. The
concentration used wes 0.093 mg/ml, which is 10 dilution of the 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,

Pepsin Activity Assay. Each time SGF plus pepsin was prepared for a digestion assay;
the activity of the pepsin and the digestion assay were both completed within 24 hours.
The putpose of performing the activity assay was to ensure that the pepsin was active
within g pre-defined range around the certified claim of activity by Worthington. This
product has a labeled activity of 2,810 units per mg of solid material. The activity assay
we used was similar, but not identical to that used by Worthington. The toletance was +/-
23% of the target units per mg compared to the Worthington certified claim. The SGF
plus pepsin was freshly prepered and stored at 4°C just before use, and then warmed to
37°C before the addition of the target protein. The procedure was performed as follows:
43,1 A solution of 2% acidified bovine hemoglobin (Hb) was prepared by dissolving 0.5
g of hemoglobin (Sigma # H2625) in 20 mL of distilled water, then mixing with 5
mL of 300 mM HC).

4.3.2 Three polypropylene screw-top centrifuge tubes were labeled as Test (#1-3), three
were labeled as Blank (#1-3), cach received 1.25 mlL of 2% acidified Hb and all
were preheated to 37°C for 10 min,

433 Atatimed interval (~ | min.), each of the test tubes in tutn 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 of 5% 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 um
PTFE, product #431220).

4.3.4 Blank tubes were interspersed with the Test tubes. Blank tubes (with 1.25 mL of
Hb) received 2.5 mL of 5% TCA, multiple inversion, then 0.25 mL of SGF plus
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pepsin. After 10 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 of pepsin per mL were calculated
as the mean net abgorbance {A280 nm Hb — A280 controls) multiplied by a
conversion factor of 1,000 to yield units of activity per mg of solid pepsin.

Control Protein Digestions (Hemoglobin, BSA and OVA)., Bovine hemoglobin, bovine
serum albumin (BSA) and chicken ovalbumin (OVA) digestion assays were tested as
control proteins 1o verify the appropriate activity of the test system,

Test Protein Digestion. The Soy Leghemoglobin (Legtb) concentration within the Soy
Leghemoglobin Preparation was estimated by Impossible Foods as 79 mg/ml of total
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 mlL centrifuge tubes were labeled as P1/10, PO, P60,
DO, DO.5, D2, D5, D10, D20, D30, D60, EO, E60.

4,52 70 pL of pepsin quenching solution (carbonate buffer) and 70 L of 5X Laemmli,
reducing buffer were added to each tube in 4.4.1.

4.5.3 An aliquot of hemoglobin in a tube labeled as P, was prepared.

453 Pyne: 190 uL of SGF plus pepsin was added, quick heated at 85°C, then 10 pL 1/10
diluted hemoglobin solution was added.  Solution was vortexed aod then heated at
85°C for 10 min.

4.5.4 Label a tube Py, (no pepsin, protein control): 80 pl out of tube P and then 1.52 mLL
SGF were added and mixed.

4.5.4.1 Immediately 200 pL. into the PO tube were removed, mixed and heated at
85°C for 10 min.

4.5.4.2 Afier 60 minutes at 37°C water bath, 200 pL into the P60 tube were
removed, mixed and heated at 85°C for 10min.

4.5.5 Label a tube E,,, (pepsin enzyme, no protein control): R0 pL distilled water were
added to 1.52 mL SGF plus pepsin, and then were mixed.

4.5.5.1 Immediately 200 gL into the EO tube were removed, mixed and heated at
85°C for 10 min.

4.4.5.2 After 60 minutes at 37°C water bath, 200 pL into the E60 tube were
removed, mixed and heated at §5°C for 10 min.

4.5.6 Label a tube Dpy (digestion mixture): 80 pL out of tube P was added to 1.52 mL
SGF plus pepsin and mixed, then placed in 37°C water bath,
4.5.6.1 At035,2,5,10, 20, 30, 60 min internals, 200 pL of digestion mixture were

withdrawn into D0.5, D2, D5, D10, D20, D30, D60 quenching tubes. (c.g.
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DO.5 at 30 sec., D2 at 2 min), each sample tube was heated to 85°C for 10
4.5.7 Py 190 pL of SGF plus pepsin was added, quick heated at 85°C, then 10 pL out of
tube P was added. Solution was vortexed and then heated at 85°C for 10 min.

