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1. PART 1 GRAS Notice

CJ CheilJdedang Corporation (hereinafter referred to as “CJ”) is submitting a GRAS notice for the
substance L-Threonine Fermentation Product as a source of threonine in Livestock and poultry
diets.

1.1 Name and Address of Organization

CJ CheilJdedang Corporation
Ms. Stephanie LEE

330, Dongho-Ro,

Jung-Gu, SEOUL, 04560, KOREA
Tel : +82-2-6740-3367

E-mail : stephanie.lee@cj.net

CJ BIO America, Inc.
Keith Haydon, PhD

CJ BIO America, Inc.

3500 Lacey Road, Suite 230
Downers Grove, IL 60515
Tel: (630) 241-0112

E-mail: keith.haydon@cj.net

1.2 Name of the Notified Substance

The common or usual name of the subject substance of this notification is “L-Threonine
Fermentation Product”. It is a source of the essential nutrient threonine, and specifically the
L-isomer of the compound. The level of threonine in the product a minimum of 75%. L-
Threonine Fermentation Product also containing approximately 5-7% amino acid from
biomass (dried Corynebacterium glutamicum cell).

1.3 Intended Conditions of Use

L-Threonine Fermentation Product is to be used as an ingredient in animal feed according to
current good manufacturing and feeding practice as defined in 21 C.F.R 8 582.1(b) (“Substances
that are generally recognized as safe”). Threonine is an essential amino acid that is considered
to be the second limiting amino acid in pig feed and probably as the third limiting amino acid in
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poultry feed. Threonine will be incorporated into the diet at levels commensurate with the
nutritional requirement. Therefore, the required level will be decided on a case-by-case basis by
animal nutritionists, based on good feeding practice for the target species.

1.4 Statutory Basis for GRAS Determination

This GRAS conclusion is based on the scientific procedures as provided in 21 CFR 570.30(a) and
(b).

1.5 Federal Food, Drug, and Cosmetic Act Premarket Approval Exemption

The submitter has determined that the use of L-Threonine Fermentation Product as produced
by fermentation with Corynebacterium glutamicum, for use a nutrient (threonine) in livestock
and poultry feed is Generally Recognized as Safe based on scientific procedure and is thus
exempt from the premarket approval requirement of the Federal Food, Drug and Cosmetic Act
(21 U.S.C § 301 et.seq.).

1.6 Availability of Information for FDA Review

CJ agrees to make the data and information pertaining to this submission available to FDA.

CJ agrees to both of the following procedures for making the data and information available to
FDA:

(A) Upon FDA'’s request, CJ will allow FDA to review and copy the data and
information during customary business hours at the address specified for where these
data and information will be available to FDA; and

(B) Upon FDA’s request, CJ will provide FDA with a complete copy of the data and
information either in an electronic format that is accessible for FDA evaluation or
on paper.
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1.7 Freedom of Information Act 5 U.S.C 552 Disclosure Exemption

CJ has placed proprietary and confidential information in three appendices: Appendix 1,
“Composition and Impurity Reports (CONFIDENTIAL)”; Appendix 2, “Pre-Fermentation
Information (CONFIDENTIAL)”; and Appendix 3, “L-Threonine Fermentation Product
Manufacturing Process (CONFIDENTIAL)”.

1.8 Certification of Complete, Representative Submission

To the best of our knowledge and belief, this GRAS notice is a complete, representative and
balanced submission that includes unfavorable information, as well as favorable information,
known to CJ and pertinent to the evaluation of the safety and GRAS status of the use of L-
Threonine Fermentation Product produced by fermentation with genetically engineered
Corynebacterium glutamicum as a source of threonine for livestock and poultry feed.

Keith D. Haydon, Ph. D.
CJ America - Bio
Director of Technical Services and Marketing
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2. PART 2 GRAS Notice: ldentity, Method of Manufacture,
Specifications, and Physical or Technical Effect

2.1 Scientific Data and Information that Identifies the Notified Substance

2.1.1 Name and Other lIdentities

Chemical name according

to IUPAC nomenclature L-2-Amino-3-hydroxybutanoic acid

Synonyms (2S,3R)-2-Amino-3-hydroxybutyric acid
CAS No. 72-19-5

EC-No. 200-774-1

Appearance Pale or dark brown powder

Molecular mass 119.12 g/mol

Molecular formula C4H9NOs3

Structural formula

This GRAS notice covers L-Threonine Fermentation Product produced by fermentation with
Corynebacterium glutamicum, with a minimum purity of 75% of L-Threonine. L-Threonine is
the active substance in the L-Threonine Fermentation Product. L-Threonine belongs to the
aspartate amino acid family. Due to its dedicated chemical properties, L-Threonine can only be
found as free amino acid, which must not be transformed into a salt to be stable during
production, storage and application.

2.1.2 Composition

The majority of the amino acid product is L-Threonine (=75%). The product also contains other
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free amino acids (< 2.0%), amino acid from biomass (<7%), sugar (<0.4%), organic acid
(<0.2%), mineral (<5%) and moisture (<1%), and carrier (<7%). Refer to Appendix 1,
Composition and Impurity Reports (Confidential) for additional information regarding the
analytical assessment of the product composition. The carrier is used to assure a consistent
threonine level in the final product from batch to batch.

Table 2-1: Chemical Composition Including Impurities

i Batch | Batch | Batch | Batch | Batch
Test Units Method Average
o1 02 03 04 05
. AOAC ® @
L-Threonine % 77.94
999.13
Hydrolyzed amino
acids (in insoluble 6.62
Biomass part) ;
(Total)

Aspartic acid AOAC 994.12 0.62
Lysine 0.41
Serine 0.03
Glutamic acid 0.74
Glutamine 0.34
Glycine 0.37
Alanine 0.57
Valine 0.40
Cystine| 7 [ AOAC085.28 0.06
Isoleucine AOAC 994.12 0.31
Leucine 0.51
Tyrosine 0.12
Phenylalanine 0.32
b-Alanine 0.02
Tryptophan AOAC 988.15 0.06
Methionine AOAC 985.28 0.25
Homoserine AOAC 994.12 0.18
Threonine 0.56
Arginine 0.42
Proline 0.33
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- - (®) @)
(Tote, other than — -
Threonine) 999-13
Lysine 1.07
Glutamic acid 0.20
Glycine 0.13
Alanine % 0.03
Valine 0.05
Isoleucine 0.40
Leucine 0.01
Tyrosine 0.04
Phenylalanine 0.05
Homoserine 0.02
Moisture % 00 0.83
034.01
Ammonium ASTM 0.59
D4327 03
Sugars (Total) AOAC 0.35
% 995-13
Glucose 0.07
Trehalose 0.28
Korean
Organic acids Feed
(Total) Standards 0.12
Codex, 1 of
% chapter 14
Malic Acid 0.01
Succinic Acid 0.04
Lactic Acid 0.07
ASTM
Inorganic D4327-03
anions/cations ASTM D 3-93
6919—-03
Sodium % 0.01
Potassium 0.48
Magnesium 0.04
Calcium 0.01
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(VIC
Chloride oo
Phosphate 088
Sulfate -
AOAC
Asht % e
942.05
Carrier? % 7.00
Tot I
otal of quantified % 09.42
components3

1: Value of ash is included in inorganic anions/cations value.
2: Carrier: Amount of added.
ex. starch, dextrin, corn gluten meal, soybean mill run, corncob.

3: by calculation (%) = L-Threonine + Hydrolyzed amino acids + Free amino acids + Moisture Ammonium + Sugars
+ Organic acids + Inorganic anions/cations + Carrier, Ash is included in Inorganic anions/cations.

2.1.3 Fermentation Organism

The fermentation organism is a genetically modified strain of Corynebacterium glutamicum.
The genetic modification and characterization of the production microorganism can be found in
Appendix 2, “Pre-Fermentation Information (CONFIDENTIAL).” The safety of the production
microorganism can found in Appendix 2, Section 6, and Appendix 9.

2.2 Manufacturing Process

L-Threonine Fermentation Product is produced by fermentation with Corynebacterium
glutamicum as a production strain. After fermentation, the pH is lowered by adding H-SO4and
the temperature is increased for sterilization. The fermentation liquid is then concentrated and
the concentrated liquid is transferred into the mixer granulator. After granulation, the wet
granule is dried and separated by a mesh separator. The separated particle is packaged with the
minimum content of 75% L-Threonine.

The applicant declares that no antimicrobial compounds (including antibiotics) were used in the
production process.

The pre-fermentation process is provided in Appendix 2, “Pre-Fermentation Information
(CONFIDENTIAL),” which includes the genetic engineering process, characterization and
assessment of the production microorganism.
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The full fermentation process and downstream manufacturing processes are provided in
Appendix 3, “Manufacturing Process (CONFIDENTIAL)”.

2.2.1 Ingredient Stability (Shelf Life)

Stability testing for L-Threonine Fermentation Product was performed using three typical
batches. Stability results for zero-time to twelve months are presented in Table 2-2 (25°C,
60%RH) and Table 2-3 (40°C, 75% RH).

None of the tested samples showed a significant decrease in the level of the active substance L-
threonine at the tested time points. The specified minimum 75% L-threonine content was
maintained in all samples over the tested periods. The full report on product stability can be
found in Appendix 4, “L-Threonine Fermentation Product Stability Study”. The data supports
product stability of at least 12 months.

Table 2-2: Shelf life of L-Threonine Fermentation Product in % (Target Value is a

Minimum 75% L-Threonine) at 25°C, 60% RH During Storage of 12 Months
n.t.: Not tested.

Batch Measurement Zero-time Time in months
Lot start unit 1 2 3 4 6 12
_ value .

Gran.Threonine Threonine 77.4 %
Lot T75-16- content

11A5-29 moisture 1.30 %

Gran.Threonine Threonine 78.2 %
Lot T75-16- content

12A3-02 moisture 1.40 %

Gran.Threonine Thretinlr;e 77.7 %
Lot T75-16- conten

11B2-30 moisture 1.20 %
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Table 2-3: Shelf life of L-Threonine Fermentation Product in % (Target Value is a
Minimum 75% L-Threonine) at 40 °C, 75% RH During Storage of 6 Months

Batch Measurement Zero-time Time in months
Lot start unit 1 ‘ 2 3 4 ‘ 6
value
. Threonin ®)®)
Gran.Threonine co?ﬂe:lte 77.4 %
Lot T75-16-
11A5-29 moisture 1.30 %
. Threonine
Gran.Threonine content 78.0 %
Lot T75-16-
12A3-02 moisture 1.40 %
] Threonine
Gran.Threonine content 77.7 %
Lot T75-16-
11B2-30 moisture 1.20 %

The threonine levels were stable over the six months of testing, demonstrating product stability
throughout the testing period at ambient temperatures or in accelerated conditions. This data
supports product stability of at least one year.

2.2.1 Stability upon Addition to Animal Feed

A 12-week study in broiler mash feed (three batches) was conducted to demonstrate the stability
of the product when mixed in a complete feed. The animal feed was assessed every four weeks.
The full report can be found in Appendix 5, “Test Report No. 3.243-7 Granule Threonine -1FF
Trial V-931-7 Stability Mash Feed”.

Table 2-4: Stability of L-Threonine Fermentation Product in Mash Feed for

Broilers

Added value 0.40 %

Time in months

Nominal value 1.011 %

Blank

Zero

1 | 2
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Sample number uUnit S-0 S-1 S-2 S-3
Analysis method DJOO5! | DJOO5! DJOO5 DJOO5S DJOO5

V-931-F-498

%

V-931-F-499

%

V-931-F-500

%

1 Threonine (acid/oxidative hydrolysis); Method: EU 152/2009 (F), 03:2005, IC-UV

(b) (4)

This study demonstrated that the L-Threonine Fermentation Product was a stable source of L-
threonine when added to complete mixed feed over a three-month period, demonstrating by less

than 10% variability over the time period.

2.3 Specifications

L-Threonine Fermentation Product specifications are based on the assay of five batches. The
analytical data supporting the specifications is in reported Table 2-1 above and further discussed
in Appendix 1, “Analytical Reports: Qualitative and Quantitative Composition of L-Threonine
Fermentation Product (CONFIDENTIAL)”. The product specifications are provided in Table 2-

5 below.

Table 2-5: L-Threonine Fermentation Product Specifications

Component Amount Method
Threonine, minimum 75% HPLC, AOAC 999.13
Moisture, maximum 5% At 105°C for 3hr, AOAC 934.01
Ash, maximum 5% AOAC 942.05

2.4 Intended Use (Utility) of L-Threonine Fermentation Product

The L-Threonine Fermentation Product is to be used as a L-Threonine supplemental nutrient in
animal feeds in accordance with good manufacturing or feeding practice as defined in 21 CFR
582.1(b) Substances that are generally recognized as safe. Threonine exists as a stereoisomer,
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either as D-threonine or L-threonine. L-threonine is the physiologically relevant stereoisomer.
L-threonine is an essential amino acid in all animal species (EFSA, 2015:13(9)). The level of
supplementation varies between species and is dependent on the nutritional content of the diet
(specifically the amino acids content). Therefore, the use of supplementation will be determined
on a case-by-case basis by animal nutritionists, based on good feeding practice.

/- Body [Protein
Protein Reutilization for
degradation new protein synthesis
Die
orotold or = [Amino Acids
crystalline L-Thr @ @
Transamination l Specialized products

Glucogenic Catabolism of L-Threonine

L-Threonine

|
HC -(F- clz—coo -
H NH,-
' Thr aldolase 3 Thr
‘ Thr dehydrogenase l dehydratase

Acetaldehyde + Glycine 2 - amino -3- oxybutyrate alpha-Ketobutyrate + NH,
»
Acetyl-CoA Serine Aminoacetone Acetyl-CoA + Glycine
Pyruvate Serine propionyl-CoA
Pyruvate +
Pyruvate

Fig. 2-1. Schematic Representation of L-threonine Catabolism (Kidd et al. 1996, J. Appl. Poult.
Res.5(4):358-367)

Under normal USA feeding conditions, L-threonine is usually the second limiting amino acid,
after L-lysine, in the diet of pigs and the third, after Sulphur amino acids and L-lysine, for
poultry. L-threonine is proposed to be used in feeds in order to achieve the adequate amino acid
profile and meet the requirements on L-threonine for livestock and poultry species.

It can be added directly to the feeding stuffs/complementary feeding stuffs or via premixture.
No inclusion levels are proposed as the requirements in quantitative terms depend on the
species, the physiological state of the animal, the performance level and the environmental
conditions, as well as the amino acid composition of the non-supplemented diet. The formulator
of the feed will determine the required level of amino acid supplementation.

The L-Threonine Fermentation Product is the subject of this GRAS noticed application. The
active substance is L-threonine. Any component of L-Threonine Fermentation Product doesn’t
differ significantly from the constituents of the ordinary diet of the target animal.
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The biomass portion of the L-Theronine Fermentation Product is dried, inactivated
Corynebacterium glutamicum, which is the same biomass used in the Dried L-Lysine
Fermentation product (AAFCO 36.16). According to the AAFCO Official Publication (AAFCO,
2018, AAFCO 2018 Official Publication CHAPTER SIX, 36.16, 387-388), Dried L-Lysine
Fermentation product (AAFCO 36.16) may be effectively used as an alternative to L-lysine
monohydrochloride (L-lysine without biomass product) as a supplemental lysine source in swine
diets. The biomass has been demonstrated to not interfere with the lysine availability. This most
recently has been confirmed in a publication comparing the bioavailability of L-lysine and Lysine
Sulphate (Lysine Fermentation Product) in young swine (Htoo et al, 2016, J. Anim. Sci.
2016.94253—-256) L-threonine and L-Threonine Fermentation Product may also be applied.
Therefore, there is no expectation that the biomass will decrease the availability of threonine
from the L-Threonine Fermentation Product. This was corroborated by a study in chicks
(below).

The lack of effect of the Corynebacterium glutamicum biomass inclusion on bioavailability of
the amino acids was corroborated by a 28-day chick utility as summarized below in Section 2.4.1.
The full report and supporting date is provided in Appendix 6, “Utility Trial Report.”

2.4.1 () (6) Utility Trial

A 28-day utility trial was conducted by ®)®) to compare L-Threonine
Fermentation Product to current commercially available L-Threonine (98%) (Appendix 6). The
trial utilized 1320-day old Cobb 500 male chicks averaging 45.2 grams. Chicks were blocked on
weight and assigned to one of 40 pens (33 chick/pen). Pens were randomly assigned to one of
four dietary treatments. Dietary treatments were a: Positive Control (L- Threonine 98%); a
Negative Control (same as Positive Control without L-Threonine 98% supplementation);
Negative Control with L-Threonine Fermentation Product added at 100% of Positive Control
threonine level; and Negative Control with L-Threonine Fermentation Product added at 150% of
Positive Control threonine level. Pen weights and feed disappearance were recorded at day 14
(Starter Phase) and day 28 (Grower Phase). All feed was removed at day 14 and replaced with
Grower Phase diets. Growth is a suitable measurement when determining the availability of an
essential amino acid, when comparing to a negative control feed.

Table 2-6: Bioavailability Results of L-Threonine Fermentation Product
Compared to Positive and Negative Control diets as Demonstrated by Growthi 2

Positive | Negative

Criteria Control | Control NC with L- NC with L- SEM
(PC) (NC) Threonine Threonine

P_
Value
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Fermentation Fermentation
Product 100% Product 150%

Body Weights,
grams

Day 0 (b) (4

Day 14

Day 28

Feed Intake,
grams/day

Day O - 14

Day 15 - 28

Day O — 28

1: L east square means

2: Means with differing superscript differ by listed p-value

The addition of L-Threonine regardless of source or level improved day 14 bird weight ®) (@),
Birds fed 100% of the required threonine level (regardless of source) had increased ®@on
day 28 when compared to the negative control. Feed intake was not negatively impacted by the
inclusion of biomass from day O to 14-day. Feed intake was actually significantly increased by
L-Threonine Fermentation supplementation, regardless of level (  ®®), Threonine
supplementation at 100% from either commercial 98% or L-Threonine Fermentation Product at
100% replacement rate increased ( ®®) day 28 bird weight as compared to the Negative
Control. Birds fed threonine replacement rate to 150% of Positive Control result in statistically
intermediate.  ®® day 28 bird weight. Day 15 to 28-day feed intake was unaffected (  ®®)
by threonine source or level. The data indicates that the L-Threonine Fermentation Product is
a bioavailable source of the essential amino acid L-threonine in broiler chicks.

This study can be used as a corroborative sentinel study to demonstrate the L-threonine
availability from Threonine Fermentation Product in animal feed. Italso confirms, as previously
demonstrated with the Lysine Fermentation product, the Corynebacterium glutamicum
biomass does not impact bioavailability of the amino acid.
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3. Part 3 GRAS Notice: Target Animal and Human Exposures

3.1 Target Animal Exposure

L-Threonine is an essential amino acid in all animal species (EFSA. 2015. EFSA Journal
2015,13(9)-4236, including livestock and poultry NRC, 1994(National Research Council. 1994.
Nutrient Requirements of Poultry: Ninth Revised Edition) and NRC, 2012 (National Research
Council. 2012. Nutrient Requirements of Swine). The level of supplementation varies between
species and is dependent on the nutritional content of the diet (specifically the amino acids
content). Therefore, the use of supplementation will be determined on a case-by-case basis by
animal nutritionists, based on good feeding practice.

Based on the overall level of supplementation in the most fortified diets, (for example broilers,
egg layers and swine), the maximum level of use threonine would in normal feeding practices be
approximately from 0.05% to 0.10 % of the layers feed and approximately 0.075 - 0.14% % of
the broilers feed (NRC, 1994 (National Research Council. 1994. Nutrient Requirements of
Poultry: Ninth Revised Edition)). In swine feeds L-Threonine supplementation levels range from
0.075% to 0.20% depending on production phase and feed ingredients used in the diet (NRC,
1998 (National Research Council. 1998. Nutrient Requirements of Swine: Tenth Revised
Edition)). Other species would be similar.

Therefore, although the level of use in the formulated feed will be based on the threonine content
naturally occurring in the feed, a maximum would be considered 0.5% of the feed.

The impurities of L-Threonine Fermentation Product are all either essential nutrients or typical
components of feed (amino acids, minerals and organic acids) and are consistent with normal
components of feed, as such would not be a source of residues beyond that found in animal food
products from traditionally fed animals.

3.2 Human Food Exposure

The threonine requirement is particularly nutritionally important in the human, since it has been
suggested that, after the sulphur amino acids, it is the second rate-limiting amino acid in the
maintenance requirement. (WHO. 2011. WHO Technical Report Series 935, Geneva
Switzerland)

L-Threonine Fermentation Product is intended for use in animal feed only as a nutritional source
of the essential amino acid, threonine. The other components of the ingredient are nutritional
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and available for uptake, metabolism and growth. Therefore, the milk, meat, and eggs from
animals fed L-Threonine Fermentation Product, should be no different than from animals fed a
nutritionally complete diet. There is no expectation of a residue from the feeding of L-Threonine
Fermentation Product.

Table 3-1 below demonstrates that availability of threonine in natural sources is quite limited,
hence external supply is required to meet the optimal daily demand. Nutrition that comes from
animal proteins can provide a more balanced amino acid profile, however, modern animal
nutrition is more depended on vegetable protein. Hence the addition of supplemental Threonine
is extremely important.

Table 3-1: Limiting Amino Acids in Foodstuffs (Kleemann et al. 1985. Amino
acids. Vol.A2, pp. 57-97. Weinheim, Gemany: VCH Publishers)

Proteins First limiting amino acid Second "”f"““g amino
acid(s)
Peanut Threonine Lysine and Methionine
Fish Methionine Lysine
Casein Methionine Tryptophan
Torula yeast Methionine -
Sesame Lysine -
Skim milk Methionine -
Beans Methionine -
Sunflower seed Lysine Threonine
Soy protein Methionine Lysine
Wheat Lysine Threonine
Rice Lysine Threonine and Tryptophan
Rye Lysine Threonine and Tryptophan
Gelatine Tryptophan -
Maize Lysine Tryptophan and Threonine

The free amino acids produced by the degradation of proteins are absorbed by active transport
through the small intestine mucosa and sodium. Absorbed free amino acids are used for
continuous metabolism of intracellular proteins. Approximately 75% of the liberated amino
acids are recycled by the animals.
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4. Part 4 GRAS Notice: Self-Limiting Levels of Use

There is no self-limiting use information specific to this substance.
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5. Part5 GRAS Notice: Experience Based on Common Use in Food
Before 1958

The GRAS determination is not based on common use in animal feed prior to 1958.
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6. Part 6 GRAS Notice: Narrative

6.1 Safety of Corynebacterium glutamicum — Production Organism

Corynebacterium glutamicum is a gram positive bacteria belonging to the family of
Corynebacteriaceae. These bacterial strains are scientifically recognized as safe and provide no
negative impact to on human and the environment. Additionally, they have a long history of safe
use in industrial production (Eggeling and Bott, 2005. Handbook of Corynebacterium
glutamicum. CRC Press). Also, Corynebacterium glutamicum is a GRAS microorganism and
has a “Qualified Presumption as Safe” (QPS) status (EFSA, 2011. EFSA Journal 2011,
9(12):2497). A description and summary of the QSP review of Corynebacterium glutamicum is
provided in Appendix 9, Literature Review Corynebacterium glutamicum,” Section 2.

Corynebacterium glutamicum is an authorized source for a number of feed ingredients. It is
listed in the AAFCO OP (2018). It is the source organism for Condensed Extracted Glutamic Acid
Fermentation Product (AAFCO Definition 36.1). Itis also the source organism for Dried L-lysine
Fermentation Product (AAFCO definition 36.16) as well as Liquid L-lysine Fermentation
Product (AAFCO definition 36.17). As recent as 2014, the US Food and Drug Administration,
Division of Animal Feeds (OS&C/FDA) had reviewed the safety assessment of this source
organism for the use in animal feed. Based on that recent review, CJ was recommended to review
the recent literature after 2003 to assure the assessment was complete. Appendix 9, Section 3 of
this GRAS notice provides results of this extensive literature review. Overall, no studies were
retrieved either in the electronic literature search (ELS) or follow-up selective searches that
contained information indicating potential safety issues or hazards associated with
Corynebacterium glutamicum. This is consistent with the previous safety assessment completed
by the US FDA, Division of Animal Feeds.

