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PART 1. SIGNED STATEMENTS AND CERTIFICATIONS
(21 CFR § 170.225)

1.1 Name and Address of the Notifier

Fernando Garcia

Head, Global Regulatory Affairs
Amyris, Inc.

5885 Hollis Street, Suite 100
Emeryville, CA 94608

+1 (510) 450-0761

1.2 Name of Notified Substance

The name and descriptive term of this notified food ingredient is 2’-fucosyllactose (2’-FL)
produced using a genetically engineered strain of Saccharomyces cerevisiae.

1.3 Conditions of Intended Uses in Food

Amyris’ 2’-FL is intended for use as a food ingredient in term infant formulas, toddler formulas,
baby foods and drinks for toddlers and young children, various uses in conventional foods and

beverages intended for children and adults. The specific uses of Amyris 2’-FL product, and the

typical and maximum concentrations are detailed in Table 1.

Table 1. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.
Proposed Proposed
Food a Use Level Maximum Use
Category PefEesEel INeee] LEE RACC (g/RACC or level (g/kg or
g/serving) g/L)k
Ur)flavored Pasteurized and Sterilized 240 mL 0.28 1.2
milk
Buttermilk 240 mL 0.28 1.2
Yogurt 225 ¢ 1.2 5.3
All acidophilus or fortified milks, non-
fat and low-fat milk fluids, including
fluid milk and reconstituted milk 240 mL 0.28 1.2
. powder
Dairy - - -
Flavored milks, including chocolate
milk, coffee drinks, cocoa, smoothies
(dairy and fruit based), other fruit and | 240 mL 0.28 1.2
dairy combinations, yogurt drinks and
fermented milk drinks including kefir
Frozen dairy desserts including ice
cream and frozen yogurts, frozen ~70¢g 1.2 17
novelties
Milk product for pregnant women
("mum formulas”) -9 to 0 months 200 mL 1.2 6.0
. Milk substitutes such as soy milk and
Dairy imitation milks 240 mL 0.28 1.4
analogs :
Non-dairy yogurt 225 g 1.2 5.3
Syrups used to flavor milk beverages 40 g 0.28 7.0
Other Dairy based pudding custards and 70 g 1.2 17
mousses
Fruit pie filling 85¢g 1.2 14.1
Part 1. Signed Statements and Certifications
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Table 1. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed Proposed
Food a Use Level Maximum Use
Category PIepEEEE] [Feee) Les RASS (g/RACC or level (g/kg or
g/serving) g/L)k
Fruit prepa}ratlon such as fruit filing in —40 g 12 30
bars, cookies, yogurt and cakes
Jellies and jams, fruit preserved and _
fruit butters 209 1.2 60
Infant formula (non-exempt formula) 100 mL 0.24 2.4
Toddler formulas, growing-up milks
(12-36 months) 100 mL 0.24 2.4
Processe_d cereal-based food r_:md baby 710170 g 0.084 to 2.04 | 12
food for infants and young children
Other baby Foods for Infants and 0.084 to
Young Children 7t 1704 2.04 12
Other Drinks for Young Children 120 mL 0.14 1.2
2.4 (0.4
Infant meal replacement products 100 mL 0.24 9/100kcal)
Infant 15 g (dry)
formulas, Ready-to-eat, ready-to-serve, hot 110 g 1.2 10.9 (as
Follow-on | cereals (ready-to- | consumed)
formula, serve)
and baby L "
Yogurt and juice beverages ("bab
foods dri?]ks,,) ! ges ("baby 120 mL 1.2 10
Desserts including fruit desserts, 110 g or
cobblers, yogurt/fruit combinations 9 1.2 10.9
P ” mL
("Jjunior type dessert”)
Baby cr_ackers, pretzels, cookies and 7g 0.4 57
snacks items
Mllk—based drinks and_S|m|Iar products 120 mL 0.14 1.2
intended for young children
Milk modifiers (i.e. powder for addition | 120 mL
in milk such as cacao-based powders, (ready to 0.14 1.2
etc.) serve)
Oral nutritional supplements and 500 g or
enteral tube feeding (11 years and 9 4.0 20
mL
older)
Milk-based meal replacement
Meal beverages or diet beverages / meal
substitutes | replacement drinks for weight 240 mL 1.2 5.0
reduction (milk-based and non milk-
based)
Meal rt_aplacement bars for weight 30g 1.2 40
reduction
Grain Grain bars, including snack bars, meal
products replacement bars, and breakfast bars 409 0.48 12
Ready-to-eat breakfast cereals for
adults and children - puffed 159 1.2 80
Breakfast Ready-to-eat breakfast cereals for
cereals adults and children — high-fiber 409 1.2 30
Ready-to-eat breakfast cereals for
adults and children — biscuit types 609 1.2 20
Part 1. Signed Statements and Certifications
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Table 1. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.
Proposed Proposed
Food a Use Level Maximum Use
Category PIepEEEE] [Feee) Les RASS (g/RACC or level (g/kg or
g/serving) g/L)"
40g (dry) 4.8 (as
Hot cereals for adults and children (—240g 1.2 )
consumed)
prepared)
Flavored drinks 360 mL 0.28 0.8
Energy drinks 360 mL 0.28 0.8
Fitness and thirst quenchers, sport and
Beverage isotonic drinks / sport, isotonic drinks 360 mL 0.28 0.8
Frglt drink, |_n_clud|ng vitamin and 240 mL 0.28 1.2
mineral-fortified products
Fruit juices / fruit juices and nectar 240 mL 0.28 1.2

2 RACC = Reference Amounts Customarily Consumed per Eating Occasion in the U.S. Code of Federal Regulations
(21 CFR 101.12)

b Proposed maximum use level is presented on g/kg basis for solids, and g/L basis for liquids and forms. The basis
for the calculation of Estimated Daily Intake is presented in Tables 9a and 9b

Part 1.
(21 CF

1.4 Statutory Basis for GRAS Conclusion

The use of 2’-FL as an ingredient in food at the levels described herein has been determined to
be safe and generally recognized as safe (GRAS), based on scientific procedures, in accordance
with the Federal Food, Drug and Cosmetic Act (FFDCA), Section 201(s) and Section 170.30 of
Part 21 of the Code of Federal Regulations (21 CFR 170.30).

Amyris organized a panel of experts (the “GRAS Panel”) qualified by training and experience to
evaluate the safety of food and food ingredients. This GRAS Panel evaluated the safety of the 2’-
FL food ingredient, the intended conditions of use, and the proposed intake based on generally
available and accepted information. Conclusions of the GRAS status for 2’-FL for the uses
described in Table 1, are based on data provided by Amyris and publicly available literature. The
safety dossier incorporates publicly available information regarding the safety of 2’-FL including
published reports of toxicological and clinical studies, and estimates of the potential human
exposure to 2'-FL resulting from its intended use. Amyris and the GRAS Panel independently
concluded that the uses of 2’-FL described herein are safe and GRAS based on scientific
procedures.

1.5 Exemption from Premarket Approval of the FFDCA

Amyris determined that the proposed food ingredient uses of 2’-FL, described in Table 1, are
exempt from the premarket approval requirements of the Federal Food, Drug and Cosmetic Act
(FFDCA) because Amyris has determined the proposed uses to be safe and GRAS (21 CFR
8§170.30). This determination was made in compliance with the Substances Generally
Recognized as Safe regulation (Federal Register, Vol. 81, No. 159, 54960, August 17, 2016; 21
CFR §170.203).

The uses of 2’-FL described herein have been determined by Amyris as safe and GRAS for the
proposed levels of inclusion in term infant formulas and toddler formulas and in various
commercial food and beverage uses based upon scientific procedures, and thus, these uses of
2’-FL are excluded from the definition of a food additive, and not subject to the premarket
approval requirements of Section 201(s) of the FFDCA, and may be used in the U.S. without the
promulgation of a food additive regulation by the United States Food and Drug Administration
(FDA) under 21 CFR.

Signed Statements and Certifications
R § 170.225) 6
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1.6 Availability of Information

The data and information that serve as the basis for this GRAS Notification regarding the
conclusion of the GRAS status of the food ingredient use of Amyris 2’-FL are available to the
United States Food and Drug Administration (FDA) upon request as follows:

(i) Amyris agrees to make the data and information available to FDA; and

(i) Amyris will allow FDA to review and copy the data and information as provided at
21 CFR §170.225(c)(7).

1.7 Freedom of Information Act (FOIA)

None of the data and information in this GRN is exempt from disclosure under the Freedom of
Information Act, 5 U.S.C. 552.

1.8 Certification

This GRAS notice was compiled in accordance with the rules and regulations set out in 21 CFR
Part 170, Subpart E. The Notifier certifies to the its knowledge, this GRAS notice is a complete,
representative, and balanced submission, including both favorable and unfavorable information

that is known to the Notifier and pertinent to the evaluation of the safety and GRAS status of
the food ingredient uses of Amyris’ 2’-FL.

1.9 Name, Position, and Signature of Certifier

May 11, 2020

Fernando Garcia

Head, Global Regulatory Affairs
Amyris, Inc.

5885 Hollis Street, Suite 100
Emeryville, CA 94608

+1 (510) 450-0761
Garcia@amyris.com

Part 1. Signed Statements and Certifications 7
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PART 2: IDENTITY, METHOD OF MANUFACTURE,
SPECIFICATIONS, AND PHYSICAL OR
TECHNICAL EFFECT. (21 CFR& 170.230)

2.1 Chemical Identity and Structure of 2’-FL

Common Name: 2’-fucosyllactose or 2'-fucosyl-D-lactose

Abbreviation: 2’-FL

IUPAC Name: a-L-fucopyranosyl-(1—2)-B-D-galactopyranosyl-(1—4)-D-glucopyranoside
Chemical Abstracts Service Registry Number (CASRN): 41263-94-9

Chemical Formula: C18H32015

Molecular Weight (MW): 488.44 g / mole (mol)

Figure 1. Chemical Structure of 2’-FL

2.2 Physical and Chemical Properties

2’-FL is a naturally occurring oligosaccharide consisting of lactose (galactose and glucose) and
fucose that is found in human breast milk. The chemical structure of 2’-FL was determined
(shown in Figure 1) in 1954 through nuclear magnetic resonance techniques and x-ray
crystallography (Castanys-Munoz et al., 2013). 2’-FL is a naturally-occurring oligosaccharide
found in human breast milk, and one of the most abundant human milk oligosaccharides
(HMOs). Amyris’ 2’-FL, manufactured by Amyris, is produced by fermentation with
Saccharomyces cerevisiae (“S. cerevisiae”) strain CEN.PK113-7D. Analytical grade human breast
milk 2’-FL from Carbosynth (by high-performance anion-exchange chromatography with pulsed
amperometric detection [HPAEC/PAD], Carbosynth 2017) was used as the reference material.
The chemical and physical properties for the Carbosynth 2’-FL and the Amyris 2’-FL are provided
in Table 2. A comparison of the proton NMR spectra for the Carbosynth 2’-FL and the Amyris 2’-
FL demonstrate structural equivalence (Appendix A).

Identity, Method of Manufacture,
cations, and Physical or

Technical Effect. (21 CFR§ 170.230) 8
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Table 2. Chemical and Physical Properties of Reference 2’-FL and Amyris 2’-FL

Property Carbosynth 2’-FL Amyris 2’-FL Method

Molecular weight 488.44 AMU 488.44 AMU Appendix A

Proton NMR spectra

Structural analysis Conforms to Structure  Conforms to Structure -
(Appendix A)
Appearance (Form) Powder Powder Visual
; ; Py Visual
Appearance (Color) White White to off-white/ivory

Abbreviations: AMU = atomic mass unit; N/A = Not Applicable; NMR = Nuclear Magnetic Resonance.

2.3 Manufacturing Process

Construction of Production Strain: S. cerevisiae strain CEN.PK113-7D was genetically
engineered to contain the biosynthetic pathway for 2’-FL through site-specific genomic
integrations of deoxyribonucleic acid (DNA) constructs via homologous recombination at stable,
non-essential regions of the genome. Promoters and terminators used to express the genes are
native to S. cerevisiae, and include but are not limited to, promotors of GAL1 and GAL10
proteins, and terminators of PGK1 and CYC1. A summary of the enzymes and their respective
functions in Amyris’ production strain can be found in Table 3. DNA constructs consisting of
genomic DNA homologous to the upstream and downstream DNA sequence of the desired
integration site are inserted into the yeast genome via standard methods described in Rothstein
(1991). A single DNA construct may contain one-to-four open reading frames, which consist of a
native yeast promotor and terminator and a gene of interest required for 2’-FL production. DNA
constructs with more than one open reading frame may contain spacer DNA obtained from
amplified genomic DNA of E. coli K-12 to prevent interference during transcription. Spacer DNA
constructs are used as structural DNA elements inside of the engineered integrations as they do
not have sequence homology to yeast chromosomes. Spacer DNA does not express heterologous
proteins as they do not encode functional protein sequences and/or do not include promoters
expected to allow expression in yeast.

Safety and Suitability of Production Strain

The incorporated DNA to produce 2’-FL is sourced from biosafety level 1 organisms not
associated with any known allergens or toxins with the exception of one unclassified genome.
This genome was compiled from a groundwater metagenome sample. This phylum consists of
primarily uncultured bacteria that likely rely on other microbes in the environment for vital
nutrients and are therefore very unlikely to be human pathogens. The parental strain, S.
cerevisiae, is a stable haploid yeast and therefore does not undergo mating-type switching or
mating events (Jensen et al. 1983). The production strain is rendered haploid negative (HO-) by
deletion of the HO gene. Replacement with a DNA construct ensures that the production strain
remains haploid. The identification of the production strain is confirmed through polymerase
chain reaction (PCR) analysis of the inserted DNA construct. Whole genome sequencing of the
production strain was used to confirm that the DNA construct was correctly inserted. As the DNA
construct was inserted by homologous recombination, the introduced genetic elements are
stable, and the production strain does not contain any plasmid or other exogenous mobile
genetic elements. The strain stability is demonstrated by using primary and secondary cell
banks and comparing productivities. Extended seed trains are routinely tested to ensure
retention of phenotype over generations of the production strain. The production strain is not
toxigenic or pathogenic, and does not contain or produce any known pathogenicity-related

Part 2: Ildentity, Method of Manufacture,
Specifications, and Physical or
Technical Effect. (21 CFR§ 170.230) 9
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proteins, toxins, allergens, or pyrogens. Antibiotic resistance markers are not present in the
production strain. The yeast cells are separated from the product and inactivated by heat
treatment during the recovery and purification steps. Residual yeast, recombinant protein, and
DNA are removed during the purification steps. Protein (<0.004%, Appendix B) and yeast DNA
(<0.001ng DNA /g 2’-FL, Appendix C) are not detectable in the final product, indicating effective
removal of the production strain. The production strain is consistently tested for contaminating
bacteria and strain performance according to internal standard operating procedures (SOPS).

Safety and Suitability of Parental Strain: S. cerevisiae CEN.PK113-7D, also known as
brewer’s yeast or baker’s yeast, has an extensive history of safe use in the food industry. In the
U.S., according to 21 CFR §172.896, dried yeast, including S. cerevisiae, is permitted for use in
food. Protein isolated from S. cerevisiae and the dried cell walls of S. cerevisiae (baker’s yeast
glycan) are food additives permitted for the direct addition to food for human consumption (21
CFR 8172.325 and §172.898, respectively). Baker’s yeast extract, the concentrated or dried
soluble component of mechanically ruptured cells of S. cerevisiae, is GRAS for use as a flavoring
agent and adjuvant at a level not to exceed 5% in food (21 CFR 8§184.1983 — U.S. FDA, 2017a).
Food enzymes produced by S. cerevisiae (e.g., invertase, GRN No. 88) (U.S. FDA 2002) as well
as several S. cerevisiae strains genetically-modified to alter expression of specific endogenous
enzymes or pathways (GRN No. 120, 175, 350, 422, 604) (U.S. FDA, 2002, 2003, 2006, 2011b,
2012, 2016c) have GRAS status with no objection from the U.S. FDA. The taxonomy of the S.
cerevisiae species is described in Table 4.

S. cerevisiae has also been granted Qualified Presumption of Safety (QPS) status in the
European Union by the European Food Safety Authority (EFSA) and is therefore considered safe
for the derivation of genetically modified strain lineages intended for use in the production of
food additives and enzymes. While new reports of S. cerevisiae suggest that consumption by
patients with fragile health may be the possible origin of an infection in such patients when it’'s
intended use of the microorganism is to be used as a probiotic for humans, these reports do not
change the QPS status of S. cerevisiae as long as the following qualification is met in the safety
assessment: “Absence of resistance to antimycotics used for medical treatment of yeast
infections in cases where viable cells are added to the food or feed chain. In the case of S.
cerevisiae, this qualification applies for yeast strains able to grow above 37 °C” (EFSA, 2017).

The production strain contains no known pathogenicity-related proteins, toxins, allergens, or
pyrogens. The genes used to create the production strain are found in Table 4. Despite the
extensive history of safe use of S. cerevisiae in the food industry, rare reports of S. cerevisiae
infections in humans indicate that S. cerevisiae can also be regarded as an opportunistic
pathogen. A comprehensive review conducted by Enache-Angoulvant and Hennequin (2005)
reported 92 cases of Saccharomyces invasive infection, with the most common predisposing
factors being antibiotic therapy and intravascular catheter. S. cerevisiae strain YIM789, for
example, was isolated from the lung of an AIDS patient with polymicrobial pneumonia (Twafik et
al., 1989; Wei et al., 2007) and de Llanos et al. (2006) reported 4 clinical cases of S. cerevisiae
in the blood. Amyris’s 2’-FL produced by fermentation does not include any detectable residual
protein (<0.004%, Appendix B) or residual DNA (<0.001ng DNA / 1g 2’-FL, Appendix C) from
the production organism in the final product.

Identity, Method of Manufacture,
cations, and Physical or
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Table 3. Summary of enzymes and their respective functions in Amyris’ 2’-FL

Enzyme

Function

Lactose permease

Lactose import

Guanosine 5’-diphospho-(GDP)-mannose-4,6-
dehydratase

Converts GDP-mannose to GDP-4-dehydro-alpha-D-
rhamnose

GDP-L-fucose synthase

Converts GDP-4-dehydro-alpha-D-rhamnose to GDP-
fucose

Alpha 1,2 fucosyltransferase

Converts GDP-fucose and lactose to 2’-fucosyllactose
and difucosyllactose

Dihydrofolate reductase

Reduction of dihydrofolic acid to tetrahydrofolic acid

Table 4: Taxonomic Information on Saccharomyces cerevisiae

Domain Eukarya

Kingdom Fungi

Phylum Ascomycota
Subphylum Saccharomycotina
Class Saccharomycetes
Order Saccharomycetales
Family Saccharomycetaceae
Genus Saccharomyces
Species cerevisiae

Strain CEN.PK113-7D

Process Description: Amyris’ 2'-FL is manufactured by Amyris in accordance with current
good manufacturing practice (cGMP) 21 CFR 117. The flow chart for the 2’-FL manufacturing
process is shown in Figure 2, with corresponding steps described below.