4.6 SDS-PAGE Gel. All samples on any one gel were from a single digestion experiment.

Novex 10-20% tris-glycine gels were used with SDS-PAGE buffer.

4.6.1 10 pL of each sample tube wes loaded per well, containing 1.47 pg of starting
LegHb per well except in wells for Pixg tube which was 0,147 pg.

4.6.2 4 uL of pre-stained precision plus protein™ Dual Xtra Standards molecular weight
marker proteins were loaded in the outer two wells.

4.6.3 Electrophoresis was accomplished at a constant 150 voltage.

4.6.4 Gels for staining were stained for 2 minimum of 6 kours 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 pels 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.

4.7.1 The molecular weight of the hemoglohin, BSA, ovalbumin, LegHb and any
resulting degradation band that was not in the pepsin only lane was noted,

4,7.2 The 10% control band {P1/10) was used as the standard for comparison of all
digested sampies on & given gel.

4.7.3 The first time point the digested band appeared to be less than thel0% concentrated
sample was used to estimate the time to achieve 90% digestion.

4.8 Proteomic LC-MS Identity of Bands from Pichia pastoris. Iapossible Foods performed

LC-MS/MS analysis of 10 faint bands that were visible in Figure 10 a and b, which corresponded

to proteins from Pichia pastoris that were >1% of the Soy Leghemoglobin Preparation total

protein fraction. All of the Pichia protein bands were digested and no longer visible in Fig. 9 and
10a), demonsirating they are repidly digested.

5. Resolts & Discussion

5.1 Limit of Detection, The stained gel of the dilution series of total protein (Figure 1)
demonstrated a clear pattern of reduced intensity of stained bands with each step in the
dilution series. The minimum amount of protein that was detected was 0.075 pg of total
protein which contains {.049 pg of LegHb. Based on these data, the limit of detection was
approximately 5% of total protein which contains 3.3% as LegHb at 100% loaded in the
digestion samples. This level of sensitivity was clearly sufficient to detect 10% residual
of hemoglobin or any other protein in the digest.
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5.2 Pepsin Activity. The certified activity of the lot of pepsin from Worthington used in this
study was labeled as 2,810 units per mg of solid and was tested 2826 units per mg right
before the digestion assays were performed.

5.3 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 of pepsin activity per 1 pg of test protein, BSA and hemoglobin were
digesied repidly within the SGF plus pepsin teat system and that ovalbumin was stable with
maore 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 g ratio of 1 unit activity per microgram of protein, compared to 10 units
per microgram. At the ratio of 10 units of pepsin activity per 1 ug of test protein, OVA
was mostly digested to a stable fragment just below the MW of pepsin, between 20 and 60
minutes. However, wher the activity ratio was reduced to 1 unit of pepsin activity per 1
ug of test 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, A.O. 2008), which demonstrates the reproducibility of this SGF plus pepsin test
system.

5.4 Leghemoglobin Protein Digestion Results. Two representative stained gels of digestion
experiments of LegHb at pH 2.0 at the ratio of 10 units and 1 unit of pepsin activity per 1
ug 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 10% LegHb control
(P1/10 control in lane 13).