6.2 Safety Considerations due to the Nature of Modification to Corynebacterium
glutamicum

The production microorganism used to produce L-Threonine Fermentation Product is a
genetically altered strain of Corynebacterium glutamicum. The full genetic modification
process, safety assessment, and stability assessment is provided in Appendix 2, “Pre-
Fermentation Information (CONFIDENTIAL).” The production strain is deposited in the
Korean Centre of Microorganisms (KCCM). As shown in Appendix 2 of this notice, the
assessment of the genetic engineering process demonstrates that there is no hazard imparted
due to the engineering process. This data is summarized in the sections below.
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6.2.1. Safety for humans and animals

The L-Threonine Fermentation Product is intended for use as a nutrient for animal
consumption. Ordinarily, a GRAS notice will address the potential human dietary consumption
of a component of animal feed due to consumption of animal products and tissues in which the
component may be present. In this case, however, there is no need to determine the estimated
daily intake (EDI) of the L-Threonine Fermentation Product for human consumption. The L-
Threonine Fermentation Product and any of the described impurities (see above) will be
metabolized when the animal consumes and digests its food (like all feed). The L-Threonine
Fermentation Product derived from the genetically modified Corynebacterium glutamicum will
be indistinguishable from other sources, as will be the potential impurities, which are all normal
components of animal feed.

1) Information on any toxic, allergenic or other harmful effects on human or
animal health

The genetic modifications made, resulting in strain Corynebacterium glutamicum KCCM80178,
exclusively correspond to the over-expression of existing metabolic enzymes or the elimination
of several enzymes. The initial parental strain Corynebacterium glutamicum is about the most
used bacterium industrially. It has been used for the manufacturing of feed additives for many
years and is generally accepted as safe. The assessment for the presence of open reading frames
not associated with intended genetic changes and potential for spill-over effects were assessed
and found not to provide any safety concern (Appendix 2).

2) Potential for DNA transfer or any capacity for enhanced gene transfer

To limit any potential transfer of genetic material to other organisms, the strategy of
construction for Corynebacterium glutamicum KCCM80178 strain was based on procedures
described below.

2-1) Any genetic material including plasmid to be autonomously replicable was not used.

2-2) All the genetic modifications were done on chromosome.

3) The resistance of antibiotics of Production strain

This study is to determine MIC of antibiotics of production strain of L-Threonine Fermentation
Product. The broth tube dilution method is used to determine the susceptibility of a production
strain Corynebacterium glutamicum KCCM80178. In regards to antibiotic resistance, to the
knowledge of CJ, Corynebacterium glutamicum wild-type strains have not been reported to
have any antibiotic resistance. This was confirmed by the test report of the “Determination of
antibiotic minimum inhibitory concentration (MIC) of Corynebacterium glutamicum KCCM
80178. Corynebacterium glutamicum KCCM 80178 showed same antibiotic MIC with
Corynebacterium glutamicum wild-type. These results indicated that there are no possible
antibiotic resistance genes in the chromosome of the Corynebacterium glutamicum
KCCM80178. The full test report is included in Appendix 2, Attachment 4.
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4) The absence of viable cell in final product

CJ L-Threonine Fermentation Product is tested by viable production cell test. CJ L-Threonine
Fermentation Product solution did not show any cell colony forming units during incubation.
This result indicated that there is no viable production cell in the test sample. Even though the
safety of production strain Corynebacterium glutamicum KCCM80178 has been confirmed as
stated above, CJ did not allow any inclusion of the production strain in the final product. After
fermentation, the pH is lowered by adding H2SO4 and the temperature increased for sterilization
(100~120 °C for 5~20 minutes). The fermentation liquid is concentrated, and the concentrated
liquid is transferred into the Mixer granulator. Any microorganism could not be viable in the
final product after the cell inactivation step. Also during the L-Threonine Fermentation Product
granulation process, the solution was heated to 60~100C to evaporate the water. This heating
process also kills any remaining cells inside of the final product. Hence, it was confirmed there
is no remaining viable production strain in the final product. The full test report is included in
in Appendix 2, Attachment 5.

6.3 Safety Considerations for L-Threonine

L-Threonine Fermentation Product is a source of nutritional threonine that can be safely used
in the in the production of proteins like all other sources of threonine.

Threonine is codified as a Generally Recognized as Safe amino acid for the use in animal feed (21
CFR 582.5881). In addition, it is an authorized feed ingredient as found in AAFCO OP (L-
threonine definition 6.5). Threonine is an essential amino acid, as discussed in Section 2 of this
notice and is formulated in diets that are deficient in naturally occurring threonine.

The European Food Safety Authority's (EFSA) Panel on Additives and Products or Substances
used in Animal Feed (FEEDAP) has recently reviewed the safety and efficacy of various threonine
compounds when used in animal diets (EFSA, 2015. EFSA Journal 2015, 13(9)-4236). The EFSA
Panel noted that threonine additives in the feed of animals result in the incorporation of all
absorbed threonine in tissue protein, and threonine that exceeds the threonine requirement of
the animal is excreted. Consequently, no free threonine occurs or accumulates in target animal
tissues. Only the L-stereoisomer form of threonine is used in animal feed and is digested,
absorbed, and metabolized by the animal. This stereocisomer form of the amino acid is consistent
with human nutrient needs. L-Threonine is an essential amino for humans. Free threonine is not
a residue issue. Therefore, L-Threonine Fermentation Product presents no exposure risk to
humans consuming tissues or products from the target animal.
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6.4 Safety Considers of L-Threonine Fermentation Product

As seen in Table 2-1 in this dossier and in Appendix 1, “Analytical Reports: Qualitative and
Quantitative Composition of L-Threonine Fermentation Product (CONFIDENTIAL),” there are
no substances in the product that are not typical components of animal feed.

To corroborate the safety assessment, CJ conducted an acute toxicity study in rats as seen in
Appendix 7, “Acute Toxicity”. In this acute toxicity study, following a sighting test at a dose level
of 300mg/kg and 2000 mg/kg, a further group of four fasted females were given a single oral
dose of L-Threonine Fermentation Product as a solution in distilled water at a dose level of 2000
mg/kg body weight.

Clinical signs and body weight development were monitored during the study. The results were
summarized as follows:

Mortality: No deaths were observed.

Clinical Observations: No signs of systemic toxicity.

Body Weight: All animals demonstrated expected gains in body weight.
Necropsy: No tissue abnormalities were noted at necropsy.

The acute oral median lethal dose (LD50) of L-Threonine Fermentation Product in the female
Wistar strain rat was estimated to be greater than 2000 mg/kg body weight (Globally
Harmonized Classification System Unclassified).

In the Bacterial Reverse Mutation Assay (OECD 471) that was performed on L-Threonine
Fermentation Product, L-Threonine Fermentation Product was found to be non—mutagenic.
The assay results can be found in Appendix 8, “Bacterial Reverse Mutation.” These studies
corroborate the safety assessment.

6.5 Safety Assessment of Known Impurities and/or Potential Contaminants

Based on the known composition of the product, there are no known impurities or contaminants
introduced in the manufacture of the product that could raise safety concerns. The product is
75% L-Threonine and the specifications permit for 5% water and 5% inorganic compounds
(generally sodium, sulphur and potassium). The use levels of threonine in the diet are small
enough that these impurities cannot be considered nutritional source of minerals or free amino
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acids as there are found at ppm levels (Table 6-1). Section 3 of this notice suggests the maximum
level of use in the diet as 0.5% of feed.
Table 6-1: Feed Levels of L-threonine -Impurities

Average level in L-Threonine Feed Level when L-Threonine
Substance Fermentation Product, incorporated
% at 0.5%, expressed in ppm in the diet
Ammonium 0.59 ®®
Sodium 0.01
Potassium 0.48
Magnesium 0.04
Calcium 0.01
Chloride 0.01
Phosphate 0.88
Sulfate 2.54
Malic Acid 0.01
Succinic Acid 0.04
Lactic Acid 0.07
Glucose 0.07
Trehalose 0.28
Lysine 1.07
Glutamic acid 0.20
Glycine 0.13
Alanine 0.03
Valine 0.05
Isoleucine 0.40
Leucine 0.01
Tyrosine 0.04
Phenylalanine 0.05
Homoserine 0.02

The levels of impurities are consistent with conventional feedstuffs, and none of the levels in the
complete feed would be a concern.



GRAS Notice L-Threonine Fermentation Product Page 28

6.6 Safety Assessment for Human Consumption

The L-Threonine Fermentation Product is intended for use as a nutrient for animal
consumption. Ordinarily, a GRAS notice will address the potential human dietary consumption
of a component of animal feed due to consumption of animal products and tissues in which the
component may be present. In this case, however, there is no need to determine the estimated
daily intake (EDI) of the L-Threonine Fermentation Product for human consumption. The L-
Threonine Fermentation Product and any of the described impurities shown in Table 6-1 above
will be metabolized when the animal consumes and digests animal feed containing L-Threonine
Fermentation Product. The L-Threonine Fermentation Product derived from the genetically
modified Corynebacterium glutamicum will be indistinguishable from other threonine sources,
as will be the potential impurities, which are all normal components of animal feed. Non-
threonine components of L-Threonine Fermentation Product are all typical feed components,
mostly nutrients and will not be a concern for residues.

This same determination was made by the FDA in their support of the AAFCO definition 36.16
Dried L-Lysine Fermentation Product, AAFCO 36.17 Liquid L-Lysine Fermentation product and
AAFCO 36.1 Condensed Extracted Glutamic Acid Fermentation Product.

In this regard, the European Food Safety Authority's (EFSA) Panel on Additives and Products or
Substances used in Animal Feed (FEEDAP) has recently reviewed (EFSA, 2015. EFSA Journal
2015, 13(9)-4236) the safety and efficacy of threonine produced by E.coli K12 for use in the diets
of all animal species. In the report, the EFSA Panel noted that threonine additives in animal feed
results in the incorporation of all absorbed threonine in tissue protein. Doses exceeding the
threonine requirement of the animal will be excreted. Consequently, no free threonine occurs or
accumulates in target animal tissues and the only form of threonine that humans will be exposed
to from its use in animal feed is in the form of protein that will be digested, absorbed, and
metabolized consistent with human nutrient needs. The absence of residual threonine in the
tissues of animals consuming any form of threonine in its diet will, therefore, not result in a
subsequent human exposure or safety issue. As indicated by the analytical values displayed in
Table 2-1, Appendix 1, and Table 3-1, residual components of L-Threonine Fermentation Product
are at levels too low to present any risk of humans consuming the tissues of food animals fed the
nutrient. All residual constituents are common metabolites or minerals and will be either
excreted or metabolized. Therefore, they present no exposure risk to humans consuming tissues
or products from the target animal. A review of the publicly available literature does not reveal
information demonstrating that any of these residual constituents appears to present a risk of
accumulation or harm to humans at the levels that would be consumed from animal tissue (IOM.
2006. Dietary Reference Intake, NAS/NAP). It should also be noted that L-threonine is an
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essential amino acid for human nutrition is approved for direct addition to human food (21 CFR
582.1(b)).

In the Bacterial Reverse Mutation Assay (OECD 471), L-Threonine Fermentation Product was
not mutagenic in this bacterial assay system (Appendix 8). The results indicate that the test
article, L-Threonine Fermentation Product, was not mutagenic in this bacterial assay system.

6.7 Safety Conclusion

Based on the documentation provided in this GRAS Notification and as discussed above, CJ has
concluded that L-Threonine Fermentation Product produced by fermentation with
Corynebacterium glutamicum is generally recognized as safe via scientific procedures as a
nutrient for animal consumption. The notifier has reviewed the available data and information
and is not aware of any data and information that is, or may appear to be, inconsistent with your
conclusion of GRAS status.
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7. Part 7 GRAS Notice: List of Supporting Data and Information

7.1 Confidential Information

The only information that is considered confidential in this GRAS Notice is the information
specific to the production of the genetically modified organism, the manufacturing process,
and the documentation of the assays specific for the composition of the marketed product.
None of the information to support the safety narrative, Section 6 of this notice, is considered
to be confidential. All this information is provided in a summary basis in the body of the
submission, as required by 21 CFR 570 Subpart E. Therefore, the summary of the
manufacturing process, with the full disclosure of the safety assessment, are consistent with
the general recognition standards.
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Dear Dr. Edwards:

On behalf of CheilJedang Corporation, | am providing a copy of their animal General Recognized as safe
notice for the use of L~Threonine Fermentation Product (75%) as produced by a genetically modified
Cotynebacterium glutamicum for use as a source of L-threonine, a nutrient, in livestock and
poultry diets. The submission is compliant with 21 CFR 570.210-255. The GRAS conclusion is based on
scientific procedures:.

Should you have any questions on the filing, please contact me direct(.
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KristiO.Smedley
Consultantto CheilJedang C ion

Cc: Keith Hayden, CJ
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Animal GRAS notice for L-Threonine Fermentation Product.
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Cc: Kristi Smedley, CFR Services
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Report I. Genetic Stability test of production strain

REPORT

The study about
Genetic stability of

L-threonine producing strain

< Confidential >

ORIGINAL FINAL REPORT DATE: May 08, 2018

CJ BlossomPark
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TITLE: The study about Genetic stability of L-threonine producing strain

OBJECTIVE OF THE STUDY
This study was done to confirm the genetic stability of L-threonine production strain

Corynebacterium glutamicum KCCM80178

SCHEDULE OF THE STUDY
Approval of protocol: Apr 08, 2018
Initiation of experiment: Apr 10, 2018
Termination of experiment: May 04, 2018

Submission of final report: May 08, 2018

TESTING PLACE

Name: CJ Blossom Park, BIO) Metabolic Engineering center

Address: 42, Gwanggyo-ro, Yeongtong, Suwon-si, Gyeonggi-do, Korea CJ Blossom Park,
Seoul, Korea

Tel: +82-31-8099-2117

RESPONSIBLE STAFFS
Study Director Suyon Kwon

(05/08/18)
Quality Assurance Manager Kwang-woo Lee

(08/08/18)
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1. Summary

Corynebacterium glutamicum KCCM80178, the producing strain of L-threonine, it was
made by the deletion of the gene related to the side reaction and amplification of the gene
related to the synthetic pathway. The method used for the amplification of the gene was
known to very stable method which was not known to have any further mutation after the
insertion.

Genetic stability of the producing strain KCCM80178 was confirmed by the stable production
of the product from the different generations of stocks of the microorganism. Since all the
amplified genes are related to the synthetic pathway of the product, genetic instability can
induce the loss of production yield and change in culture time. Fermentation using
KCCM80178 was repeated in the laboratories and all the data showed the similar production
and culture profile.

The genetic stability of the production strain KCCM80178 was also confirmed by the PCR
techniques. Genomic DNA was prepared from each step of the fermentation, and analysed by
PCR analysis using the amplified genes as primer. The amplified genes were confirmed in the
same location as the integration locus without any genetic location shift.
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Open Reading Frame Analysis of
Genetically Modified Site

REPORT

The open reading frame analysis
for the modified site on the C. glutamicum KCCM
80178

REPORT DATE: May 28, 2018
CJ BLOSSOM PARK
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TITLE: The analysis of open reading frame for the modified site on the C.glutamicum
KCCM 80178

OBJECTIVE OF THE STUDY
This study was done to analysis of open reading frame for the modified site on the
C.glutamicum KCCM 80178

SCHEDULE OF THE STUDY
Data of Receipt: Apr 25, 2018
Data of Test: May 01, 2018

Data of Final report: May 28, 2018

TESTING FACILITY
Name: CJ Blossom Park, BIO) Metabolic Engineering center

Address: 42, Gwanggyo-ro, Yeongtong, Suwon-si, Gyeonggi-do, Korea CJ Blossom Park,

Seoul, Korea

Tel: +82-31-8099-2117
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Contents
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1. Genetic modification of C.glutamicum KCCM 80178............ccccevveveiieecreecceeennnen. 5
2. Modified sequence of C.glutamicum KCCM 80178 .........ccccocueverieniinnenieenenneenenn 7

4. ORF analysis result for modified sequence in C.glutamicum KCCM 80178 ... 27
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REPORT III. Open Reading Frame analysis of full genome sequence of

production strain
REPORT

The open reading frame analysis
for the Full Genome Sequence on the C.
glutamicum KCCM 80178

REPORT DATE: August 17, 2018
CJ BLOSSOM PARK
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TITLE: The analysis of open reading frame for full genome sequence on the C. glutamicum
KCCM 80178

OBJECTIVE OF THE STUDY
This study was done to analysis of open reading frame for full genome sequence on the C.
glutamicum KCCM 80178

SCHEDULE OF THE STUDY
Data of Receipt: July 13, 2018
Data of Test: July 16, 2018

Data of Final report: August 17, 2018

TESTING FACILITY
Name: CJ Blossom Park, BIO) Metabolic Engineering center

Address: 42, Gwanggyo-ro, Yeongtong, Suwon-si, Gyeonggi-do, Korea CJ Blossom Park,

Seoul, Korea

Tel: +82-31-8099-2117
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Genes Integrated locus Location in Genome
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Report IV. Antibiotics resistance of the Production

strain

REPORT

Determination of antibiotic minimal
inhibitory concentration (MIC) of

production strain

< Confidential >

ORIGINAL FINAL REPORT DATE: May 08, 2018

CJ Blossom Park
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TITLE: Determination of antibiotic minimal inhibitory concentration (MIC) of

production strain

OBJECTIVE OF THE STUDY
This study was done to determine MIC of the L-threonine producing strain

Corynebacterium glutamicum KCCM 80178.

SCHEDULE OF THE STUDY

Approval of protocol: April 09, 2018
Initiation of experiment: April 11, 2018
Termination of experiment: April 30, 2018

Submission of final report: May 08, 2018

TESTING FACILITY

Name: CJ Blossom Park, BIO) Metabolic Engineering center

Address: 42, Gwanggyo-ro, Yeongtong, Suwon-si, Gyeonggi-do, Korea CJ Blossom
Park, Seoul, Korea

Tel: +82-31-8099-2117

RESPONSIBLE STAFFS
Study Director Suyon Kwon

(05/08/18)
Quality Assurance Manager Kwang-woo Lee

(05/08/18)
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Report V. viable cell in the final product

REPORT
Detection of residual production

strain in L-threonine Fermentation

Product

< Confidential >

ORIGINAL FINAL REPORT DATE: May 08, 2018

CJ Blossom Park
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TITLE: Detection of residual production strain in L-threonine fermentation

product

OBJECTIVE OF THE STUDY
This study was done to detect of residual production strain, Corynebacterium

glutamicum KCCM 80178, in the final product

SCHEDULE OF THE STUDY
Data of Receipt: Apr 28, 2018
Data of Test: Apr 30, 2018

Data of Final report: May 08, 2018

TESTING FACILITY

Name: CJ Blossom Park, BIO) Metabolic Engineering center

Address: 42, Gwanggyo-ro, Yeongtong, Suwon-si, Gyeonggi-do, Korea CJ Blossom
Park, Seoul, Korea

Tel: +82-31-8099-2117

RESPONSIBLE STAFFS
Study Director Suyon Kwon

(05/08/18)
Quality Assurance Manager Kwang-woo Lee

(05/08/18)
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APPENDIX 3
L-Threonine Fermentation Product Manufacturing Process
(CONFIDENTIAL)
Table of Contents
A. ManuUfactiuring ProCeSS ccvcvereieseieissssesessssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssss 12

B. Complete List of Raw Materials that are Used in the Manufacture (Fermentation) of
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A. Manufacturing Process

Figure Appendix 3, A-1, L-Threonine Fermentation Product Manufacturing Process




GRAS Notice L-Threonine Fermentation Product Page 125




GRAS Notice L-Threonine Fermentation Product Page 126




GRAS Notice L-Threonine Fermentation Product Page 127




GRAS Notice L-Threonine Fermentation Product Page 128




GRAS Notice L-Threonine Fermentation Product Page 129

APPENDIX 4
L-Threonine Fermentation Product Stability Study CBA

. ®912monthStability

laboratory :

customer: CJ Cheiljedang Corparaticn
330, Dongha-RO;
Jung-gu, Seoul, D4560
South Korea

Mail: gemma. choi@cj.net

Registration: ADS 119afln

dase of delivery: 02082017

sampling: whach clism admits

H#me of processing: n2ao5 27 - 2111207

method: VDLUFA 2.11.6

date of the report: 24.11.2017

The results of analysis exclusively refer 1o the sample specified above.
Duplication of ihe test report is permitted only with previcous agreement of the CBA GmbH Boehlen in part.

results
n.l. = not tesed
Granuke Time 2210 Samples weswed at 4me
Threonins 10.05.2017 Imorths)
Starage starl
=2 Lot CBA-Numbear Condisons vele unit 1 2 3 4 &
Gran.Threoning
I;C‘!ATTS-‘IB- A 1TT/0S5 1154 (253 B0 AHI conem 74 %
maisture 1.30 %
Gran. Thraonine
Standand
&1}7&‘ a8- AT/ 1185 (2E2C/B05AH) cone nt 76,2 %
maisture 1.40 %
Gran.Thraonine
Standard
I1_41;tBT75-'l6- A TIOS 11096 (PEACIE0sCaH) conent TIT .
maisture 1,20 %
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Report
Registration: A05 1194f{Roh
Granule Time Zero Samples tested at time
Threonine 10.05.2017 _{months)
Storage siart
‘ Lot CBA-Number Conditiors velue | umt 12 18 23
Gran.Threonine
LotT76-16- | A 170810 |SA00ET  Jeonon | 77.4] s
11A5.29 { ek}
moistere 130 %
Gran.Threonine
LotT78-96. | A 170871108 |Sardar  lcontemt | 780| %
124302 (25 H)
moisture 1,40 %
Gran . Threonine
Standard
:.(1»:3 :;;s. ATTIOSN196 | eedioonmy | content 777 %
moisture 1200 %

23 o

o [ ®)(6) 1
managing direclor head of laboralory
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APPENDIX 5

Stability of L-Threonine Fermentation Product in Mash Feed-
Test Report No. 3.243-7 granule Threonine -IFF Trial V-931-7

Loy date

Conjact person.

Stability mash feed

Test Repori No. 3.242.7 praaule Threonine (Onginal)
IFF Trial V-91].7 Seability mash fecd

) Ewrope GmbH

Ober der Rowih 4

(5824 Schwalbach am Taanus

ermany

Teats on stability of three balches granole Threonine in a
braler mash feed

Biroiler fimed F-478
granule Threvaine, barch TT3-16-114%5-249 E-44as
prasiule Threeone, batch T75-16-1 1B2-30 F-490
wrancle Threonine, batch TFS-16-12A1-00 F-500
21 Apgl 2017

Proparation o1 beailer fesd misiares i sweck 32
Analvses of the prepared saanples dunng week 33 — 45, 20017

Cremmuma Fun-bua Chi

Thee present repon 1% ke 1601 Europe Goobld for perseosl use and providing so @1 Repulsrary Au-
Izarities and/cor cancerned aamhonsies. Me par of Thes repoet may be seproduced or copsod, distrhuled
or divalped withoa the prios aritien agreemem of CJ BEurope b, Whensver docusnenimions oy
pubslicerions meke reference 10 measuncd valucs, 1he Research Institote of Feed Technelogy
{Ferschunpsinstitut Fuctermineliecheiky shall be quotsd as 1l sourc.

Braunschweig-Thune, 8§ January 2018
FLhKe'tn
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Test Repea1 A3.243-7 granulke Tlesia:ne
Stabadiny Beiiley mash heed )
pape 2¥

Tabde of Contents

1, LT ] VU DY S S U ——
2 Objective
3 Test maderial

4 L TR T TR R U PSS —
b

]

& b b W

Measuring methods ... " -

. gopinn Do L R ST S G —.
6 Broduction of the beotler feed-mixiures walh the three batches granule Threonme. 5
T Results of the analysis . |

Tobles: 5

Table 1: Formulation and mgrediens of the booller feed “SaMi Thune Brodler 35" (F478) .. 6
Table 2- Physical malenal properiies of 1he broiler feed *SoMi Thane Rroiler 357 (F-478) .. 6
Toble 3: Camposition of broiler feed — amino acid MINES «....... o i i T
T
T

Table 4: Sample coding brodler feed ~ amine scid mixtores
Tnh]: 5: A“nl)sis muls Mlh Hﬂbili‘y m AR R AR R SRR LR AR R R SR R e

Figures: 1
Frgare 1: Cumulatve freguency disiibation Oy of bredler feed (F-478) "

Ansraes: 1 Test repint of the external labosatory
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Test Report 4.5.243-T gramuke Threvnime
Stabalecy brocler mash Feed

Responsibilities

Sponsor representative / monitor
C'1 Europe GmbH

Cremma Eun-hui Chei

Ober der Rocth 4

(5824 Schwalbach am Tawnus
Germany

phone: 40 () 6196 5901 68
fax: =40(Hh 619645418

e-rnail: gemma.chaoiidc) met

Investigator

Other persans Involved in the siudy
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Test Repor 422437 prasale Theeanine
Siabuduy broiler mash feed
pape 48

2.

i

4.