Part 2: Ildentity, Method of Manufacture,
Specifications, and Physical or
Technical Effect. (21 CFR§ 170.230)
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Figure 2: Manufacturing process for Amyris’ 2’-FL

In the fermentation process (1), the parental strain S. cerevisiae was genetically engineered to
contain the biosynthetic pathway for 2’-FL. In the first stage of the manufacturing process, food-
grade sugar, lactose, and fermentation nutrients (A) are fed to a culture of the production strain

Part 2: Ildentity, Method of Manufacture,
Specifications, and Physical or
Technical Effect. (21 CFR8 170.230) 12
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and fermented to produce 2’-FL and other carbohydrates (listed in Table 5). The lactose-sucrose
based fermentation medium is supplemented with trace minerals and vitamins (B) (biotin [21
CFR 8582.5159, 21 CFR §182.8159], calcium pantothenate [21 CFR §582.5212, 21 CFR
8184.1212], nicotinic acid [21 CFR §184.1530], myo-inositol [21 CFR §582.5370, 21 CFR
8§184.1370], thiamine HCL [21 CFR 8582.5875, 21 CFR 8§184.1875], pyridoxol HCL [21 CFR
8582.5676, 21 CFR §184.1676], p-aminobenzoic acid [EAFUS listed]). Food grade processing
aids such as antifoam and pH control agents are used in the process in accordance with cGMP
and within applicable limitations as specified in the corresponding FDA CFR citations listed (B).
Fermentation and production chemicals may contain potassium phosphate (21 CFR 8160.110),
ammonium sulfate (21 CFR § 582.1143, 21 CFR § 184.1143), magnesium sulfate (21 CFR §
582.5443, 21 CFR § 184.1443), succinate buffer (21 CFR §582.1091, 21 CFR §184.1091),
monoammonium phosphate (21 CFR 8184.1141a, 21 CFR §582.1141), potassium phosphate (21
CFR 8160.110), ethylenediaminetetraacetic acid (21 CFR 8172.135), zinc sulfate

(21 CFR 8582.5997, 21 CFR §182.8997), copper sulfate (21 CFR §184.1261), magnesium
chloride (21 CFR 8582.5446, 21 CFR §184.1446), sodium molybdate (40 CFR §180.920),

iron (11) sulfate (21 CFR 8184.1315), calcium chloride (21 CFR §582.1193, 21 CFR §8582.6193,
21 CFR 8184.1193), and antifoaming agents. The fermentation process is conducted under
strictly controlled temperature and pH conditions. The fermentation broth is subjected to a heat
treatment step (11) to kill the yeast cells prior to the purification/concentration steps wherein the
production strain is removed. The S. cerevisiae production strain is not present in the finished
product.

After the fermentation process, the 2’-FL fermentation broth is harvested, and most of the
biomass is then separated from the aqueous phase by centrifugation (111). Any residual yeast is
removed during the separation and purification steps. The clarified centrifuge supernatant is
subjected to various filtration steps to remove residual solids, proteins, DNA, salts and organic
acids, and to concentrate the solution (1V).

The filtered product is then processed through chromatographic and polishing steps to remove
additional salts, metals, proteins, organic acids, and colorants (V) (Appendix D). All processing
aids used in the post-fermentation process stage also are also approved for use in food
processing. The solution is sterile filtered (VI) to ensure the product stream is sterile and then is
concentrated by evaporation (VII) followed by an additional filtering and/or heat treatment step
(VIID), if further sterilization is needed. After this purification process, the concentrated product
is spray-dried to reduce moisture (IX) to < 5.0 % by weight (w/w). The final product is a solid
powder with > 86% 2’-FL (C).

Batch analyses indicate absence of protein (Appendix B, Table 6). Residual DNA analysis reveals
no residual DNA in the final product (Appendix C). Processing aids are not expected to be
present in the final product, based on analytical results found in Table 6. While cobalt chloride is
not permitted for use in human food (21 CFR 8189.120), Amyris has conducted analyses to
confirm that that all cobalt is removed during processing, and the product does not contain
cobalt salt. As shown in table 6, cobalt is not detected in the final product (ND< 0.01 mg/kg).
Amyris’ 2'-FL does not contain or consist of Genetically Modified Organisms (GMOs) as defined in
Regulation (EC) 1829/2003 on genetically modified food and feed. With the exception of the
production strain, no other genetically engineered ingredients or technology are used in the
production of Amyris’ 2’-FL.

Identity, Method of Manufacture,
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2.4 Product Specifications for Amyris’ 2’-FL

Amyris has established specifications for its 2’-FL to ensure production of a consistent
food-grade product. The chemical, physical and microbiological specifications of the product are
presented below in Table 5a. Amyris’s 2’-FL specifications compared to other 2’-FL specifications
from submitted GRNs that have received no-questions letters from FDA, and a 2’-FL/DFL
mixture as a novel food (EFSA, 2019), are summarized in Table 5b.

Table 5a: Specifications of Amyris’ 2’-Fucosyllactose

Parameter

Specification

Method

Carbohydrate content (%6 area)

2’-fucosyllactose

> 86% area

Difucosyllactose (DFL) < 8% area
Lactose/allo-lactose < 7% area
2’-fucosyllactitol < 6% area
3-Fucosyllactose (3FL)
Fucosyl-galactose
Xylitol
Dulcitol/sorbitol

< 7% area

Glucose/Galactose

Fucose

Glycerophosphoethanolamine (GPE)

Fructose

By ion chromatography
(Amyris SOP 830)

Chemical

Water Content (KF titration)

<5.0% w/w

Karl Fischer titration (Amyris

SOP 842)

pH (20 °C, 5% solution)

3.0-75

EP 2.2.3Vv9

Protein Content

<0.01% w/w

Modified Bradford Assay
(Amyris SOP 843)

Total Ash <0.5% w/w FCC 11 appendix Il
Arsenic < 0.2 mg/kg EP 2.2.58 v9
Cadmium < 0.05 mg/kg EP 2.2.58 v9

Lead < 0.05 mg/kg EP 2.2.58 v9

Mercury < 0.1 mg/kg EP 2.2.58 v9

GMO detection (rDNA from production strain) Negative PCR (Amyris SOP 844)

Microbial Specifications

Total Aerobic Microbial Count/Standard Plate

< 1000 cfu/g

Count EP 2.6.12 v9
Total Yeast/Mold Count < 100 cfu/g EP 2.6.12 v9
Sulfite Reducing Bacteria < 100 cfu/g 1SO 15213: 2003
Enterobacteriaceae Negative in 10 g EP 2.6.13 v9
Salmonella Not detected in 25 g EP 2.6.13 v9

Cronobacter sakazakii

Not detected in 10 g

ISO/TS 22964

Coliforms

Not detected in 10 g

1SO 4831: 2006
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Table 5a: Specifications of Amyris’ 2’-Fucosyllactose

Parameter Specification Method
E. coli Absent in 10 g EP 2.6.13 v9
Listeria monocytogenes Absent in 10 g 1SO 11290-1: 2017
Pseudomonas aeruginosa Absent in 10 g EP 2.6.13 v9
Staphylococcus aureus Negative in 10 g EP 2.6.13 v9
Bacillus cereus < 100 cfu/g 1SO 7932: 2004
Source: Amyris, Inc.
Abbreviations:
°C = degrees Celsius; cfu = colony-forming unit; EP = European Pharmacopoeia; EU = endotoxin units; FCC
= Food Chemicals Codex; g = grams; ISO = International Organization for Standardization; KF = Karl Fischer;
m = milli; SOP = Standard Operating Procedure; w/w = by weight; v = version.
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Table 5b: Comparison of Amyris’ 2’-FL and Other GRAS 2’-FL Specifications
. . Glycom Glycom Jennewein Glycosyn DuPont EFSA
Parameter Units Amyris (546) (650) (571) (735) (749) BASF (852) (2019)2
Carbohydrate content
2’-fucosyllactose % > 86 >95 >94 > 90 >90 82 >90 > 75
Difucosyllactose (DFL) % 8 -- <1 <5 - < <2 =5
Other carbohydrates % -- - - -- < <6
2’-Fucosyl-D-lactulose % -- -- <1 -- - -- <2 <2
Lactose/allo-lactose % -- <3 <5 <2 <8 <3 <10
2’-fucosyllactitol % <6 -- -- -- - — - -
3-Fucosyllactose (3FL) % -- -- < - - - -
Fucosyl-galactose % -- - < - - - -
Xylitol % -- -- — - - - -
Dulcitol/sorbitol % - -- - - - -
Glucose/Galactose % <7 - - < < - — _
Fucose % -- <1 < < - <2 <1
Glycerophosphoethanolamine % _ _ . -
(GPE) - - -
Fructose % - - -- - — -
Chemical
Water Content (KF titration) % <5.0 <9.0 <5.0 <9 <5.0 < 9.0 <9.0 <6.0
pH (20 °C, 5% solution) -- 3.0-7.5 3.0-75 3.2-5.0 -- 3.0-75 3.2-75 4.0-6.0
Protein Content % or ug/g <0.01% 0.01% 0.01% < 100 pg/g <0.01% < 100 pg/g <0.01% <0.01%
Total Ash % <0.5 <0.2 <15 < 0.5 <0.2 < 0.5 <15 < 0.8
Acetic Acid % - <0.3 <1 - - - <1 -
Arsenic mg/kg <0.2 - - <0.2 <0.1 <0.2 <0.1 --
Cadmium mg/kg < 0.05 - - <0.1 <0.1 < 0.05 < 0.05 --
Lead mg/kg < 0.05 <0.8 <0.1 < 0.02 < 0.05 < 0.05 < 0.05 --
Mercury mg/kg <0.1 - - < 0.5 < 0.05 <0.1 < 0.05 --
Part 2: ldentity, Method of Manufacture,
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Table 5b: Comparison of Amyris’ 2’-FL and Other GRAS 2’-FL Specifications
. . Glycom Glycom Jennewein Glycosyn DuPont EFSA
Parameter Units Amyris (546) (650) (571) (735) (749) BASF (852) (2019)2
GMO detection (rDNA from -- . - - . . .
. . Negative Negative Negative Negative -- --
production strain)
Microbial Specifications
Total Aerobic Microbial mg/kg or < 1000 < 1000
Count/Standard Plate Count cfu/g cfu/g = 0.1 mg/kg cfu/g = 500 cfu/g
Aerobic mesophilic total count cfu/g -- < 500 < 500 < 10000 < 3000 - - < 1000
Total Yeast/Mold Count cfu/g < 100 <10 <10 < 100 <10 < 100 < 100 < 100
Sulfite Reducing Bacteria cfu/g < 100 - - - < 30 - —
Enterobacteriaceae grams or Negative in | Absent in Absent in 10 Absent in 11 Absent in 10 g ND in 10 g Absent in 10 < 10 cfu/g
cfu/g 10 g 109 g g g
Salmonella grams ND in 25 Absent in Absent in 25 Absent in Absent in 25 ND in 100 Absent in 25 Absent in
25 100 25
Cronobacter sakazakii grams ND in 10 ?:gsent n Absent in 10 i‘g(s)ent in Absent in 25 ND in 10 Absent in 10 i‘gsent in
Coliforms grams ND in 10 - - Absent in 11 -- ND in 10 - --
E. coli grams Absent in -- - - Absent in 10 -- -- --
10
Listeria monocytogenes grams ﬁgsent n é\gsent in Absent in 25 -- - Absent in 25 | Absent in 25 --
. grams Absent in
Pseudomonas aeruginosa 10 - - - - - - -
Staphylococcus aureus grams ngatlve o - -- Absent in 1 -- - --
Bacillus cereus cfu/g < 100 <50 <50 -- <100 <10 - -

Source: Amyris, Inc.

a = EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA). Safety of 2’-fucosyllactose/difucosyllactose mixture as a novel food pursuant to Regulation (EU)

2015/2283. This substance is a 2’-FL/DFL mixture.

Abbreviations: -- = not specified or not applicable; % = percent; °C = degrees Celsius; cfu = colony-forming unit; g = grams; k = kilo; KF = Karl Fischer; m = milli; ND =
not detected; w/w = by weight.
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2.5 Batch Analysis

Production batches of Amyris’ 2'-FL were analyzed and the results demonstrate that Amyris’ 2’-
FL consistently meets the specifications provided in Table 6 (Appendix B, C, D, and E). Batches
were analyzed for carbohydrate, water, and protein content (Appendix B); residual DNA
(Appendix C); residual sugars (Appendix D); and microbiological analyses (Appendix E), and
heavy metal analysis to demonstrate compliance with the current Codex general standards for
contaminants and toxins in foods (CODEX STAN 193-1995) (Appendix E). All testing was
completed in accordance with Amyris SOPs (843, 830, 842, 844). The results of the batch
analyses are tabulated in Table 6 and the certificates of analysis are included in Appendices B
and E.
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Table 6. Analysis of Amyris’ 2’-FL Production Batches
o . Batch Number
Parameter Specification 8163+ 8452 HB561 H8781 H8750 Method
Batch Date 2/6/19 8/13/19 9/25/19 10/3/19 10/18/19
Carbohydrate content (%26 area)
2’-fucosyllactose > 86% area 86.06 91.1 92.2 91.2 91.3
Lactose/allo-lactose < 8% area 2.18 1.18 0.08 1.43 0.44
Difucosyllactose (DFL) < 7% area 0.52 1.40 1.30 1.24 1.25
2’-fucosyllactitol < 6% area 4.92 3.54 3.93 3.19 3.52
3-Fucosyllactose (3FL) & Fucosyl-galactose 0.92 0.33 0.38 0.23 0.18
Sorbitol & Galactitol 0.79 0.14 0.05 0.15 0.10
Xylitol 0.42 0.73 0.59 0.67 1.30 By ion
Fucose 3.36 0.18 0.12 0.15 0.19 chromatography
(Amyris SOP 830)
Glucose & Galactose 0.20 0.26 0.33 0.22 0.52
< 7% area
Glycerophosphoethanolamine (GPE) 0.24 0.27 0.42 0.53 0.25
Fructose 0.24 0.40 0.43 0.31 0.46
Sugar alcohols, other 0.15 -- -- -- --
Sub-total, minor oligosaccharides and sugar 6.32 2.31 2.32 2.26 3.0
alcohols
Total 100 99.53 99.83 99.32 99.51
Appearance
Color Wh_lte _to off- N/A Pass Pass Pass Pass Visual
white/ivory
Form Dry powder N/A Pass Pass Pass Pass Visual
Appearance in solution (at 5%) Cl_ean, colorless to N/A Pass Pass Pass Pass Visual
slightly yellow
Chemical
. . <5% 2.66 3.07 2.53 2.66 Karl Fischer titration
Water Content (KF titration) N/A (Amyris SOP 842)
pH (20 °C, 5% solution) 3.0-75 N/A 5.8 5.3 5.8 5.5 EP 2.2.3v9
Modified Bradford
Protein Content (% w/w) <0.01% w/w N/A <0.004 <0.004 <0.004 <0.004 Assay (Amyris SOP
843)
Total Ash (% w/w) <0.5% w/w N/A <0.3% 0.49% 0.33% <0.3% FCC 11 appendix Il
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Table 6. Analysis of Amyris’ 2’-FL Production Batches

Parameter Specification 8163+ 8452 BatSCQE;I;I-umberHS?Sl H8750 Method
Batch Date 2/6/19 8/13/19 9/25/19 10/3/19 10/18/19
Arsenic (mg/kg) < 0.2 mg/kg N/A ND <0.005 | ND <0.005 | ND <0.005 ND <0.005 | EP 2.2.58 v9
Cadmium (mg/kg) < 0.05 mg/kg N/A ND <0.01 ND <0.01 ND <0.01 ND <0.009 | EP 2.2.58 v9
Cobalt (mg/kg) -- N/A ND <0.01 ND <0.01 ND <0.01 ND <0.01 EP 2.2.58 v9
Lead (mg/kg) < 0.05 mg/kg N/A 0.004 0.00683 0.00795 0.0123 EP 2.2.58 v9
Mercury (mg/kg) < 0.1 mg/kg N/A ND <0.002 | ND <0.006 | ND <0.002 ND <0.002 | EP 2.2.58 v9
Endotoxins (total, EU/Q) -- N/A ND <100 ND <100 ND <100 ND <100 EP 2.6.14 v9
GMO detection (rDNA from production strain) Negative N/A Negative Negative Negative Negative PCR (Amyris SOP 844)
Microbial Specifications
Total Aerobic Microbial Count/Standard Plate < 1000 cfu/g N/A 240 710 35 a5 EP 2.6.12 vO
Count (cfu/g)
Total Yeast/Mold Count (cfu/g) < 100 cfu/g N/A ND <10 ND <10 ND <10 ND <10 EP 2.6.12 v9
Sulfite Reducing Bacteria (cfu/g) < 100 cfu/g N/A ND <10 ND <10 ND <10 ND <10 ISO 15213: 2003
Bacillus cereus (cfu/qg) <100 cfu/g N/A ND <10 ND <10 ND <10 ND <10 1SO 7932: 2004
Enterobacteriaceae Negative in 10 g N/A ND ND ND ND EP 2.6.13 v9
Salmonella ND in 25 g N/A ND ND ND ND EP 2.6.13 v9
Cronobacter sakazakii ND in10 g N/A ND ND ND ND ISO/TS 22964
Coliforms ND in 10 g N/A ND ND ND ND 1SO 4831: 2006
E. coli Absent in 10 g N/A ND ND ND ND EP 2.6.13 v9
Listeria monocytogenes Absent in 25 g N/A ND ND ND ND 1SO 11290-1: 2017
Pseudomonas aeruginosa Absent in 10 g N/A ND ND ND ND EP 2.6.13 v9
Staphylococcus aureus Negative in 10 g N/A ND ND ND ND EP 2.6.13 v9

Source: Amyris, Inc.

*Batch results are from an initial pilot plant manufacturing lot.

Abbreviations: °C = degrees Celsius; cfu = colony-forming unit; EU = endotoxin units;

KF = Karl Fischer; k = kilo; m = milli; ND = not detected; w/w = by weight.

N/A = Not analyzed.

FCC = Federal Communications Commission Food Chemicals Codex; g = grams;
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2.6 Stability Data

Stability data for batches were developed in accelerated mode (13 weeks, 40 °C, 75% Relative
Humidity (RH)) and demonstrate product stability. Carbohydrate and water content were
measured at 0, 1, 4, 8, and 13 weeks for the accelerated mode (Table 7). The results of the
accelerated stability study equate to 1.5 years shelf life (Appendix F). A description of the assay
with the protocol is provided in Appendix F. Study results are provided in Table 7. The results
indicate that the product maintains its composition and is stable under accelerated test
conditions.