5.5 Pichia pastoris proteins. Gels in Figures 8, 9 and 10, lanes 1-3 have several faint bands
showing between 10 kDa, 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 ¢valuated by bioinformatics to evaluate sequence identity matches with
known allergens and toxins. They include: alpha aminoadipate reductase (1400 aa),
cobalamin-independent methionine synthase (768 aa), aconitase (780 aa), transketolase
{679 an), 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 11 (350 aa),
malate dehydrogenase (342 ag), putative protein of unknown function (328 ag), 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. Conclusions

The results of this study demonstrated that the LegHb protein and the Pichia pastoris proteins
within the Soy Leghemoglobin Preparation were rapidly digested after incubation in SGF plus
pepsin at 37°C, at both ratic of 10 units and 1 unit of pepsin activity per 1 pg of total protein,
both with more then 0% digested within 2 minutes based on Coomassie Blue staining detection.
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Figure 1, Coomassle Brilliant Bine Stained SDS-PAGE Gel Showing the Serial Dilution of Soy
Laghemogiobin Preparation Starting from 200% of Total Protein. Proteins were separzted by SDS-

PAGE using a 10-»20% polyacrylamide gradient in e glycine buffered gel.

Lane Description Protein Content
1 200% Total protein 2.95 pg (1.95 pg LegHb)
2 150% Total protein 2.21 pg (1.46 ug LegHb)
3 100% Total protein 1.47 pg (0.97 pg LegHb)
4 80% Tofal protein 1.18 pg (0.78 ug LegHb)
5 60% Total protein 0.88 pg (0.58 pg LegHb)
6 40% Total protein 0.59 ug (0.39 pg LegHb)
7 20% Total protein 6.29 pg (0.19 pg LegHb)
8 10% Total protein 6.15 pg (0.097 pg LegHb)
9 5% Total protein 0.075 g (0.049 ug LegHb)

10 2.5% Total protein 0.037 ug (0.024 pg LegHb)
M Molecular weight Marker na
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Figare 2. Coomassie Brilliant Bloe Stained SDS-PAGE Gel Showing the Digestion of Bovine

B g

Hemoglebin in Simulated Gastric Fluid at the ratio of 10 Units per ng Protein (pH 2.0). Proteins

were separated by SDS-PAGE using a 10—20% polyacrylamide gradient in a glycine buffered gel.
Hemoglobin was londed 1.47 ug per lanc based on pre-digestion concentration (pH 2.0).

Lane

-R - N - NV IR X P4

Description Incubation tima
Molecular weight Marker na
Experimental control: Hemoglobin {P0) 0 min
Experimental control; Hemoglobin (P60) 60 min
Hemoglobin in SGF, (D0) 0 min
Hemoglobin in SGF, (P0.5) 0.5 min
Hemoglobin in SGF, (D2) 2 min
Hemoglobin in SGF, (D5) 5 min
Hemoglobin in SGF, (D10) 10 min
Hemoglobin in 8GF, (D20) 20 min
Hemoglobin in SGF, (D30) 30 min
Hemoglobin in SGF, (D60) 60 min
Experimentz! control: Pepsin (ED) 0 min
BExperimenta! control: Pepsin (E60) 60 min
10% Hemoglobin with quenched pepsin (P1/10) 0 min
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Figure 3. Coonassie Brilliant Blue Stained SDS-PAGE Gel Showing the Digestion of Bovine
Hemoglobin in Simulated Gastric Fluid at a Ratio of 1 units per pg (pH 2.0). Proteins were
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separated by SDS-PAGE using a 10—20% polyacrylamide gradient in a glycine buffered gol.

Hemoglobin was loaded 1.47 g per lane based on pre-digestion concentration (pH 2.0).
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Description Incubation time
Mbolecular weight Marker na
Experimental control: Hemoglobin (P0) 0 min
Experimental control: Hemoglobin (P60) 60 min
Hemoglobin in SGF, (D0) 0 min
Hemoglobin in SGF, (1X0.5) 05 min
Hemoglobin in SGF, (D2) 2 main
Hemoglobin in SGF, (D3) 5 min
Hemoglobin in SGF, (D10) 13  min
Hemoglobin in SGF, (D20) 20 min
Hemogtobin in SGF, (D30) 30 min
Hemoglobin in SGF, (D50) 60 min
Experimental control: Pepsin (EQ) ¢ min
Experimental control: Pepsin (E60) 60 min

10% Hemoglobin with quenched pepsin (P1/10)