Objective
Referving to the osder dated 21 Apnl 2017, tests on the stebility of three baiches
granule Thresnine were performel in 5 broiler mash feed,

The feed mixtures were produced in the 32nd week 2017, the analyses of the stability
samples took place dunng week 32 — 45, 2017

Test material

Brotler feed F-47%
granule Threoning, hatch T75-16-11A5-29 F-498
granule Threonine, batch T75-16-11B2-30 F-494
granule Threomne, batch 175 16-12A1-01 [RRL1E
Material churacterization

The broiler feed (F-378) was purchased from a local compound feed producer!'. The
granule Threonine batches (F-498 — F-500 were provided by the Client.

The broiler feed is charactenised by its relevant ingredients and by its phystcal matenal
properies. The Formulation of the wsed broiler feed is listed m Table | of the annex
aceording 10 the information of the supplier, The mosture conlent, the bulk and tap

density of the broiler feed as well as information on its particle-size distribution are

wiven in Table 2 of the annex.

Measuring methods

Morgtun:

The deteemination of the moisture content is carried out by measuring the mass differ-
ence afler a drying tirne of 4 hours at a iemperature of 103 °C.

Bulk densit
The bulk density of the mastenal is measural using the test unil accoeding to Bochme as
described in German standard DIN 1060,
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Tert Repoetl A.3.24%7 gramule Theeontoe
Simhid ity broiler mash feed
page 4%

Tap dens)
Tap density is determined with the Becker Rosenmnueller equipment scconhing to
Cierman tamdard DN 53194,

Particle-size disiributi
The determination of the particle-size dizoribution is carned out with a sieving maching
according 1o the German standard DIN 86165 with sieves according to DIN 150 3310,
Sieves were used with mash sizes between 0063 and 3150 mnm. The particle-size dis-
tribution of the broiler feed is shown as cumulative distnbunon function in Fagure | of

the anney.
Performance of the tests

Production of the brodler feed-mixtures with the three batches granule Threonine

The mixtures were prepared in a laborniory seale-bateh mixer with a mixing time of
3 min. Each batch of granule Threonine was mixed inle the respective batch of broiler
leed with an addition rate of 0.4 % 4 collective samples of 250 g each were taken of
ciich mixture. One of them was sent divectly to the extemal labosatory” for analysis of
the content of L-Theeonine in the mixture. The remaiming samples were stored in 2 <li-
mane chamber at 25 =C and 60 % RH. Every four weeks samples were taken out of the
climatic chamber and sent 10 the external laboratory for analysis. The composition of
the batches 15 shown i Table 3 of the annex. Table 4 shows the sample enceding of the

stability samples.

An addiional retention simple of each batch was taken and kept al the Research Insni-

tute. The nemaining material was disposed of,

Results of the analysis
The results of the analvsis arc compiled in Table § of the annex. The original test reports

of the external lasbormory are stached w this report.

¥
1
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Annex

Page 136

Tiesl Pepoar A 1 243-7 granule Threonine
Stomulicy heailer msh feed

yage b

Table 1: Formulation and ingredients of the broiler feed ~SoMi Thune Brodler 357 (F-47%)

 Composition according 10 the manufacturer:

Mg
Soy extraction meal with stock (steamer beated)*
Wheat
Fany acids, vegetable
Calcium carbonate
Analyticsl components according to the manufac- Percentage (%)
lurer
Crude protein 15.00

- Crade fat 7.30
Crude fibre a0
Crude ash 120
Calciam .50
Phosphorous N33
Sodism 0.0m
Methlonine 026
Lysine v .74
Metabolisable encegy 13.4 M) MEkg

Table 2: Physweal matenial properties of the beotler feed “Sobdi Thune Brosler 357 (F-4TR)

Physical properties Dimension Broiler feed (F-478)
Bulk density ps g'em’ .70
Tap denslty p glem’ 0752
Muodsture u %a 11.7
Particle size dis ym 150

 Particle size de ' pm [720
Particle size dw Hm 1,750

* Made from gerelic maodified soviweans
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Page 137

Test Hepord 4.3 7427 ayamabe Threomme
Sianiley broiler mash leed

page T
Tahle 3: Compaosition of broiler feed - amino acid mixtures
Batch No. Ingredient Amaunt
V-03]-F-3498 Brotler fewd (F-478) 4,980 g
granule Threonine {F4948), 20
L batch: T75-16-11A5-29 ol
A031-F499 Broiler fexd (F478) 4980 g
granule Threonine {F-499), 20
batch: T75-16-11H2.30 g
V-931-F-500 Broiler feex {F-478) 4080
— granule Threamne (F-5001), 20
) batch: T75-16-12A1-011 s
Tahle 4: Sample coding broaler feed — amino acud mixtures
Batch No, Stahility samples
V03] -F-498-5-0
V-031-F-498-5-1
s e V-03|-F-498-§-2
Y-031-F-49%.5-3
Y-03]-F-499-5-0
V3] -F-dii-5-]
V-IBLF9 a1 Favnsa
VAO31F400.83 |
V-451-F-S00-5-0
Y931 -F-5{-5-1
b o V-031-F-S00-5-2
V93] -F-3-5-3
Table 5: Analysis results of the stahility samples
- Added vilue 0.4 % Time in months
Nominal valee 1.011 % Blank fero 1 2 )
Sample number Unit 5-0 S-1 S-2 5-3
Analysls method DJMS | DIDDS* DJDNS DM DS
Va3 |F-498 o 0611 1.19 '
V01 |-F499 % 0611 1.08
V-OI1-F-500 | % | 06T 124

L Theerermirne { mesd e idntin hwdrsdvsizt kdaibhnd: FET 12292%00 48 190 1 EGNE-S002 5 [TV
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Test Report A3 2417 prancls Threenine
Srahilhy e mssh feed
Pge 16

Figure 1: Cumulative frequency distribution Qu of broiler feed (F-478)
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Reporsdate 91122017

Page 101

Analytical report  AR-17-GF-0456104-01 _

Sample Code 710-2017-26639012

Rederence Beaieriutier chne Amincsduresuoplemestienng
Sample sender

Reception date teme . 1.zer

Transport Post

Client sample coda F-4TH

Number of containers |

Reception lemperature raam semparaiure

End analysia 111220177

Tost results

DJoar Methianine | axidative hydrolysis)
Melhad ELY 15212000 (F}, 1S0D 138032008, | 102U
Subconiacted w0 a accredied o Bis leal

Matnianing [Total 0268 g1iog

DJNBS  Thieonine | acid | oxsdativ olysis)
Melhod EU 15272000 (F), IS0 13003 2005 | 1G4
Subesaacied In SCCRME 1T WL
Threanine { Total) el gt g

Angltks Sance Manager -fead | ®)©
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s
e

Ropodt date 19.12.2017

Page 1t

Analytical report  AR-17-GF-046101-01

Sample Code 710-2017-26628008
iril L-Thesanin

H T

Past

VA1 F48850
1

oo bernperabre
1123017

hydrolysis)
150 13503 2005, , IC-UV
Tor Sun beal.

11% gt g
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Reper date 210823017

Page 11
Analytical report AR-17-GF-034434-01 -
Sample Code 710-2017-20385004
Ratorance Fultersmiioe!
Sample vender F
Reception date time 8 09,201
Transport Post
Clisnl cade W11 F-4PE-5-1
Number of containers i
Reception temperature roam Emparatune
End analyeie 2100207
Test results

DJIGS  Threonine | acid { axidatiy hydrotysis)
Mt £U 1522000 (F), ISC 13803 2008, GV
Subdanirsded o et ho sl

Trieonine (Tolal 1.08 @100 g

mmsmum-h_-d_
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Peraon in charge
ASM

Repor dase 18102047

Page 111

Analytical report AR-17-GF-037402-01 -

Sample Code 710-2017-22221004

Beberence 5 an L-THimanio
Sample sender m

Transport Posl

Cliemt uulzo codi V-531-F-498-3-2
Mumber of containers 1

Recoption temperature eam

End analysis 15.10.2017

DJ00S  Threonine ( acid ! oxidativ hydrobysis)
hethed EU 15272008 (F), 130 13903 2005, , IC-Uv
Susconiracss 1o & far s test

Threaning | Tok)

Anpiylical Servica Mm-m_

102 ¢'100 g
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Person In chargs
ASM

Repertagle  37.11.2017

Page 11

Analytical report AR-17-GF-040806-01 -

Sample Code 710-2017-24425004

Refarence nespin
S e
Reception date tima L

Trarsport by

Client sampla coda VER1-FA%6-5-3
Mumber of contalners 1

Reception lemperature raam Semparatune
End analysis 07 112077

Test results

DJM5  Threenine | acid / oxidatiy hydrolysés)

Method EU wmiiusmm;m..m
Subanredsd v & ed Tor 1B vear.
Threonine [Total 114 @100 g
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GFfA Lab Service

Perzon in charge
ASM

Bepod date 11122017

Page 11

]

Sample Code 710-2017-26639010

Relerence ' 1 ehl mit L-Threcrin
Sampée sander

Recaplion date lime :;1:@17

MGI& ciodo W.831.FA55.50

Numbar of Conlamars 1

Reception temperature roam

End analysls 122097

Test results

DJlocs Threonene { acid ! oxidativ hydrobysia)
Method EU 15207004 (F), IS0 138032005 104N
SRibaded e (D) (4) samites kr hn lant

Thracnine (Total) 125 5100 g
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Parson in charge
ASM

Repartdate  29.08.2017

Page 101
Analytical report AR-17-GF-034435-01 -

Sample Code 710-2017-20385005

Reteranca
Sample sander
Reception date tema 15 092017
Transpart by Pasi
Client sample code V-2 1-F 49081
Number of comtainers 1
Rrceplion lemperature racem lemperalura
End analysia 21082017
Testresults
DJODS  Threonine { acid ! oxidatiy ydrolysia)
e EU 152/2006 (F}, 180 136332008 IC-LY
Sobeontramet ¥ & U for Thin test

Thracrine 1.06 gto0g
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Parson in charge
ASM

Reportdate 1610 2047

Page 11

Ancal roport ARATE GOzt |

Sample Code 710-2017-22221005

Reference Stahy L-Threcnin
Sample sender ﬁ
Reception date time 3

Transport by Post

Clinnt sampls code V-831.F458.5.2
Number of contalners 1

Feception temperature roam e

End analysis 1810.2017
Test results

DJGOE  Threonine | acid / oxidativ hydrelysis)
Melhod EU 152/200% (F), 1S5 13903 2005, 15UV
Sutcostacied lo & azzecries = B et

Trieanine {Tolsd) 1a7 g100 g

Ansiyfical Service Manager - Fasd — ®©
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Report dale 37 11207

Page 111

Analytcal report AR-17-GF 040807-01 -

Sample Code 710-2017-24425005

Reference L-Thieonin
sendar

Reception date time p3.11.2017

Transpor Peat

Chent code WOE1Fd98.5-3

Mumber of containers 1

Reception temperalure roam lempersiue

End analysic 07 112097

Tost results

D05 Threonine { ackd / axidativ hydrolyses)
et EU 15272008 (F), 150 138032005, , IC-AY
Subaordrecied o o (D) (4) acosedied Tos M besl.
Thrazning | Tatal) 112 Q1009
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Sk

Report dale 11722007

Paga 1

URpe—

Sample Code 710-2017-26639011

Redorance rabe Broderfutiermehl md L-Theaanin
S P—

Transporn by Post

Chant sample code V-831-F-500-5-0

Number of containers ]

Reception temperature room Iamparatam

End analyxis 11.12.2017

Test results

DJOOE  Threonimo | ackd | oxidativ

rolyaia)
Memod | EU 15220006 50 G
Zubcorlacisd T e for g e,

Thesanee (Total) 124 g0 g
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Person in charge
_ m
Page 111
EORTUERCTI—

Sample Code 710-2017-20385006

Repor dale 21002017

Referenca Futberrmittel
Sample sender

Roception dats time 15082017
Transport by Post

Cliant sample code VAT FANOSA1
Number of cantalnars 1

Reception temperature OO WeMpsrature
End analysis 21.08.2017

Threonine (Totsd) 107 g'100g

Analytical Service Marager - Feed.  ®(©)
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Person in charge
ASM

Repeel dale 15102017

Page 111

i s T

Sample Code 710-2017-22221006

Redarence s Thraanin
Sampde sander
m date time 0%.10.2017
Transpart by Peat
Client sample code B3 FA00E.2
Numbar of containers 1
Reception temperature T e alur e
End amalysis 16.10.2017
Test results
D005 Threonine [ aeidd | oxidativ hydrodyais)
Maethod 1 150 13803 2005, | 1G4

Sutcori-aded bu dar e tesl
Threonine

114 g1i0g
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=

Repardsle 07112097

Page 111

Analytical report AR-17-GF-040808-01

Sample Code 710-2017-24425006
Referapce Mlmﬁu L-Thraorn

Sample sender

Reception date time 03.11.2017
mﬂa Posl

Client sa code V-831-F-500-5-3
Number of comlainers 1

Reception lemparature FEOM lemperaiune
End analysis 07 11,2097

DJODS  Threcnine | scid ! oxidativ bedrolysis)

Memoed EW 152/2006 (F}, ISD 13903.2005, | ICUY

fiubzsrrases W e for this test
Theeorre | Tokal

104 200 g
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APPENDIX 6
UTILITY TRIAL REPORT

C]‘ AMERICA

Research Study

Evaluation of novel threonine source in a low threonine diet on broiler growth
performance through 28 day of age
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Protocol Title: Evaluation of a novel threonine source in a low threonine dict on broiler growth
performance through 28 day of age.

Investigators:
® @
Joe Lucas
Vice President and Managing Director
Joe.lucas(@cj.net

CI America— Bio
3500 Lacey Road Suite 230
Downers Grove. IL 60515

Keith Haydon, Ph.D.

Director of Technical Services and Marketing
Keith.haydon(@cj.net

CJ America — Bio

3500 Laccy Road Suite 230

Downers Grove, IL 60515

Abstract
A 28-day growth assay was conducted using 1320 Cobb 500 male broilers in a small pen
study (33 birds/pen) to determine the effectiveness of a novel L-threonine source (>75% L-
thrconine with biomass) fed during starter (0 — 14 days} and a grower phases (5 — 28 days).
The assay evaluated four dietary reatments (10 reps/ treatment): 1. Positive Control (PC) diel
using commercially availahle L-Threonine 98.5%. 2. Negative Contrel {NC, no L-threonine
supplementation), 3. NC supplemented with 100% replacement of threonine level of the PC
dier using the novel threonine source with biomass (NThr) and 4. NThr source fed ata 150%
threonine replaccment rate of the PC diet. In the starter phase (Day (¢~ 14) birds (ed the PC,
and the 100 or 150% NThr replacement ratcs were heavier (P<.003) than the birds fed NC
diet. Bird weights at 28 days were heavier (P<.04) for thase fed the PC and 100% NThr diets
than NC diet with thel 30% NThr fed birds being intermediate in weight. The only feed
intake response was observed during the starler phase, with NThr 100 and 150% fed birds
consuming more (P<.014) feed than the NC birds. No differences (P>.10) were observed in
mortality. Mortality adjusted FCR (F/G) was lower for PC fed hirds than NC or 150% NThr
fed birds during the grower phase with 100% NThr bird being intermediate. Over the entire
28 day assay, the PC and 100% NThr [ed birds had lower adjusted FCR than the NC or 150%
NThr fed birds. The assay demonstrated the novel L-Threonine with biomass 1s an cifcctive
source of dietary threonine for broiler chicks.
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1 Experimental Procedures:

Objective: Determine the effect of a novel threonine source containing greater than 75% L-
threonine with fermentative biomass at 100 or 150% replacement rate on broiler performance
compared 10 a positive control diet with commercial L-Threonine (>98.5%) or negative
control diet witheut L-threonine supplementation.

Locations:
A. Live performance:
1. Pensize:
2. Duration:
3. Group size:
4. Floor space:
5. Feeder type:
6. Feeder space:
7. Water space:
8. Lighting protocol:
B. Harvest:

Experimental Timelines:
Start date:
End date:
Preliminary report:
Final report issued:
Experimental Design:
Growth & carcass data
I. Design:
2. Replication factor:
3. Replicates:
Animals
Genetics:
Number:
Gender:
Age:
Start weight:

Poultry Research Facility, () (6)

4x7Mt
28d

33 birds/pen

0.85 f*/bird

Dry tube feeder (30-1b feed capacity)
50 in, total; 1.4 in./bird

4 nipple drinkers/pen (7 birds/nipple)

Poultry Research Facility, ®©

March 12, 2018
April 30, 2018
May 15,2018
May 31,2018

Randomized complete-block
Live weight (by pen)

10

Cobb 500 ®©®
1,320

Male

Hatch

~40 g

¥

Page 155
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End weight: ~1.5kg
Duration 28 days
II.  Experimental Treatments: 4 treatments

A. Positive Control Diet with L-threonine

B. Negative Control Diet without L-threonine

C. NC + Novel Threonine (added to reach level of PC — 100%)
D. NC + Novel Threonine (added to reach above PC — 150%)

IIl. Experimental Procedures:

A. Animal care protocol: Care was provided following an approved Animal Use
Protocol approved by the IACUC committee at ® @
Environmental conditions were monitored 3 times daily. Age appropriate temperature
was provided and regulated. Heat was provided with multiple force draft heaters.
House is cross-ventilated with adjustable vents on onc end and 3 — 36 inch fans on the
other end.

B. Allotment of animals to the experiment

1. Birds were assigned to pen based on day old chick weight. Initial pen weight
of all replicate pens had a maximum of range of 30 grams.

2. Pens were then randomly allotted to dietary treatment from within replicate
and immediately started on the study.

3. Pens remained on dietary treatments until the end of the experiment.
4. Minimum ventilation was run to supply necessary gas cxchanges.
5. Birds were raised on used litter from 2 previous flocks.
C. Measurements:
1. Live performance:
i. Total pen weights — start, d 14 and d 28
ii. Feed disappearance —d 14 and d 28

iii. Feed/gain ratio was adjusted for mortality by the following cquation,
Total feed consumed/ (pen weight gain + mortality weight).

iv. Morbidity and mortality
D. Experimentai diet formulation (Table 1 and 2)
1. Feedstuffs:
i. Com - yellow-dent: ®®
ii. Soybean meal:
iti. Soy oil:

2. Experimental test material:

2Q £



GRAS Notice L-Threonine Fermentation Product Page 157

V.

a. Provided by CJ America
3. Experimental diet specifications:
t.  Two dietary phases — d 1-14 (starter) and d 15-28 {grower).
ii. Diet components were mixed in a horizontal mixer.

iii. Each diet was pelleted at 1 80F following 15 s of conditioning. The
starter diet was crumbled following pelleting.

4. Diet sampling:

i. Final experimental diets were sampled and analyzed. Sarnpling
procedure included taking five | kg grab samples while the feed was
exiting the mill. The grab samples were then combined. homogenized.,
and split into three equal samples. Amino acid analysis was conducted
by a private third party laboralory.

Statistical Procedures:

A. Prior to analysis, all data was checked for outliers. Any observation > 3 standard
dewiations in difference from the grand mean for that metric were removed from the
dataset.

B. Cumulative body weight. body weight gain, {ead intake, and mortality corrected feed
conversion ratio were analyzed as a RCBD with four (4) treatments and 10 replicatces.

C. Mortality was analyzed following an arc sine transformation.

Threonine has long been recognized as the third limiting amine acids for the broiler.
Although L-threonine from fermentation has been commercially availahle in feed grade form
since the mid-1990"s; wide scale adoption of threonine supplementation did not occur until
2000's,

Warnick and Anderson (1968) demonstrated 1in a 12% CP semi-purified soybean meal based
diet that lysine, threonine and valine were next limiting essential amino acids after
methionine. Schwartz and Bray (1975} using amino acid deletion technique with a 14% CP
diet reported that deletion of threonine decreased gain by 31% fron the control. Baker and
[Tan (1994) propesed the first “ideal protein” coancept for broilers with essential amino acids
levels being expressed as a ratio to dietary lysine level. Their initial estimate for the
threonine requirement was 67% for threonine. Kidd and Kerr (1996) ground-breaking work
demonstrated that increasing dictary threanine levels improved breast yield, proved o be the
catalysis for widespread adoption of threonine supplementation in the broiler industry as
breast meat became the primary economic driver. Current estimate of global threenine usage
range from 450,000 to 500,000 metrics tons, and demand is growing 40,000 to 50,000 metric
tons per year (CJ personal communication).

The objective of this experiment was 1o evaluate a new threonine supplement from CJ, which
contains a minimum of 75% L-threonine with the fermentative biomass as a replacement for
commercially availahle L-threonine (98.5%) in broiler chicks.

Results and Discussion

(o Dig 11

i

24
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Vil.

In the current experiment, body weight at day 14 and weight gain (Day 0 -14) were increased
{P<.003) over the Negative Control (NC) with the addition of threonine either from

commerctal available 98.5% {Positive Control, PC) or novel L-threonine with biomass at

both 100 (NThr100} and 150% (NThri50) replacement rates (Table 3.). In a recent study.
Sigolo et. al, (2017) found dietary threonine need to be increased to 110% of requirement

when reducing crude protein level 2.5% from 22 10 21.45% with ADG of 32 gm/day during

the 21 day starter phase. Threonine levels in nur study were 58% of lysine in the NC and 65%
of lysine in the PC with a crude protein of 21.1%, however, ADG were excellent (29 gm/day)
during the starter period (0-14 days) as compared to ADG reported by Sigolo et. al. (20417)

for (32 gms/day, day 0-21 days).

Body weights in the present trial at day 28 were lower (P<.04) for NC fed chicks as
compared to the PC or NThr100 fed birds with thase fed NThrl150 being intermediate
(P>.10). However, no significance (P>.20) in body weight gain was observed between
treatments likely due to increased individual bird weight variation within replicate associated
with age. Performance for the male birds from day 0 to 14 and 15 to 28 were excellent and
were similar to target weight and ADG expectation as outline by Cobb 500 manual (2015).

Mo differences (P>.10) in mortality adjusted FCR (F/G) during the starter phase (Day 0 to 14,
Table 4) was observed. Sigolo et. al. (2017) reported an improvement (P<.10) in FCR when
feeding 110% of threonine requirement in birds fed 97.4% of CP requirement. However, it
should be noted that Sigolo et. al. (2017) basal (100% of requirement) dietary lotal threonine
level was .94% or 74% of total lysine. Whereas in the present study, PC diet digestible
threonine level was set al 65% of digestible lysine. During the grower phase (Day 15 to 28)
FCR was improved {P<.04) for PC fed birds as compared to NC or the NThr130 fed birds.
FCR of the NThr100 fed birds was intermediate (P>.05). Sigolo ct. al. (2017) also obscrved
a numerical depression in in FCR with increasing threonine supplementation from 110% to
130% of requirement in both 97.5% and 100% CP requirement diets. FCR calculated over
the entire 28 day prowth assay was improved (P<.01) with threonine supplementation
whether from commercially available source (PC) or with novel threonine source (NThr1 00
and NThr150) as compared to NC fed birds. FCR observed in the present study in NC fed
broilers was 6% higher than expectations for Cabb 500 males (Cobb, 2015).

The lack of FCR response during the starter phase (day 1 to 14) could partially be attributed
tor the higher teed intake and growth rate observed for the NThr100 and NThr150 fed birds as
compared to the NC fed hirds (Table 5). Sigolo et. al. (2017} reported a numerical depression
in feed intake with increasing threonine supplementation above 110% of requirement. PC fed
birds were intermediate for day 1 to 14 feed imake, Feed intake during the grower phase (day
15 to 28) or measured over the 28 day trial period were not different (P>.10) among dietary
treatments. Observed feed intakes were slightly higher than intakes suggest for Cobb (2015)
for Cobb 500 males.

Moritality was unatfected (P>.10) by dietary treatment (Table 6). However, numerically
higher mortality was observed for birds ed the NC treatment especially in the grower phase
as compared to other treatments with supplemental dietary threonine.