Table 7: Stability of Amyris’ 2’-FL Under Accelerated Storage Conditions
2’-FL spray-dried product accelerated stability study (40 °C, 75% RH)
Specification ‘ 0 wk ‘ 1 wk | 4 wk 8 wk 13 wk

H8452
2’-fucosyllactose (area %) > 86 91.10 90.70 90.95 90.92 90.55
Allo-Lactose/Lactose (area %) <7 1.18 1.48 1.64 1.31 1.15
DFL (area %) <8 1.40 0.97 0.91 1.17 0.98
2’-fucosyllactitol (area %) <6 3.54 3.77 3.69 3.94 3.90
3’-FL & Fucosylgalactose (area %) 0.33 0.63 0.48 0.34 0.55
Fructose (area %) 0.40 0.37 0.29 0.39 0.55
Glucose & Galactose (area %) 0.26 0.31 0.32 0.24 0.35
(GéfEe)“(’g:]eoasﬁ/:f ethanolamine <7 0.27 0.43 0.47 0.37 0.46
Fucose & Trehalose (area %) 0.18 0.19 0.18 0.20 0.26
Sorbitol & Galactitol (area %) 0.14 0.17 0.12 0.17 0.31
Xylitol (area %) 0.73 0.76 0.76 0.82 0.82
Sub-total 2.31 2.86 2.60 2.53 3.30
Water Content (%) <5 2.66 3.00 2.99 2.84 2.74

H8561
2’-fucosyllactose (area %) > 86 92.20 92.10 92.45 92.39 91.96
Allo-Lactose/Lactose (area %) <7 0.08 0.18 0.24 0.14 0.07
DFL (area %) <8 1.30 1.04 1.0 1.21 1.02
2’-fucosyllactitol (area %) <6 3.93 4.13 4.01 4.19 4.22
3’-FL & Fucosylgalactose (area %) 0.38 0.54 0.40 0.30 0.40
Fructose (area %) 0.43 0.43 0.32 0.48 0.61
Glucose & Galactose (area %) 0.33 0.29 0.29 0.23 0.32
?G",;‘I:Ee)“zgrheosgg’ ethanolamine <7 0.42 | 0.44 0.47 0.40 0.48
Fucose & Trehalose (area %) 0.12 0.13 0.12 0.12 0.16
Sorbitol & Galactitol (area %) 0.05 0.03 0.05 0.06 0.105
Xylitol (area %) 0.6 0.59 0.58 0.63 0.62
Sub-total 2.33 2.45 2.23 2.22 2.695
Water Content (%) <5 3.07 3.39 3.23 3.10 3.12

H8781
2’-fucosyllactose (area %) > 86 91.2 91.0 91.15 90.89 90.94
Allo-Lactose/Lactose (area %) <7 1.43 1.87 1.85 1.57 1.5
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Table 7: Stability of Amyris’ 2’-FL Under Accelerated Storage Conditions
2’-FL spray-dried product accelerated stability study (40 °C, 75% RH)

Specification 0 wk 1 wk 4 wk 8 wk 13 wk
DFL (area %) <8 1.24 0.82 0.83 1.07 0.84
2’-fucosyllactitol (area %) <6 3.19 3.30 3.23 3.29 3.37
3’-FL & Fucosylgalactose (area %) 0.23 0.55 0.45 0.31 0.49
Fructose (area %) 0.31 0.37 0.38 0.53 0.49
Glucose & Galactose (area %) 0.22 0.15 0.20 0.16 0.22
?é’;%%rﬁgreosgzg’Ethano'am'ne <7 053 | 0.47 0.31 0.53 0.58
Fucose & Trehalose (area %) 0.15 0.15 0.14 0.17 0.17
Sorbitol & Galactitol (area %) 0.15 0.17 0.15 0.20 0.21
Xylitol (area %) 0.67 0.67 0.66 0.73 0.78
Sub-total 2.26 2.53 2.29 2.63 2.94
Water Content (%) <5 2.53 2.81 2.69 2.64 2.77

H8750

2’-fucosyllactose (area %) > 86 91.30 90.70 91.31 90.76 90.47
Allo-Lactose/Lactose (area %) <7 0.44 0.62 0.61 1.38 0.44
DFL (area %) <8 1.25 0.91 0.87 1.10 0.92
2’-fucosyllactitol (area %) <6 3.52 3.75 3.65 3.82 3.84
3’-FL & Fucosylgalactose (area %) 0.18 0.55 0.45 0.33 0.46
Fructose (area %) 0.46 0.47 0.39 0.63 0.68
Glucose & Galactose (area %) 0.52 0.46 0.42 0.24 0.51
(GéfEe)“(’g:]eoasﬁ/:f ethanolamine <7 0.25 | 0.35 0.34 0.40 0.36
Fucose & Trehalose (area %) 0.19 0.21 0.20 0.20 0.26
Sorbitol & Galactitol (area %) 0.10 0.11 0.11 0.16 0.24
Xylitol (area %) 1.30 1.36 1.32 0.81 1.44
Sub-total 3.0 3.51 3.23 2.77 3.95
Water Content (%) <5 2.66 2.83 2.70 2.68 6.31
Source: Amyris, Inc.
Abbreviations: RH = relative humidity; wk = week; wt = weight.

2.7 Production of 2’-flol

Amyris’ 2’-FL contains about 4% w/w 2’-fucosyllactitol. 2’-fucosyllacitol, 2’-flol, is the reduced
form of 2’-fucosyllactose to glucose alcohol (sorbitol). Previous studies have evaluated 2’-flol
reduced from 2’-FL in artificial lab conditions (Egge et al., 1983; Yamashita et al., 1985). A
comparison of the chemical structures of 2’-FL and 2’-flol is in figure 3, below.
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Figure 3: Chemical Structure of 2’-FL Compared to 2'-flol

2.8 Biogenic Amines

Amino acid analysis of several batches demonstrated that amino acids were not present at
detectable levels in Amyris’s 2’-FL (Appendix G). Results from additional analyses for secondary
metabolites and impurities indicated that other amino acids and biogenic amines were not
present at detectable levels in the final 2’-FL ingredient (Table 8).
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Table 8: Biogenic Amines Analysis

Bath Number

Biogenic amines Units H8452 H8781 H8750
Cadaverine mg/kg ND <1.0 ND <1.0 ND <1.0
Histamine mg/kg ND <10 ND <10 ND <10
Phenylethylamine mg/kg ND <1.0 ND <1.0 ND <1.0
Putrescine mg/kg ND <1.0 ND <1.0 ND <1.0
Spermidine mg/kg ND <1.0 ND <1.0 ND <1.0
Spermine mg/kg ND <1.0 ND <1.0 ND <1.0
Tyramine mg/kg ND <1.0 ND <1.0 ND <1.0

Source: Amyris, Inc.
Abbreviations: kg = kilogram; mg = milligram; ND = Not detected.

2.9 GMO Status

Other than the S. cerevisiae production strain, no other genetically modified ingredients or
genetic modification technology were used in the production of the Amyris 2’-FL (Appendix C).

2.10 Allergens

The methodology outlined by the Food and Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO), show that engineered constructs used for Amyris 2’-
FL production have a low risk for potential allergenicity. The two-part assessment returned 68 6-
mer matches with 100% similarity, and 135 80-mer matches with >35% similarity when aligned
to the AllergenOnline database. Total protein sequences queried for >35% similarity against the
entire allergen database returned zero hits. Although the FAO/WHO guidelines published in 2001
continue to be standard practice, the EFSA provides detailed interpretation guidelines based on
empirical data published between 2001 and 2010. Specifically, the EFSA and FARRP note that
the use of a 6-mer amino acid identity search generates too many false positives and does not
imply similar IgE binding in the absence of more extensive identity alignments. Both EFSA and
FARRP also concur that sequences sharing less than 50% identity over their full-lengths are
rarely cross-reactive, making 35% similarity a stringent threshold. Zero hits with full-length
identity/similarity of >50% were found, suggesting the engineered constructs used for Amyris
2’-FL production have low potential for allergenicity. (Allergenicity report summary in Appendix
H).
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PART 3: DIETARY EXPOSURE. (21 CFR § 170.235)

3.1 Current Dietary Exposure: Background Intake

2’-FL is the most abundant HMO occurring naturally in human breast milk. Mean concentrations
of 2’-FL vary based on populations, and secretor status of the lactating mother (Goehring et al.,
2014, McGuire et al., 2017). Studies report mean concentrations of 2’-FL in human breast milk
ranging from 1.1 g/L (McGuire et al. 2017; Bao et al 2013) to 4.26 g/L (Galeotti et al 2014),
with levels up to 7.3 g/L reported (Gabrielli et al. 2011). Part 5 of this dossier describes
exposure to naturally-occurring 2’-FL in the context of the proposed uses of Amyris 2’-FL.

3.2 Intended Human Food Uses

Table 1 provides a summary of the proposed food ingredient uses and use levels for Amyris 2’-
FL in the U.S. One such use is as an ingredient in infant formula, which is defined by the FFDCA
as “a food which purports to be or is human milk or its suitability as a complete or partial
substitute for human milk” (FFDCA §201(z)). Amyris intends to use its 2’-FL as a food ingredient
in term infant formulas (non-exempt), toddler formulas and “growing-up” milks (12-36 months)
at a maximum level of 2.4 g 2’-FL per liter consumed. Amyris also intends to use its 2'-FL in
baby foods for infants and young children (children older than one year of age) and beverages
for young children. Other uses in infant and toddler food and beverage products include
processed cereals, infant meal replacement products, ready-to-eat hot cereals, “baby” yogurts
and drinks, “junior” desserts such as fruit desserts and cobblers, baby snack crackers and
cookies, milk modifiers, and milk-based drinks for young children. Amyris is proposing to use its
2’-FL in conventional foods and beverages intended for children and adults such as in milk
substitutes, flavoring in milk-based beverages such as coffees and smoothies, frozen dairy
desserts such as ice cream and frozen yogurt, fruit pie fillings, fruit preserve products, meal
replacement beverages and meal replacement bars, breakfast bars, cereal products (hot and
ready-to-eat), energy drinks, sports drinks, and fruit drinks/juices. Amyris also proposes to use
its 2’-FL as an ingredient in oral nutritional supplements for enteral feeding for ages 11 years
and older.

3.3 Estimate of Dietary Exposures

Using food consumption data reported in the United States Department of Health and Human
Service’s 2013-2016 National Health and Nutrition Examination Surveys (NHANES), estimates of
potential intakes of ingredients from the intended uses of Amyris 2’-FL were calculated. The
estimated mean and 95 percentile of average intake of 2’-FL and 2’-FL by body weight for each
target consumer population were calculated. Summaries of these estimated intakes are
presented in Tables 9a and 9b. The proposed uses of Amyris’s 2'-FL do not increase the
cumulative EDI already reviewed in previous GRNs of chemically equivalent 2’-FL.
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Table 9a: Summary of the Estimated Daily Intake of 2’-FL from All Proposed Food
and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
All-Users Consumption (g/day)
Population Group Age Group
95th
%06 Users N Mean .
Percentile
Infants 0-6 mo. 100 241 2.73 5.87
Infants 7-12 mo. 99.66 228 3.82 8.43
Toddlers 1to3yr. 98.77 1117 | 2.30 5.49
Children 4 to 10 yr. 99.34 2315 | 2.61 7.08
Male Teenager 11-18 yr. 99.49 1213 | 3.12 8.99
Female Teenager 11-18 yr. 99.13 1216 | 2.36 7.28
Female Adults of 19-40 yr. 99.30 1807 | 1.78 | 5.79
childbearing age
Female Adults 19-64 yr. 99.49 3767 | 1.72 5.45
Male Adults 19-64 yr. 99.30 3313 | 2.38 7.84
Elderly Adults 65 yr. and up 98.95 1215 | 2.25 6.30
Abbreviations: 2’-FL = 2’-fucosyllactose; g = grams; mo. = months; NHANES = National
Health and Nutrition Examination Survey; U.S. = United States; yr. = years

Table 9b: Summary of the Estimated Daily Intakes of 2’-FL per Kilogram Body Weight from All
Proposed Food and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
. All-Users Consumption
Population =RER WHEEINE (ED) (g/kg-bw/day)
Age Group
Group 95th ;
Mean . %0 Users N Mean 95th Percentile
Percentile

Infants 0-6 mo. 6.8 8.9 100 241 0.40 0.82
Infants 7-12 mo. 9.3 11.3 99.6 227 0.42 0.88
Toddlers 1to3yr. 13.8 18.5 98.77 1103 | 0.18 0.45
Children 4 to 10 yr. 28.9 48.5 99.34 2303 | 0.10 0.29
Male Teenager 11-18 yr. 60.4 94.5 99.49 1210 | 0.054 0.18
Female Teenager 11-18 yr. 65.6 106.0 99.13 1205 | 0.043 0.15
Female Adults of | 14 /0 (1 76.5 | 120.2 99.30 1791 | 0.025 | 0.082
childbearing age
Female Adults 19-64 yr. 78.2 120.3 99.49 3739 | 0.024 0.076
Male Adults 19-64 yr. 89.6 130.3 99.30 3295 | 0.028 0.093
Elderly Adults ﬁ";’ yr-and | 4q 5 113.9 98.95 2283 | 0.029 | 0.086
Abbreviations: 2’-FL = 2’-fucosyllactose; bw = body weight; g = grams; mo. = months; NHANES =
National Health and Nutrition Examination Survey; U.S. = United States; yr. = years
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PART 4: SELF-LIMITING LEVELS OF USE.
(21 CFR § 170.240)

4.1 Self-limiting

Based on a preliminary study, Elison et al. 2016 report a tolerance limit for 2’-FL of
approximately 20 g/day for adults due to participants reports of softer stools as compared to
baseline. Participants receiving the highest dose of 20 g/day 2’-FL and LNnT (2:1 mass ratio)
reported significantly higher occurrence of bloating and gas compared to baseline (Elison et al.,
2016; Table 11d).
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PART 5: EXPERIENCE BASED ON COMMON
USE IN FOOD. (21 CFR § 170.245)

This assessment of the GRAS status of the proposed uses of 2’-FL is based on scientific
procedures. The information in this part is intended to present the natural background exposure
to human milk oligosaccharides in general and 2’-FL in particular.

5.1 Naturally-Occurring Human Milk Oligosaccharides

Human breast milk provides immunity and nutrition benefits important for infant growth and
health. Human breast milk is recommended as the first food for infants, and breastfeeding is the
preferred method for infant nutrition supported and promoted by professional pediatric
organizations and federal health agencies. The American Academy of Pediatrics recommends
exclusive breastfeeding for the first six months of life with breastfeeding to support other foods
for at least another year (AAP, 2012). The Surgeon General of the United States supports
breastfeeding and notes that it is “vitally important to mothers’ and infants’ health” (US HHS,
2011). Human breast milk contains hundreds of compounds including oligosaccharides. Many of
the oligosaccharides are non-digestible carbohydrates that serve as prebiotics; that is,
substrates for commensal bacteria in the human gut.

Over 200 different HMOs have been identified and the structures of at least 85 have been
characterized (Goehring et al., 2014; Thurl et al., 2010). HMOs are saccharide-based polymers
consisting of the following monomers: D-glucose (Glu), D-galactose (Glc), N-acetylglucosamine
(GIcNAc), L-fucose (Fuc) and the sialic acid N-acetylneuraminic acid (Neu5Ac) with lactose
(GalB1-4GlIc) at the reducing end of the HMO. When this lactose is sialylated at the terminal Gal,
the a2-3 linkage generates 3’-sialyllactose while the a2-6 linkage generates 6’-sialyllactose (6'-
SL). When lactose is fucosylated at the terminal Gal with al-2 linkage, 2’-FL is formed.

5.2 Presence of 2’-FL in Human Milk

Approximately 85% of the world’s population is exposed to 2’-FL from human milk. Even infants
fed breast milk from non-secretor mothers excrete 2'-FL in the urine and in the stool (Kunz and
Rudloff 2017). This is because the secretor genotype (Se) is a dominant allele, while the non-
secretor type (se) is the recessive allele. Non-secretor mothers (genotype sese) can therefore
deliver secretor infants (Sese) if the father has the secretor genotype (SeSe or Sese). This
would result in an infant with the heterozygous secretor genotype (SeSe) that exhibits the
dominant genotype. Therefore, the infant itself can produce alpha-1,2-epitope containing
glycans.

Because 2’-FL is one of the most abundant HMOs in human milk, most infants have a history of
exposure to naturally-occurring 2’-FL. Naturally occurring 2’-FL accounts for approximately 20 to
30% of total HMOs. The average concentration of 2’-FL in human breast milk has been
estimated in several studies. These concentrations of 2’-FL in human breast milk range from 1.1
g/L (McGuire et al. 2017; Bao et al 2013) to 4.26 g/L (Galeotti et al 2014), with levels up to 7.3
g/L reported (Gabrielli et al. 2011). These reported average 2’-FL concentrations vary slightly
based on differences in populations and regions. Levels of 2’-FL in human milk also can vary
from individual to individual mainly due to the secretor status of the lactating mother (Goehring
et al., 2014, McGuire et al. 2017).

Experience Based on Common
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5.3 Dietary Exposure to Naturally Occurring 2’-FL

Most infants have been exposed to 2’-FL because it is a naturally occurring component of human
breast milk. HMOs are the third largest component of breast milk solids after lactose and lipids
and 2-'FL is the most abundant HMO in human breast milk (Castanys-Munoz et al., 2013; Coppa
et al., 2004). In a study of milk sampled from women from 10 different countries, 2’-FL was the
most abundant HMO at a mean concentration of 2.38 g/L, and was identified in 85% of the
samples. (Erney et al., 2000). A subsequent study found that the average concentration of 2'FL
over a lactation period of 50 weeks was 2.43 *+ 0.26 g 2’-FL/L of breast milk (Chaturvedi et al.,
2001).

Not all women produce breast milk containing 2’-FL, however infants of these women are still
exposed to 2’-FL. The fucosylation of glycans depends on the mother’s blood group status: Lewis
(+)/(-) and Secretor/non-Secretor. The Secretor can synthesize 2’-FL in the mammary gland
(Castanys-Munoz et al., 2013). About 70% of women are Secretors due to the presence of 1-2
fucosyltransferases (FUT2) in their milk (Kunz et al., 1999). The breast milk of non-Secretor
women does not contain FUT2 but another fucosyltransferase, FUT3, which links Fuc to
subterminal GIcNAc in al-4 linkages (Bode & Jantscher-Krenn, 2012). Secretor Lewis (+)
women have the most complex HMO composition while non-Secretor Lewis (-) women have the
least complex (Bode & Jantscher-Krenn, 2012). Because the majority of women are Secretors,
infants receiving milk from donor human milk programs are likely to be ingesting 2’-FL.
Therefore, infants born to Secretor and non-Secretor mothers are routinely exposed to 2’-FL.

Thurl et al. (2010) reported a decrease in 2’-FL concentration in women’s breast milk from day 3
(4.1 g/L) to day 90 (2.6 g/L) of lactation. While the concentration of 2’-FL declines through the
progression of lactation, the volume of breast milk consumed increases as the infant develops,
making the amount of 2’-FL consumed by infants fairly constant throughout the nursing period
(Asakuma et al., 2008; Thurl et al., 2010).