Page 23 of 30

0

1056



" T S IR L G e 1

i T T IR o I e e T S T T S I 1 AR T s O

FARRP

University of Nebraska

250—
150—
100—-

BSA Mw ﬂ -

50—

Pepsin A 37W Wl g

Study No. REG 2016 Pepsin-LegHb
Page | 24 of 30

M12345673910111213

EL__}%_“J

e

25—
20—

15—4,

Pepsin
Rexistant
BSA
brad

Figure 4. Coomassic Brilliant Blns Stained SDS-PAGE Gel Showing the Digestion of BSA in

S 80 g S 05 W W W O

#—25
w20

15

i 10

—2

Simulated Gastrie Flaid at the ratio of 10 units per pg protein (pH 2.0). Proteins were separated by

SDS-PAGE using & 10—>20% polyacrylamide gradient in a glycine buffered pel. BSA wss loaded 1.47 pg

per lane based on pre-digestion conceniration (pH 2.0).
Lane

et
DY dAWhE W~

— e pemh
[FA S e

Description
Molecular weight Marker
Experitental control: BSA (P0)
Experimentat control: BSA (P60)
BSA in SGF, (D0)
BSA in SGF, (D0.5)
BSA in SGF, (D2)
BSA in SGF, (D5)
BSA in SGF, (D10)
BSA in SGF, (D20)
BSA in SGF, (D30)
BSA in SGF, (D60)
Experimental control; Pepsin (E0)
Experimenta! controf: Pepsin (E60)
10% BSA with quenched pepsin (P1/10)
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Figure 5. Coomassie Brilliant Blue Stained SDS-PAGE 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
SDS-PAGE using a 10—20% polyacrylamide gradient in a glycine buffered gel. BSA was loaded 1.47 ug
per lane based on pre-digestion concentration (pH 2.0).

Lane

— et
wMMO\Dm\)G\MbWN—Z

Description
Molecular weight Marker
Experimental control: BSA (P0)
Experimental control: BSA (P60)
BSA in SGF, (D0)
BSA in SGF, (D0.5)
BSA in 8GF, (D2)
BSA in SGF, (D5)
BSA in SGF, (D10)
BSA in SGF, (D20)
BSA in SGF, (D30)
BSA in SGF, (D60)
Experimental control: Pepsin {(E0)
Experimental control: Pepsin {(E60)
10% BSA with quenched pepsin (P1/10)
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Incubation time
na
0 min
60 min
0 min
0.5 min
2 min
5 min
10  min
20 min
30 min
60 min
0 min
60 min
0 min
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Figure 6. Coomassie Brilliaut Blue Stalned SDS-PAGE Gel Showing the Digestion of OVA in
Simulated Gustric Fiuld at the Ratia of 10 Units per pg Protein (pH 2.0). Proteins wers separatod
by SDS-PAGE using a 1020% polyacrylamide gradient in a glycine buffiered gel. OVA was loaded
1.47 ug per lane based on pre~digestion concentration (pH 2.0).

wuﬂa\uhwmn—gg

Description
Molecular weight Marker
Experimental control: OVA (P0)
Expexcimental control: OVA (PS0)
OVA in SGF, (D))
OVA in 8GF, (D0.5)
OVA in SGF, (D2)
OVA in SGF, (D5)
OVA in SGF, (D10)
OVA in 8GF, (D20)
OVA in SGF, (D30)
OVA in SGF, (D60)
Experimentsl control: Pepsin {E0}
Experimental control: Pepain (E60)
10% OVA with quenched pepsin (P1/10)
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Incubution time
na
0 min
60 min
0 min
0.5 min
2  min
5 min
10 min
.20 min
30 min
60 min
¢ mmn
60 min
0 min
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Flgure 7. Coomassie Brilliant Bine Stalned SDS-PAGE Gel Showing the Digestion of OVA In
Simulated Gastric Fluid at the Ratio of 1 Unit per pg Protein (pH 2.0). Proteins were separated by
SDS-PAGE using 8 10—520% polyacrylamide gradient in a glycine buffered gel. OV A was loaded 1.47
ug per lane baged on pre-digestion concentration (pH 2.0).
Lane Description Incubation time
Molecular weight Marker na
Experimental control: QVA (P0) 0 min
Experimentzl control: OVA (P60) 60 min
OVA in SGF, (D0) 0 wmin
OVA in 8GF, (D0.5) 0.5 min
OVA in SGF, (D2) 2 mn
OVA in SGF, (D5) 5 min
OVA in SGF, {(D10) 10 min
OVA in SGF, (D20) 20 min
OVA in SGF, (D30) 30 min
10 OVA in SGF, (D50) 60 min
11 Experimental control: Pepsin (E0) 0 min
12 Experimental control: Pepsin {E60) 60 min
13 10% OVA with quenched pepsin (P1/10) 0 min