Conclusions

NS
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The current trial clearly demonstrated that the novel L-threonine supplement with btomass is
an effective L-threonine source in broiler chicks. When replacing 100% of the L-threonine
{98.5%), the novel L-threonine with biomass provided equal performance in both starter (day 0
to 14) and prower (day 15 10 28) phases to current commercially availahle feed-grade 1 .-
threonine.
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Table 1.Starter dictary formulations, calculated nutrient content, and analyzed nutrient content of
trcatment diets fed to male broilers (1 to 14 days-of-age)

Positive Negative

Control' Control NC +100 NC +150
Ingredient %
Com 61.00 61.00 61.00 61.00
Soybean Meal 3315 33.15 33.15 33.15
Soybean Qil 1.52 1.52 1.52 1.52
Limestone 1.33 1.33 1.33 1.33
Salt, NaCl 0.46 0.46 0.46 .46
Monocalcium Phesphate 1.61 1.61 1.61 1.01
DL-Methionine, 99% 0.30 0.30 0.30 0.30
L-Lysine HCI, 78.8% 0.23 (0,23 0.23 0.23
Vitamin Premix ’ 0.13 013 0.13 0.13
Trace Mineral Premix” 0.05 0.05 0.05 0.05
Salinomycin — SaCox’ 0.05 0.05 005 0.05
L-Threonine, 98.0%" 0.088 - - -
L-Threonine Biomass, 75%° - - 0.117 0.175
Cellulose, Filter (wt: wt)"’ 0.087 0175 0.058 --
Nutrient Calculated Nutrient Content, %
AME, keal/kg 3036 3036 3036 3036 ‘
Protein'* 21.10 21.04 21.10 21.13
dLys 1.18 I.18 1.18 1.18
dMet 0.58 0.58 0.58 0.58
dSAA 0.87 0.87 0.87 0.87
dThr 0.77 0.68 0.77 0.82
dArg 1.27 1.27 1.27 1.27
dVal 0.89 0.89 0.89 0.89
Calcium 0.90 0,90 0.90 0.90
Non-Phytate Phosphorus 0.45 0.45 0.45 0.45
Total Phosphorus 0.69 0.69 0.69 0.69
Sodium 0.19 0.19 0.19 0.19
Nutrient Analyzed Nutrient Content, %
Protein 21.69 20.23 21.64 21.41
Total Lysine 1.29 1.35 1.31 1.34
Total Threonine 0.84 0.79 .84 0.92

" Vitamin premix added at this rate yields 7700 [U vitamin A, 5500 ICU vitamin D3, 55 IU
vitamin E, 1.§ mg vitamin K-3, 0.0]1 mg B12, 6.6 mg nboflavin, 38.5 mg niacin, 9.9 mg d-
pantothenic acid. 0.88 mg folic acid, 2.75 mg pyroxidine, 1.54 mg thiamine, 0.08 mg biotin per
kg diet

*Trace mineral premix added at this rate yiclds 60.0 mg manganese, 60 mg zinc, 60 mg iron, 7
mg copper, (.4 mg iodine, a minimum of 6.27 my caleium, and a maximum of 8.69 mg calcium
per kg of diet. The carrier is calcium carbonate and the premix contains less than 1% mineral
all.
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} Active drug ingredient salinomycin sodium, 60 g/Ib (60 g/lton inclusion;
For the prevention of coccidiosis caused by Eimenia tenella, Eimeria
necatrix. Eimena acervulina, Eimeria maxima, Eimeria brunetti and Eimeria mivati.

* CJ America, Downers Grove, IL
® The level of cellulose (wt: wt) was adjusted based on the amount of L-Threonine.

2 =gl $ /7018 1124
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Table 2,Grower dietary formulations, calculated nutrient content, and analyzed nutrient content
of treatment diets fed to male broilers (14 to 28 days-of-age)

Positive Negative
Control’ Control NC +100 NC +150
_Ingredient O mmm e e
Corn 66.20 66.20 66.20 66.20
Soybean Meal 27.95 27.95 27.95 27.95
Soybean Oil 1.72 1.72 1.72 1.72
Limestone 1.27 15257 1.27 1.27
Salt, NaCl 0.46 46 0.46 0.46
Monocalcium Phosphate 1.51 1.51 1.51 1.51
DL-Methionine, 99% 0.27 0.27 0.27 0.2
L-Lysine HCI, 78.8% 0.23 0.23 0.23 0.23
Vitamin Premix ' 0.13 0.13 0.13 0.13
Trace Mineral Premix” 0.05 0.05 0.05 0.05
Salinomycin—SaCox® 005 005 0.05 0.05
i L-Threonine, 98.0%" 0.085 = = =
L-Threonine Biomass, 75%" - 2 0.113 0.170
Cellulose, Filler {wt: wt)'" 0.085 0.170 0.057 -
Nutrient ~ Calculated Nutrient Content, %
AME, kealrkg 3102 3102 3t 3102
Protein'* 18.99 18.93 18.99 18.99
dLys 1.05 1.05 1.05 1.05
dMet 0.53 0.53 0.53 0.53
dSAA 0.80 (.80 0.80 0.80
dThr 0.69 G.61 0.69 0.73
dArg 1.12 1.12 .12 1.12
dVal 0.80 0.80 0.80 0.80
Calcium 0.84 0.84 0.84 0.84
Non-Phytate Phosphorus 0.42 0.42 0.42 0.42
Total Phosphorus 0.65 0.65 0.65 0.65
Sodium 0.19 0.19 0.19 0.19
Nutrient Analyzed Nutrient Content, %
Protein 19.06 18.52 18.89 18.57
Total Lysine 1.23 1.22 1.22 1.18
Total Threonine 0.79 0.72 0.79 0.80

" Vitamin premix added at this rate yields 7700 IU vitamin A, 5500 ICU vitamin D3, 55 U
vitainin E, 1.5 mg vitamin K-3, 0.01 mg B12, 6.6 mg rihoflavin, 38.5 mg niacin, 9.9 mg d-
pantothenic acid, 0.88 mg folic acid, 2.75 mg pyroxidine, 1.54 mg thiamine, 0.08 mg biotin per
kg diet

* Trace mineral premix added at this rate yields 60.0 mg manganese, 60 mg zinc, 60 mg iron, 7
mg copper, 0.4 mg iodine, a minimum of 6.27 mg calcium. and a maximum of 8.69 mg calcium
per kg of diet. The carrier is calcium carbonate and the premix contains less than 1% mineral
oll.
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* Active drug ingredient salinomycin sodium, 60 g/Ib (60 o/lton inclusion; ®®
For the prevention of caccidiosis caused by Eimeria tenella, Eimeria
necatrix. Eimeria acervulina, Eimeria maxima, Eimeria brunetti and Eimeria mivati,
4 ® @

7
s ] America, Downers Grove, [L
® The level of cellulose {wt: wt) was adjusted based on the amount of L-Threonine.
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Table 3. Body weight and body weight gain of male broilers fed diets that vary in thréonine
level and source.

Body Weight Weight Gain
Day 0 Day 14 Day 28 Day 1-14 Day 14-28
{e) (&) {kg) (8 (kg)
Treatment
Positive Control _
(PC) 45.1 1.103
Negative Control "
(NC) 45.2 1.077
NC + Nowvel
< 5.2 ,
Threonine (100%) 110
NC + Novel
Threonine (150%) a2 i.OSi
PSEM 0.0 0.006
P-value 0.683 7232

a,b Means in columns with different groupings difter significantly at p < 0.05

Table 4. Mortality corrected feed conversion ratio of male broilers fed diets that vary in
threonine level and source.

Staner Grower ~ Day 1-28
‘Treatment
Positive Control b b
1.254 53 :
(rC) 5 1,530 I.460
Negative Control a
NC) 1.264 1.570° 1.486
NC + Novel - 2b b
Threonine (100%) 1.255 1.539 1.460
NC + Novel . .
Threortine (150%) 1.256 1.567 1.479°
PSEM 0.003 0.006 0.003
P-value 0.291 0.034 0.006

a,b Means in columns with different groupings differ significently at p 0,05

12

NRUROI T S - LI TAFES2018 08

1300

n



GRAS Notice L-Threonine Fermentation Product Page 165

Table 5. Feed intake (g/bird/day) corrected for mortality of male broilers fed diets that vary in
threonine level and source.

Starter Grower Day 1-28
Treatment
Positive Control ab
(PC) 36.6 130.3 81.3
Negative Control b .
(NC) 36.1 129.8 80.9
NC + Novel -
Threonioe (100%) 73 129.8 81.6
NC + Novel " -
Threonine (150%) 170 1304 820
PSEM 0.2 0.5 0.3
P-value 0.014 0.894 0.486

a,b Means in columns with different groupings differ significantly at p < 0,03

Table 6. Mortality (%) ol male broilers fed diets that vary in threonine level and source.

Starter Grower _ Day 1-28
Treatment
Positive Control
(PC) 1.80 .00 1.82
Negative Control 4
(NC) 1.50 0.61 2.12
NC + Nowvel .
Threonine (100%) Laa a0 142
NC + Novel ;
Threonine (150%) L:50 sl 0.8l
PSEM 0.26 0.17 029
P-value 0.7144 0.552 0.277

ab Means in columns with different groupings differ significantly at p < 0.05

Observations

Removal of L-threonine negatively impacted average male BW of the NC fed broilers compared
to the PC fed broilers. Additional of the novel threonine source to equivalent levels of the PC
increased BW and reduced FCR.
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APPENDIX 7— Acute Toxicity Report

Report

L-Threonine: Acute Oral Toxicity in the Rat —
Fixed Dose Method

Sponsor Name: CJ Cheilledang Corporation
Issue Date: 05 January 2017

Study Director:

Testing Facility:

Page | of 26
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COMPLIANCE WITH GOOD LABORATORY PRACTICE
L-Threonine: Acute Oral Toxicity in the Rat — Fixed Dose Method

With the exception stated below the study described in this report was conducted in
compliance with the following Good Laboratory Practice standards and I consider the data
generated to be valid.

e The UK Good Laboratory Practice Regulations (Statutory Instrument 1999 No. 3106,
as amended by Statutory Instrument 2004 No. 994)

. OECD Principles of Good Laboratory Practice (as revised in 1997),
ENV/MC/CHEM(98)17

*  EC Commission Directive 2004/10/EC of 11 February 2004

These principles of Good Laboratory Practice are accepted by the members of the OECD
Mutual Acceptance of Data including the European Community/United States of America
and Japan.

Due to the short-term nature of the study no analysis was carried out to determine the
homogeneity, concentration or stability of the test item formulation. This exception is
considered not to affect the purpose or integrity of the study,

(b) (6) i

Study Director
(®) (4)

Page 4



GRAS Notice L-Threonine Fermentation Product Page 170

== PO e

QUALITY ASSURANCE STATEMENT
L-Threonine: Acute Oral Toxicity in the Rat — Fixed Dose Method

Study based activities at the Test Facility, | ®®yere audited and inspected.
The details of these audits and inspections are given below.

Type of Inspection Date(s) of Inspection Date Reporting to Study
Director, Test Facility
Management
Study Plan Verification 03 August 2016 05 August 2016
Process — based 03 August 2016 03 August 2016
Test Item Preparation
Process — based 03 August 2016 03 August 2016
Test System Preparation and Application
Process — based OB August 2016 08 August 2016
Assessment of Response
Process — based 09 August 2016 09 August 2016
Necropsy
Audit 21 December 2016 21 December 2016

General facilities and activities where this study was conducted were inspected on an annual
basis and results are reported to the relevant responsible person and Management.

Quality Assurance

04 JAN 2017

Page §
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1 SUMMARY
Introduction

The study was performed to assess the acute oral toxicity of the test item in the Wistar strain
rat.

Methods

Following a sighting test at dose levels of 300 mg/kg and 2000 mg/kg, a further group of four
fasted females was given a single oral dose of test item, as a solution in distilled water, at a
dose level of 2000 mg/kg body weight. Clinical signs and body weight development were
monitored during the study, All animals were subjected to gross necropsy,

Results

Mortality. There were no deaths.

Clinical Observations. There were no signs of systemic toxicity.
Body Weight. All animals showed expected gains in body weight.
Necropsy. No abnormalities were noted at necropsy.

Conclusion

The acute oral median lethal dose (LDs) of the test item in the female Wistar strain rat was
estimated to be greater than 2000 mg/kg body weight (Globally Harmonized Classification
System — Unclassified).

The test item does not meet the criteria for classification according to Regulation (EC)
No. 1272/2008, relating to the Classification, Labelling and Packaging of Substances and
Mixtures,

Page 6
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2 INTRODUCTION AND PURPOSE

21 Purpose

The study was performed to assess the acute oral toxicity of the test item in the Wistar strain
rat.

22 Justification

Rats are the preferred species of choice as historically used for safety evaluation studies and
are specified in the appropriate test guidelines.

23 Study Details

Sponsor CJ Cheilledang Corporation
CJ CheilJedang Building
292 Ssangnim-dong
Jung-gu
Seoul 100-400
KOREA

24 Study Schedule
Experimental start date 02 November 2016
Experimental completion date 05 December 2016
2.5 Animal Welfare

The study was designed and conducted to cause the minimum suffering or distress io the
animals consistent with the scientific objectives and in accordance with the [ ®) @

®) @policy on animal welfare and the requirements of the United Kingdom's Animals
(Scientific Procedures) Act 1986 Amendment Regulations 2012, The conduct of the study
may be reviewed, as part of the ® @Ethical Review Process,

The study was conducted in accordance with the UK Home Office Guidance document on
Regulatory Toxicology and Safety Evaluation Studies and the OECD guidance document on
recognition, assessment and use of clinical signs as humane endpoints for experimental
animals used in safety evaluation,

2.6 Regulatory Testing Guidelines
The study was performed in compliance with the following regulations or guidelines:

¢ OECD Guideline for Testing of Chemicals No 420 “Acute Oral Toxicity - Fixed Dose
Method™ (2001)
* Method BI bis Acute Toxicity (Oral) of Commission Regulation (EC) No. 440/2008
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3 MATERIALS AND TEST METHODS

31 Test Item and Supporting Information

Information as provided by the Sponsor. A Certificate of Analysis supplied by the Sponsor is

given in Annex 1.

Identification: L-Threonine

Batch: T75-16-02A5-29

Purity: 75.2%

Physical state/Appearance: brown granular solid

Expiry Date: 29 May 2019

Storage Conditions: room temperature in the dark

3.1.1  Test Item Preparation and Analysis

For the purpose of the study the test item was freshly prepared, as required, as a solution in
distilled water.

The test item was formulated within 2 hours of being applied to the test system. It is assumed
that the formulation was stable for this duration.

No analysis was conducted to determine the homogeneity, concentration or stability of the
test item formulation. This is an exception with regard to GLP and has been reflected in the
GLP compliance statement.

32 Test System
3.2.1  Animal Information

Femnle Wistar (RecHan™:WIST) strain rats were supplied b S
*) UK. On receipt the animals were randomly allocated to cages. The females were
nullipa.rous and non-pregnant. After an acclimatization period of at least 5 days the animals
were selected at random and given a number unique within the study by indelible
ink-marking on the tail and a number written on a cage card. At the start of the study the
animals were 8 to 12 weeks of age, The body weight variation did not exceed £20% of the
mean body weight at the start of treatment.

322 Animal Care and Husbandry

The animals were housed in groups of up to four in suspended solid-floor polypropylene
cages fumnished with woodflakes. With the exception of an overnight fast immediately before
dosing and for approximately 3 to 4 hours after dosing, free access to mains drinking water

and food wppled by O®
UK) was allowed throughout the study. The diet, drinking water and bedding were routinely

Page 8
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analyzed and were considered not to contain any contaminants that would reasonably be
expected to affect the purpose or integrity of the study.

The temperature and relative humidity were set to achieve limits of 19 to 25 °C and 30 to
T0% respectively. The rate of air exchange was at least fifieen changes per hour and the
lighting was controlled by a time switch to give 12 hours continuous light and 12 hours

darkness,

The animals were provided with environmental enrichment items which were considered not
1o contain any contaminant of a level that might have affected the purpose or integrity of the

study.

33 Study Design

In the absence of data regarding the toxicity of the test item, 300 mg/kg was chosen as the

starting dose.

A single animal was treated as follows:

Dose Level Concentration Dose Volume Number of Rate
(mg/kg) (mg/mL) (mLkg) Female
300 ) m i

In the absence of toxicity at a dose level of 300 mg/kg, an additional animal was treated as

follows:
Dase Level Concentrution Dose Volume Number of Rats
(meke) (mg/mt) (nLke) Female
2000 200 0 i

In the absence of toxicity at a dose level of 2000 mg/kg, an additional group of animals was

treated as follows:
Dose Level Concentration Dase Volume Namber of Rets
(mg/kg) (mg/mL) (mL/kg) Female
3000 200 10 n

A total of five animals were therefore treated at a dose level of 2000 mg/kg in the study.

All animals were dosed once only by gavage, using a metal cannula attached to a graduated
syringe. The volume administered to each animal was calculated according to the fasted
body weight at the time of dosing. Treatment of animals was sequential. Sufficient time was
allowed between each dose group to confirm the survival of the previously dosed animals.

Page 174
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Clinical observations were made 30 minutes, 1, 2, and 4 hours after dosing and then daily for
14 days. Morbidity and mortality checks were made twice daily, early and late during normal
working days, and once daily at weekends and public holidays.

Individual body weights were recorded on Day 0 (the day of dosing) and on Days 7 and 14.

At the end of the observation period the animals were killed by cervical dislocation. All
animals were subjected to gross necropsy. This consisted of an external examination and
opening of the abdominal and thoracic cavities. The appearance of any macroscopic
abnormalities was recorded. No tissues were retained.

34 Data Evaluation

The test item was classified according to Annex 3 of the OECD Guidelines for Testing of
Chemicals No. 420 "Acute Oral Toxicity - Fixed Dose Method" (adopted 17 December 2001)
as shown in the Flow Chart in Annex 3.

Evaluation of data included identification of the number of animals that died during the study
(or that were killed for humane reasons), and determination of the nature, severity, onset and
duration of the toxic effects, If possible, the signs of evident toxicity were described.
Evident toxicity refers to the toxic effects of sufficient severity that administration of the next
higher dose level could result in development of severe signs of toxicity and probable
mortality. Effects on body weights and abnormalities noted at necropsy were also identified.

Using the mortality data obtained, an estimate of the acute oral median lethal dose (LDsg) of
the test item was made.

The results were also evaluated according to Regulation (EC) No. 1272/2008 on the
Classification, Labelling and Packaging of Substances and Mixtures.

35 Major Computerized Systems

The following computerized system was used in the study:
Delta Controls - ORCAview

4 DEVIATIONS FROM STUDY PLAN
There were no deviations from the Study Plan,

5 ARCHIVING

Records and documentation relating to this study (including clectronic records) will be
maintained in the archives of ® @ for a period of 2 years from the date on
which the Study Director signs the final report. This will include Study Plan, raw data and
final report that support the reconstruction of the study. Specimens that no longer afford
evaluation will be discarded in accordance with Standard Operating Procedures and without
further notice.

Page 10
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At termination of the aforementioned period, the Sponsor will be contacted in order to
determine the final disposition of these records and materials. Afier the specified period, the
Sponsor is responsible for all costs associated with the retention, retrieval, onward transfer or
destruction/disposal of these materials, 1f the S is unresponsive, the records will be
destroyed in accordance with the tandard Operating Procedure,

In case records are transferred, the Sponsor should ensure that the materials and records in
support of regulatory studies are retained and maintained under conditions that guarantee
their integrity and continued access according to archiving requirements of the principles of
GLP. The Sponsor should also ensure that such materials and records are retained for as long
as required by relevant authorities.

®@ il retain in its archive the Study Plan and final report, and any
amendments, indefinitely,

Page 11
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6 RESULTS

6.1 Dose Level - 300 mg/kg

Individual clinical observations and mortality data are given in Appendix 1.
6.1.1  Mortality

There was no mortality.

6.1.2  Clinical Observations

No signs of systemic toxicity were noted during the observation period.
6.1.3  Body Weight

Individual body weights and body weight changes are given in Appendix 2.
The animal showed expected gains in body weight over the observation period.
6.1.4  Necropsy

Individual necropsy findings are given in Appendix 3.

No abnormalities were noted at necropsy.

6.2 Dose Level - 2000 mg/kg

Based on the results at a dose level of 300 mg/kg, a dose level of 2000 mg/kg body weight
was investigated.

Individual clinical observations and mortality data are given in Appendix 4.
6.2.1  Mortality

There were no deaths.

6.2.2  Clinical Observations

No signs of systemic toxicity were noted during the observation period.
6.2.3  Body Weight

Individual body weights and body weight changes are given in Appendix 5.

All animals showed expected gains in body weight over the observation period.

Page 12
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6.24  Necropsy

Individual necropsy findings are given in Appendix 6.
No abnormalities were noted at necropsy,

7 CONCLUSION

The acute oral median lethal dose (LDsy) of the test item in the female Wistar strain rat was
estimated to be greater than 2000 mg/kg body weight (Globally Harmonized Classification
System ~ Unclassified).

The test item does not meet the criteria for classification according to Regulation (EC)
No. 1272/2008, relating to the Classification, Labelling and Packaging of Substances and
Mixtures.

Page 13
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Appendix 1 Individual Clinical Observations and Mortality Data - 300 mg/kg

Dose Animal Effects No:d After Dosing Effects Noted During Perdod After Duosing

Level Number howrs) (Days)

mg'kg and Sex ¥ 2 3 5 6 7 8 10 11 12 13 14

300 v 0 0 0 o | o | oo oo oo/ o0
Female
0= No signs of systemic toxicity
Page 16
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Appendix 2 Individual Body Weights and Body Weight Changes - 300 mg/kg

Body Welght Gain (g)
Dose Level Animal Namber Body Weight (g) at Day During Week
mg'kg and Sex ° v 14 " 2
0 10 Female 16 18 198 20 13

Page 17
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Appendix 3 Individual Necropsy Findings - 300 mg/kg
Dose Level Animal Number
- and Sex Time of Death Macroscopic Observations
300 1-0 Female Killed Day 14 No abnormalities detected

Page |8
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Appendix 4 Individual Clinical Observations and Mortality Data - 2000 mg/kg
Dose | Animal Effects Noted After Dosing Effects Noted During Period After Dosing
Level | Number (Hours) (Days)
mgkg | and Sex | % I 2 4 4 s 6 7 8 9 10 om0
o ] ] I 0 0 ] 0 0 0 0 0 0 0 ] ]
Female
34
0 0 (] a 0 Q 0 0 ] 0 1] 0 ] 0 1]
Female
3-1
2000 0 ] 1] 0 0 0 0 0 0 0 0 (1] 0 0
Female 0
2 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0
Female
33
0 ] (1] Q 0 0 ] 0 0 0 0 0 [} Q0
Female 0
0= No signs of systemic toxicity
Page 19
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Appendix 5 Individual Body Weights and Body Weight Changes - 2000 mg/kg
Seslonl Animal Namber Body Weight (g) at Day Body Weight Gain (g) During Week
mg'kg and Sex 0 7 14 1 2
20 Female 154 170 189 16 19
3-0 Female 177 190 210 13 20
2000 3.1 Female 167 180 200 2 "
3-2 Female 174 188 198 14 10
3-3 Female 185 190 214 5 24
Poge 20
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Appendix 6 Individual Necropsy Findings - 2000 mg/kg
Dase Level Animal Number
T h
m and Sex ime of Deat Maeroscopic Observations
2.0 Fermake Killed Day 14 No abnormalities detected
3-0 Female Killed Day 14 No abnormalities detected
2000 3-1 Female Killed Day 14 No abnormalities detected
3-2 Female Killed Day 14 No abnormalities detected
3-3 Female Killed Day 14 No abnormalities detected
Page 21
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Annex 1 Certificate of Analysis

CJ Research Institute of Biotechnology
42, Gwanggyo ~ra. Yeonglong-gu Suwon -mi, .

Gyeongp - 0o Korea C’. m

www.ol.co
TEL - 031) 50692450 FAX | 031} 80992613

Result of analysis |

Cerificate No._ 2016-AN-033 | Recest No ' 2016-AR-033
Chant | D#te of Aacept 2016-05-19
Clians Name Date of Test 2016-05-19
Client Tel Use of Reoot Asferences teal
Test Sample L~ Thesomine
Many!, Date 2016-05-29
Expiry Date 2019-05-29
Lot. No 175-16=02A5-29 |
Test Hem (s Test Aasult
L=Theagning (b) (4)

* informabon
* Temperatuwre | (22-28) C. Felative Humaity * (30-50) % '
* N.D : not cetected (ror quanti’isbie) ‘
* The resuits snown o this 1882 repor rafer only 10 the sampoe tested wnless otherwise slatec

The Test Repcet canno! be reproduced, sxcap! in ‘ol

Temod by Tk Hee Nam
Aparcved Dy Technca Manager Seck =un Yun 4
!