Human breast milk is not the only mammalian milk with 2’-FL; domestic goat, sheep, and pig
milk contains very small amounts (Albrecht et al., 2014), as well as mammals in the Hominidae
family including chimpanzee, bonobo, and orangutans (Castanys-Munoz et al., 2013). Cow’s
milk, which does not contain 2’-FL, is commonly used in infant formula (Bode 2012).

5.4 The Role of HMOs and Gut Microflora in Infants

Compared to formula-fed infants, breastfed infants have a higher concentration of gut
bifidobacteria, likely due to the oligosaccharide content in human breast milk

(Coppa et al., 2004; Donovan et al., 2012). For the initial acquisition of microflora, a natural
birth provides vaginal and feces microflora from the mother host with some influence of the
surrounding environment, whereas infants born via Cesarean section tend to have microflora
related to the hospital and attending hospital personnel. Infants that are delivered vaginally
have higher concentrations of bifidobacteria as compared to C-section delivered infants (Penders
et al., 2006). This eventually leads the flora of formula-fed infants to resemble an adult gut
containing bacteroides, clostridia, bifidobacteria and a few others early on (Rodricks et al.,
2007). After two years of age, the gut microflora is generally comparable to that of an adult, it
may continue to develop as an individual continues through life (Hopkins et al., 2002).

A critical window for the colonization of the newborn’s gastrointestinal (Gl) tract by microbiota is
right after birth. This early colonization involves the translocation of maternal microbiota from
mouth, skin, vagina, Gl tract, and breastmilk (Mackie et al., 1999). Breastfeeding transfers
maternal microbiota into the offspring and the gut microflora require nutritional substrate for
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propagation (Mackie et al., 1999). The substrates are usually oligosaccharides that are not
digestible by the endogenous enzymes of the upper Gl tract of the infants.

While oligosaccharides are a large component of human breast milk, they occur only at very low
concentrations in cow’s milk, the most common milk used for infant formula in the United States
(USDA, 2009). HMO concentrations vary from over 20 g/L in colostrum to 12 g/L in mature milk
(Thurl et al., 2010). Because breastfed infants consume at least 0.44 L of breast milk daily, they
ingest at minimum several grams of HMO per day (Kent et al., 2006). In contrast, bovine milk
used in infant formulas contains less than 1 g/L of oligosaccharides (Coppa et al., 2004).

Intestinal microbiota are responsible for the complex metabolism of HMOs into short-chain fatty
acids that are used as an energy source by colonocytes, and stimulate sodium and water
absorption (Rodricks et al., 2007, Engfer et al., 2000). The composition of fecal oligosaccharides
varies based on the HMOs profile of maternal milk and lactation stage (Albrecht et al, 2011a;)
Kunz & Rudloff, 2008). When breast milk serves as the primary food for newborns, neutral and
acidic HMOs are present in significant amounts in the feces of these infants. One of the most
common prebiotics in human breast milk is the neutral trisaccharide 2’-FL which helps
encourage growth of beneficial bacteria (e.g., bifidobacteria) in the infant’s intestine (Engfer et
al., 2000; Marcobal & Sonnenburg, 2012). The HMO concentration varies based on milk stage
and the individual mother (Kunz & Rudloff, 2008). The composition of intestinal microflora and
fecal HMOs change as the infant transitions to formula or solid foods (Albrecht et al, 2011a;
Albrecht et al., 2011b Mackie et al., 1999). In comparing the fermentation of HMOs of breastfed
and formula-fed infants through fecal inoculum, in vitro data suggests that 2’-FL and another
oligosaccharide, lacto-N-neotetraose are fermented rapidly (Vester Boler et al., 2013).

5.5 Summary of Regulatory History

FDA and Health Canada have both reviewed 2’-FL as an ingredient in infant formula in various
GRNs and NFNs, respectively. 2’-FL (Jennewein Biotechnologie, GmbH) is listed on Health
Canada’s list of Completed Novel Food Safety Assessments with a decision date of December, 5,
2018. In the United States, GRNs have been submitted for 2’-FL for intended use in infant
formulas, toddler formulas/foods, and conventional foods and beverages (Glycom A/S, 2014,
2016; Jennewein Biotechnologie, 2015; Glycosyn, LLC, 2017; DuPont Nutrition and Health,
2017; BASF Corporation, 2019). These submissions all received letters of no objection from the
FDA (U.S. FDA 2014, 2015, 2016, 2018a, 2018b, 2019). Amyris is not requesting any new uses
for 2’-FL: All of Amyris’s intended uses and maximum use levels of 2’-FL have been presented in
one or more 2’-FL GRNs that have received no-questions letters from FDA. The intended food
uses and use levels presented in these GRNs are summarized in Table 10.
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Table 10: GRAS Notifications of 2’-FL

GRN | Year Substance Intended Uses Proposed Maximum Use Notification
Level (g/kg or g/L)
Infant formula (0-12 months) 2.4
2'-FL chemically synthesized from Toddlers (12-35 months) 2.4 - - AJS 2014
546 2014 benzyl-2-fucosyllactose; Various other uses in conventional foods Ranging from 5.4 — 48 ycom (Glycom ’ )
050 2'_FL intended for children and adults ging : (U.S. FDA, 2014)
Various other uses in beverages intended for .
children and adults Ranging from 1.2 - 10
2’-FL derived from fermentation with E. Infant formula (0-12 months) Jennewein (Jennewein
571 2015 coli BL21; 2.0 Biotechnologie, 2015)
>900% 2'-FL Toddlers (12-35 months) (U.S. FDA, 2015)
Term infant formula 2.4
Toddler formula 2.4
2‘-FL derived from fermentation with E.
650 | 2016 | coli K-12: Other baby foods for infants 12 Glycom (Glycom A/S, 2016)
, (U.S. FDA, 2016)
(o) -
>94% 2"-FL Other drinks for young children 1.2
Various other uses in conventional foods Ranging from 1.2 - 5.3
intended for children and adults ging : :
Term infant formula (O to 6 months) 2.4
Follow-on formula (6-12 months) 2.4
Toddler formula (12-36 months) 2.4
) . . Other various baby foods and beverages Ranging from 2.4 — 57
2’-FL derived from fermentation with E. Glycosyn (Glycosyn, LLC,
735 2017 coli K-12; Other drinks for young children 12 2017)
>90% 2’-FL Various other uses in conventional foods Ranging from 4.8 — 80 (U.S. FDA, 2018)
intended for children and adults ging ’
Various other uses in conventional beverages .
intended for children and adults Ranging from 0.8 — 7.0
Oral nutritional supplements and enteral tube 20
feeding for 11 years and older
2’-FL derived from fermentation with E. Infant formulas 2.4 DuPont (DuPont Nutrition
749 2017 coli K12; Toddler formulas 2.4 and Health, 2017)
>82% 2'-FL . . (U.S. FDA, 2018)
Other baby foods for infants and young children 12
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Table 10: GRAS Notifications of 2’-FL

Proposed Maximum Use

GRN | Year Substance Intended Uses Level (a/kg or g/L) Notification
Other drinks for young children 1.2
Term infant formula (O to 6 months) 2.4
Follow-on formula (6-12 months) 2.4
Toddler formula (12-36 months) 2.4

852 2019 .
coli K12; =90% 2’-FL

Other various baby foods and beverages

Ranging from 2.4 — 57

2’-FL derived from fermentation with E.

Other drinks for young children

12

Various other uses in conventional foods

intended for children and adults

Ranging from 4.8 — 80

Various other uses in conventional beverages

intended for children and adults

Ranging from 0.8 — 7.0

Oral nutritional supplements and enteral tube

feeding for 11 years and older

20

BASF Corporation
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PART 6: NARRATIVE. (21 CFR 8§ 170.250)

6.1 Introduction

As discussed in Section 5.1, human breast milk is the preferred food for infants (AAP, 2012; US
HHS, 2011), and is a contributor to healthy growth and development for infants. However,
human breast milk is not always available or attainable. To alleviate this problem, the
production of an infant formula with a nutritional content and chemical profile close to human
breast milk is needed. The addition of Amyris’ 2’-FL in infant formula will enable the infant
formula to more closely approximate the composition of human milk. Specific information
regarding the manufacturing and analytical testing of Amyris 2’-FL is found in Part 2. Here, in
Part 6, the safety data from the toxicological and clinical testing for other synthesized 2’-FL are
presented and discussed.

6.2 Absorption, distribution, metabolism, and excretion of 2’-FL and other
HMOS

2’-FL isolated from human milk can be useful in studying HMOs from non-maternal sources.
Evaluation of absorption, distribution, metabolism and excretion (ADME) of oligosaccharides in
previous studies have shown that HMOs can be absorbed into the systemic circulation to a
limited extent. In studies specifically evaluating ADME of infant formula oligosaccharides, it has
been consistently demonstrated that HMOs are not readily absorbed by infants and arrive intact
in the colon where they are metabolized by resident microbiota and/or excreted in the feces
(Engfer et al., 2000; Gnoth et al., 2000). In the neonate intestine, HMOs provide a substrate for
bacteria including Bifidobacterium and Bacteroides spp. that are capable of metabolizing the
HMOs using glycoside hydrolases and other specific enzymes (Marcobal and Sonnenburg, 2012).

Rudloff et al. 2012 administered a single oral bolus of 13C-labeled galactose to breastfeeding
mothers and reported HMOs present in the urine of their infants for a period of 36 hours after
the bolus. 1-2% of the total 13C-labeled HMOs ingested by the infants were excreted unchanged
or only slightly metabolized in the urine. The authors concluded that since infants consumed 50
to 150 mg of individual oligosaccharides per suckling, and 1-2% of the total 3C-labeled HMOs
was detected in infant’s urine, then the remainder HMOs could be absorbed intact and enter the
circulatory system.

Goehring et al. (2014) reported on the absorption of 2’-FL and other HMOs in the circulatory
system of breastfed infants. The study found that less than 5% of ingested 2’-FL was absorbed
intact into the circulatory system, with 0.1% in plasma and 4% in urine. Other HMOs were also
detected intact in urine including (3-FL, lacto-N-neotetraose [LNNnT], lacto-N-fucopentaose
[LNFP] I, 11, and IlI, 6’-SL and 6’-sialyl-N-acetyllactosamine [6’-SLN]) (Goehring et al., 2014).

These studies show that less than 5% 2’-FL and other HMOs are absorbed from the Gl tract and
most of 2’-FL consumed by infants will be transported intact to the large intestine where it is
then subjected to partial fermentation by the indigenous microbiota (Brand-Miller et al., 1995,
1998). This is further supported by the detection of unchanged 2’-FL in fecal samples of infants
at levels amounting to 40 to 50% of the ingested amount following consumption of breast milk
(Chaturvedi et al., 2001; Coppa et al., 2001; Albrecht et al., 2011b).

Marriage et al., 2015 compared the mean plasma concentrations and relative absorption of
infants fed chemically synthesized 2’-FL, and infants fed a human milk control. At day of life 42,
the mean 2’-FL concentrations in plasma were significantly different for each treatment group,
and at day of life 119, the mean 2'-FL concentrations in plasma between treatment groups were
not significantly different. This demonstrates a difference in 2’-FL found in the circulatory system
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at 42 days of life, but not at 119 days between those fed 2’-FL formula and a human milk
control. The plasma concentrations in all study groups decreased significantly from day 49 to
119 of life (0.2 g 2'-FL/L formula group [p = 0.017], 1.0 g 2’-FL/L formula group [p= 0.008] and
the human milk groups [p= 0.015]).

The relative absorption of 2’-FL between the two groups was comparable at 0.7% among infants
fed formula containing 0.2 g 2’-FL/L, 0.05% among infants fed formula containing 1.0 and 0.05
g 2’-FL/L among infants fed human milk. The urine concentrations decreased significantly for the
human milk-fed group (p=0.018) but did not change significantly for the groups fed formula
containing 2’-FL. Mean urine concentrations were significantly different among the groups, but
relative excretion was similar among the groups fed human milk or formula containing 2’-FL:
1.35% (human milk), 1.50% (formula containing 0.2 g 2’-FL/L) and 1.26% (formula containing
1.0 g 2’-FL/L). While the mean plasma and urine concentrations varied between treatment
groups of the study, the relative absorption and excretion observed from day 42 of life to day
119 of life were similar, without a statistically significant difference among treatment groups
(Marriage et al., 2015).

The above studies show that at least 95% of ingested 2’-FL is directly available to gut microbiota
and of this 95%o, less than 5% is absorbed intact by infants before being excreted intact or
minimally metabolized in the urine. The unabsorbed 2’-FL is then metabolized by gut microbiota
into short-chain fatty acids with 40 to 50% of the ingested amount excreted unchanged in the
feces.

6.3 Toxicological and Clinical Studies Regarding the Safety of 2’-FL

Studies demonstrate that chemically synthesized 2’-FL or 2’-FL produced by microbial
fermentation is safe and suitable for its proposed uses in term Infant and toddler formulas. The
toxicology studies were performed on 2’-FL from various sources. Although Amyris 2’-FL was not
the test substance evaluated, the other 2’-FLs that have been evaluated are appropriate for
evaluating Amyris’s 2’-FL because the profiles of 2’-FL and the associated substances, i.e., non-
2’-FL carbohydrates (Table 5b), were sufficiently similar to base safety interpretations on the
results of these studies. This substantial chemical equivalency supports bridging to the published
studies.

6.3.1 A Review of Mutagenicity and Genotoxicity Studies

Several in vitro micronucleus tests have been performed to confirm that 2’-FL produced by
either chemical synthesis or microbial fermentation is not mutagenic of cytotoxic. Each study is
described below and in Table 11a.

Four studies (Coulet et al. 2014, Verspeek 2015 as cited in GRN 650, Phipps et al. 2018, and
van Berlo et al. 2018) of multiple bacterial reverse mutation in Salmonella typhimurium (strains
TA 98, TA 100, TA 102, TA 1535, and TA 1537) and E. coli strain WP2 uvrA showed no evidence
of cytotoxicity nor mutagenicity of 2’-FL produced by chemical synthesis. Concentrations up to
5000 pg/plate of chemically synthesized 2’-FL were used and compared to control counts. When
pre-incubation tests and plate incorporation tests were compared to the control counts, there
were no signs of cytotoxicity reported and no increase in revertant colony numbers in any of the
test strains. These results were consistent in two independent experiments with and without
metabolic activation. The positive control tests showed a significant increase in the number of
revertant colonies for each of the corresponding test strains and confirmed the validity of the
test conditions and the sensitivity of the test system.
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Four mammalian cell micronucleus tests were conducted with cultured human peripheral
lymphocytes showing that 2’-FL produced by either chemical synthesis or microbial fermentation
had no evidence of mutagenicity or cytotoxicity (Verbaan 2015a and Verbaan 2015b as cited in
GRN 650, Phipps et al. 2018, and van Berlo et al. 2018). 2’-FL concentration was tested up to
2000 or 5000 ug/mL with and without metabolic activation.

The thymidine kinase (TK) test was used to evaluate the potential of 2’-FL (concentrations up to
5000 pg/mL) to induce gene mutations at the TK-locus of mouse lymphoma cells in both the
absence and presence of S9 metabolic mix (Coulet, et al, 2014). Results showed that 2’-FL did
not induce any biologically relevant increases in mutant frequency in the absence or presence of
S9-mix, and no signs of cytotoxicity were reported at any of the concentrations tested.

Under the conditions of the published studies described above, 2’-FL that is either chemically
synthesized or produced by microbial fermentation was not cytotoxic or mutagenic.
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Table 11a. Summary of Genotoxicity/Mutagenicity Studies of 2’-Fucosyllactose

Reference

Study Type

Test Substance

Species

Dose Duration

Conclusions Under
Test Conditions

Coulet et al. 2014

Organisation for
Economic Co-
operation and
Development

Chemically synthesized
2’-FL (purity = 99%)

S. typhimurium (strains: TA98,
TA100, TA102, TA1535 and
TA1537)

Up to 5000 pg/plate with and
without metabolic activation

2’-FL is not mutagenic.

(OECD) 471
Verspeek-Rip et al. Mut . 2’-FL produced by S. typhimurium (strains: TA1535, .
2015 (as cited in GRN utagenicity fermentation (purity = TA1537, TA98, and TA100); E. coli \L/JvFi)tI:guior?w(;tg%{)ﬁ)ilsgec:iv\ll';hti(?:d 2’-FL is not mutagenic.
650 and GRN 735) OECD 471 97.6%) strain WP2 uvrA
2’-FL (82.5%) and DFL
(9.7%) mixture at an . . s
- 3 - S. typhimurium (strains: TA98, . , .
Mutagenic -
Phipps et al. 2018 utagenicity 8._1 rat_lo produced l_)y TA100, TA1535, and TA1537); E. Up to 5000 pg/p_late v_vlth_and 2 FL/DFI__ is not
OECD 471 microbial fermentation, without metabolic activation mutagenic.

using lactose as a
substrate

coli WP2 uvrA

Van Berlo et al. 2018

Mutagenicity

2’-FL produced through
fermentation by
genetically modified E.

S. typhimurium (strains: TA1535,
TA1537, TA98, and TA100); E. coli

Up to 5000 pg/plate with and

2’-FL is not mutagenic.

OECD 471 coli K12 GI72_4/ATC(_: strain WP2 uvrA without metabolic activation
55151 bacteria (purity
= 94%)
Up to 5000 pg/mL; with
Mutagenicity Chemically synthesized _ metabolic activation for 4 hours, e .
Coulet et al. 2014 OECD 476 2-FL (purity = 99%) Mouse lymphoma cells (TK-locus) and without for 4 hours and 8 2’-FL is not mutagenic.

hours

Verbaan et al. 2015a
(as cited in GRN 650
and 735)

Genotoxicity
OECD 487

Chemically synthesized
2’-FL

Peripheral human lymphocytes

Up to 2000 pg/mL with and
without metabolic activation

2’-FL is not mutagenic.

Verbaan et al. 2015b
(as cited in GRN 650
and 735)

Genotoxicity
OECD 487

2’-FL produced by
fermentation (purity
97.6%)

Peripheral human lymphocytes

Up to 2000 pg/mL with and
without metabolic activation for
3 hours with a 27-hour harvest
time or for 24 hours with a 24-
hour harvest time

2’-FL is not genotoxic.
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Table 11a. Summary of Genotoxicity/Mutagenicity Studies of 2’-Fucosyllactose

Reference

Study Type

Test Substance

Species

Dose Duration

Conclusions Under
Test Conditions

Phipps et al. 2018

Genotoxicity
OECD 487

2’-FL (82.5%) and DFL
(9.7%) mixture at an
8:1 ratio produced by
microbial fermentation,
using lactose as a
substrate

Human peripheral blood
lymphocytes

Up to 2000 ug/mL, 3 hours with
and without metabolic activation
or 20 hours without metabolic

activation

2’-FL/DFL is not
genotoxic.