Wor -~ LW N = E:
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Leglih

Figure 8. Coomassie Briilinnt Blue Stained SDS-PAGE. Gel Showing the Digestion of Soy_

Pepsin A

Leghemoglobin Preparution in Simulated Gastric Flwid at the Ratio of 10 Units per pg Protein (pH
2.0). Proteins were separated by SDS-PAGE using a 10-»20% polyacrylamide gradient in a glycine
buffered gel. LegHb was loaded 1,47 pg per lane based on pre-digestion concentration (pH 2.0).

bk fumd gms
um-——ocmqamhum-—gg

Description
Molecular weight Marker
Experimentel control: LegHb (P0)
Experimental control: LegHb (P60)
LegHb in SGF, (DD0)
LogHh in SGF, (D0.5)
LegHb in SGF, (D2)
LegHb in SGF, (D5)
LegHb in SGF, (D10)
LegHb in SGF, (D20)
Legtlb in SGF, (D30)
Legkb in SGF, (D60)
Experimentsl control; Pepsin {(EQ)
Experimental control: Pepsin (B60)
10% LeglHh with quenched pepsin (P1/10)
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Incubation time
na
0 min
60 min
0 min
0.5 min
2  min
5 min
10 min
20 min
30 min
60 min
6 min
60 min
0 min
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Figure 9. Coomassie Brilliant Blue Stained SDS-PAGE Gel Showing the Digestion of Soy
Leghemoglobin Preparation in Simwlated Gastric Fiuid at the Ratio of 1 Unit per pg Proteix (pH

2.0). Proteins were sepatated

enqamnup:—gg

i e sk
W B3 e O

Descriptien
Molecular weight Marker
Experimental control: LegHb (P0)
Experimental control: LegHb (P60)
LegHb in SGF, (D0)
LegHb in SGF, (D0.5)
LegHb in SGF, (D2)
LegHb in SGF, (D5)
LogHh in SGF, (D10)
LegHb in SGF, (D20)
LegHb in SGF, (D30)
LegHb in SGF, (D60)
Experimental control: Pepsin (E0)
Experimental control: Pepsin (E60)
10% LegHb with quenched pepsin (P1/10)

Pags 29 of 30

by SDS-PAGE using & 10—20% polyacrylamide gradient in a glycine
buffered gel. Legtb was loaded 1.47 pg per lane based on pre-digestion concesntration (pH 2.0).

Inenbation tme

na
0
60
0
0.5
2
5
10
20
30
60
0
60
0

min
min
min
min
min

nmin

min

min

min
min
min
min
min
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Figure 10 b)

Figure 18. Coomassie Brilliant Hlue Stained SDS-PAGE Gel of Soy Leghemoglobin Preparation
with 1 Unit pepain activity per pg Protein (pH 2.0) from Kigure 9 (left panel, 18 1), and protein
identity gel from Impossible Foods (right panel 10 b). Coomassie stained gels showing the 10 bands of
P, pastoris proteing thut were identified by LC-MS/MS. Note that all 10 bands of Pichia proteins are
visible at time zeto, but not at time 30 seconds of digestion in pepsin (lane 4 of figure 10 a).
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