July 11 2018

CJ Research Institute of Biotechnology, BIO)Analysis Team

CI RBIO-AD form 100 O REV (1

¢ PR/ ee 1 300, 2 e Cn L
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Annex 2 Flow Chart for the Sighting Test

Evident toxicity
No deaths or evident toxicity *

* for oulcome - 81 5 mgfy there i an aptional supplemertary
procedure to confirm the GHS dassfication

* cutcome @) differs from the OECD guideline which states No Toxicily. This has been amended 1o clarfy the dosing procedure intended in the guideling
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Annex 3 Flow Chart for the Main Test
5 animals 5 arimals
Smgikg 50 mg'kg
T L A R T
——— T
‘_ i_ i—— START
5 animals 5 animals 5 animals
Smglkg 50 mafkg 300 mglkg 2000 mg/kg
TR uv}riu ‘41 .-.: ;;:;:ngg:d‘;".f ) 1”: Fin,,u 4 rFq -;s:a&“ ] ,ﬂ:: ifF ;n ,, ! i;.;m WF -'
[ Group size
Quicome Tha 5 animals in each main study group will include any animal tested at that
22 deaths dose level in the sighting study
=1 with evident toxicity andfor =1 desth * ,
If this dose level caused death in the sighting study, ®ien no further animals wil
No deaths or evident toxicity * be tested. Go directly to cutcome

* cutcome @D dters from the GECD guideline which states. No ooty This has been amended fo clariy the dosing procadure intended In the guidsine
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Annex 4 GLP Certificate
of Health
THE DEPARTMENT OF HEALTH OF THE GOVERNMENT
OF THE UNITED KINGDOM
GOOD LABORATORY PRACTICE
STATEMENT OF COMPLIANCE
IN ACCORDANCE WITH DIRECTIVE 20049/EC
TERY FACIHITY ®) @ TEST TYPE(S)
AraiytcalChnical
Ernvonmental Fale
Ervronmental Taxcry
PhyscalChemcal Testing
Nutagenicity
Tomicology

DATE OF INSPECTION: 080772018
DATE OF ISSUE: 28102018

thhmmmmu%whmmmunmm
namaed tes! facity as part of the UK Gaad Laborstory Practice "9 Progr

mmmnumnn-dmuunmwmmmm
mummw-«mmmnmwuomomdw
Laboratory Prachice
Yhmm-mmmnw(uuuhhmmm
Practice Regulstons 1999)

Issued by
Dr Andrew J Gray
Haad, UK GLP Monioring Authority

Medicines & Healthcare products
Regulatory Agency
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APPENDIX 8—Bacterial Reverse Mutation Assay

FINAL REPORT

Bacterial Reverse Mutation Assay with

L-Threonine

Study Number: 18-VG-0143

Sponsor: CJ Cheiljedang BLOSSOM PARK.
BIO R&D Research Center
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GLP Compliance Statement
Bacterial Reverse Mutation Assay with L-Threonine

This study was conducted in accordance with OECD principles of Good Laboratory Practice
(1997) ENV/MC/CHEM (98)17 and Good Laboratory Practice for Nonclinical Laboratory Studies
(21 CFR, Part 58, US FDA, Revised as of April 1, 2017),

Tbemdywnpu{urmedfoﬂawingthcampr«owlmdSO?sin_
T O®anathe study objective defined in the protocol was schieved. There were no
circumstances that may have affected the reliability of the data,
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Quality Assurance Statement

Study Number: 18-VG-0143
Title: Bacterial Reverse Mutation Assay with L-Threonine
Study period: Apr (4, 2018 - May 08, 2018
Sponsor: CJ Cheiljedang BLOSSOM PARK, BIO R&D Research Center
Inspection results  Inspection results
Items Inspected on confirmed to reported to
Study Director on Management on
Protocol Apr 03, 2018 Apr 04, 2018 Apr 05, 2018

..........................................................................................................................

..........................................................................................................................

Storage of test reference article Apr 11,2018 Apr 11,2018 Apr 12,2018

Preparation of test ireference article  Apr 11,2018 Apr11,2018  Apri2,2018
Status of bacterial strains  AprIL2018  Aprl1,2018  Aprl2,2018
Mentificaton T AprIL20I8  Aprll, 2018 Apri2, 2018

Chmucnltrutlm R Aprll, 2018 o Aprll 2008 Apr 12.2D.I_§.__.:

..........................................................................................................................

Fioalreport (draft) . M‘Y‘n 008 M"‘” h 2018 | May04,2018
Final report May OF, 2018 May 08, 2018 May 08, 2018

Hereby, 1 do certify that the detailed method in this final report was performed in accurately with OECD
Guideline for Testing of Chemicals TG 471 (1997) Bacw'lall!.ev«seMmalim Test' lndlhauw data
obtained in this study were reflected accurately in the final report 5 was performed in
conformity with OECD Principles of Good Laboratory Practice and Good
Laboratary Paractice for Nonclinical Laboratory Studies (21 CFR, Part 58 FDA, Revise
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Study overview
Title Bacterial Reverse Mutation Assay with L-Threonine
Objective The objective of this study was to evaluate the test article, L-Threonine, for its
ability to induce reverse mutation in the four histidine-requiring TA strains of
Salmonella pphimurium and a tryptophan-requiring strain Escherichia coli WP2

wnrA.

Regulatory  OECD Guideline for Testing of Chemicals TG 471 (1997) ‘Bacterial Reverse
guideline Mutation Test’

Sponsor CJ Cheiljedang BLOSSOM PARE, BIO R.&D Research Center.
CJ Blossom Park, 42, Gwanggyo-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do,
16495, Republic of Korea
+82-31-8099-2117 (TEL) , +82-31-8099-2901 (FAX)
Sponsor’s representative: Hyewon Um

Test Facility

Mansgemenr: [NNENE

Schedule Apr 04, 2018: Approval of protocol (study initistion)
Apr 10, 2018: Inoculation of test strains (experiment initiation)
Apr 11, 2018: Chemical treatment
Apr 13, 2018: Scoring plates (experiment completion)
May 03, 2018: Submission of draft report
May 08, 2018: Submission of final report

Contributing  Preparation'Storage of the Test article:
Cell lines management:

Mam smudy

Archives:
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Archives The protocel, final report, raw data, sample of the test article and other relevant
evidential documents will be retained and stored in the Archives of | ®) @)
(®) (@ for at least 5 years after the submission of final
report for marketing authorization (US FDA basis).
Further storage of above materials shall be consulted with the sponsor.
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Summary

The test article, L-Threonine, was evaluated for its potenfal to induce reverse nmtation in the four
histidine suxotroph strains of Salmonella fphimuorum TAL100, TA1535, TAO9S, TAIS37 and a
Typtophan suxotroph strain of Escherichia coli WP2 A in the presence and absence of
exogeneous metabolic activation system.

The metabolic activation system consistung of the cofactor-supplemented post-mitochondnial fraction
(59) of Liver homogenate from rats pretreated with Aroclor 1254 was used. The test strains were
exposed to the test article using the direct plate incorporation method.

Test article for Teatment was suspended in stenle distlled water for mjection and serial dilutions
were made. The dose ranges are presented in the table below. Concwrent negative and positive
conmrols were also included and wmiplicate plates were nsed for each dose.

Test strains | S9 mix Dosze (ug'plate)
TA strains +- 12 37 111 333 1000 3000
WP2 invA +- 12 37 111 333 1000 3000

Mo substantal increases in munbers of revertants per plate of any of the test strains were observed
following treamment with the test aricle at any dose level There was no indication of cytotoxicity
over the range of doses testad.

The mesn revertant of the positive control for each test soam exhibited a clear increase over the
mean revertant of the negative control for that strain.

The results indicate that the test article, L-Threonine, was not mmtagenic m tus bactenal assay
system.
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Materials and Methods

1. Test and reference articles

1) Test article (Appendix 5)
Name:
Code No.:
LotNo.:
Date of receipt:
Amount:
Appesrance:
Punity:
Expiration date:
Storage conditions:
Supplier:

L-Threonine
C-2860
T75-16-01A6-20
Feb 19,2018

10 2/ tube = 1 tube
Pale brown granule
L-Threonine 77.2%
Jun 28, 2019
Foom temperamre

Page 200
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CJ Cheiljedang BLOSSOM PARK, BIO R&D FResearch Center

2) Vehicle (negative control article)

Name:
LotNo.:
Storage condition:

Supplier:

Sterile distilled water for injection
48RTFO5

Foom temperamre (Refngeration after opening)

® @

Justification of selection  The vehicle was selected according to the preliminary preparation.

3) Positive control articles

Positive control articles used in this study are listed in the following table These positive control
articles are among those recommended in the OECD guideline TG 471.

Metabolic . Test Dose
activation Positive controls (Abbr) CAS No. Strai (uz/plate)
TAl00 1
TA1535 2
2- 1 2. -
- 2-Aminoanthracene (2-44) 613-13-8 TAl3T 1
WE2 invrA 6
Benzo[a]pyrene (B[a]P) 50-32-8 TASS 1
TAL00 0.5
1 i 26628-22
Sodium azide (SA) 26628-22-8 TA1S3S 05
- 2-Nitrofluorene (2-NF) 607-57-8 TASE 2
4-Nimoquinolme-1-oxide (4NQO) 56-57-5 WP2 inrA 05
Acridine Mutagen ICE. 191(ICR-191) [17070-45-0 TA1537 0.5

a
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. . . Date of Storage
Name Supplier Item No. Lot No. Received Condition
2-AA ® @ 33300 ®@ nay 30,2007 [ 11w030°C
B[a]P 48564 Tun 22,2016 | 11t030°C

SA 58032 Oct 19,2015 | 111030 °C
2-NF N16754 May 30,2017 | 11t030°C
4NQO N8141 Mar 09, 2017 |Below -15 °(

ICR-191 13636 May 30,2017 | -1t0 10°C

1. Preparation and analysis of dose formulation

1) Preparation of dose formulations
The test article was used without compensation for purity. The test article was weighed and nuxed
with vehicle by using a vortex mixer to make the highest dose. The highest dose was diluted with
the same vehicle to make lower doses. The preparation was done just before meatment.

2) Preparation of positive control articles
Frozen stock solutions of SA which has been prepared with sterile distulled water for mjection
(DATHAN PHARM Co., Ltd., Lot No. 48R7F95) was kept at below -15 °C. Stock solutions of
2-AA B[a]P. 2-NF. 4NQO and ICR-191 prepared with DMSO (Sizms-Aldrich Co,
#472301-500ML, Lot No. SHBHO9847, =090 %) were kept frozen below -30 *C (B[a]P) and

-15 °C (2-AA 2-NF, 4NQO and ICE-191), respectively. The stock solutions were thawed just
before the meatment

3) Analysis of dose formulation
The dose formulation was not analyzed for concentration and stability.

3. Test system

1) Test system justification
The histidine suxotwoph strains of Salmonella pphimurium TA100, TA1535, TAOS, TA1537
(Maron and Ames 1983) and a tryptophan auxotroph strain of Excherichia coli WP2 inrA (Green
and Murel, 1976) were used These test stoains sre among those recommended by the test
zuideline of OECD TG 471. These strains have been shown to be sensitive to the mmtagenic

activity of a wide range of chemicsl classes. The specific genotypes of the test strains and
detectable mutations are listed below.
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Teststmains | _MoP Addmonzl Plasmid | Detection of mutstion
TA100 hizG46 fa wrB pEMI101 Base-pair substitution
TA1535 hizG46 rfa wrB - Base-pair substitution
TASE hizD3052 rfa wrB pEMI101 Frame-shift
TA1537 hisC3076 fa wrB - Frame-shift
WPZ inrA trpE nrA - Base-pair substitution

The rfiz mutation in TA strains results in the partial loss of the lipopolysacchanide (LPS) barrier of
cell wall and the mutation make the barmer more permeable to certin classes of large molecules.
The wwrA or B 15 essentizl for excision repair system of the test strain. Mutations of these
zenes result in & deficient DINA repair system and greatly enhance the sensitgvity of these strains
to some mutagens. The presence of plasmud pEMI0] further increases the sensitvity of these
sirains to SOme mutagens.

1) Source of test strains and media
Source of test strains
Test strains were obtained from ® @

(®) @ and subcultured in the ®) @

Culturing broth
The broth used to grow the test strains for mutagenicity assay was 2.5 % Oxoid Nutmient Broth No.
2 prepared in distilled water.
Minimal glucose agar (bottom agar) plates
The minimal glucose agar (25 mL per 15 x 90 mm pem dish) was Vogel-Boaner medium E
supplemented with 1.5 % Bacto agar (Difco) and 2 % glucose. The minimal glucose agar for the
WP2 inrA strain was supplemented with addiional 0.25 mIL of 0.1 % L-ayptophan Ganmma
ray-sterilized petni dizshes were used.
Top agar
Top agar for selection of revertants was prepared with 0.6 % Bacto agar (Difco) and 0.5 % NaCl.
The top agar for Saimonella strains was supplemented with 10 mL of 0.5 mM histidine biotin
solution per 100 mL.

3) Storage of test strains and phenotypic characterization
Frozen stocks of test strains
Frozen stock cultures for long-term storage were prepared from fresh overnight cultures. DMSO
was added to the cultures (90 pL'mL) as a cryopreservative, and aliquots of cultures were stored
at below -70 *C.
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Master plates
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The frozen stocks were thawed and cultured for 10 hours to prepare master plates of test strains. A
part of each bacterial culmre was used for the confirmation of genotypes. Afier confimung the
genstic charactenstics of the sirains, then the master plates were used as the source of bacteria for

IMUTAgenicity assays.
Verification of genetic characteristics

The following genetic characteristics of the strains were venfied according to the methods of

Maron and Ames (1983).
Phenotypes Test srains

histidine requirement Saimonella pyphimurium TA strains
presence of 1B mutaton Saimonella nphimurium TA strains
presence of R-factor Saimonella nphimurium TA strains
presence of rfa mutation Saimonella nphimurium TA strains
number of spontaneous revertant ﬁdhzm’:j?“?g:m::m T4 smains
tryptophan requirement E coli WP2 inrA

presence of ivrA mutation E coli WP2 ivrA

4. Metabolic activation system (S9 mix)

1) 59 and cofactor

s9

Ornizin of 59: Aroclor 1254- induced male Sprague-Dawley rat liver
Supplier:

Irem No.: 11-01L

Lot No.: 3871

Protein content: 40.4 mg'mL

Storage condition: Kept in a freezer (below -15 °C)
Cofactor

Name: Cofactor-I

Supplier ®) @
Item No.: 309-50611

Lot No.: 999703

Storage condition: Refrigeration (-1 to 10 °C)

® @
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1) Preparation of S9 mix (per 1 mL, 5 % 59 v/v)
The 59 muix was prepared with 59 and cofactor solution just before use. The 59 mix contained: 8
pmol MgzCl, « 6H,0, 33 pmol ECL, 5 pmol G-6-P, 4 pmol NADPH, 4 ymol NADH, 100 umol
sodium phosphate buffer (pH 7.4) and 50 pL S9. Prepared 59 mix was placed in crushed ice.

5. Experimental procedures

1) Selection of dose range
Dose ranges of this study were selected based on the results of a range-finding t2st conducted on
the test amicle using the five test strains in both the presence and absence of metabolic actovation
system with two plates per dose ®) @ pymber: 18-VG-0142P, a non-GLP smdy]. Six
doses of test article ranging 8§ to 5000 uz/plate were tested using the same methods of this smdy.
The condiion of the treatment mixtures and plates were checked for the formatiom of
precipitation and cytotoxicity, if any. In the range-finding test, turbidity and precipitation were
observed in the treatment mixmres of 3000 and 5000 ug/plate. At the time of colony counting,
precipitation also observed in the plates of 1000, 3000 and 5000 pg'plate Colony counting was
possible up to 1000 uz'plate. Colony counting was not possible at 3000 and 5000 ug'plate. There
was no significant increase or decrease in numbers of colony in all test strains at all doses.
Therefore, the high dose of this study was set at 3000 ug/plate for all test strains with additional 5
lower dose levels. The dose ranges are presented in the table below. Concurrent negative and
positive controls were also included, and tnplicate plates will be used for each dose.

Test strains | SO mix Dose (ugplate)
TA strains +/- 12 37 111 333 1000 3000
WP2 inrA /- 12 37 111 333 1000 3000

2) Plating procedures and scoring of plates
The test strains were exposed to the test article using the direct plate incorporation method.
A small amount of bacterizl growth in each master plate was taken and wansferred to & fask
containing 20 mL of liquid medium (2.5 % Oxoid Nutrient Broth No. 2). Inoculated flasks were
incubated for 10 hours in a shaker/incubator (37 = 2 *C, 120 rpm). Overnight cultures were
removed from incubation and the visble cell counts were determined by optical density (OD) at
600 om_ and the cultures were stored in a refrigerstor untl use.
For the plating assay, the followings were added to each sterile culture tube containing 2 mL of
top agar held at 45 =2 °C in a dry bath: 0.5 mL of 59 mix (or sodium-phosphate buffer, pH 7.4
for the non-activating plates), 0.1 mL of bacterial culture and 0.1 mL of test article. The contents
were vortexed for 2 - 3 second and overlaid onto the surface of the bottom agar.
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Negative control plates were eated with 0.1 mL of vehicle instead of test article. The positve
control plates were weated with positive control articles with the same method.

The sterility of the highest dose test article solution was checked by platng 2 0.1 mL aliquot
(mixed with 2 mL of top agar) on the minimz] ghucose agar. 59 mix was also checked for sterility
by plating 0.5 mL with the same method

After the top agar solidified, plates were inverted and incubated at 37 = 2 *C for 50 = 2 hours and
then revertant colonies were counted with unaided eyes.

3) Identification of plates
Each plate was labeled with an oil-based pen to identify the smdy number, test strain, dose level
and activation condition.

4) Observations
The turbidity and'or precipitation in the treatment nuxture were checked with unzided eyes, and if
sattlement of fine particle was observed, it was considered as precipitation.
Fevertant colonies were counted with unaided eyes. The condition of background lawn was
scored relative to the negative control, and contamination and other abnormality of each plate
were checked.
A dose level was considered to be cytotoxic if at least one of the following criteria was met:
(1) A clearing or diminution (reduction) of the backzround lawn that was accompanied by a

substantial reduction in the mumber of revertants per plate.

(2) The presence of microcolonies (pinpoint colomes).
There is no common standard of ‘decrease’ for the number of revertants, so it was determined if
the mumber of revertants per plate was less than 50 % of that of solvent control or when there is a
reversal of an increasing wend of the number of colomies.

5) Presentation of the results
Mean revertant per plate and standard deviation were calculated from the triplicate plates per dose.
The actal oumbers of revertant were also presented The ‘increase factor” was calculated by
dividing the value of reated plate by the value of negative conol plate. The increase factors were
rounded off to one decimal place.

6) Assay acceptance criferia
The assay was considered valid only if all of the following criteria were met.
(1) Atleast 0.5 » 10* CFU of bacteria/plate were plated.
(2) A mimimum of three non-toxic dose levels were required to evaluate assay data.
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(3) The mean number of spontansous revertants per plate should be within the range presented in

the following table
Test strains No. Revertant
TA100 75-200
TA1535 3-37
TA98 15-60
TA1537 431
WP2 inrA 5-40

(4) The mean revertants per plate of a positive control for a respective test strain should be at
least a 2-fold increase over the mean revertants per plate of the negative contol for thar est
strain. The integnity of the 59 mux should be demonstated by increases of revertants for the
positive conmol plates reated with B[a]P and with 2-A A

(3) There should be no microbial colonies due to the contamination in the plates for stenlity
chack of test article and S9 mix.

6. Statistics and evaluation of the results
1) Statistical analysis
No statistical analysis was done.

1) Evaluation of results

The result was regarded as positive if there was a dose-related increase over the range tested
and/'or a reproducible increase at one or more doses in the mumber of reverant per plate in at least
one smaim with or without metabolic activation system. A positive result indicates that the test
substance induces point nutation in the test strain

The result was regarded as negative if the result did not meet the positivity criteria. The negative
result ndicates that the test aracle is not mutagenic in the st soains. Biological relevance of the
results was also considered for the evaluation of the resalts.
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Results

Dose formulations
The test amicle was suspended in the vehicle and turbidity or precipitation was observed at
3000 pg/plate.

Bacterial reverse mutation test (Table 1, Appendix 1 and Appendix 2)

Turbidity and precipitation was obsarved at 3000 ug/plate when the prepared test article was mixed
with the top agar. At 1000 and 3000 ug/plate, precipitation was observed on the bottom agar at the
ame of plate scoring Colony counting was not possible at 3000 ugplate. There was no microbizl
colony due to contamination in any of the plates for sterility check of test article and 59 nux.

There were no reductions of revertants or cytotoxicity in TA100, TA1535, TASE and TA1537 at any
dose level of test aricle both in the presence and absence of metbolic activation system. Also, no
IncTease I revertants was observed.

In WP2 wvrA, there were no reductions of revertants or cytotoxicity at any dose level of test armcle
both in the pressnce and absence of metabolic activation system. Also, no increase in revertants was
observed.

The mean revertant of the positive control for each test soam exhibited a clear increase over the
mean revertant of the negative control for that strain.

The visble cell counts of test strains were 1.85 — 2.60 = 10 (TA strains) and 2.53 » 10° (E. coli)
CFU/mL, and more than 0.5 ~ 10" CFU of bacteria/plate were plated.
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Discussion and Conclusion

All criteriz for a valid assay were met. For all of the test strains, in the presence and absence of 59
mix, there were no significant increases of the revertants per plate in all test strains, and the
experimental results failed to meet the critena for positviry.

Therefore, it was concluded that the test article, L-Threonine, did not induce reverse mutation in the
test strains usad m s smdy.

10
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Units and Abbreviations

Note: The following lists of codes, abbreviations and units are used by
Some, but not necessanily all, of this information may be needed for this report.
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Percent
Degree
Celsms
Liter
Milliliter
Microliter

Second

Revolution per Mimute

Glucose-6-phosphate

Potassium chloride

Magnesinm chlonide

Nicotinamide adenine dinucleotide, reduced form
Nicotinamide adenine dinucleotide phosphate, reduced form
Good Laboratory Practice Regulation

Ministry of Food and Drug Safety

Organization for Economic Co-operation and Development
Quality Assurance Unit

Standard Deviation

Standard Operating Procedures

Statistical Package for the Social Sciences

Diplomated EKorean Board of Toxicology
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Table 1. Reverse mutagenicity assay results —summary

Test Chez=cal Dose Colonies plate [Bactos]
Seam Treated (ug/plats) With 59 mix Without $9 mix
0 19 = 6 118 = 9
12 T = © [E] 13 = 1§ 1.2
37 105 = 3 K] 130 = 1% 1.1
TA100 Test article 111 122 = 12 10 L = & 0.9
333 12 = 12 [E] 0l = 6 09
1000 1 = 13 10 105 = § 0.9
3000 TP - = - - - = - -
[f] 10 = 1 10 = 12
12 T = 2 09 T = 1 0.9
37 § = 2 08 11 = 1 1.1
TA1533 Test article 111 12 = 2 2 11 = 1 1.1
333 o = 2 13 1 = 2 1.1
1000 12 = 1 2 10 = 3 1.0
3000 TP - = - - = -
0 30 = 2 % = 3
12 28 = 3 02 28 = 2 1.2
37 30 = 3 10 W = 3 1.2
TA%S Tost article 111 30 = 2 10 77 = 4 1.1
333 31 = 3 10 7 = 5 1.1
1000 33 = 3 11 W = 3 1.2
3000 TP - = - - - = - -
0 14 = 1 11" = 1
2 17 = 1 [ 12] D = 3] 08]
7 15 = 2 [ 11] B= 1] 08]
TA1537 Test article 111 17 =3 [ 17] 0 = 101 10]
333 13 = 4 [ 10] 10 = 3[ 09]
1000 12 = 3 [ 09] B= 17 08]
3000 TP == - L -] == =L -]
0 % = 2 0 = 4
2 3 = 3 0% 2 = 4 1.1
7 35 = 3 09 1 = 2 1.1
E coli Tost article 111 9 = 2 11 B = 4 1.2
WP2 wrA 333 0 = 3 0s % = 3 13
1000 1 = 1 (5] % = 2 1.2
3000 TP - = - - - = - -
Positive controls
TAL00 2-AA 10 13127 = 153 [ 1117
TALS3S 2-A3 20 20 = 5 [ 210]
TA% Ba®P 10 258 = 51 55
TAIS37 2-AA 10 193 = § [ 141
WP2 avrA 3-A4 €0 83 = 1 32
TAL00 SA 0.3 400 = 35 [ 33]
TA1533 SA 0.3 433 = 521 433]
TA%S 2-NF 20 257 = 24 [ 107]
TA1537 ICR-191 0.5 183 = 9 172]
WP2 wrd 4NQO 0.5 182 = 10 [ 9.2]

Test article: L-Theroxine
T: Twbidity in the toatment mixture
P: Precipitation in the treatment mixture
a) Thres platec/dose ware used. No. of colonies of teated plateNo. of colonies of negative contrel plate
Abbreviations
2-AA l-apunoanthracens; SA, sodmm azide; B[a]P. beazo{alpyrens; ICR-191, acridine omtagsa ICR 191;
4NQO, £-nitoguincline N-oxide; 2-NF, 2-Nitrofluorene.