Van Berlo et al. 2018

Genotoxicity
OECD 487

2’-FL produced through
fermentation by
genetically modified E.
coli K12 GI724/ATCC
55151 bacteria (purity
= 94%)

Cultured binucleated human
lymphocytes

Up to 2000 pg/mL with and
without metabolic activation, 4
hours treatment/20 hours
recovery or 20 hours treatment

and no recovery

2’-FL is not genotoxic.
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6.3.2 Oral Toxicity Studies

6.3.2.1 Repeated Dose Toxicity Studies of 2’-FL Ingestion by Rats

Four repeated dose toxicity studies showed that 2’-FL does not induce toxic effects after
repeated ingestion for 90 days. The studies administered evaluated the safety of 2’-FL produced
via microbial fermentation or chemical synthesis administered by gavage or as a dietary
admixture to rats (Phipps et al., 2018, Van Berlo et al., 2018, Penard et al., 2015 as cited in
GRN 650, Coulet et al., 2014).

Van Berlo et al. (2018) fed male juvenile rats (strain Crl:WI(Han)) mean intake levels of 0, 2.17,
4.27, and 7.25 g/kg-bw/day 2’-FL, and female juvenile rats mean intake levels of 0, 2.45, 5.22,
and 7.76 g/kg-bw/day 2’-FL produced via microbial fermentation by E. Coli K12 for 90 days in an
oral toxicity study (OECD 408). Van Berlo et al. reported that 2’-FL “did not induce adverse
changes in any test group.” Relative liver weight was significantly increased in males in the
high-dose group, and absolute and relative filled and empty cecum weights were significantly
increased in the mid-and high-dose males and females; the authors did not consider this an
adverse effect. No mortalities and no significant or exposure-related changes were reported
(Table 11b). Van Berlo et al. also reported “Thus, the NOAEL is placed at the highest
concentration tested, corresponding to =7.25 g/kg-bw/day for males and =7.76 g/kg-bw/day for
females.”

Coulet et al. (2014) also conducted a subchronic oral toxicity study that administered chemically
synthesized 2’-FL via oral gavage doses at 0, 2000, 5000, or 6000 mg 2’-FL/kg- bw/day in
juvenile rats (strain Crl:WI(Han)). There were some incidences of diarrhea and urogenital
erythema reported in the mid and high-dose exposure. There were no significant changes in
body weight, clinical signs, organ weights or histopathology observed that were related to
exposure and toxicologically relevant. Two mortalities were observed in the highest dose group
during treatment, and one mortality occurred during recovery. Upon investigation, it was
determined that all mortalities were unrelated to treatment (Coulet et al., 2014).

Phipps et al., 2018 and Penard et al., 2015 (as cited in GRN 650), reported on a 90-day toxicity
studies with 2’-FL administered 2’-FL by gavage at doses of 1000 to 5000 mg/kg-bw/day in
neonatal rats (strain Crl:CD(SD) and Crl:WI(Han), respectively). Phipps et al. (2018) evaluated
the safety of a mixture of the human-identical milk oligosaccharides 2’-fucosyllactose and
difucosyllactose; Penard (2015) evaluated a 2’-FL produced by microbial fermentation. Both
tests reported a NOAEL of 5,000 mg/kg-bw/day. There were no exposure-related mortalities,
body weight, body weight gain, food consumption, clinical chemistry, hematology, urinalysis,
organ weight gross and histopathological findings. These studies demonstrated that no
treatment-related adverse effects were observed.

6.3.2.2 Pre-Clinical Study of 2’-FL in Neonatal Pigs

Neonatal pigs are a useful and appropriate model frequently used in evaluating the safety of
dietary compounds [e.g., infant formulas] on the development of infants because the digestive
enzymes, nutrient absorption, gut closure, gut transit time, dietary requirements, and microbial
population in the first three weeks of the piglets’ lives are similar to those of human infants in
the first three months of development (Guilloteau et al., 2010; Flamm et al., 2012).

Hanlon & Thorsrud (2014) reported on the health and developmental effects of orally
administered (as a dietary admixture) 2’-FL produced by fermentation to 48 male and 48 female
neonatal farm piglets. The authors did not report any toxicity after repeated ingestion of 2’-FL at
concentrations of 0, 200, 500, and 2000 mg 2'-FL/L/day for 21 days and dose levels of 29.37,
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72.22 and 291.74 mg/kg/day in males and 29.30, 74.31, and 298.99 mg/kg/day in females.
There were no 2’-FL-related adverse effects reported on clinical pathology findings, body weight,
food efficiency, growth and development, gastrointestinal pH, and macroscopic and microscopic
findings (Hanlon & Thorsrud, 2014).
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Table 11b. Summary of 2’-Fucosyllactose Repeated Dose Toxicity Studies to Support Safety

Conclusions

Reference Study Type Test Substance Study Population Route of Exposure Significant Exposure-Related Outcomes Under Test
Conditions
Body weight: None
Clinical signs: None
Hematology and clinical chemistry:
None
Histopathology: None
Mortalities: None
Neurotoxicity: None
Organ weights: Relative kidney and
2'-FL (82.5%) seminal vesicle weight were significantly
Two groups of : di les in the | d
and DFL (9.7%) 0, 1000, 3000, or 5000 Increased In males In the low-dose group
. neonatal rats . I
) mixture at an 8:1 mg 2’-FL/DFL in an 8:1 only. NOAEL:
Phipps 90-day Oral . randomly allocated 10V /k . iah | |
et al. Toxicity ra-tlo plfoduced by at PND 4; 10 male ratio)/kg-bw/day via Thymus weight was significantly increased Highest leve
2018 OECD 408 microbial and 10 female per oral gavage for 90 for all male treatment groups, but no dose- tested of 5000

fermentation,
using lactose as a
substrate

group dosed at PND
7

days with 28-day
recovery

response observed.

Relative pituitary weights were significantly
increased in females in the high-dose group
at the end of the recovery period.

Sexual maturation and development:
The mean age for balano-preputial skinfold
separation was slightly higher in highest-
exposed males compared with vehicle
controls.

Urinalysis: None

2’-FL did not induce toxic effects after
repeated administration to rats.

mg/kg-bw/day
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Table 11b. Summary of 2’-Fucosyllactose Repeated Dose Toxicity Studies to Support Safety

Conclusions
Reference Study Type Test Substance Study Population Route of Exposure Significant Exposure-Related Outcomes Under Test
Conditions
Body weight: None
Clinical signs: None
40 male and 40 Hematology and Clinical chemistry:
female rats (four None
. 0, 3, 6, or 10% (w/w) NOAEL:
experimental i .
2’-FI produced 2’-FL added to food Histopathology: None Highest level
groups, 10 rats per . .
through with mean intake levels . tested of
. group) Mortalities: None
fermentation by . as follows: 0, 2.17, >7.25
Van 90-day Oral . administered 2’-FL o
. genetically 4.27, and 7.25 Neurotoxicity: None g/kg-bw/day
Berlo et Toxicity . . produced through i
modified E. coli . g/kg-bw/day for males; i . . . in males and
al. 2018 OECD 408 fermentation by E. Organ weights: Relative liver weight was
K12 GI724/ATCC Coli K12. Rat 0, 2.45, 5.22, 7.76 PR di s in the hiah >7.76
oli . Rats significantly increased in males in the high-
55151 bacteria g/kg-bw/day in g Y 9 g/kg-body
] were dosed at 25 . dose group. . .
(purity = 94%). davs of age females) consumed in weight/day in
Y ge feed for 13 weeks Absolute and relative filled and empty females.
Exposure ended on . L . .
cecum weights significantly increased in the
PND 115. i y
mid- and high-dose males and females
2’-FL did not induce toxic effects after
repeated ingestion by rats.
Body weights and organ weights: None
Clinical Signs: Liquid feces in mid- and
high-dose groups and reference groups;
Penard Neonatal rats 0, 2000, 4000, or 5000 K i . . .
. soiled urogenital areas in mid- and high-
et al. receiving dose of mg 2’-FL/kg-bw/day & . NOAEL: The
90-day Oral 2’-FL produced by dose groups; hypersalivation, abnormal .
2015 (as . . 2’-FL at PND 7. Four FOS at 5000 ) . . . highest dose
. . Toxicity fermentation o . foraging and/or pedaling in mid- and high
cited in . groups, consisting mg/kg-bw/day via oral tested of 5000
OECD 408 (purity = 97.6%) dose group and reference group.
GRN of 10 male and 10 gavage; 90 to 91 days mg/kg/day.
650) female rats each. with 28-day recovery Hematology and clinical chemistry:
There were some hematological changes
observed, but within the control ranges and
therefore deemed not significant.
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Table 11b. Summary of 2’-Fucosyllactose Repeated Dose Toxicity Studies to Support Safety

Reference

Study Type

Test Substance

Study Population

Route of Exposure

Significant Exposure-Related Outcomes

Conclusions
Under Test
Conditions

Macroscopic and histopathological
evaluation: None

Mortalities: None

Sexual maturation and development:
None

Urinalysis: None

2’-FL did not induce toxic effects after
repeated ingestion by rats.

Coulet
et al.
2014

Oral
Toxicity,
Repeated
Dose OECD
408

Chemically
synthesized 2’-FL
(purity = 97.6%)

Four groups of

juvenile rats,

consisting of 10
male and 10 female
rats per group.
Receiving first dose
at PND 21 and end
of study period at
PND 63.

0, 2000, 5000, 6000
mg/kg-bw/day & FOS
at 6000 mg/kg-bw/day
via oral gavage; 90
days

Body weight: Transient lower mean body
weight gains were observed in mid- dose,
high- dose, and FOS groups from O to 10
days compared to controls, resulting in lower
mean body weights in male high-dose (days
3-10), female mid- and high-dose groups
(days 3), and in the FOS group (days 3-7 for
males; 3-10 for females). At the end of the
90-day treatment period, body weights
between groups were not significantly
different.

Clinical signs: Diarrhea in all high-, mid-
dose 2’-FL, & FOS animals, & several low-
dose 2’-FL. Erythema in urogenital area high
dose & FOS groups.

Hyper-salivation in most high-dose 2’-FL & FOS
groups, half of mid-dose 2’-FL group.

Histopathology: Higher incidence of
minimal cortical tubular epithelial
cytoplasmic vacuolation in kidneys of the

NOAEL: 5000
mg/kg-bw/day
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Table 11b. Summary of 2’-Fucosyllactose Repeated Dose Toxicity Studies to Support Safety

Conclusions
Reference Study Type Test Substance Study Population Route of Exposure Significant Exposure-Related Outcomes Under Test
Conditions

mid- & high-dose 2’-FL and FOS groups. This

feature was also seen in control animals, and

not associated with any relevant clinical

pathology changes or histological evidence of

degeneration, and therefore considered by

the authors as “non-adverse, of unclear

origin and unrelated to treatment.”

Mortalities: 1 male and 1 female rat of

high dose 2’-FL on day 2.

2 males of FOS group on days 12 & 13; 1

female of FOS group on day 108. Authors

report that since the cause of these deaths

could not be determined by

histopathological evaluation, that a

relationship between mortality and the

treatment could not be demonstrated.

The test substance did not induce toxic

effects after repeated ingestion by rats.

The results are consistent with other

indigestible carbohydrates.

Body weight: None 2'_FL did not

Clinical signs: None induce
Hanlon " toxic effects after
& Mortalities: None. repeated
Thorsrud Oral 2’-FL produced by 48 male and 48 0, 200, 500, and 2000 Necropsy: 1 male and 1 female in high-dose ingestion by
2014 (as Toxicity, fermentation female neonatal mg/L; 21 days oral group, 1 female in mid-dose group exhibited ggs;so?tzgc’;‘;
cited in Pre- clinical (purity = 97.9%) farm pigs dietary exposure mild to moderate inflammation within the 72.22 and 291_'74
GRN keratinized portion of the squamous epithelium mg/kg/day
571) of the non-glandular part of the stomach. in males and

Another male of high-dose group exhibits focal 29.30, 74.31, and

loss/thinning of this area, but no ulceration. 298.99
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Table 11b. Summary of 2’-Fucosyllactose Repeated Dose Toxicity Studies to Support Safety

Conclusions

Reference Study Type Test Substance Study Population Route of Exposure Significant Exposure-Related Outcomes Under Test
Conditions
The authors considered these effects mg/kg/day in
females.

incidental, typical to this study, and not
related to exposure as these findings are
occasionally observed in swine of this age and
strain

2’-FL did not induce toxic effects after
repeated ingestion by piglets.
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6.3.3 Clinical Studies of the Safety and Tolerance of Synthesized 2’-FL

Additional clinical studies evaluate the growth and tolerance of 2’-FL in infants (Marriage et al.
2015, Elison et al. 2016; Kajzer et al. 2016 via Reverri et al. 2018; Puccio et al. 2017; Storm et
al. 2019). The four studies summarized below evaluate the tolerance of 2’-FL in concentrations
of 0.2 g 2’-FL/L formula to 1.2 g 2’-FL/L formula administered to infants. No adverse effects or
alterations in growth were reported. These studies evaluate the combined effects of 2'-FL with
GOS (Marriage et al., 2015), short-chain fructooligosaccharides (scFOS) (Kajzer et al., 2016 via
Reverri et al., 2018), LNnT (Puccio et al., 2017) or whey (Storm et al., 2019). These studies are
summarized in the sections below and in Table 11c.

6.3.3.1 Clinical Studies Regarding 2’-FL Tolerance in Infants

Marriage et al. (2015) reported on a randomized, 119-day study with 2’-FL and GOS to examine
growth and tolerance by infants fed formulas of chemically-synthesized 2’-FL (one group at a
concentration of 0.2 g 2’-FL/L/day and a group at concentrations of 1.0 g 2’-FL/L) supplemented
with a caloric density approximating human milk, compared to subjects fed formula without 2’-
FL or fed human milk. All subjects enrolled were healthy, full-term infants of singleton birth,
enrolled within five days of birth from 28 sites throughout the United States.
Galactooligosaccharides (GOS) were included in the formulas in order to increase the prebiotic
concentrations to 2.4 g/L. Growth was assessed through weight, length and head circumference
measurements; tolerance was assessed through measurement of average stool consistency,
number of stools per day, and percent of feedings associated with spit-up or vomit; and uptake
was assessed through measurement of 2'-FL levels in infant plasma and urine in a subset of
infants at day of life 42 and 119, and from the human milk of the breast-feeding mothers at day
of life 42.

There were no significant differences reported between groups for weight, length or head
circumference. The concentrations of 2’-FL present in the plasma and urine of infants were not
significantly different between the 2’-FL uptake groups, and the human milk-fed infants. The
only significant tolerance parameter was the percent of feedings with spit-up or vomit within 1
hour of feeding. This difference was only reported in the first month of life. The group fed
formula without 2’-FL had a significantly higher spit-up frequency (17.5%, p < 0.05) compared
to the groups fed formula containing 2’-FL (0.2 g/L: 21.5%; 1.0 g/L: 18%) and compared to
the breastfeeding group (10.5%). Spit-up frequency was not dose dependent. There were no
significant differences in number of stools and consistency of stool among the infant groups fed
2’-FL containing formula or human milk. In the first month of life, the breastfeeding group
exhibited a significantly higher mean number of stools per day than the formula groups. After
the first month of life, the mean rank stool consistency (1=watery, 5=hard) was not significantly
different among the three formula groups but was significantly greater (p<0.05) compared to
the breastfed group.

The authors reported no safety concerns with any of the formulas containing 2’-FL, and no
significant differences in adverse events were reported between the experimental groups and
the control group. An analysis of adverse events was conducted, and each subject’s adverse
events was reviewed and evaluated. The types of adverse events reported included upper
respiratory tract symptoms, otitis media, viral infections, and oral candidiasis. The group fed
formula containing 0.2 g 2’-FL/L had fewer reported adverse events with respect to “infections
and infestations” compared to the other formula-fed groups. The group fed formula without 2’-
FL also reported five incidents of eczema, while the groups fed formula containing 2’-FL reported
none. Author’s concluded that “formulas supplemented with 2’-FL are well tolerated, and 2’-FL
absorption profiles are similar to those of breast-fed infants.”
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Goehring et al. 2016 reported on a sub-study nested within the above described (Marriage et
al., 2015) study to examine the effect of 2’-FL on circulating inflammatory biomarkers such as
cytokines interleukin receptor antagonist (IL-Ira), IL-1a, IL-1f, IL-6, and tumor necrosis factor
(TNF-a) in blood samples. Blood samples were drawn from infants at 6 weeks of age (n = 31-
42/group) that were fed formula containing 2’-FL and infants that were breastfed. Results
indicated that infants fed formula containing 2’-FL were not different from breastfed infants and
had 29-83% lower concentrations of plasma inflammatory cytokines than did infants fed the
control formula with only GOS. Authors concluded that “2-FL fortification supports aspects of
immune development and regulation similar to that in a BF reference group of infants.”

Two prospective, randomized, multi-center, double blinded, controlled trials assessed the
gastrointestinal tolerance of a test formula consisting of 0.2 g/L 2’-FL and 0.2 g/L scFOS (Kajzer
et al., 2016 via Reverri et al., 2018) in healthy term infants. The infant formula was determined
to be safe and well tolerated in infants. The infants were given the test formula for 35 days
compared to infants fed breast milk. There were no statistically significant differences in
demographic characteristics of sex, ethnicity, and race, nor age of enrollment or gestational age
between the two groups. There were no statistically significant differences in weight, length, or
anthropometric measurements between study groups. At 35 days of age, there were no
significant differences in tolerance parameters of mean rank stool consistency, formula intake,
anthropometric measures, and percent feedings with spit-up or vomit associated with feedings
across the test groups. Author’s concluded that “2’-FL and scFOS containing formula was safe
and well tolerated.”

Puccio et al. (2017) (cited in GRN 735) reported on a double-blind, randomized, controlled
clinical trial in 175 healthy, full-term infants recruited from two hospitals in Italy and Belgium at
age O to 14 days old between October 2012 and July 2013. The study aimed to evaluate infant
growth, tolerance, and morbidity from exposure to an infant formula supplemented with two
HMOs (2’-FL and LNNT). The treatment group received a mean daily intake of 908 mL formula
containing a 2’-FL (1 — 1.2 g/L) and LNnT (0.5 — 0.6 g/L) (n = 88), and the control group
received a mean daily intake of 929 mL standard formula that did not contain either
oligosaccharide (n = 86). Each group received the assigned formula for up to 6 months and
received standard follow-up formula without HMOs from six to 12 months of age. The study
evaluated weight gain through four months as the primary endpoint, and anthropometric
measures, gastrointestinal tolerance, behavioral patterns, and morbidity through 12 months of
age as the secondary endpoints. Weight gain, digestive symptoms, and behavioral patterns were
similar for both the control and test groups. At two months, there were a greater number of
softer stools and fewer night- time wake-ups in the test group compared to the control group.
The test group fed formula containing 2’-FL and LNnT had significantly fewer parental reports of
bronchitis through four and 12 months, antipyretics use through four months, lower respiratory
tract infection through 12 months, and antibiotics use through six and 12 months. Puccio et al.
(2017) demonstrated that infant formula containing synthesized 2’-FL and LNNT is safe, well-
tolerated and supports age-appropriate growth. In the evaluation of secondary outcome, there
were associations between consuming 2’-FL and LNnT-supplemented formula and lower parent-
reported morbidity (particularly bronchitis) and medication use (antipyretics and antibiotics).