14
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Appendix 1. Reverse mmtagenicity assay results — indnvidual plate counts

Test Chazmical Dose Colozies plate (Status of backgound lwn )
Strain Treated {ug/plate) With 59 pix Without 39 zmix
0 117 (N 4 () 125 ) 120 (N 108 (N) 126 (N)
12 108 () 122 () 108 () 130 () 16l (%) 1I3L ()
37 110 (N) 102 () 102 (N) 138 (N) 126 (N) 16 (W)
TAIN Test article 111 34 () 11 (0 120 () 114 (%) 104 (%) 113 ()
333 127 () 102 () 106 (W) 106 (%) 1@ 95
1000 108 () 113 (® 132 (® 108 (7) 112 (P) 96 (P)
3000 TP - (@) - (@) ] - (0) - (0) - (0)
0 10 N 11 (N ) 12 (V) TN 9™
12 11 (N )] 7 () g (N () 10 (W)
37 T ) 12 (N 5 ) nN L®  10m
TA1535  Testasticle 111 13 ) 12 (N 11 () 0N 1Dy 10N
333 15 ) 13 ™ 12_(N) TN B3 ™
1000 12 7 13 @ 12 (@ T @ 1@ @
3000 TP - (O - (O - (0) - (0) - (0) - (0)
0 30 () 32 () 28 (N) WX BMXN TMW
12 31 25 27 30 28 26
37 32 (N) 26 () 32 (N) 5N 3l (N 32N
TASS Test aticle 111 3% (N) 32 () 28 (N) BN B X n2mN
333 353 () 32 (038 (N) 21 (N 29 (N 3L (N
1000 3% P 3% @ 0@ % (@ 3L (@ 2@
3000 TP - (O - (O - (O - (0) - (0) - (0)
0 15N 13 13 @) N 10N 1M
12 18 () 16 OO 7 00 12 (N) TN 8™
37 1) 1@ 16 Q) g ) SN s (N
TA1537  Testamicle 111 16 () 16 (O 19 () 0N 1o 1IN
333 17 () 12 10N TN 13N 8N
1000 3 ® 15 @ 13 @ i (@ T® 8@
3000 TP ) - (@ - (0 - (0) - (0) - (0)
0 XN B 3™ BX™ W® 16N
12 3N 23 0N B B LTM
37 BN 13N 3™ (N 2N 2 MmN
E coli Test asticle 111 38 (N 28 () 32 (N) 0™ A MmN
WP2 wrd 333 2 (N) 2 N TN B[ (N)_ 28 (N) 26 (N)
1000 B3 @ 23 @ 2@ % (P 24 (F) 2@
3000 TP - (@ - (@) )] - (0) - (0) - (0)
Positive coatrols
TAIN I-AA 1.0 1336 () 1135 () 1336 ()
TAIS3S 1-AA 2.0 215 () 207 () 207 ()
TASE B[P 1.0 28 () 18 () 317 (M)
TAL537 2-AL 1.0 197 () 197 (0 182 (N)
WP2 wrA 1-AA 60 Bl (N) 83 (N) 8% (M)
TAIND TA 0.5 380 () 490 (N) 312 (N)
TA1535 SA 0.5 303 (N) 387 (N) 289 (W)
TASE 2-NF 20 285 () 24 (N) 2@ (N)
TAIS37 ICR-101 0.3 173 () 185 (%) 191 (™)
WP2 wxd QO 0.5 171 () 190 (%) 184 (W)

Test article: L-Therozine
T: Turbadity in the toatmeat mixture

P- Pracipi

3om in the reatment mixmre

a) Status of background laum (BL) and plate
N, normal BL: R, reduced BL: A, absent or almoest abssat BL; E, enbhanced BL: O, obscured BL by precipitation:
P, precipitation of test article in plate; M, presence of microcelonios; C, contaminatod plats.

Abbretiations

2-AA Z-apumoanthracens; SA, sodmm azide; B[a]P, bemzo[ajpymens; ICR-19], acridme xmtagen ICR 191;

4NQO, £-nitogunoline N-oxde; 2-NF, 2-Nitroflucrene
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Appendix 2. Viable cell counts of test soains and results of sterility tests

Test strai Viable cell counts Sterility of test article Stenlity of
Bstsmam (10° CFU/mL) Solution (highest dose) 50 mix
TAL00 207

TAI1535 210
No colony due to No colony due to
TA%S 185 contaminati N c
TA1537 2.60
WP2 ivrA 253
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Appendix 3. Historical control data

(Reverse mutation assays in the histidine auxotroph strains of Saimonella fyphimurium TAI00, TA1535, TASS,
TA1537 and a tryptophan auxotroph stram of Escherichia coli WP2 inTA)

All negzative (vehicle) controls [Jan 2006 — Dec 2017]

Strain TAL00 TAL535 TALE TA1537 WE2 invvA
50 mux + - + - + - + - + -
Min 93 86 3 5 15 11 3 - 13 10
Max 210 213 20 33 52 51 35 25 4= 42
Mean 140 137 13 13 30 24 13 10 24 21
SD 25 24 4 4 7 6 4 3 5 5
Confidence o1 o1 47 5.7 17 12 54 41 14 11
Intervals (95 % 181 183 20 21 43 36 20 17 35 3l
No. of plates 705 795 77 71 783 786 780 77 789 783
Sterile distilled water for Injection controls [Jam 2006 — Dec 2017]
Strain TAL00 TAL535 TALE TA1537 WE2 nwA
59 mux + - + - + - + - + -
Min o3 86 5 7 15 13 5 4 13 10
Max 20 213 27 27 52 51 35 24 4= 42
Mean 139 137 12 13 30 24 13 10 25 21
SD 25 4 3 3 7 6 4 3 5 5
Confidence o0 o0 33 6.2 17 12 55 44 14 11
Intervals (95 %) 187 184 18 10 44 7 20 16 35 31
No. of plates 396 396 381 381 387 390 384 384 303 390
Dimethyl sulfoxide controls [Jan 2006 — Dec 2017]
Strain TALOD TA1335 TAOS TAL537 WP2 A
Sg % - - - - - - - - - -
Min 03 88 6 5 15 11 3 4 13 10
Max 198 207 10 i3 51 +4 28 25 39 39
Mean 139 135 13 13 20 23 13 10 24 20
SD 26 24 4 4 6 6 4 3 5 5
Confidence g0 89 51 54 7 11 52 38 14 11
Intervals (95 %) 190 181 2 21 42 35 2l 17 34 30
No. of plates 321 321 312 312 318 318 315 315 318 315
Positive controls *' [Jan 2006 — Dec 2017]
Strain TAL00 TA1535 TACS TA1537 WE2 A
59 mix + - + - + - + - + -
Min 360 180 47 62 78 116 46 3l 68 43
Max 2832 0 484 648 532 486 711 724 308 424
Mean 1106 465 160 206 212 290 158 175 142 154
SD 515 93 67 82 81 7 74 102 45 65
Confidence 055 278 2822 134 534 146 1123 -15 537 365
Intervals (95 %) 2116 651 93 457 371 433 304 374 219 291
No. of plares 567 768 744 T4 605 408 753 651 358 756

a) See Table 1 for names of positive control articles and doses/plare

18
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Appendix 4. Protocol

PROTOCOL

Bacterial Reverse Mutation Assay with

Hyewen UJm ~ lrs—pas Azv 09 200F
e W =
Sprreancy sreatative
CJ Cheiljedang BLOSEOM PARK,

BI0 RED Rracarch Coner

19



GRAS Notice L-Threonine Fermentation Product Page 218

-No. 18-VG-0143

18-V(5-0143

|

Tiele Bacteral Reverse Mutation Asssy with L-Threonine

Objective The chjective of this stady s 10 evalume the test anticle, L-Threcase, Tor its ability
to indwce neverse mutation i the four histidine-requiring TA stralns of Salmawetia
trpidmurinm and a tryptophan-sequaning strain Eschericiio coli WP2 v,

Regulatory QECTH Guideline for Testing of Chemlcals TG 471 (1997) ‘Bacteral Reverse
guideline Mutation Test®

Sponsor CJ Cheiljedang BLOSSOM PARK, BIO R&D Research Center
C) Blossom Park, 42, Gwanggyo-ro, Yeonglong-gu, Sewon-s, Gyeonggi-do,
16495, Republic of Kores
=E2-31-8099-2117 (TEL) , +82-31-B09%-2901 (FAX)

“Test Faeility

Schedule Ape 10, 2018 Inoculation of test strains (expenmental initistion)
Apr 11,2008 Chemical tremtment
Apr 13, 2018 Seoring phites (experimental completion)
May 08, 2018 Submission of draft repornt due e (expected data)

Contributing  Prepaestion/Stonage of the test snticle:
Sclewtiots 1) lines mamagement:

Mis study person;

Aschives:
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Archives

GLP
compliance

Final repert

NS 13-vo-0143.

[SOP-AC-001-007]
The protocal {amendment and devistion, if aay), row data, sample of test anicke and
other nelevant evidential documents will be stored is the Archives of [JIIIG)#)

N®)IA). for o least § years afier the submission of final
report for marketing authonization (US FIA hasis).
Further storage of sbove materiaks sball be consulted with the sponsor

OECD Princaples of Good Labaratory Practice (1997)
Good Lebecatory Paractice lor Nonclinical Laborstory Smdies (21 CPR_ Pant 5§,
US FDA, Revised ax of Apnl |, 2007)

The amesdments sad devistion from the protocol (if any) will be documenad,
reviewnd by Quality Assurance Unit (QALU), and approved by the study director,
management and sponsor.

the 0aU of [N et soicy

throaghout the progression of study.

[SOP-TO-007]

The final report will fully reflect the comtems of the present protocal and consist of
(bt st Timiled 10) cover page, statement of GLP compliance, quality asserance
salement, synopes, contents, summary, materials and methods, results. discussion
and conclusion, references, tables and appendices.

21
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I, Test and reference articles
1) Test article [SOP-TA-D01)

Name: L-Threonine

Code No- C-2860

Lent No,; TT5-1601A0-29

Date of receipt: Feb 19, 2018

Amnount: 10 g/ tube = | tube

Appearance: Pale hrown grasule

Purry: L-Theecaine T7.2%

Expiration dme: Jun 28, 2009

Stompe comditons: Room temperature

Supplier: Cl Cheilpedang BLOSSOM PARK, BIO RED Research Center

I} Viehicle (Negstive contrel)

Warme: Sterile detilled water for injection
Lot No.: 43RTFYS
Supplier: Room temperature {Refrigemson afler opening)

—

Justfication of selection:  The velsele wis selecial socondiag 16 the prelimizary preparation.

3} Posivive comtred articke
Posiive contred aticles for this sudy are listed in the following table. These positive contrel
articles are smong those recommendad in the OECD guideline TG 471,

{Meabalic . Test Do
activation Positive contrals {Abke ) CAS Ko Strains | (ug/plate) |
[ TAI 1
TAI5LE 2
-Aniscanthracese (2-
3 2 e (2-AA) 613138 TAISTT 0
) WP2 s 3
Benzo[ajpyrene (B{a]P) S0-32-8 TAOE 1
. i TAID oS5
—— ) 8RR s | oS
B 2-Marufwcrene {2-NF) &O0T5T-8 | TAUR 2 ]
4-Niroquinodine-1 cude (4NQO) 56-57-5 | WPZawwA| 03 |
Acridine Mutagen ICR 191 ()CR-1%1) 1070430 TA1537 05




GRAS Notice L-Threonine Fermentation Product

RO . evoae

1)

2)

3
1)

Storage
Thine Receive:d Conditioa
May 30,2017 11 o 30 °C
B 22, 2016 11 w30 C
Oet 19, 2015 1M w3p*C
May 30,2017 1130 C
Mar 09, 2017 Below 15 °C
May 30217 «1 40 10%C

Preparation and analysis of dose formulation
Preparation of dese formaulstions [SOP-TA-002|

The text artiche will be wsed without compensation for punty. The test article will be weighed aad
mivned with vehicle by using a vimex mixer 10 make the highest dose. The highest dose will be
diluted with the same vehicle 10 make lower doses. The preparation will be done just bofors
restmen.

Preparation of pesitive control artiches

Frozen stock solutions of 84 which hues been qoogened with sherile distilled water for injection
D) s et b -15 °C Stk ol of

2-AA, Ba|P, 2-NF, aNQO and ICR-191 prepared with DMSO  (Sgma-Aldnch Co.,

$ETI301-500ML, Lot No, SHBHS867, 269.9 %) were kept froven below -500 °C (B[a]F) sl

=15 °C (2-AA, 2NF, 4800 and [CR-1911 respectively The stock solutions will be thawed jus

hefore (he treatmend,

Amalysis of dose Formvalation
The dose forsselation will not be anabyzad for concemeation and stability,

Test system

Test system justification

The histadine ph strains of Sl e tapni TAI08, TAI535, TAYS, TAIST
iMiron and Ames, 1983) and @ inplophss sssvotroph s of Excleniokie cali WP2 wivA (Groen
and Maiel, 1976) will be wed. These 151 @miny e umoog thoee recommended by the test
gusdeline of the OFCT) TG 471 These strains hinve been shown to be sensitive 1o the matagenio
activity of 8 wide range of chemical clmsws, The specific genotypes of the test strains and
detoctsble mtations are bisied below.
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Chemon Seady No, 13-VG-0147

“Test sirains :"m"zn Additionsl mutstion | Plessid | Detection of mutation
TALDD (6 e uwh pEMID] | Base-pair substsution
TAL5S fusGAS oa wwBh . Hase-palr substination
TASH hisD3082 oo uwB pKMIDI | Frame-shif

TAISYT AiACI0TH a wwh . Frame-shif

WP2 uwrA peer pwry = [T —

Souree of tesa steaing and ssedia
Souree of tewt sbraing

Tew straiee, obtained from Maoleoulr Toxicology Inc. |
USA) and swbculiured m will be used

Cultmring broth [SOP-MT-101|

The test srwms for mulapenicity assay will be grown in 1.5 % Owosd Nemnem Beoth No. 2
prepaned in dastilled water.

Mindmal glucese agar (bottom agur) plates [SOP-MT-101]

The minsmal ghooose agar (25 mL per 15 x 50 mm petn dish) will be Yogeh-Boaner medium E
supplemented wah 1.3 % Hacio agar (Difco) and 2 % glacose. The minimal gluccse agsr Tor he
WE2 nww A smmin wild be supplemented with siditsomnl 025 miL of 01 % L-teyplopsan, Camma
ray-stenbized petd dishes will be used.

Top agar [SOP-MT-101]
Yop agar for selection of revertuaes will e prepared with 6 % Bacto agar (Difa) and 0.5 %
NaCl The top agar for Sabwmose i will be supplanented with 10 mL of 0.5 mM

istidinsteots solution per 100 ml.

Storage of test stralns and phemotypée charscterization

Frozes stocks of fest stralss [SOP-ATT-107]

Frosen stock celoures for longemm stompge were preparad from fresh overmght culiures:. DIMSO
was added %o the cultures (90 ul/mL) as o cryopreservanve, and aliguots of caltuses were stoped
at below <70 °C,

Master plates [SOP-MT-101182]

The frocen stocks were thewead sad celtured for 10 hours to prepane master plates of test sirains. A
part of cach bocterial culture was used for the confimuion of genctypes. Afker comfirming the
penelle charactenstics of the drmms, them the sdored master plaies pre used = the sowsve of
hacaeria for metapenicily assny,

Page 222
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Verification of genetic characterintics [SOP-MT-106]
The following penetic characteristios of the strains were verified sccording to the methods of
Maron and Ames {1 985)

Pheaotypes Test strmes

Bastidine requinement Salwonella spdumyrivm TA strains
presence of wirll mutation Salwonella nphimeriom TA strains
presence of R-foctor Salwrmella typiiverism TA ssain
presence of ra mutition Salwomella nphinsism TA sraiie
member of spoataneous revemant ;‘;Emﬂ{:‘,‘g"‘“ﬂ"" TA sirains
tryptophan requirement E coli WP2 nwA
presence af worA mutation E ooli W2 wwrA,

Metabolic activation system (59 mix)

54 mnd cofactor

9

Ongin of §9: Arcclor 1254- indeced male Sprague-Dawiley ra liver
S 1O
fem Noc: F10IL

Lot No.: to be specified in the final report

Projein content: 10 be specifled i the fimal repon

Storage condition: In & freezer (bedow -15 *C')

Calactor

Nane: Cofictoe-d

St [ 0@

Bem Noo 309-50611

Lot Now: 1o be specified in the fimal report

Storape condition: Refrgerstion (-1 1o [0 *C)

Preparation of 59 mis (per 1 ml, 5 % 59 viv) |[SOP-MT-108]

The 59 sy will be peepared with 59 and cofacsor solution just hefore use. The 89 mix will
contain: ¥ pmol MgCl, « 6HA3, 33 pmol KCL 5 gmol Go6-P, 4 pmol NADPH, 4 pmel NADH,
100 g sodiem phosphate buffler (pH 7.4) mad 50 ul 89, Prepared 59 mix will be placed n
crushed lce.

23

Page 223

0. 18-VG-0143



GRAS Notice L-Threonine Fermentation Product

. o No, 18-VG-014]

s,
1}

1)

Experimental procedures

Sedection of dose range |SOP-AT-103)

Dose ranges of this study wene selected basod on the ressles of a renge-findimg test conducted on
the lest article wesg the five tesl sirsms in both the presmce and absence of metabaolic activation
sy it o e e o ) e 1P ). S
dhoses of test article ranging & to S000 pg/plate were tested using the same methods of this study.
The condition of the treatmest mixtores and plates were checked foe the Sormation of
precipitation and cytotoxicity, if any. In the range-finding test, turbldity and precipiation were
observed im the treastmen! mistares of 3000 and 5000 ug'plate. At the time of colony counting,
precipitation also observed im the plates of 1000, 3000 and 3000 ug/plate. Colomy counting was
possible at 1000 ppiplme. At 3000 and 000 pgiplate. colony counting was not possible. There
was no significant increase or decrease in sumbers of coloay in all vest strakes o all doses.

Therefore, the bgh dose of this stedy was 562 at 3000 pg/plate for all kest #rains with additional 5

lower dose levels The doss ranges are presented in the table below. Conourrent negative and
penitive contrals were also induded, and triplicate plates will be used for each dose.

Test straimss | 59 max 7 Dose (ug/plate)
TA strwins +- 12 » 1 353 1000 3000
WP2anrh +- 12 7 11 333 1000 000

Plating procedures amd scoring of plates [SOP-MT-1027103184/105]

The vest strasms will be exposed 1o the sest anticle using the direct plate mcorporaton method.

A small amours of bacterial growth in each misaer plate will be taken s transfemal w0 o flmk
comaning 20 mL of liquid ssediem (2.5 % Oxoid Nulrienl Broth Ne. 2 Inoculmicd Masks will be
incubated for 10 hours in a shakesincebare (37 = 2 °C, 120 spm). Overnight cultures will be
removed from incubation wed the viable cell counts will be determined by aptical density (O0) =t
600 nm, and the culberes will be doead in & refngerator until use.

For the plating asay, the fallowings will be addad to cach sterile cultare tube cantaining 2 mL of
top ages beld ot 45+ 2 °C in & &y bath: 0.5 mL of 59 mix (or sodivm-phosphate baffer, pll 7.4
fioe the non-activating plates), 0.1 mL of bacterial culture and 0.1 ml of test anticle. The caments
will be vortexed for 2 - 3 second and overlaid omto the surface of the bottom agar.

Negative control plates will be treated with 0.1 miL of solvent instead of 1est anicle. The positive
conirol plates will be treated with positive control articles with the same method.

The sterility of the most concentraied test amicke dilution will be checked by plating a 0.1 =l
aliquot (mived with 2 ml. of %op agar) on the minimal gucose agar. 59 mix will be also checked
for starility by plating 0.3 mL with the same method.

After the top agar solidified, plates will be invened and moubated at 37 + 2 *C for 50 + 2 howrs
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and thes reventant colonies will be d with unaided syes.

Idenrification of plates
Ench plme will be labeled with an odl-based pen w ideanfy the sudy oumber, test strmin, dose
level ped notlvation comdiniom.

Observations

The turbidity and'or precipitation in the treatment misture will be checkod with unsidied eyes, and
if stthkement of fine particle ohserved, it will be considered as precipitation.

Reverant colomes will be counted with ssaided eyes. e condition of hackground lawn will be
scored rel 10 the sal trol, sad ccetamination and other sboanmmality of sach plate will
be checked,

A dose level will be considered to be eytolonie if ot least one of the following erileris & met

(1) A clearing or Emination (reductiom) of (he background lawn that scoompanied by

b | redsction in the mamber of per plate
(2) They af mi donties (pinpaint colonics)
There & no laed of “reduction’, 50 it will be determined if the mean number of

revertan per plake 1 less than 50 % of that of negatave control or when there ts 2 reversal of as
increasing trend of the number of colonies.

Presentation of the resules

Mean revenam per place and standand deviation will be calculated from the miplicme plmes per
dose. The actusd numbers of reverant will be also presemed. The ‘merease facior’ will be
cakulated by dividing the vabue of treated plate by the valee of negative control plme. The
increase factons will be rounded off to one decimal place.

Assay acceptamce criterin

The ey will be considerad valid valy ifall of the following criteria s met,

(1) At st 0.5 « 10" CFU of acteriaplaste were plased

(2) A minimum of three noa-tonse dose levels were requived to evaluate assay duta,

(3) The mean mumber of spontamecns reveriants per plate should be within the nnge presested
in the following tahle

Test strains Mfmnwﬂxe—
TAICO T5-200
TAL53S an
TAOR 15-60

_ No. 18-VG-0143

Page 225



GRAS Notice L-Threonine Fermentation Product

n

2)

TA1537 : 431

WL | 420

(4) The mean mvertames per plate of a positive controd for @ respective test steam shoukd be o
least a 2-fold increase over the mesn sevenants per plate of the segative eontrod foe that 1est
struim. The imegrity of the 59 mix shoul! be deinosstemed by morcises of revistants for e
positive commel plates trewtenl with Bla]P s with 2-AA.

(5) There should be no miceobial colonies due (o the contamisation in the plakes Sor sterility
check of lest article and 59 mix.

Statistics and evaluation of the results
Statidical analyis
No statistical asalyeis will be done.

Evaluation of resalts

The result will be regarded as positive f there was a dose-related (nercase over the range lesed
and'or a reproducible increese at coe o mire doses (o the number of revertant per place b @ let
ane strain with or without matabolic activation system. A posative resull indicaiss et the led
substance mduces poin arsation in the 1251 Anin,

The resalt will be regarded as negmtive if the resuh does not meet the posaivity ediena. The
negative resall indcates than 1he 1 Fulsrance is nof mstagenic in The et strmins. A confismatery
et muy be perfommed if o & 501 possible te make 2 dofinile pedgement,
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Units and Abbreviations
Note: The following lists of codes, abbeeviations and wmits are used by _
Some, bul not necessarily all, of thas information may be ded for thas protocod.
e Percent
- Degree
C Celsius
L Liter
ml. Milliliter
pL Microliter
£ Gram
kg Kilogram
mg Mulligroms
ng Microgram
ng Nasogram
m Meter
oo Cenlimeter
mes Mullimeter
(] Micrometer
nm MNasometer
hr Hour
min Misute
see Second
rpm Revalution per Minue
G-6-P Gilucose-6-phosphate
KO Potassium chloride
Mgy, Muggnes s chlonde
NADH Nictsrsemidks salerane dimmclootide, reduced foem
NADPH | Nicotmamde adenane dimuclectide phosphate, reduced foem
Fha Food ssd Drug Admmistration
GLP Geed Laboratory Practice Regulation
MFDS Ministry of Food and Dreg Safety
OECD | Organization for Economic Co-operation and Developaent
QAU Ouality Assurance Unit
D | Standand Devistion
SOF | Standard Operating Procedures
SPSS | Satistical Pockage for the Social Sciences
DKBT | Dyplomated Korean Board of Toxkology
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Appendix 9 : Literature Review Corynebacterium glutamicum — with
references

Review of the safety of Corynebacterium glutamicum
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1. INTRODUCTION

This document addresses the safety of the microorganism Corynebacterium glutamicum. It
presents scientific data and information gathered from in-depth literature reviews which
demonstrate that C. glutamicum can be used as a microorganism for the industrial
production of amino acids and other substances which in turn can be safely added to feed for
food-producing animals and poses no risk or health hazards to humans consuming products
from food-producing animals consuming the substance. This review, as prescribed by the
Division of Animal Feed staff, is intended to refresh the detailed safety review assessment
completed in 2003 by the Division with the addition of Corynebacterium glutamicum and
Corynebacterium glutamicum derived ingredients as an authorized feed ingredient.