Storm et al. (2019) reported on a randomized, controlled multicenter study to evaluate the
safety and tolerability of a 100% whey, partially hydrolyzed infant formula with or without the
addition of 2’-FL. Healthy infants 14 days of age were recruited from seven sites in the United
States from September 2017 through February 2018, and randomized into two groups: one
group received formula made from partially hydrolyzed, 100% whey protein with the addition of
0.25 2’-FL g/L (test group), and the second group (control group) received the 100% whey-
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partially hydrolyzed formula without the addition of 0.25 2’-FL g/L. All infants were fed their
assigned formula for six weeks. The Infant Gastrointestinal Symptom Questionnaire (IGSQ) was
administered and anthropometric measurements were taken at baseline, this data was then
compared to IGSQ and anthropometric measurements taken after the six weeks of formula
exposure. At the end of the six weeks of formula intake, the subject and caregivers returned for
a second visit after completing a formula intake, stooling, spit-up, and vomit for two days prior
to the visit. This form also recorded any adverse events to be assessed by the site investigator.

IGSQ scores, stool frequency and consistency, crying, fussing duration, and vomiting
frequencies from baseline to week six were similar between study groups. Average formula
intake, body weight, and body lengths did not differ between the control and test groups.
Differences in parameters between the two groups included: More stools were reported to be
difficult to pass in the control subjects compared to the test group (p = 0.04); however, the
number of infants with difficulty passing stools did not differ between groups. There were more
subjects with a higher spit-up frequency in the test group compared to controls, and more
subjects with reported infections in the control group compared to the test group. This study
demonstrated that 100% whey, partially hydrolyzed infant formula with or without the addition
of 0.25 g 2’-FL/L formula is safe and well tolerated.

Although no tolerance data are available from clinical studies, the levels of intake are not
expected to result in any tolerance issues.
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Table 11c. 2’-Fucosyllactose Clinical Trials in Infants

Conclusions Under

Reference Study Type Study Population Route of Exposure Significant Exposure-Related Outcomes Test Conditions
Outcomes based on questionnaires completed by caregivers
Primary Outcome
1GSQ score: None
Secondary Outcomes
Stool frequency, consistency, and ease of passing: No
significant differences in stool frequency or consistency
between the control and test group. Significantly more stools
reported difficult to pass in the contr9| groups. compareq t.o the Formula containing
Randomized, Ingestion of formula test grouP. Howe.ver, the .n.umber of infants with stool difficult 2'_FL was tolerated
Storm et al. controlled, double- | 63 infants age 14 =+ 5 | containing O or 0.25 to pass did not differ significantly between groups. well based on a
2019 blind multicenter days g/L 2’-FL for 42 Spit up, Vomiting, Crying, and Fussing: No differences in comprehensive
study days the occurrences of crying and fussing and vomiting frequency tolerance
between groups. Proportion of infants to have any spit up did assessment tool.
not differ between groups; however, in the infants reported to
spit up, significantly more were reported to spit up > 5 times
per day in the test groups compared to the control.
Formula intake: None
Adverse Events: None. Spit up as an adverse event occurred
in more test subjects compared to controls. Significantly more
infections and infestations reported in the control group than
in the treated groups.
Weight: None
Length, head circumference and body mass index
Multi-center, Ingestion of formula . .
) _ 175 healthy full-term g o (BMI): None Formula containing
Puccio et al. randomized, infants O to 14 davs containing O or 1 to >-FL was tolerated
i i . -FL w.
(2017) double-blind trial of | Y 1129/ 2-FLfore | Stool endpoints: None |
o we
two parallel groups months Other: Significantly lower incidences of bronchitis and
antibiotic use in treated infants compared to infants in the
control group.
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Table 11c. 2’-Fucosyllactose Clinical Trials in Infants

Conclusions Under

Reference Study Type Study Population Route of Exposure Significant Exposure-Related Outcomes Test Conditions
No significant
Infant formula i . . differences in
i . . Stool endpoints: None. Breast milk fed infants had a greater i i
Kajzer et al. Prospective, containing O (n = . gastrointestinal
. . number of stools/day than formula fed infants.
(2016) (as randomized, multi- 131 healthy t 30) or 0.2 g/L 2’-FL tolerance between
ea erm . . .
cited in center, double- Y and 2 g/L scFOS (n Formula intake: None infants fed formula

Reverri et al.

blinded, controlled

infants

= 35) or human

Anthropometric measure: None

containing 2’-FL and

(2018)) tolerance trial breast milk (n = 36) . . infants fed human
Spit up and vomiting: None ]
for 35 days breast milk were
reported.
424 Healthy full-term
singleton infants
enrolled by five days Ingestion of formula | Yeight, length or head circumference: None
. of age; 304 infants . .

. Randomized, containing 0, 0.2, Formula uptake: None Formula containing
Marriage et double-blind and completed the study L2 , | d
al. (2015) ouble-blind an (control formula: 79; 1.0g/L 2"-FL or _ Other: 2’-FL was present in the plasma and urine of infants 2'-FL was tolerate

controlled study. experimental formula human breast milk fed 2’-FL; growth and 2’-FL uptakes were similar to those of well.

1: 70; experimental for 119 days breast-fed infants.

formula 2: 72; and

human milk: 83)

Healthy full-term

singleton infants

enrolled by 5 days of

age, 315 of the 424

orlglr-wally enrolled in Ingestion of formula o

Goehring et SUbt_sdtUd');h' Marriage et al. containing Inflammatory endpoints: Infants fed formula supplemented | Formula containing
[ nested within . , . - - 2’-FL was tolerated
al. (2016) Marriage et (2015). 0,0.2, 1.0 g/L 2"-FL with 2’-FL exhibited lower plasma and inflammatory cytokine
al. (2015) . 39 Control or human breast profiles, similar to those of the breastfed reference group. well.

formula milk for 119 days

. 37 Experimental
formula 1

. 37 Experimental
formula 2

. 42 Human milk
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6.3.3.2 Safety and Tolerance of 2’-FL in the Diets of Adults

The safety and tolerability of 2’-FL at doses of 5, 10, and 20 g per day for 14 days were
evaluated in 100 healthy adults ages 19 to 57 years old in a double-blind, parallel, randomized,
placebo-controlled study (Elison et al. 2016). Study participants (51 males and 49 females)
received 5, 10 or 20 grams of either 2’-FL, LNNT or 2’-FL with LNnT (2:1 mass ratio), as well as
a placebo group that received 2 g of glucose at breakfast each day.

Gastrointestinal endpoints (abdominal pain, indigestion, reflux, diarrhea, and constipation) were
self-reported via questionnaire, and fecal samples collected prior to study entry and at the end
of the intervention were analyzed for calprotectin, secretory IgA, and short-chain fatty acid
levels as well as fecal microbiota composition. Blood samples were also collected at screening
and the end of the intervention, and were analyzed for hemoglobin, erythrocytes, hematocrit,
leucocytes, thrombocytes, creatinine, sodium, potassium, alanine aminotransferase, alkaline
phosphatases, coagulation factor I, VII and X, bilirubin, albumin, C-reactive protein and glucose
as well as HbAlc, apoAl, apoB, transferrin, progesterone, cortisol, estradiol, interleukin-10,
interleukin-6, tumor necrosis factor-a, blood urea nitrogen, iron, high density lipoprotein (HDL)-
cholesterol, low-density lipoprotein (LDL)-cholesterol, total free fatty acids, insulin, lysozyme,
testosterone and glucagon.

All participants completed the study. Any adverse events reported were considered to be mild,
and all participants tolerated the investigational products throughout the trial period. The most
commonly reported adverse events include flatulence, bloating, constipation, stomach pain,
diarrhea, loose stool, and “rumbling” mostly reported by those in the group receiving the highest
doses of 2’-FL and LNNnT. These individuals did not have statistically significant changes on the
gastrointestinal symptom rating scale. Changes in the average number of daily bowel
movements were slightly increased in treatment groups compared to the baseline group
(increase of 0.3 movements per day), and participants receiving 20 g 2’-FL reported softer
stools as compared to baseline. The authors determined these effects to be clinically irrelevant.
The authors note that it is difficult to discern whether the common gastrointestinal symptoms
reported by study participants were due to treatment or due to normal variation and increased
awareness of symptoms during the study period.

All measured clinical chemistry and hematology parameters remained within normal ranges.
Blood safety assessments and physical examinations revealed no treatment-related
irregularities.

Analyzing results of LNNnT with 2’-FL can confound the study results specifically related to 2’-FL.
While this study evaluates results for a 2’-FL group only, LnNT group only, and a combination
group, results pertaining to the 2’-FL group only are most relevant and accurate in the
evaluation of safety and tolerability of 2’-FL in adults. Further details can be found below in
Table 11d.
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Table 11d. 2’-Fucosyllactose Clinical Studies in Adults

Conclusions Under

Reference Study Type Population Route of Exposure Outcomes Test Conditions
Flatulence, bloating, and constipation: 56
reported total from 44 participants.
Diets supplemented The most adverse events were reported by
with 5, 10 or 20 g of participants receiving the highest doses of 2’-FL and
either: LNNT with flatulence being the most commonly
(1) 2-FL reported adverse event followed by stomach pain,
Double-blind, 100 health (2) LNnT diarrhea or loose stool, and “rumbling” No adverse health
Elison et al. parallel,. adults age 19 (3) 2-FL+LNNT Reports of bloating and gas were significantly higher effects were rTOtEd_'n
(2016) randomized, to 57 years (51 _ in the 20 g 2’-FL and LNNT groups adults consuming diets
placebo-controlled males and 49 (2:1 mass supplemented with up
study females). ratio) Mean GSRS scores: Scores were low and to 20 g 2-FL per day.
participants receiving the highest dosages did not
(4) Placebo: 2 g e L . .
have statistically significant changes in their GSRS;
of glucose
each day at Stool consistency: participants receiving 20 g 2'-
breakfast FL reported softer stools as compared to baseline
Clinical chemistry and hematology parameters:
None
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6.4 Safety of 2’-flol

6.4.1 Safety of 2’-flol in Silico Testing

While there is no published literature describing the toxicological information of 2’-flol, testing of
lactitol oligosaccharides (LO) in rats showed resistance to metabolism in the small intestines
(Yanahira et al 1997) and found LO not affecting the well-being, growth, feed intake and feed
efficiency in rats receiving LO as a 5% dietary admixture for 3 weeks (Yanashira et al 1995,
Yanashira et al 1997). Amyris commisioned multiple in silico testing to confirm the safety of 2-
flol using Nexus software (version 2.2.1): ICH M7 assessment using Lhasa software and in
addition Derek Nexus (version 6.0.1) for other toxicological endpoints. The ICH M7 evaluation
for the endpoint mutagenicity showed negative prediction using the statistical tool Sarah
(version 3.0.0). The expert rule-based tool Derek prediction was negative without misclassified
or unclassified features. For the other toxicological endpoints, the following were determined: 2-
flol was negative for skin sensitization and equivocal for nephrotoxicity. No other alerts were
fired. Toxtree software (version 3.1.0) characterized 2-flol as Cramer Class | compound. Thus,
2-flol is a substance of simple chemical structure with known metabolic pathways and innocuous
end products. This suggest a low order of oral toxicity, with a Threshold of Toxicological Concern
(TTC) of 1,800 pg/d (30 pg/kg bw/d). Due to 2-flol’'s high molecular weight of 490.45 g/mol,
absorption from the gastrointestinal tract is expected to be negligible. Several fucosidases are
described in the literature and these would be able to hydrolyze 2-flol, and some of these
activities are expected to be present in the human gut (Schopohl et al., 1992; Ogata-Arakawa et
al., 1977).

6.4.2 Amyris 2’-flol in vitro Fermentation

Amyris conducted an in vitro fermentation test using a 2’-FL prototype with 4% 2’-flol. The aim
of the study was to evaluate the hydrolysis of 2’-flol into fucose and lactitol. Methods and results
are described in Appendix I.

Results show that the fucosidases which can hydrolyze 2’-FL are also able to hydrolyze 2’-flol.
This study showed that 2’-flol is hydrolyzed to fucose and lactitol, as 2’-FL is hydrolyzed to
fucose and lactose. Fucose, lactose, and lactitol are all safe for use as food ingredients. Lactose
is the largest macronutrient component in mature milk, and lactitol, is a non-naturally occurring
sugar alcohol derived from the reduction of lactose. Lactose is not directly absorbed in the small
intestine, and is hydrolyzed into galactose and glucose. Its low sweetness levels and relatively
slow fermentation in the oral cavity, compared to simple sugars make it an appealing
carbohydrate for use in infant formula. Lactitol is not digested in the upper gastrointestinal tract.
Lactitol has been reported to act as a prebiotic by promoting the growth of bifidobacteria and
lactobacilli (O’'Donnell and Kearsley 2012; Finney et al 2007; Drakoularakou et al 2007). Lactitol
is not fermented by oral bacteria, is considered to be non-cariogenic, and has a mild sweetness,
which makes it particularly advantageous for use in infant formula and other milk, food and
beverage products (Ackerman et al 2017). It has been reported that lactitol and lactose are not
mutagenic, and not readily metabolized by humans or animals. Animal and human studies show
that single and repeated large doses of lactitol is of very low toxicity (Joint FAO/WHO Committee
on Food Additives, 2003).
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6.5 Summary of Safety Data and Conclusion

2’-FL serves as a prebiotic for commensal gut bacteria which metabolize prebiotics into short-
chain fatty acids used for energy by colonocytes, and to stimulate sodium and water absorption.
Toxicological and clinical study data were evaluated for several existing 2’-FL formulations. The
clinical and toxicological studies evaluating the safety and tolerance of 2’-FL support the
determination that 2'-FL is safe for its intended food uses and proposed use levels.

As discussed in Section 6.3.1 and summarized in Table 11a, in vitro assays for genotoxicity and
mutagenicity tests demonstrate that 2’-FL is not mutagenic and is not genotoxic.

As discussed in Section 6.3.2 and summarized in Table 11b, a pre-clinical study evaluating the
safety of 2’-FL in neonatal pigs reported no observed adverse effects after repeated ingestion of
2’-FL at concentrations of 0, 200, 500, and 2000 mg 2’-FL/L/day for 21 days and dose levels of
29.37, 72.22 and 291.74 mg/kg/day in males and 29.30, 74.31, and 298.99 mg/kg/day in
females.

Results of several repeated dose toxicity studies in rats demonstrate that 2’-FL is not toxic with
a reported NOAEL of 5,000 mg/kg-bw/day. A 90-day oral toxicity study in juvenile rats reported
a NOAEL of 7,760 mg/kg-bw/day.

Based on Amyris’s proposed uses of 2’-FL in infant formula at up to 2.4 g/L, the mean EDI for an
infant O to 6 months of age (6.8 kg average weight; approximately 1 L/day) consumption is 400
mg/kg-bw/day and an infant 7 to 12 months of age (9.3 kg average weight; approximately 1.5
L/day) consumption is 420 mg/kg-bw/day. Background levels of intake of 2'-FL as consumed in
human milk based on human secretor mothers’ milk ranges from 1.1 to 4.26 g/L (Bao et al.,
2013; Galeotti et al., 2014). At an intake of 1.1 to 4.26 g/L for a 6.8 kg weight infant (O to 6
months of age), this results in consumption of 162 to 627 mg/kg-bw/day. At an intake of 1.1 to
4.26 g/L for an 9.3 kg weight infant (7 to 12 months of age), this results in consumption of 118
to 458 mg/kg-bw/day. Thus, the highest consumption of 2’-FL for the proposed infant formula
use does not exceed the range of consumption of 2’-FL in human breastmilk for breastfed
infants. These proposed uses and intake levels are consistent with other safety assessments by
authoritative bodies: as presented in other 2’-FL GRNs which received no-questions letters from
FDA; as presented in EFSA opinions for 2’-FL as a novel food (EFSA, 2019).

All toddler, children, and adult intakes based on the proposed uses are well within the range of
background intakes for infants described above. As presented in Table 3b, the 95% percentile
EDI for toddlers is 450 mg/kg-bw/day, for children is 290 mg/kg-bw/day, for male teenagers is
180 mg/kg-bw/day, for female teenagers is 150 mg/kg-bw/day, for female adults of child-
bearing age is 82 mg/kg-bw/day, for female adults is 76 mg/kg-bw/day, for male adults is 93
mg/kg-bw/day, and elderly adults is 86 mg/kg-bw/day (age ranges, body weights, and other
information are provided in Table 3b). These EDIs for children, toddlers, and adults do not
exceed the range of intakes on a per kg bw basis in breastfed infants. Thus, the intake of 2’-FL
from Amyris's intended uses at the proposed use levels do not exceed the intake level of
naturally occurring 2’-FL in breastfed infants per kilogram body weight, therefore, the specified
uses and use levels of Amyris’s 2'-FL are suitable, safe, and generally recognized as safe.
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7.1 List of Abbreviations

°C Degrees Celsius

21 CFR Part 21 of the Code of Federal Regulations

2’-FL 2’-fucosyllactose

2’-flol 2’-fucosyllacitol

3-FL 3-fucosyllactose

6’-SL 6’-sialyllactose

6’-SLN 6’-sialyl-N-acetyllactosamine

ADI acceptable daily intake

ADME absorption, distribution, metabolism, excretion

AMU atomic mass unit

Amyris Amyris, Inc.

bw body weight

CASRN Chemical Abstracts Service Registry Number

cfu colony-forming units

cGMP current good manufacturing practice

cm centimeter

d day(s)

DNA deoxyribonucleic acid

E. coli Escherichia coli

EDI estimated daily intake

EFSA European Food Safety Authority

EU endotoxin unit

FAO Food and Agriculture Organization of the United Nations

FDA United States Food and Drug Administration

FFDCA Federal Food, Drug and Cosmetic Act

FSSC Food Safety System Certification

FOIA Freedom of Information Act

9 gram(s)

GDP guanosine 5’-diphospho-

GFSI Global Food Safety Initiative

GOS galactooligosaccharide

GRAS Generally Recognized as Safe

GRN Generally Recognized as Safe notice

HARPC Hazard Analysis and Risk-Based Prevention Control
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HDL
HMO
HPAEC/PAD

IGSQ
ISO
kg

L
LC-MS
LDL
LNFP
LNNT

mg

mL

mol
MW

ng
NHANES
NMR
No.
NOAEL
OECD
gPCR
QPS
RH

Hg
scFOS

S. cerevisiae
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high-density lipoprotein
human milk oligosaccharide

high-performance anion-exchange chromatography with pulsed amperometric
detection

Infant Gastrointestinal Symptom Questionnaire
International Organization for Standardization
kilogram(s)

liter(s)

liguid chromatography — mass spectrometry
low-density lipoprotein

lacto-N-fucopentaose

lacto-N-neotetraose

Molar

millgram(s)

milliliter(s)

millimeter(s)

mole

molecular weight

nanogram(s)

National Health and Nutrition Examination Survey
nuclear magnetic resonance

number

no observed adverse effect level

Organisation for Economic Co-operation and Development
quantitative real-time polymerase chain reaction
Qualified Presumption of Safety

relative humidity

microgram(s)

short-chain fructooligosaccharides

Saccharomyces cerevisiae

SOP Standard Operating Procedure
TK thymidine kinase
TNF tumor necrosis factor
Hg microgram(s)
uv ultraviolet
Vol. volume
w/w by weight
WHO World Health Organization
7. List of Supporting Data and

Information. (21 CFR § 170.255) 55



2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

7.2 References
All references listed below are generally available in accordance with 21 CFR 8170.255:

Ackerman, D. L., Craft, K. M., & Townsend, S. D. (2017). Infant food applications of complex
carbohydrates: Structure, synthesis, and function. Carbohydrate Research, 437, 16-27.
doi:10.1016/j.carres.2016.11.007

Agostoni C, Braegger C, Decsi T, Kolacek S, Koletzko B, Michaelsen KF, Mihatsch W,Moreno
LA, Puntis J, Shamir R, Szajewska H, Turck D, van Goudoever J (2009) Breastfeeding: A
commentary by the ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr
49(1) 112-125.