2. EVALUATION BY EFSA

1.1  Qualified presumption of safety (QPS)

A wide variety of microorganisms are intentionally added at different stages into the food
chain, either directly or as a source of food and feed additives, enzymes or plant protection
products. The qualified presumption of safety (QPS) approach was developed by the EFSA
Scientific Committee to provide a generic concept to prioritize and to harmonize risk
assessment within EFSA of microorganisms intentionally introduced into the food chain
(EFSA, 2005, 2007).

The list of QPS microorganisms has been continuously revised and updated since it was
established in 2007. The publication of the overall assessment of the taxonomic units (TU)
previously recommended for the QPS list is carried out every three years (EFSA, 2007, 2012).
The recommendations provided concerning that list of microorganisms are maintained and
re-evaluated based on extensive literature reviews and expert knowledge. (EFSA, 2007,
2018).

1.2 Re-evaluation using literature review

The bi-annual re-evaluation of microorganisms begins with a literature review for each TU
that is notified to EFSA. QPS recommended TU and those which represent new TU
notifications are annually reviewed (EFSA, 2007). The literature review for a new TU is
broader to cover the history of use, the potential safety concerns and the ecology. Relevant
databases such as Web of Science Core Collection, CAB Abstracts, BIOSIS Citation Index,
MEDLINE and Food Science Technology Abstracts are searched using the TU in combination
with common keywords (e.g. toxin, disease, antibiotic/antimycotic resistance, safety,
syndrome) and respective animal categories. The search terms are broad and cover synonyms
or former names of taxonomic units (EFSA, 2012, 2013, 2017). Findings from the literature
review are then evaluated, taking into consideration recommendations given in the previous
QPS Opinion. A detailed description of the methodology used in carrying out the literature
review can be found in EFSA (2013, 2017). A summary of the literature search strategy for the
most recent QPS update for C. glutamicum is given in Table 1.
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Table 1.

Corynebacterium glutamicum

String for species

“Corynebacterium glutamicum” OR “C

“Brevibacterium
OR “B

glutamicum” OR
lactofermentum”
lactofermentum”

Outcome

String

1) Antimicrobial/Antibiotic/Antimycotic

“antimicrobial resistan®*” OR “antibiotic resistan*” OR
“antimicrobial susceptibil*”

2) infection* OR abscess* OR sepsis* or septic* OR

Infection/Bacteremia/Fungemia/Sepsis | hacteremia OR bacteraemia OR toxin* OR “pathogen*”

3) Type of disease Not applied

4) Mortality/Morbidity clinical* OR death* OR morbidit* OR mortalit* OR
disease* OR illness*

5) Disease Risk opportunistic OR virulen*

Flow records by search strategy resulted in 78 papers being identified using title screening, of which 8
papers were identified using title/abstract screening, of which 1 was identified using article appraisal
and was considered relevant for QPS. Following the review of that paper (Yang and Yang, 2017), it
was concluded that there were no safety concerns identified in the only article considered relevant for
QPS exercise (EFSA, 2018).

A literature review did not reveal new information about adverse health effects or on safety concerns
since the last update (EFSA, 2013). The QPS recommendation has been confirmed.

Source: EFSA (2018).

1.3 QPS Classification of Corynebacterium glutamicum

The QPS approach is currently used for microorganisms in the three broad categories within
which most of the species notified to EFSA fall: bacteria, yeasts and viruses (EFSA, 2005,
2007). Here only information as it relates to the QPS assessment of the bacterium C.
glutamicum is presented.

As noted, each updated QPS Opinion is based on a review of newly available scientific
literature and recommendations given in the previous years’ opinions. Scientific opinions on
the update of the list of QPS-recommended biological agents intentionally added to food or
feed that include C. glutamicum are reported for the years 2007, 2008, 2010, 2011, 2012,
2013, 2016 and 2017. The recommendations given in each QPS Opinion for these respective
years are summarized in Appendix 1. The recommendations unanimously confirm that C.
glutamicum meets the QPS criteria for humans and animals and there are no adverse health
effects or on safety concerns.

3. LITERATURE SEARCH (2003-2018)

1.4 Method Used

An electronic literature search (ELS) was conducted by ® @ to collect scientific
studies, articles, reports and other documents deemed to be relevant for a review of the
safety/risk assessment of C. glutamicum. The ELS was carried out from February 18 to 23,
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2018 using the Google Scholar database and included information published from 2003
onwards. A detailed description of the ELS strategy employed and a listing of the search
“strings” used and “hits” obtained is detailed in Appendix 2. The ELS was based on the search
terms or “strings” used by EFSA in the 2017 QPS re-evaluations for C. glutamicum (Section
2.2.1), but adapted to the Google Scholar and its specific structure. The information collected
from the ELS was reviewed and follow-up selective searches were made using the Web of
Science Core Collection, CAB Abstracts and Global Health, BIOSIS Citation Index and
Current Contents.

1.5 Relevant Records Retrieved

The “hits” or records retrieved in the ELS search were compiled and each publication was
reviewed and judged whether it contained information relevant to the safety of C.
glutamicum (Appendix 2, Table 2). Some examples of the topics addressing C. glutamicum in
the records retrieved include the role of pathogenic and non-pathogenic Corynebacterium
spp., particularly in human clinical trials (Camello et al., 2003; Roux et al., 2004; Bernard,
2005; Eguchi et al., 2008; Olender, 2012; Oliveira et al., 2017), genetic and biochemical
characterization of C. glutamicum and site directed mutagenesis (Zhang et al., 2012), gene
identification and sequencing (Ikeda and Nagakawa, 2003; Khamis et al., 2004; Ordonez et
al., 2005; Yukawa et al., 2007), gene deletion and the effect on cell morphology and antibiotic
resistance (Moker et al.,, 2004; Oritz-Pérez et al.,, 2010; Bernard, 2012) and carcass
degradation (Kim et al., 2017).

Overall, no studies were retrieved either in the ELS or follow-up selective searches that
contained information indicating potential safety issues or hazards associated with C.
glutamicum. Those records retrieved from the searches that support the accepted safe use of
different strains of C. glutamicum for amino acid production are reviewed in the following
narrative.

4. NARRATIVE - CORYNEBACTERIUM GLUTAMICUM

The scientific data and information presented in the following sections demonstrate that C.
glutamicum can be safely used as a microorganism for the industrial production of amino
acids under the conditions of intended use for the target animals and humans consuming
food derived from food-producing animals consuming the substance.

1.6 Taxonomy and Characteristics

The genus Corynebacterium belongs to the taxonomic class Actinobacteria that represents
gram-positive bacteria with a high guanine and cytosine content in their DNA (Stackebrandt
et al., 1997; Ventura et al., 2007). The genus Corynebacterium which currently has 110
validated species, is highly diversified and includes species that are of medical, veterinary, or
biotechnological relevance (Pascual et al., 1995; Khamis et al., 2004; Bernard, 2012; Soares et
al., 2013; Oliveira et al., 2017; Dalen et al., 2018).

One of the most prominent members among the genus Corynebacterium is C. glutamicum, a
bacterium isolated in 1956 from an avian-feces-contaminated soil sample collected from
Ueno Zoo in Tokyo (Japan) with a natural capacity to accumulate L-glutamate extracellularly
in a biotin-limited medium (Kinoshita et al., 1957; Udaka, 1960; Shiio et al., 1962). C.
glutamicum belongs to a broad, diverse group of mycolic acid-containing bacteria that share
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the property of having an unusual cell envelope composition and architecture, differing from
those of other gram-positive bacteria (Peuch et al., 2001).

C. glutamicum is a nonmotile, facultative anaerobic, Gram-positive biotin-auxotrophic soil
bacterium, which forms rod-shaped, straight, or slightly curved cells (Becker and Whittman,
2017). The genome of the wild-type strain C. glutamicum ATCC 13032 possesses a circular
chromosome of 3.3 Mb and a plasmid of 0.5 Mb (Becker et al., 2016) and contains about
3000 genes (Bathe et al., 1996; Becker and Whittman, 2017). Further typical characteristics
comprise a cell wall with arabinogalactan and mycolic acids with 26 to 36 carbon atoms; and
a murein sacculus with peptidoglycan cross-linked via meso-diaminopimelic acid (Whittman
and Becker, 2007). C. glutamicum can use a variety of carbon sources as growth and energy
substrates, including sugars, sugar alcohols, organic acids and aromatic compounds (Becker
etal., 2016). For information on taxonomical studies see Abe et al (1967) and Liebl (2005).

Although some Corynebacterium spp. have been detected as components of the bacterial
community of cheese surface (Monnet et al., 2006), only C. glutamicum is considered of
relevance for industry feed and food production sectors.

1.7 Amino Acid Production

The global amino acid market is more than $US 7 billion and is forecast to reach $US 11.6
billion by the year 2015 and $US 35 billion by 2022 (Radiant Insights, Inc., 2015). Global
volume consumption of feed grade amino acids, estimated at 4.5 million metric tons in 2017,
is projected to reach 6.2 million metric tons by 2022. Poultry feed constitutes the largest
consumer of feed amino acids globally with 2017 market share of 43.4% (Business Wire,
2017).

C. glutamicum has many fundamental physiological properties that make it an important
industrial workhorse. These properties are listed by Lee et al (2016) as follows: (i) not
pathogenic and generally recognized as a safe strain (GRAS); (ii) fast growth to high cell
densities; (iii) genetically stable owing to the lack of a recombination repair system; (iv)
limited restriction-modification system; (v) no autolysis and maintenance of metabolic
activity under growth arrested conditions; (vi) low protease activity favoring recombinant
protein production; (vii) plasticity of metabolism and strong secondary metabolism
properties; and (viii) broad spectrum of carbon utilization (pentoses, hexoses, and alternative
carbon sources); stress tolerance to carbon sources.

C. glutamicum’s inability to form spores, relatively few growth requirements and natural
capability to produce and secrete glutamate in high amounts makes it one of the most
important platform microorganisms used for industrial production of amino acids. The
practice of developing amino acid overproducing strains by mutagenesis and selection is a
very well-established technique (Rowlands, 1984). Different strains have been utilized for
decades by the industry to produce glutamate, lysine, tryptophan, threonine, isoleucine,
valine and leucine as described in the “Handbook of Corynebacterium glutamicum”
(Eggeling and Bott, 2005).

Amino acids have a wide variety of characteristics in terms of nutritional value, taste,
medicinal action, and chemical properties, and thus have many potential uses, e.g., in food
additives, feed supplements, pharmaceuticals, cosmetics, polymer materials, and agricultural
chemicals (Ikeda and Takeno, 2013). Industrial amino acids produced by microorganisms are
identical to those naturally found in vegetables and animals (Bercovici and Fuller, 1995).

Over the past decades, global competition among leading companies in the field steadily
demanded innovation to improve key performance indicators: yield, titer, and productivity
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(Becker et al., 2016). For this reason, C. glutamicum has become one of the best
characterized microorganisms worldwide with regard to substrate spectrum and nutrient
requirement (Buschke et al., 2013), catabolic and anabolic pathways and their regulation
(Kalinowski et al., 2003; Schroder and Tauch, 2010) underlying biochemistry (Blombach and
Seibold, 2010) and response to environmental conditions (Ehira et al., 2009).

1.7.1 Production methods

The two microbiological (biotechnology) methods for the industrial production of amino
acids are the use of microbial enzymes or immobilized cells (enzymatic method) and
fermentation (semi or direct) (lvanov et al., 2013). The fermentation process is briefly
addressed here to illustrate that the purification step within the fermentation process ensures
a safe product.

Fermentation processes typically comprise three steps: fermentation, crude isolation and
purification (Kusumoto, 2011; lkeda and Takeno, 2013; Ivanov et al., 2013). In the
fermentation process, the desired amino acid is specifically produced by the fermentation
microorganism (e.g. C. glutamicum in the production of L-glutamine, L-lysine, L-valine).
During the crude isolation process, most impurities contained in the fermentation broth are
removed by combining various technologies. Final purification is performed to ensure the
required quality for the intended use. The final product is obtained as a crystalline powder.
The product is released only after quality tests have verified that the product meets specific
requirements, and the normal functioning of each process step has been verified. All
manufacturing processes to produce amino acids must comply with current good
manufacturing practice requirements.

1.8 Other Uses

C. glutamicum is also employed in the production of L-phenylalanine (Shu and Liao, 2002),
L-serine (Stolz et al. 2007) and for secreted protein production (Kikuchi et al.,, 2003;
Umakoshi et al., 2011). The bacterium can be engineered for production of isobutanol
(Blombach et al., 2011) and succinate (Litsanov et al., 2013).

Products for health and nutrition have the longest history in industrial biotechnology, with C.
glutamicum being one of the major producers Meanwhile, processes for other products
including non-proteinogenic amino acids, vitamins, flavors and fragrances and other
nutrients and health care products are also on the rise (Burnett et al., 2013; Becker et al.,
2016).

1.9 Genetic engineering

The past quarter century has seen rapid developments in strain development technology.
Metabolic engineering has repeatedly led to successful yield improvements, especially in the
field of amino acid production by C. glutamicum (Kirchner and Tauch, 2003; Eggeling and
Bott, 2005; Wendisch, 2006; Becker and Whittmann, 2012; Zahoor et al., 2012; Burkovski,
2013; Buschke et al, 2013; Heider and Wendisch, 2015).

1.10 Safety Concerns

The species C. glutamicum, which serves as recipient and donor strain is generally
considered to be non-pathogenic and no safety concerns are reported for this bacterial
species for humans and animals. It is not known to produce toxins or present any other
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hazards (Nelson et al., 2000; Kalinowski et al., 2003; Bernard, 2005; Olender, 2012; Oliviera
etal., 2017).

As discussed in Section 2, C. glutamicum meets the EFSA premarket qualified presumption
of safety (QPS) assessment criteria when used for fermentation of amino acids.

C. glutamicum is listed as a fermentation organism in several AAFCO feed ingredient
definitions (e.g. 36.1, 36.16 and 36.17 (AAFCO 2016). Moreover, amino acids produced by an
aerobic fermentation process using C. glutamicum are generally recognized as a safe (GRAS)
for humans and food producing animals.

The publication of the C. glutamicum ATCC 13032 genome sequence by two independent
groups (lkeda and Nagakawa, 2003; Kalinowski et al., 2003) provided a platform that
allowed for a better understanding and easier engineering of the bacterium. Due to its
importance as an amino acid producer, C. glutamicum is one of the most-investigated and
documented microorganisms (Jetten and Sinskey, 1995; Sahm et al., 1995, 2000; Krémer et
al., 2004; Leuchtenberger et al. 2005; Dong et al., 2011; Schneider et al., 2011; Ikeda and
Takeno, 2013; Lv et al., 2015; Hirasawa and Shimizu, 2016; Wendisch et al., 2016). Lee et al
(2016) reviewed the literature and found that as of 2015 over 2,700 papers and 1,700 patents
have been reported relating to C. glutamicum. The breadth and depth of research carried out
on C. glutamicum substantiates the accepted safety of using this bacterium by the industry.

In addition to being used for the industrial production of amino acids, Corynebacterium spp.
have a long history of safe use in food production, including preparation of fermented maize,
sorghum, millet, African oil bean seed, rice, soybean and cassava (Caplice and Fitzgerald,
1999; Tateno et al., 2007; Osungbaro, 2009).

1.10.1Nonpathogenicity

Many of the genes present in the completely sequenced genome of C. glutamicum are highly
conserved in sequence and gene order within the other members of the genus
Corynebacterium (lkeda and Nakagawa, 2003; Kalinowski et al 2003). As a non-pathogenic
member of the genus, C. glutamicum is of increasing interest as a model organism for other
members of the suborder including important pathogens such as C. diphtheriae,
Mycobacterium tuberculosis and M. leprae (Camello et al.,, 2003; Gibson et al., 2003;
Moeker et al., 2004; Olender et al., 2012; Tauch and Burkovski, 2015; Cashmore et al., 2017).

5. SUMMARY AND CONCLUSIONS

The data and scientific information presented in this document demonstrate that there are
no known safety issues regarding the use of C. glutamicum in the production of compounds
for use in food for humans and for food-producing animals. C. glutamicum is generally
considered to be non-pathogenic and no safety concerns are envisaged. The ELS and follow-
up selected literature reviews carried out did not reveal any hazards associated with C.
glutamicum when added to food or feed. These findings agree with the EFSA QPS Opinions
issued from 2005 onwards.
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7. APPENDIX 1

Scientific Opinion on the update of the list of QPS-recommended biological
agents intentionally added to food or feed as notified to EFSA

Scientific opinions for C. glutamicum for each year are extracted from the respective
reference cited.

Year 2007

EFSA. 2007. Opinion of the Scientific Committee on a request from EFSA on the introduction
of a Qualified Presumption of Safety (QPS) approach for assessment of selected
microorganisms referred to EFSA. EFSA Journal 2007, 587:1-16.

Corynebacterium glutamicum

C. glutamicum is a soil bacterium widely used for the biotechnological production of amino
acids. Amino acid producing strains have been selected and improved by mutagenesis as well
as by using recombinant DNA technology. C. glutamicum belongs to a genus which also
includes significant human pathogenic bacteria. Although some Corynebacterium species
have been detected as components of the bacterial community of cheese surface, only C.
glutamicum is considered of relevance for feed and food sectors. Only this species has been
considered for the QPS assessment because of its significant role in the industrial production
of amino acids.

Taxonomic unit defined

The genus Corynebacterium belongs to a branch of the Actinomycetales that also includes
the genera Mycobacterium, Nocardia and Rhodococcus. Bacterial species belonging to this
branch of the Gram-positive bacteria share particular characteristics, such as high G+C
content (47— 74%) and a specific cell envelope organisation, mainly characterized by the
presence of peptidoglycan, arabinogalactan and mycolic acids. The genus currently contains
63 species, which colonize different environments.

Is the body of knowledge sufficient?

The characteristics, the physiology and the genetics of C. glutamicum are well known. The
genome sequence of this industrial bacterium has been determined (Kalinowski et al., 2003),
reflecting the considerable biotechnological importance of these organisms.

Are there safety concerns?

C. glutamicum plays an important role in the amino acid fermentation industry. No safety
concerns are reported for this bacterial species for humans and animals, and no information
on the presence of acquired antibiotic resistances in this bacterial species is available.
However, it should be kept in mind that the direct exposure of consumers to this bacterial
species is expected to be very low.

Can the safety concerns be excluded?

C. glutamicum has generally been considered to be non-pathogenic and no safety concerns
are envisaged. However, its history of use is as a source of amino acids and has not, to date,
involved the direct and deliberate exposure of humans or livestock.

Units proposed for QPS status

There is a long history of safe use of C. glutamicum as an amino acid producer; consequently,
C. glutamicum is proposed for QPS status with the qualification that this status applies only
when the species is used for production purposes only.

Year 2008
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EFSA. 2008. Scientific Opinion of the Panel on Biological Hazards on a request from EFSA
on the maintenance of the QPS list of microorganisms intentionally added to food or feed.
EFSA Journal 2008, 923, 1-48.

Corynebacterium glutamicum
QPS status applies only when the species is used for production purposes.
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Year 2010

EFSA. 2010. EFSA Panel on Biological Hazards (BIOHAZ); Scientific Opinion on the
maintenance of the list of QPS biological agents intentionally added to food and feed (2010
update). EFSA Journal 2010;8(12):1944. 56 pp.

Corynebacterium glutamicum
QPS recommendation only when the species is used for amino acid production.
Year 2011

EFSA. 2011. EFSA Panel on Biological Hazards (BIOHAZ); Scientific Opinion on the
maintenance of the list of QPS biological agents intentionally added to food and feed (2011
update). EFSA Journal 2011;9(12):2497. 82 pp.

Corynebacteria

A literature review did not reveal new information about adverse health effects or on safety
concerns since the last update (EFSA, 2010). The QPS recommendation has been confirmed.

Antimicrobial resistance aspects regarding the qualification

While no actual antibiotic MIC determinations for C. glutamicum appear to have been done,
the antibiotic sensitivity of a strain used for amino acid production, has been tested using a
disc method (Costa-Riu et al., 2003). The strain was sensitive to ampicillin, kanamycin,
streptomycin, tetracycline, susceptible to gentamicin and resistant to norfloxacin, and
chloramphenicol. However, the susceptibility test was not performed according to the
methodology recommended by the CLSI guideline (Anonymous, 2007). There is nho new
information that would require a modification in the qualification of the antimicrobial
resistance.

Year 2012

EFSA. 2012. Scientific Opinion on the maintenance of the list of QPS biological agents
intentionally added to food and feed (2012 update). EFSA Panel on Biological Hazards. EFSA
Journal 2012, 10(12):3020. 84 pp.

Corynebacteria

A literature review did not reveal new information about adverse health effects or safety
concerns with regards to the last update (EFSA, 2011). The QPS recommendation has been
confirmed.

Antimicrobial resistance aspects regarding the qualification

While no actual antibiotic MIC determinations for C. glutamicum appear to have been done,
the antibiotic sensitivity of a strain used for amino acid production, has been tested using a
disc method (Costa-Riu et al., 2003). The strain was sensitive to ampicillin, kanamycin,
streptomycin, tetracycline, gentamicin and resistant to norfloxacin, and chloramphenicol.
The susceptibility test was not performed according to the methodology recommended by the
CLSI guideline (CLSI, 2007). There is no new information that would require a modification
in the qualification of the antimicrobial resistance.

Year 2013

EFSA. 2013. Scientific Opinion on the maintenance of the list of QPS biological agents
intentionally added to food and feed (2013 update). EFSA Panel on Biological Hazards. EFSA
Journal 2013;11(11):3449, 107 pp.

Corynebacterium glutamicum
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A literature review did not reveal new information about adverse health effects or safety
concerns with regards to the last update (EFSA, 2012). The QPS recommendation has been
confirmed.

Antimicrobial resistance aspects regarding the qualification

No new relevant information in the last year was published on the antimicrobial
susceptibility or resistance of C. glutamicum, therefore no modifications in the qualification
of the antimicrobial resistance are proposed.

Year 2016

EFSA. 2017. Scientific Opinion on the update of the list of QPS-recommended biological
agents intentionally added to food or feed as notified to EFSA. EFSA Journal 2017,
15(3):4664, 178 pp.

Corynebacterium glutamicum
Taxonomy

Since the last update on the QPS status (EFSA, 2013), no new information on the taxonomy
of the C. glutamicum has been published.

Update of the body of knowledge on safety concerns

The total number of references found through the ELS was 188; after screening at
title/abstract level, 33 passed to the full text phase; of those, two were considered relevant for
the QPS assessment. A literature review did not reveal any new information about adverse
health effects or safety concerns since the last update (EFSA, 2013).

Revision of antimicrobial resistance aspects

The involvement of class 1 integrons in the AMR towards streptomycin/spectinomycin and
tetracycline in C. glutamicum isolates has been confirmed and reviewed by Deng et al.
(2015). No additional relevant information was published in the last year on the
antimicrobial susceptibility or resistance of C. glutamicum.

Update on other qualifications

This TU has the following qualification ‘QPS only applies when the species is used for amino
acid production’. Due to a lack of knowledge in relation to history of use of the viable
organisms and because other members of the same genus are pathogenic, the qualification is
confirmed.

Other relevant information

No new relevant information was identified.

Conclusion regarding a QPS recommendation

The QPS recommendation is confirmed for C. glutamicum as well as the qualification.
Year 2017

EFSA. 2018. Update of the list of QPS-recommended biological agents intentionally added to
food or feed as notified to EFSA 7: suitability of taxonomic units notified to EFSA until
September 2017. EFSA Journal 2018, 16(1):5131, 43 pp.

Corynebacterium glutamicum
No safety concerns identified in the only article considered relevant for QPS exercise.
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8. APPENDIX 2

Electronic Literature Search for safety / risk assessment of Corynebacterium
glutamicum

Project: Electronic Literature Search for safety / risk assessment of Corynebacterium
glutamicum

An electronic literature search (ELS) on Corynebacterium glutamicum was conducted to
collect studies, articles, reports and reviews that are deemed likely to be relevant for further
safety / risk assessment of Corynebacterium glutamicum.

The search was conducted with the following information:

1. Name of the database searched: Google Scholar (https://scholar.google.co.in).
2. Dates on which the database searched: Between 18t Feb. 2018 and 23 Feb. 2018.
3. Time period between which the database searched: Publications between 2003 and
till date.
4. Other restrictions applied: Search terms present in ‘allintitle’ and ‘anywhere’
excluding patents and citations.
5. Languages searched: For pages written in any language.
6. Publications searched: Articles published in any peer reviewed journal; book or book
chapters; theses; published reviews; etc.
7. Search strategy applied, and records retrieved: Recorded in Table 1.
Selection of articles: A stepwise exercise was performed to select articles that are deemed
likely to be relevant for further safety / risk assessment of Corynebacterium glutamicum and
the shortlisted articles were made available for the ‘full review’ at the end of ELS.

1. Step 1: Check if the word "Corynebacterium" is mentioned in title, keywords and/or
abstract

2. Step 2: Check if the term "Corynebacterium glutamicum" is described in abstract

Step 3: Read the abstract

Step 4: Select articles for the ‘full review’ if abstract describes "Corynebacterium

glutamicum" or "Corynebacterium spp" and at least some indicative information that

the article covers either safety aspects; hazards / disease events in plant, animals and

humans; toxin production; or carry genes for antimicrobial resistance. Further

detailed evaluation on deemed likely to be included or excluded for the ‘full review’

was recorded in Table 2.

Table 1: Electronic Literature Search (ELS) Strategy and Retrieved Hits:

o

Strategy | Terms Hits | Notes
number
#1 allintitle: "Corynebacterium | 1970 | First 50 hits were checked following ‘selection of
glutamicum" articles’ as mentioned above and recorded in table
2.
#2 allintitle: "Corynebacterium" | 4020 | First 50 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
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Strategy | Terms Hits | Notes
number
2.

#3 #2 resistance 39 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#4 #2 resistant 41 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#5 #2 antibiotic resistance 2 Both hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#6 #2 antibiotic resistant 4 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#7 #2 antimicrobial 8 All hits were checked following ‘selection of
susceptibility OR articles’ as mentioned above and recorded in table
susceptibilities 2.
#8 #2 infection OR infections 221 | All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#9 #2 abscess OR abscesses 29 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#10 #2 sepsis OR septic 21 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#11 #2 bacteremia OR 27 All hits were checked following ‘selection of

bacteraemia articles’ as mentioned above and recorded in table
2.
#12 #2 toxic OR toxin OR toxins | 34 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#13 #2 pathogen OR pathogenic | 74 All hits were checked following ‘selection of

OR pathogenicity articles’ as mentioned above and recorded in table
2.

#14 #2 opportunistic OR 38 All hits were checked following ‘selection of

articles’ as mentioned above and recorded in table
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Strategy | Terms Hits | Notes
number
virulence OR virulent 2.
#15 #2 safety OR risk 7 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#16 #2 mutagenic OR 00
mutagenicity
#17 #2 toxicity OR toxicology 8 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#18 #2 clinical OR clinically 79 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#19 #2 death OR deaths 2 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#20 #2 morbidity OR morbidities | oo
#21 #2 mortality OR mortalities | 2 Both hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#22 #2 disease OR diseases 23 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#23 #2 illness OR illnesses 6 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#24 anywhere: "Corynebacterium | 254 | First 20 hits were checked following ‘selection of
glutamicum" articles’ as mentioned above and recorded in table
2.
#25 #24 resistance 193 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#26 #24 resistant 208 | First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
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Strategy | Terms Hits | Notes
number
#27 #24 antibiotic resistance 140 | First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#28 #24 antibiotic resistant 163 | First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.
#29 #24 antimicrobial 103 | First 20 hits were checked following ‘selection of
susceptibility OR articles’ as mentioned above and recorded in table
susceptibilities 2.
#30 #24 infection OR infections | 107 | First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#31 #24 abscess OR abscesses 8 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#32 #24 sepsis OR septic 15 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#33 #24 bacteremia OR 9 All hits were checked following ‘selection of
bacteraemia articles’ as mentioned above and recorded in table

2.

#34 #24 toxic OR toxin OR 137 | First 20 hits were checked following ‘selection of

toxins articles’ as mentioned above and recorded in table
2.

#35 #24 pathogen OR 124 | First 20 hits were checked following ‘selection of

pathogenic OR pathogenicity articles’ as mentioned above and recorded in table
2.
#36 #24 opportunistic OR 95 First 20 hits were checked following ‘selection of
virulence OR virulent articles’ as mentioned above and recorded in table
2.
#37 #24 safety OR risk 100 | First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#38 #24 mutagenic OR 21 First 20 hits were checked following ‘selection of

mutagenicity articles’ as mentioned above and recorded in table
2.
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Strategy | Terms Hits | Notes

number

#39 #24 toxicity OR toxicology 86 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#40 #24 clinical OR clinically 89 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#41 #24 death OR deaths 92 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#42 #24 morbidity OR 12 All hits were checked following ‘selection of

morbidities articles’ as mentioned above and recorded in table

2.

#43 #24 mortality OR mortalities | 99 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#44 #24 disease OR diseases 141 First 20 hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#45 #24 illness OR illnesses 19 All hits were checked following ‘selection of
articles’ as mentioned above and recorded in table
2.

#46
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Table 2: Relevant References / Articles:

Page 252

Search
Strate
gy No.
/ hits

Search
Strategy

Selected Publications

Include / Exclude

Justification

#1/
1970

allintitle:
"Corynebacteriu
m glutamicum"

Handbook of
Corynebacterium glutamicum
Eggeling L, Bott M. CRC Press,
2005. ISBN: 9781420039696

Review / Exclude

Not relevant to safety
of C. glutamicum

The Corynebacterium
glutamicum genome: features
and impacts on
biotechnological processes
Ikeda M, Nakagawa S. Applied
Microbiology and Biotechnology,
2003. Vol. 62(2 — 3), pp 99 — 109.

Review / Exclude

Not relevant to safety
of C. glutamicum

Comparative analysis of the
Corynebacterium glutamicum
group and complete genome
sequence of strain R

Yukawa H, et al. Microbiology,
2007. Vol. 153, pp. 1042 — 1058.
doi: 10.1099/mic.0.2006/003657-
o

Review / Exclude

Not relevant to safety
of C. glutamicum

Deletion of the genes encoding
the MtrA—MitrB two-
component system of
Corynebacterium glutamicum
has a strong influence on cell
morphology, antibiotics
susceptibility and expression
of genes involved in
osmoprotection

Moaker N, et al. Molecular
Microbiology, 2004. Vol. 54 (2),
Pp-

420 — 438.

Review / Exclude

Not relevant to safety
of C. glutamicum

Analysis of Genes Involved in
Arsenic Resistance in
Corynebacterium glutamicum
ATCC 13032

Ordonez E, et al. Appl. Environ.
Microbiol., 2005. Vol. 71 (10), pp.
6206 — 6215.

Review / Exclude

Not relevant to safety
of C. glutamicum

#2/
4020

allintitle:
"Corynebacteriu

"

m

rpoB Gene Sequencing for
Identification of
Corynebacterium Species

Review / Exclude

Not relevant to safety
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
La Scola B, et al. J. Clin. Microbiol., | of C. glutamicum
2004. Vol. 42 (9), pp. 3925 — 3931.
Several results repeated
#3 /39 | allintitle: The CGL2612 Protein from Review / Exclude
Corynebacterium | Corynebacterium glutamicum
resistance is a Drug Resistance-Related Not relevant to safety

Transcriptional Repressor
Structural and Functional
Analysis of a newly identified
transcription factor from
genomic DNA Analysis

Itou H, et al. The Journal of
Biological Chemistry, 2005. Vol.

280, pp. 38711 — 38719.

of C. glutamicum

High Frequency of Macrolide
Resistance Mechanisms in
Clinical Isolates of

Review / Exclude

Not relevant to C.

Corynebacterium Species glutamicum
Ortiz-Pérez A, et al. Microbial Drug

Resistance 2010. Vol. 16(4), pp-

273 — 277.

Antibiotic Resistance and Review / Exclude

Detection of the Most
Common Mechanism of
Resistance (MLSB) of
Opportunistic
Corynebacterium

Olender A. Chemotherapy, 2013.

Vol. 59, pp. 294 — 306.
https://doi.org/10.1159/00035746
7

Not relevant to safety
of C. glutamicum

Mechanisms of Antibiotic
Resistance in
Corynebacterium spp.
Causing Infections in People
Olender A. 2012
https://www.intechopen.com/

https://cdn.intechopen.com/pdfs-
wim/34699.pdf

Review / Exclude

Not relevant to safety
of C. glutamicum

The identification and
resistance analysis to 66
strains of corynebacterium
clinical isolates

Zhang LWZ. Chinese Journal of
Laboratory Diagnosis, 2007. Vol. 7.

Exclude (based on
abstract; no
translation of full

paper))

Not relevant to safety
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Page 254

Search
Strate
gy No.
/ hits

Search
Strategy

Selected Publications

Include / Exclude

Justification

http://en.cnki.com.cn/Article en/
CJEFDTOTAL-

ZS7ZD200707029.htm

of C. glutamicum

Antimicrobial Resistance in
Corynebacterium spp.,
Arcanobacterium spp., and
Trueperella pyogenes.

FeBler AT, Schwarz S. Microbiology
Spectrum, 2017. Vol. 5(6). DOI:
10.1128 /microbiolspec. ARBA-
0021-2017

Review / Exclude

Not relevant to safety
of C. glutamicum

Extracytoplasmic function
sigma factor oD confers
resistance to environmental
stress by enhancing mycolate
synthesis and modifying
peptidoglycan structures in
Corynebacterium glutamicum
Koichi Toyoda,

Toyoda K, Masayuki I. Molecular
Microbiology, 2018. Vol. 107 (3),

pp- 312 — 329.

Review / Exclude

Not relevant to safety
of C. glutamicum

Phenotypic and genotypic
characterization of high-level
macrolide and lincosamide
resistance in
Corynebacterium species in
Canada and the distribution of
the ermX resistance
determinant among
Corynebacterium species
Singh, Cathleen. Theses, 2010.

Review / Exclude

Not relevant to safety
of C. glutamicum

A National Survey of Multi-
Drug Resistance in
Ophthalmic Clinical Isolates
of Corynebacterium in Japan
Eguchi H, et al., Investigative
Ophthalmology and Visual Science,
2008. Vol 49, pp. 5530

Review / Exclude

Not relevant to safety
of C. glutamicum

Several results repeated

#4 /41

allintitle:
Corynebacterium
resistant

Adaptive evolution of
Corynebacterium glutamicum
resistant to oxidative stress
and its global gene expression
profiling

Review / Exclude

Not relevant to safety
of C. glutamicum
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits

Lee JY, et al. Biotechnology Letters,

2013. Vol. 35(5), pp 709 — 717.

Genetic and biochemical Review / Exclude

characterization of
Corynebacterium glutamicum
ATP
phosphoribosyltransferase
and its three mutants
resistant to feedback
inhibition by histidine

Zhang Y. et al. Biochinie, 2012. Vol.
94 (3), pp- 829 — 838.

Not relevant to safety
of C. glutamicum

Infectious keratitis caused by
fluoroquinolone-resistant
Corynebacterium

Review / Exclude

Not relevant to C.

Fukumoto A, et al. Japanese glutamicum
Journal of Ophthalmology, 2011.

Vol. 55 (5), pp 579 — 580.

Generation of branched-chain | Review / Exclude

amino acids resistant
Corynebacterium glutamicum
acetohydroxy acid synthase by
site-directed mutagenesis

Guo Y, et al. Biotechnology and
Bioprocess Engineering, 2014. Vol.

19 (3), pPp 456 — 467.

Not relevant to safety
of C. glutamicum

Characteristics of Multidrug-
Resistant Corynebacterium
spp. Isolated from Blood
Cultures of Hospitalized
Patients in Japan

Qin L, et al. Japanese Journal of
Infectious, 2017. Vol. 70 (2).

Review / Exclude

Not relevant to safety
of C. glutamicum

Methodology of identification
of Corynebacterium and the
drug resistant mechanisms to
tetracycline and macrolides
antibiotics

Cao J, et al. Chinese Journal of
Nosocomiology, 2013. Vol. 2.

Review / Exclude

Not relevant to safety
of C. glutamicum

Effect of surface active agents,
chelating agents and
antibiotics on l-methionine
fermentation by a multiple
analogue resistant mutant

Review / Include

Article discusses
antibiotic resistance.
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
Corynebacterium glutamicum
X300
Ganguly S, Satapathy KB.
European Chemical Bulletin, 2014.
Vol. 3(4), pp- 346 — 351.
Few results repeated
#5 /2 | allintitle: Results repeated
Corynebacterium
antibiotic
resistance
#6 / 4 | allintitle: none
Corynebacterium
antibiotic
resistant
#7 /8 | allintitle: Antimicrobial Susceptibility Review / Exclude
Corynebacterium | and Species Identification of
antimicrobial Corynebacterium spp. Strains | Not relevant to safety
susceptibility OR | Collected in Europe and USA | of C. glutamicum
susceptibilities Medical Centers (2006-2010)
Sader HS, et al. Sentry
Antimicrobial Surveillance, 2012.
P1092 ECCMID 2012 JMI
Laboratories North Liberty, IA,
USA
Few results repeated
#8/ allintitle: Inflammatory pseudotumor of | Review / Exclude
221 Corynebacterium | the liver revealing
infection OR gynecological Not relevant to safety
infections Corynebacterium infection of C. glutamicum

Marie I, et al. Scandinavian Journal
of Gastroenterology, 2005. Vol. 40

(7), pp- 875 — 877.

Corynebacterium-associated
skin infections

Blaise G, et al. International
Journal of Dermatology, 2008. Vol.

47 (9), pp- 884 — 890.

Review / Exclude

Not relevant to safety
of C. glutamicum

Corynebacterium Species
Isolated from Bone and Joint
Infections Identified by 16S
rRNA Gene Sequence Analysis
Raoult D, et al. J. Clin. Microbiol.,

2004. Vol. 42 (5), pp- 2231 — 2233.

Review / Exclude

Not relevant to safety
of C. glutamicum

Case of erythema nodosum
associated with

Review / Exclude




GRAS Notice L-Threonine Fermentation Product Page 257
Search | Search Selected Publications Include / Exclude
Strate | Strategy

gy No. Justification

/ hits

granulomatous mastitis
probably due to
Corynebacterium infection
Kubo Y, et al. The Journal of
Dermatology, 2014. Vol. 41(9), pp.
821 — 823.

Not relevant to safety
of C. glutamicum

[Wound infections due to
opportunistic
corynebacterium species]
Olender A, Letowska I. Medycyna
Doswiadczalna i Mikrobiologia,
2010. Vol. 62 (2), pp. 135 — 140.

Review / Exclude
(based on abstract;
no translation of full

paper))

Not relevant to safety
of C. glutamicum

Identification of
Corynebacterium spp. isolated
from bovine intramammary
infections by matrix-assisted
laser desorption ionization-
time of flight mass
spectrometry

dos Santos MV, et al. Veterinary
Microbiology, 2014. Vol. 173 (1 —

2), pp- 147 — 151.

Review / Exclude

Not relevant to safety
of C. glutamicum

Ocular Infections Caused by
Corynebacterium Species
Eguchi H. Infection Control, 2013.
Dr. Silpi Basak (Ed.), In Tech, DOI:
10.5772/56214.

Review / Exclude

Not relevant to safety
of C. glutamicum

Hardware Infection with
Corynebacterium spp.: a Case
Report and Review of the
Literature

Clarridge III JE, et al. Clinical
Microbiology Newsletter, 2014.

Vol. 36(2), pp- 9 — 13.

Review / Exclude

Not relevant to safety
of C. glutamicum

Cerebrospinal fluid shunt
infection caused by
Corynebacterium sp: Case
report and review

Randi BA, et al. Brain Injury, 2014.
Vol. 28(9), pp. 1223 — 1225.

Review / Exclude

Not relevant to safety
of C. glutamicum

Transmission dynamics of
intramammary infections
caused by Corynebacterium
species

Review / Exclude

Not relevant to safety
of C. glutamicum
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
Delen G, et al. Journal of Dairy
Science, 2018. Vol. 101 (1), pp- 472
- 479.
Modelling and dynamics of Review / Exclude
intramammary infections
caused by Corynebacterium Not relevant to safety
species of C. glutamicum
Rachah A et al. 7th International
Conference on Modeling,
Simulation, and Applied
Optimization (ICMSAO), 2017.
Conference proceedings.
Few results repeated
#9 / 29 | allintitle: none
Corynebacterium
abscess OR
abscesses
#10 / allintitle: none
21 Corynebacterium
sepsis OR septic
#11 / 27 | allintitle: none
Corynebacterium
bacteremia OR
bacteraemia
#12 / allintitle: none
34 Corynebacterium
toxic OR toxin
OR toxins
#13/ allintitle: Corynebacterium - occurrence | Exclude (based on
74 Corynebacterium | and pathogenicity for humans | abstract; no
pathogen OR and animals. translation of full
pathogenic OR [Corynebacterium - paper))
pathogenicity wystepowanie i

chorobotworczosé dla ludzi i
zwierzat.]

Banaszkiewicz T, Krukowski H.
Medycyna Weterynaryjna, 2011.
Vol.67 No.4 pp.229-232

Not relevant to safety
of C. glutamicum

Insight of Genus
Corynebacterium:
Ascertaining the Role of
Pathogenic and Non-
pathogenic Species

Oliveira A, et al. Front. Microbiol.,
2017.

Review / Exclude

Not relevant to safety
of C. glutamicum
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
https://doi.org/10.3389/fmicb.201
7.01937
Few results repeated
#14 / allintitle: Molecular armory or niche Review / Exclude
38 Corynebacterium | factors: virulence
opportunistic OR | determinants of Not relevant to safety
virulence OR Corynebacterium species of C. glutamicum
virulent Tauch A, Burkovski A. FEMS
Microbiology Letters, 2015. Vol.
362(23), fnvi85,
https://doi.org/10.1093/femsle/fm
v185
Few results repeated
#15 /7 | allintitle: Safety and efficacy of 1- Review / Include
Corynebacterium | arginine produced by
safety OR risk Corynebacterium glutamicum | Assessment reviews
KCCM 80099 for all animal safety, efficacy and
species toxicity
EFSA. EFSA Journal, 2017. DOI:
10.2903/j.efsa.2017.4858
#17 /8 | allintitle: Transcriptomic analysis of Review / Exclude
Corynebacterium | Corynebacterium glutamicum
toxicity OR in the response to the toxicity | Not relevant to safety
toxicology of furfural present in of C. glutamicum
lignocellulosic hydrolysates
Park HS, et al. Process
Biochemistry, 2015. Vol. 50(3), pp-
347 — 356.
#18 / allintitle: The clinical course of Review / Exclude
79 Corynebacterium | peritoneal dialysis-related
clinical OR peritonitis caused by Not relevant to safety
clinically Corynebacterium species of C. glutamicum

Szeto CC, et al. Nephrology Dialysis
Transplantation, 2005. Vol. 20
(12), pp- 2793 — 2796.
https://doi.org/10.1093/ndt/gfi123

Nondiphtherial
Corynebacterium species
isolated from clinical
specimens of patients in a
university hospital, Rio de
Janeiro, Brazil

Camello TCF, et al. Braz. J.
Microbiol., 2003. Vol. 34 (1).

Review / Exclude

Not relevant to safety
of C. glutamicum

Antibiotic susceptibility of

Review / Exclude
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
Corynebacterium isolated
from clinical specimens Not relevant to safety
Chen D, et al. Chinese Journal of of C. glutamicum
Clinical Laboratory Science, 2011.
Vol. 3
Relationship Between Review / Exclude
Susceptibility to Quinolones
in Corynebacterium Not relevant to safety
Ophthalmic Clinical Isolates of C. glutamicum
and the GyrA Gene Mutations
Katome T, et al. Investigative
Ophthalmology & Visual Science,
2008. Vol. 49 (13).
Relationship Between Review / Exclude
Mutations in the gyrA Gene
and Quinolone Resistance in Not relevant to safety
Ophthalmic Clinical Isolates of C. glutamicum
of Corynebacterium Species
Eguchi H; et al., Investigative
Ophthalmology & Visual Science,
2006. Vol. 47 (13), pp- 3566.
Endophthalmitis Caused by Review / Exclude
Corynebacterium Species:
Clinical Features, Antibiotic Not relevant to safety
Susceptibility, and Treatment | of C. glutamicum
Outcomes
Kuriyan AE, et al. Ophthalmology
retina, 2017. Vol. 1 (3), pp. 200 —
205.
#19 / 2 | allintitle: none
Corynebacterium
death OR deaths
#21 /2 | allintitle: Biodegradation of Exclude (based on
Corynebacterium | Contaminated Environments | abstract; no
mortality OR Using Corynebacterium translation of full
mortalities glutamicum and Its paper))
Application to Livestock
Mortalities Burials Not relevant to safety
[rest of the details are in Chinese] of C. glutamicum
#22 / allintitle: Corynebacterium species and | Exclude
23 Corynebacterium | coryneforms: An update on
disease OR taxonomy and diseases Not relevant to safety
diseases attributed to these taxa of C. glutamicum

Bernard K. Clinical Microbiology
Newsletter, 2005. Vol. 27(2), pp 9
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
—18. DOI:
https://doi.org/10.1016/j.clinmicn
€WS.2005.01.002.
#23 /6 | allintitle: none
Corynebacterium
illness OR
illnesses
#24 / anywhere: Few results repeated
254 "Corynebacteriu
m glutamicum"
#25 / anywhere: none
193 "Corynebacteriu
m glutamicum"
resistance
#26 / anywhere: none
208 "Corynebacteriu
m glutamicum"
resistant
#27 / anywhere: none
140 "Corynebacteriu
m glutamicum"
antibiotic
resistance
#28 / anywhere: Drivers of bacterial genomes | Exclude
163 "Corynebacteriu | plasticity and roles they play
m glutamicum" in pathogen virulence, Not relevant to safety
antibiotic persistence and drug of C. glutamicum
resistant resistance
Patel S. Infection, Genetics and
Evolution, 2016. Vol. 45, pp. 151 —
164.
#29 / anywhere: none
103 "Corynebacteriu
m glutamicum"
antimicrobial
susceptibility OR
susceptibilities
#30 / anywhere: none
107 "Corynebacteriu
m glutamicum"
infection OR
infections
#31/ 8 | anywhere: Corynebacterium ulcerans, an Exclude
"Corynebacteriu | emerging human pathogen

m glutamicum"

Hacker E, et al. Future

Not relevant to C.
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
abscess OR Microbiology, 2016. Vol. 11 (9). glutamicum
abscesses https://doi.org/10.2217/fmb-2016-
0085
#32/ anywhere: none
15 "Corynebacteriu
m glutamicum"
sepsis OR septic
#33 /9 | anywhere: none
"Corynebacteriu
m glutamicum"
bacteremia OR
bacteraemia
#34/ anywhere: none
137 "Corynebacteriu
m glutamicum"
toxic OR toxin
OR toxins
#35/ anywhere: none
124 "Corynebacteriu
m glutamicum"
pathogen OR
pathogenic OR
pathogenicity
#36 / anywhere: none
95 "Corynebacteriu
m glutamicum"
opportunistic OR
virulence OR
virulent
#37/ anywhere: none
100 "Corynebacteriu
m glutamicum"
safety OR risk
#38/ anywhere: none
21 "Corynebacteriu
m glutamicum"
mutagenic OR
mutagenicity
#39/ anywhere: none
86 "Corynebacteriu
m glutamicum"
toxicity OR
toxicology
#40 / anywhere: none
89 "Corynebacteriu
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Search | Search Selected Publications Include / Exclude
Strate | Strategy
gy No. Justification
/ hits
m glutamicum"
clinical OR
clinically
#41/ anywhere: none
92 "Corynebacteriu
m glutamicum"
death OR deaths
#42/ anywhere: none
12 "Corynebacteriu
m glutamicum"
morbidity OR
morbidities
#43/ anywhere: none
99 "Corynebacteriu
m glutamicum"
mortality OR
mortalities
#44 anywhere: none
/141 "Corynebacteriu
m glutamicum"
disease OR
diseases
#45 / anywhere: none
19 "Corynebacteriu

m glutamicum"