Albrecht S, Lane JA, Marino K, Al Busadah KA, Carrington SD, Hickey RM, Rudd PM (2014) A
comparative study of free oligosaccharides in the milk of domestic animals. Br J Nutr
111(7) 1313-1328.

Albrecht S, Schols HA, van den Heuvel EG, Voragen AG, Gruppen H (2011a) Occurrence of
oligosaccharides in feces of breast-fed babies in their first six months of life and the
corresponding breast milk. Carbohydr Res 346(16) 2540-2550.

Albrecht S, Schols HA, van Zoeren D, van Lingen RA, Groot Jebbink LJ, van den Heuvel EG,
Voragen AG, Gruppen H (2011b) Oligosaccharides in feces of breast- and formula-fed
babies. Carbohydr Res 346(14) 2173-2181.

American Academy of Pediatrics (2012) Breastfeeding and the use of human milk. Pediatrics
129(3) 600-603.

Asakuma S, Urashima T, Akahori M, Obayashi H, Nakamura T, Kimura K, Watanabe Y, Arai I,
Sanai Y (2008) Variation of major neutral oligosaccharides levels in human colostrum.
Eur J Clin Nutr 62(4) 488-494.

Bao, Y C. Chen, D. S. Newburg, Anal. Biochem. 2013, 433 (1), 28-35. Quantification of
neutral human milk oligosaccharides by graphitic carbon HPLC with tandem mass
spectrometry

Bode L (2012) Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology
22(9) 1147-1162.

Bode L, Kunz C, Muhly-Reinholz M, Mayer K, Seeger W, Rudloff S (2004) Inhibition of
monocyte, lymphocyte, and neutrophil adhesion to endothelial cells by human milk
oligosaccharides. Thromb Haemost 92(6) 1402-1410.

Brand-Miller , J. C., McVeagh, P., McNeil, Y. & Gillard, B. 1995. Human milk oligosaccharides
are not digested and absorbed in the small intestine of young infants. Proc. Nutr. Soc.
Austral., 19, 44.

Brand-Miller , J. C., McVeagh, P., McNeil, Y. & Messer, M. 1998. Digestion of human milk
oligosaccharides by healthy infants evaluated by the lactulose hydrogen breath test. J.
Pediatr., 133, 95-98.

Carbosynth. 2’-Fucosyllactose Specifications (2017). Retrieved from:
https://www.carbosynth.com/80257DF20041C123/0/7ABC443FFEOO0F542802580A4004A
CFB6/$file/2'-Fucosyllactose%20Synthetic—~OF06739.V02Spec.pdf

Castanys-Munoz E, Martin MJ, Prieto PA (2013) 2'-fucosyllactose: an abundant, genetically
determined soluble glycan present in human milk. Nutr Rev 71(12) 773-789.

7. List of Supporting Data and
Information. (21 CFR § 170.255) 56


https://www.carbosynth.com/80257DF20041C123/0/7ABC443FFE00F542802580A4004A

7.

2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

Chaturvedi P, Warren CD, Altaye M, Morrow AL, Ruiz-Palacios G, Pickering LK, Newburg DS
(2001) Fucosylated human milk oligosaccharides vary between individuals and over the
course of lactation. Glycobiology 11(5) 365-372.

Chester MA, Hallgren P, Lundblad A, Messeter L (1979) Urinary excretion of oligosaccharides
induced by galactose given orally or intravenously. Eur J Biochem 100, 385-392.

Coppa, G. V., Pierani, P., Zampini, L., Bruni, S., Carloni, I. & Gabrielli, O. 2001.
Characterization of oligosaccharides in milk and feces of breast-fed infants by high-
performance anion-exchange chromatography. In: NEWBURG, A. R. (ed.) Bioactive
Components of Human Milk. (Advances in Experimental Medicine and Biology, vol. 501).
New York NY, Kluwer Academic/Plenum Publishers, pp. 307-14.

Coppa GV, Bruni S, Morelli L, Soldi S, Gabrielli O (2004) The first prebiotics in humans:
human milk oligosaccharides. J Clin Gastroenterol 38(6 Suppl) S80-83.

Coulet M, Phothirath P, Allais L, Schilter B (2014) Pre-clinical safety evaluation of the
synthetic human milk, nature-identical, oligosaccharide 2'-O-Fucosyllactose (2'-FL).
Regulatory Toxicology and Pharmacology 68(1) 59-69.

De Llanos, R., Querol, A., Peman, J., Gobernado, M., & Fernandez-Espinar, M. T. (2006).
Food and probiotic strains from the Saccharomyces cerevisiae species as a possible
origin of human systemic infections. International journal of food microbiology, 110(3),
286-290.

Deoni SCL, Dean DC, Piryatinsky I, O’Muircheartaigh J, Waskiewicz N, Lehman K, Han M,
Dirks H (2013) Breastfeeding and early white matter development: A cross-sectional
study. Neurolmage 82 77-86.

Donovan SM, Wang M, Li M, Friedberg I, Schwartz SL, Chapkin RS (2012) Host-microbe
interactions in the neonatal intestine: role of human milk oligosaccharides. Adv Nutr 3(3)
450S-455S.

Drakoularakou A, Hasselwander O, Edinburgh M, Ouwehand AC, Food Science & Technology
Bulletin: Functional Foods, 3 (2007) 71-80.

Egge, H., A. Dell, and H. Von Nicolai, Fucose containing oligosaccharides from human milk. I.
Separation and identification of new constituents. Arch Biochem Biophys, 1983. 224(1):
p. 235-53.

EFSA Panel on Biological Hazards (BIOHAZ), Ricci, A., Allende, A., Bolton, D., Chemaly, M.,
Davies, R., & Ngrrung, B. (2017). Update of the list of QPS-recommended biological
agents intentionally added to food or feed as notified to EFSA 5: suitability of taxonomic
units notified to EFSA until September 2016. EFSA Journal, 15(3), e04663.

EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA), Turck, D., Castenmiller, J.,
De Henauw, S., Hirsch-Ernst, K. I., Kearney, J., ... & Pelaez, C. (2019). Safety of 2’-
fucosyllactose/difucosyllactose mixture as a novel food pursuant to Regulation (EU)
2015/2283. EFSA Journal, 17(6), e05717.

Enache-Angoulvant, A., & Hennequin, C. (2005). Invasive Saccharomyces infection: a
comprehensive review. Clinical Infectious Diseases, 41(11), 1559-1568.

Elison E, Vigsnaes LK, Krogsgaard LR, Rasmussen J, Sgrensen N, McConnell B, Hennet T,
Sommer MO, Bytzer P (2016) Oral supplementation of healthy adults with 2’-
Ofucosyllactose and lacto-N-neotetraose is well tolerated and shifts the intestinal
microbiota. British Journal of Nutrition. 116(8):1356-68.

List of Supporting Data and

Information. (21 CFR § 170.255) 57



7.

2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

Engfer MB, Stahl B, Finke B, Sawatzki G, Daniel H (2000) Human milk oligosaccharides are
resistant to enzymatic hydrolysis in the upper gastrointestinal tract. Am J Clin Nutr 71(6)
1589-1596.

Erney RM, Malone WT, Skelding MB, Marcon AA, Kleman-Leyer KM, O'Ryan ML, Ruiz-Palacios
G, Hilty MD, Pickering LK, Prieto PA (2000) Variability of human milk neutral
oligosaccharides in a diverse population. J Pediatr Gastroenterol Nutr 30(2) 181-192.

Field CJ (2005) The immunological components of human milk and their effect on immune
development in infants. J Nutr 135(1) 1-4.

Finney M, Smullen J, Foster HA, Brokx S, Storey DM, Eur. J. Nutr, 46 (2007) 307-314.

Flamm, E. G. (2013). Neonatal animal testing paradigms and their suitability for testing
infant formula. Toxicology mechanisms and methods, 23(2), 57-67.

Gabrielli, O., Zampini, L., Galeazzi, T., Padella, L., Santoro, L., Peila, C., ... & Coppa, G. V.
(2011). Preterm milk oligosaccharides during the first month of lactation. Pediatrics,
128(6), e1520-e1531.

Galeotti, F., Coppa, G. V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., ... & Volpi, N.
(2014). Capillary electrophoresis separation of human milk neutral and acidic
oligosaccharides derivatized with 2-aminoacridone. Electrophoresis, 35(6), 811-818.

Gnoth MJ, Kunz C, Kinne-Saffran E, Rudloff S (2000) Human milk oligosaccharides are
minimally digested in vitro. J Nutr 130(12) 3014-3020.

Goehring KC, Kennedy AD, Prieto PA, Buck RH (2014) Direct evidence for the presence of
human milk oligosaccharides in the circulation of breastfed infants. PLoS One 9(7)
€101692.

Guilloteau P, Zabielski R, Hammon HM, Metges CC (2010) Nutritional programming of
gastrointestinal tract development. Is the pig a good model for man? Nutr Res Rev 23(1)
4-22.

GRAS Notice No. 000571: 2-Fucosyllactose for use as an ingredient in infant and toddler
formula at a level of not more than 2 grams 2-fucosyllactose per liter of formula
(Jennewein Biotechnologie, GmbH). March 2015.
https://www.accessdata.fda.gov/scripts/fdcc/?set=GRASNotices&id=571&sort=GRN_No&
order=DESC&startrow=1&type=basic&search=571. Accessed 24 December 2019.

GRAS Notice No. 000650: GRAS Exemption Claim for 2’-O-Fucosyllactose (2’-FL) Produced
by Fermentation (Glycom A/S). April 2015.
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=650&sort=
GRN_No&order=DESC&startrow=1&type=basic&search=650. Accessed 24 December
2019.

GRAS Notice No. 000735: Purified 2’-Fucosyllactose (2’-FL) Food Usage Conditions for
General Recognition of Safety (Glycosyn, LLC and FrieslandCampina Domo B.V.).
September 2017.
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=735&sort=
GRN_No&order=DESC&startrow=1&type=basic&search=735. Accessed 24 December
2019.

List of Supporting Data and

Information. (21 CFR § 170.255) 58


https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=735&sort
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=650&sort
https://www.accessdata.fda.gov/scripts/fdcc/?set=GRASNotices&id=571&sort=GRN_No

7.

2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

GRAS Notice No. 000749: Comprehensive GRAS Assessment Of the Proposed Uses of 2’-O-
Fucosyllactose in Term Infants Formulas, Toddler Formulas, and Foods Targeted to
Toddlers (DuPont Nutrition & Health). November 2017.
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=749.
Accessed 22 January 2020.

Hanlon, P. R., & Thorsrud, B. A. (2014). A 3-week pre-clinical study of 2’-fucosyllactose in
farm piglets. Food and chemical toxicology, 74, 343-348.

Hopkins MJ, Sharp R, Macfarlane GT (2002) Variation in human intestinal microbiota with
age. Digest Liv Dis. 34:S12-18.

Jensen, R., G. F. Spraguej, R ., and |. Herskowitz, 1983. Regulation of yeast mating type
interconversion: feedback control of HO gene expression by the mating type locus. Proc.
Natl. Acad. Sci. USA 80 3035-3039.

Joint FAO/WHO Expert Committee on Food Additives. (2003, March 11). Toxicological
Evaluation of Lactitol. Retrieved from
http://www.inchem.org/documents/jecfa/jecmono/v18jel0.htm

Kajzer, J., Oliver, J., & Marriage, B. (2016). Gastrointestinal tolerance of formula
supplemented with oligosaccharides. The FASEB Journal, 30(1_supplement), 671-4.

Kent J C, Mitoulas LR, Cregan MD, Ramsay DT, Doherty DA and Hartmann PE (006) Volume
and frequency of breastfeedings and fat content of breast milk throughout the day.
Pediatrics 117(3): e387-95; doi: 10.1542/peds.2005-1417

Kunz C, Rodriguez-Palermo M, Koletzko B, Jensen, R (1999) Nutritional and Biochemical
Properties of Human Milk, Part 1: General Aspects, Proteins, and Carbohydrates. Clinics
in Perinatology 26(2) 307-333.

Kunz C, Rudloff S, Baier W, Klein N, Strobel S (2000) Oligosaccharides in human milk:
structural, functional, and metabolic aspects. Annu Rev Nutr 20 699-722.

Kunz C, Rudloff S (2008) Potential anti-inflammatory and anti-infectious effects of human
milk oligosaccharides. Adv Exp Med Biol 606 455-465.

Kunz C, Rudloff S (2017) Compositional analysis and metabolism of human milk
oligosaccharides in infants. Intestinal microbiome: functional aspects in health and
disease 88 137-148. Karger Publishers.

Mackie RI, Sghir A, Gaskins HR. 1999. Developmental microbial ecology of the neonatal
gastrointestinal tract. Am J Clin Nutr. 69:5S1035-S1045.

Marcobal A, Sonnenburg JL (2012) Human milk oligosaccharide consumption by intestinal
microbiota. Clin Microbiol Infect 18 Suppl 412-15.

Marriage BJ, Buck RH, Goehring KC, Oliver JS, Williams JA (2015) Infants fed a lower calorie
formula with 2’ FL show growth and 2’ FL uptake like breast-fed infants. Journal of
pediatric gastroenterology and nutrition. 61(6):649.

McGuire MK, Meehan CL, McGuire MA, Williams JE, Foster J, Sellen DW, Kamau-Mbuthia EW,
Kamundia EW, Mbugua S, Moore SE, Prentice AM (2017) What's normal? Oligosaccharide
concentrations and profiles in milk produced by healthy women vary geographically. The
American journal of clinical nutrition 105(5):1086-100.

List of Supporting Data and

Information. (21 CFR § 170.255) 59


http://www.inchem.org/documents/jecfa/jecmono/v18je10.htm
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=749

2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

O’Donnell K and Kearsley M Sweeteners and Sugar Alternatives in Food Technology, 2nd ed.;
John Wiley & Sons, Ltd. 2012.

Ogata-Arakawa, M., Muramatsu, T., & Kobata, A. (1977). a-L-Fucosidases from almond
emulsin: Characterization of the two enzymes with different specificities. Archives of
biochemistry and biophysics, 181(1), 353-358.

Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling I, van den Brandt PA,
Stobberingh EE (2006) Factors influencing the composition of the intestinal microbiota in
early infancy. Pediatrics. 118:511-521.

Phipps KR, Baldwin N, Lynch B, Flaxmer J, Soltésova A, Gilby B, Mik§ MH, Réhrig CH (2018).
Safety evaluation of a mixture of the human-identical milk oligosaccharides 2'-
fucosyllactose and difucosyllactose. Food and chemical toxicology. 120:552-65.

Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D,
Gosoniu L, Steenhout P (2017) Effects of infant formula with human milk
oligosaccharides on growth and morbidity: a randomized multicenter trial. Journal of
pediatric gastroenterology and nutrition. 64(4):624.

Reverri EJ, Devitt AA, Kajzer JA, Baggs GE, Borschel MW (2018) Review of the clinical
experiences of feeding infants formula containing the human milk oligosaccharide 2’-
fucosyllactose. Nutrients. 10(10):1346.

Rodricks JV, Yates AA and Kruger CL (2007) Gastrointestinal tract development and its
importance in toxicology. Gad SC (Ed.), Toxicology of the Gastrointestinal Tract. (pp. 81-
105). Florida: CRC Press.

Rothstein R. Targeting, disruption, replacement, and allele rescue: integrative DNA
transformation in yeast. Meth Enzymol. 1991;194:281-301.

Rudloff S, Pohlentz G, Borsch C, Lentze MJ, Kunz C (2012) Urinary excretion of in vivo
13C-labelled milk oligosaccharides in breastfed infants. Br J Nutr 107(7) 957-963.

Schopohl, D., Muller-Taubenberger, A., Orthen, B., Hess, H., & Reutter, W. (1992).
Purification and properties of a secreted and developmentally regulated alpha-L-
fucosidase from Dictyostelium discoideum. Journal of Biological Chemistry, 267(4),
2400-2405.

Storm HM, Shepard J, Czerkies LM, Kineman B, Cohen SS, Reichert H, Carvalho R (2019) 2’-
Fucosyllactose Is Well Tolerated in a 100% Whey, Partially Hydrolyzed Infant Formula
with Bifidobacterium lactis: A Randomized Controlled Trial. Global pediatric health.
6:2333794X19833995.

Thurl S, Munzert M, Henker J, Boehm G, Muller-Werner B, Jelinek J, Stahl B (2010) Variation
of human milk oligosaccharides in relation to milk groups and lactational periods. Br J
Nutr 104(9) 1261-1271.

Tawfik, O. W., Papasian, C. J., Dixon, A. Y., & Potter, L. M. (1989). Saccharomyces
cerevisiae pneumonia in a patient with acquired immune deficiency syndrome. Journal of
clinical microbiology, 27(7), 1689-1691.

United States Department of Agriculture National Agriculture Library (2009) Infant Nutrition
and Feeding Chapter 4: Infant Formula Feeding (Accessed Sept 18, 2014) Available at:
www.nal.usda.gov/wicworks/Topics/FG/Chapter4_InfantFormulaFeeding.pdf

7. List of Supporting Data and
Information. (21 CFR § 170.255) 60


www.nal.usda.gov/wicworks/Topics/FG/Chapter4_InfantFormulaFeeding.pdf

7.

2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

United States Department of Health and Human Services (2011) The Surgeon General’s Call
to Action to Support Breastfeeding. Washington, DC: U.S. Department of Health and
Human Services, Office of the Surgeon General.

van Berlo D, Wallinga AE, van Acker FA, Delsing DJ (2018) Safety assessment of
biotechnologically produced 2’-Fucosyllactose, a novel food additive. Food and Chemical
Toxicology. 118:84-93.

van Rossum CTM, Buchner FL, Hoekstra J. (2005) RIVM report 350040001/2005:
Quantification of health effects of breastfeeding. Review of the literature and model
simulation.

Vester Boler BM, Rossoni Serao MC, Faber TA, Bauer LL, Chow J, Murphy MR, Fahey GC, Jr.
(2013) In vitro fermentation characteristics of select nondigestible oligosaccharides by
infant fecal inocula. J Agric Food Chem.

Wei, W., McCusker, J. H., Hyman, R. W., Jones, T., Ning, Y., Cao, Z., ... & Wilhelmy, J.
(2007). Genome sequencing and comparative analysis of Saccharomyces cerevisiae
strain YIM789. Proceedings of the National Academy of Sciences, 104(31), 12825-12830.

Yamashita, K., et al., Fractionation of L-fucose-containing oligosaccharides on immobilized
Aleuria aurantia lectin. Vol. 260. 1985. 4688-93.

Yanahira, S., MORITA, M., ACE, S., SUGURI, T., NAKAJIMA, 1., & DEYA, E. (1995). Effects of
lactitol-oligosaccharides on the intestinal microflora in rats. Journal of nutritional science
and vitaminology, 41(1), 83-94.

Yanahira, S., Morita, M., Aoe, S., SUGURI, T., TAKADA, Y., MIURA, S., & NAKAIJIMA, I.

(1997). Effects of lactitol-oligosaccharides on calcium and magnesium absorption in rats.
Journal of nutritional science and vitaminology, 43(1), 123-132.

List of Supporting Data and

Information. (21 CFR § 170.255) 61



2’-Fucosyllactose GRAS Assessment
GRAS Ingredient
Amyris, Inc.

7.3 Appendices
Appendix A: Amyris and Carbosynth 2’-FL Proton NMR Spectra

Appendix B: Batch Analysis — Carbohydrate, KF titration, Protein, and DNA Results
Appendix C: Residual DNA Analysis

Appendix D: Chromatogram Results

Appendix E: Microbiological Specifications and Results

Appendix F: Real-time and Accelerated Stability Study of 2’-FL

Appendix G: Amino Acid Analysis

Appendix H: Allergenicity Evaluation

Appendix I: Enzymatic Hydrolysis of 2’-flol Report

Appendix J: Consensus Report of the GRAS Panel

7. List of Supporting Data and
Information. (21 CFR § 170.255) 62



Consensus Statement of the GRAS Panel
on the Generally Recognized as Safe Status
of the Proposed Uses of Amyris’s 2’-Fucosyllactose

INTRODUCTION

The undersigned, an independent panel of experts, qualified by their scientific training and national and
international experience to evaluate the safety of food and food ingredients (the GRAS Panel), was
specially convened by Amyris, Inc., to conduct a critical and comprehensive evaluation of the available
pertinent data and information, and to determine whether under the conditions of intended use as a
food ingredient Amyris’s 2’-Fucosyllactose (2’-FL), produced using a genetically engineered strain of
Saccharomyces cerevisiae is safe and “generally recognized as safe” (GRAS) based on scientific
procedures. For purposes of this evaluation, “safe” or “safety” as it relates to GRAS within the terms of
the Federal Food, Drug, and Cosmetic Act means that there is a reasonable certainty of no harm under
the intended conditions of use of the ingredient in foods, as stated in 21 CFR 8§8170.3(i) (U.S. FDA,
2012a).

Amyris, Inc. performed a comprehensive search of the literature relating to the safety of
2’-Fucosyllactose (2’-FL). Amyris summarized the results of the literature search and prepared a dossier,
“Safety Assessment and Generally Recognized as Safe (GRAS) Notification of
2’-Fucosyllactose (2’-FL) for Use as an Ingredient in Foods” for independent consideration and
review by the GRAS Panel.

The GRAS Panel consisted of the following individuals: Joseph F. Borzelleca, PhD, Emeritus Professor
Virginia Commonwealth University School of Medicine; Roger A. Clemens, DrPH, PolyScience
Consulting and Adjunct Professor, University of Southern California School of Pharmacy; and Stanley
M. Tarka, Jr., PhD, ATS, (The Pennsylvania State University College of Medicine, Tarka Group, Inc).
The GRAS Panel critically evaluated the safety documentation (the dossier), and other available data
and information the members of the GRAS Panel believed to be pertinent to the safety of Amyris’s
2-FL and its intended use as an ingredient in specified foods.

Following its independent and collective critical evaluation of the available information, the GRAS panel,
convened on April 24 and May 5, 2020. Following its deliberations, the GRAS panel unanimously agreed
to the conclusions described herein. A summary of the basis for these conclusions follows.

AMYRIS’S 2’-FL: MANUFACTURING PROCESS AND PRODUCT SPECIFICATIONS

The substance in this GRAS determination is 2’-Fucosyllactose (2'-FL) produced using a genetically
engineered strain of Saccharomyces cerevisiae (strain CEN.PK113-7D). S. cerevisiae, also known as
brewer’s yeast or baker’s yeast, has an extensive history of safe use in the food industry (21 CFR
§172.896, 21 CFR 8172.325 21 CFR 8172.898, 21 CFR 8§184.1983). S. cerevisiae also has been granted
Qualified Presumption of Safety (QPS) status in the European Union by the European Food Safety
Authority (EFSA)! and, therefore, is considered safe for the derivation of genetically modified strain
lineages intended for use in the production of food additives and enzymes. In Amyris’s production strain,
the DNA construct was inserted by homologous recombination, and the introduced genetic elements are
stable. The production strain is not toxigenic or pathogenic, and does not contain or produce any known
pathogenicity-related proteins, toxins, allergens, pyrogens, or antibiotic resistance markers. The
manufacturing process consists of a fermentation process where food-grade sugar, lactose, and
fermentation nutrients are fed to a culture of the production strain and fermented to produce 2’-FL and
other carbohydrates. The fermentation process is conducted under strictly controlled temperature and
pH conditions with appropriate heat treatment and purification steps. After fermentation, the 2’-FL

1 Ricci, A., Allende, A., Bolton, D., Chemaly, M., Davies, R., Girones, R., ... & Robertson, L. (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, 15(3). https://doi.org/10.2903/j.efsa.2017.4664
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fermentation broth is separated from the aqueous phase by centrifugation. Any residual yeast is
removed though separation and purification steps, and residual solids, proteins, DNA, salts, and organic
acids are removed through various filtration steps. Chromatographic and polishing steps then remove
any additional salts, metals, proteins, organic acids, and colorants. The 2’-FL then goes through
additional filtration, evaporation, heat treatment, and sterilization steps before the concentrated product
is spray-dried to reduce moisture to < 5.0 % by weight (w/w). All processing aids in the post-
fermentation process are approved for use in food processing as noted in the dossier.

Amyris’s 2’-FL has a molecular weight of 488.44 AMU and conforms to 2’-FL structure (CAS# 41263-
94-9). A comparison of the proton NMR spectra for Carbosynth 2'-FL (reference standard) and the
Amyris 2’-FL demonstrate structural equivalence (Appendix A of dossier). Amyris’s 2'-FL was not
evaluated in any toxicology studies; however, numerous other sources of 2'-FL (Tables 11a and 11b in
the dossier) were test materials for toxicity studies. These studies are evaluated and summarized in the
dossier. To ensure that the toxicology studies are appropriate for evaluating Amyris’s 2’-FL, the profiles
of the 2’-FL substances (i.e., the distribution of non-2’-FL carbohydrates) were compared and found to
be sufficiently similar to base safety conclusions on the results of these studies.

To ensure that a consistent food-grade ingredient is produced, Amyris has established specifications for
their 2’-FL. The chemical, physical and microbiological specifications are presented in Table 1. Batches
were analyzed for conformity to the established specifications and all batches meet specifications.

Table 1: Specifications of Amyris’s 2’-Fucosyllactose

Parameter Specification Method

Carbohydrate content (%6 area)

2’-fucosyllactose > 86% area
Difucosyllactose (DFL) < 8% area
Lactose/allo-lactose < 7% area
2’-fucosyllactitol < 6% area

3-Fucosyllactose (3FL)

Fucosyl-galactose lon chromatography
Xylitol (Amyris SOP 830)

Dulcitol/sorbitol

< 7% area
Glucose/Galactose

Fucose

Glycerophosphoethanolamine (GPE)

Fructose

Chemical

Karl Fischer titration
(Amyris SOP 842)

Water Content (KF titration) <5.0% w/w

pH (20 °C, 5% solution) 3.0-7.5 EP 2.2.3 v9

Protein Content <0.01% w/w Modified Bradford Assay

(Amyris SOP 843)

Total Ash <0.5% w/w FCC 11 appendix 11
Arsenic < 0.2 mg/kg EP 2.2.58 v9
Cadmium < 0.05 mg/kg EP 2.2.58 v9
Lead < 0.05 mg/kg EP 2.2.58 v9
Mercury < 0.1 mg/kg EP 2.2.58 v9

GMO detection (rDNA from production strain)

Negative

PCR (Amyris SOP 844)
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In addition to batch testing, batches were analyzed in an accelerated mode stability study (13 weeks,
40°C, 75% Relative Humidity (RH)). Data from this study confirmed that Amyris 2’-FL powder is stable

Table 1: Specifications of Amyris’s 2’-Fucosyllactose

Parameter Specification Method
Microbial Specifications
Total Aerobic Microbial Count/Standard Plate Count | < 1000 cfu/g EP 2.6.12 v9
Total Yeast/Mold Count < 100 cfu/g EP 2.6.12 v9
Sulfite Reducing Bacteria < 100 cfu/g 1SO 15213: 2003
Enterobacteriaceae Negative in 10 g EP 2.6.13 v9
Salmonella Not detected in 25 g EP 2.6.13 v9

Cronobacter sakazakii

Not detected in 10 g

ISO/TS 22964

Coliforms Not detected in 10 g 1SO 4831: 2006

E. coli Absent in 10 g EP 2.6.13 v9
Listeria monocytogenes Absent in 10 g 1SO 11290-1: 2017
Pseudomonas aeruginosa Absent in 10 g EP 2.6.13 v9
Staphylococcus aureus Negative in 10 g EP 2.6.13 v9

Bacillus cereus

< 100 cfu/g

1SO 7932: 2004

Abbreviations: °C = degrees Celsius; cfu = colony-forming unit; EP = European Pharmacopoeia; EU =
endotoxin units; FCC = Food Chemicals Codex; g = grams; ISO = International Organization for

Standardization; KF = Karl Fischer; m = milli; SOP = Standard Operating Procedure; w/w = by weight; v =

version.

for 1.5 years (Appendix F in the dossier).

USES AND EXPOSURES

History of Use and Exposure

Approximately 85% of the world’s population is exposed to 2’-FL from human milk. Human milk
oligosaccharides (HMOs) are the third largest component of breast milk solids after lactose and lipids
and 2-'FL is the most abundant HMO in human breast milk.?2 Most infants have been exposed to 2’-FL
because it is a naturally occurring component of human breast milk, synthesized in the mammary glands
of secretor mothers. 2 Even infants fed breast milk from non-secretor mothers excrete 2’-FL in the urine
and in the stool, indicating the infant can produce alpha--1,2-epitope containing glycans.* The mean

2 Coppa GV, Bruni S, Morelli L, Soldi S, Gabrielli O (2004) The first prebiotics in humans: human milk
oligosaccharides. J Clin Gastroenterol 38(6 Suppl) S80-83.
https://doi.org/10.1097/01.mcg.0000128926.14285.25.

Castanys-Munoz E, Martin MJ, Prieto PA (2013) 2'-fucosyllactose: an abundant, genetically determined soluble
glycan present in human milk. Nutr Rev 71(12) 773-789. https://doi.org/10.1111/nure.12079

Kunz C, Rudloff S (2017) Compositional analysis and metabolism of human milk oligosaccharides in infants.
Intestinal microbiome: functional aspects in health and disease 88 137-148. Karger Publishers.
https://doi.org/10.1159/000455398.
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concentration of 2’-FL in human breast milk ranges from 1.1 g/L%® to 4.26 g/L,” with levels up to 7.3
g/L reported.8

Proposed Uses and Estimated Daily Intakes

The intended uses and maximum use levels of Amyris’s 2’-FL were presented in one or more 2’-FL GRNs.
Amyris intends to use its 2’-FL as a food ingredient in term infant formulas (non-exempt), toddler
formulas (12-36 months) at a maximum level of 2.4 g 2’-FL per liter. Amyris also intends to use its 2’-
FL in baby foods for infants and young children (children older than one year of age) and beverages for
young children. Other uses in infant and toddler food and beverage products include processed cereals,
infant meal replacement products, ready-to-eat hot cereals, yogurts and drinks, desserts such as fruit
desserts and cobblers, snack crackers and cookies, milk modifiers, and milk-based drinks. Amyris is
proposing to use its 2’-FL in conventional foods and beverages intended for children and adults such as
in milk substitutes, flavoring in milk-based beverages such as coffees and smoothies, frozen dairy
desserts such as ice cream and frozen yogurt, fruit pie fillings, fruit preserve products, meal replacement
beverages and meal replacement bars, breakfast bars, cereal products (hot and ready-to-eat), energy
drinks, sports drinks, and fruit drinks/juices. Amyris also proposes to use its 2’-FL as an ingredient of
oral nutritional supplements for enteral feeding for ages 11 years and older. Specific food uses and use
levels are presented in Table 2.

Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed Use Flelelozre

mees Proposed Food Use RACC? Level (g/RACC N

Category or g/serving) level (g/kg or
Unflavored Pasteurized and Sterilized milk 240 mL 0.28 1.2
Buttermilk 240 mL 0.28 1.2
Yogurt 2259 1.2 5.3
All acidophilus or fortified milks, non-fat
and low-fat milk fluids, including fluid milk 240 mL 0.28 1.2
and reconstituted milk powder

. Flavored milks, including chocolate milk,

Dairy

coffee drinks, cocoa, smoothies (dairy and
fruit based), other fruit and dairy 240 mL 0.28 1.2
combinations, yogurt drinks and fermented
milk drinks including kefir

Frozen dairy desserts including ice cream

and frozen yogurts, frozen novelties ~70g 1.2 17
Milk prod"uct for pregnant women (“"mum 200 mL 1.2 6.0
formulas™) -9 to 0 months
_Mll_k s_ubstltgtes such as soymilk and 240 mL 0.28 1.4
. imitation milks
Dairy analogs
Non-dairy yogurt 2259 1.2 5.3

5 McGuire MK, Meehan CL, McGuire MA, Williams JE, Foster J, Sellen DW, Kamau-Mbuthia EW, Kamundia EW,
Mbugua S, Moore SE, Prentice AM (2017) What's normal? Oligosaccharide concentrations and profiles in milk
produced by healthy women vary geographically. The American journal of clinical nutrition 105(5):1086-100.
https://doi.org/10.3945/ajcn.116.139980.

6 Bao, Y C. Chen, D. S. Newburg, Anal. Biochem. 2013, 433 (1), 28-35. Quantification of neutral human milk
oligosaccharides by graphitic carbon HPLC with tandem mass spectrometry.
https://doi.org/10.1016/j.ab.2012.10.003.

7 Galeotti, F., Coppa, G. V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., ... & Volpi, N. (2014). Capillary
electrophoresis separation of human milk neutral and acidic oligosaccharides derivatized with 2-aminoacridone.
Electrophoresis, 35(6), 811-818. https://doi.org/10.1002/elps.201300490.

8 Gabrielli, O., Zampini, L., Galeazzi, T., Padella, L., Santoro, L., Peila, C., ... & Coppa, G. V. (2011). Preterm milk
oligosaccharides during the first month of lactation. Pediatrics, 128(6), e1520-e1531.
https://doi.org/10.1542/peds.2011-1206.
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Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed Use

Proposed

et Proposed Food Use RACC? Level (g/RACC Maximum Use
Category or g/serving) level (g/kg or
Infant formula (non-exempt formula) 100 mL 0.24 2.4
Toddler formulas, growing-up milks (12-36 100 mL 0.24 24
months)
Progessed cereal-based f_ood and baby food 710170 g 0.084 to 2.04 12
for infants and young children
Other Foods for Infants and Young Children | 7 to 170 g 0.084 to 2.04 12
Other Drinks for Young Children 120 mL 0.14 1.2
2.4 (0.4
Infant meal replacement products 100 mL 0.24 9/100kcal)
15 g (dry)
Ready-to-eat, ready-to-serve, hot cereals 1109 1.2 10.9 (as
(ready-to- consumed)
serve)
Yogurt and juice beverages (“baby drinks”) 120 mL 1.2 10
Infant Desserts including fruit desserts, cobblers,
formulas, yogurt/fruit combinations ("junior type 110gormL | 1.2 10.9
Follow-on -
dessert”)
formula, and -
baby foods Baby crackers, pretzels, cookies and snacks | - 9 0.4 57
items
Mllk—based drinks and_3|mllar products 120 mL 0.14 1.2
intended for young children
Milk modifiers (i.e. powder for addition in 120 mL
. (ready to 0.14 1.2
milk such as cacao-based powders, etc.)
serve)
Syrups used to flavor milk beverages 40 g 0.28 7.0
Dairy based pudding custards and mousses | ~70 g 1.2 17
Fruit pie filling 85¢g 1.2 14.1
Frwt_preparatlon such as fruit filing in bars, —40g 1.2 30
cookies, yogurt and cakes
Jellies and jams, fruit preserved and fruit 20 ¢ 1.2 60
butters
Non-dairy yogurt 2259 1.2 5.3
Oral nutritional supplements and enteral
tube feeding (11 years and older) 200 g or mL 4.0 20
Milk-based meal replacement beverages or
Meal diet beverages / meal replacement drinks
substitutes for weight reduction (milk-based and non- 240 mL 1.2 5.0
milk-based)
Meal replacement bars for weight reduction | 30g 1.2 40
. Grain bars, including snack bars, meal
Grain products replacement bars, and breakfast bars 40g 0.48 12
Ready-to-eat breakfast cereals for adults
and children - puffed 159 1.2 80
Breakfast Ready-to-eat breakfast cereals for adults
cereals and children — high-fiber 40g 1.2 30
Ready-to-eat breakfast cereals for adults 60g 12 20

and children — biscuit types
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Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed
Food Prelresee) Lise Maximum Use
Proposed Food Use RACC? Level (g/RACC
Category or g/serving) level (g/kg or
g g g/L)b
. 40g (dry) 4.8 (as
Hot cereals for adults and children (—2409g 1.2
consumed)
prepared)
Flavored drinks 360 mL 0.28 0.8
Energy drinks 360 mL 0.28 0.8
Fitness and thirst quenchers, sport and
Beverage isotonic drinks / sport, isotonic drinks 360 mL 0.28 0.8
Frw_t_drlnk, including vitamin and mineral- 240 mL 0.28 1.2
fortified products
Fruit juices / fruit juices and nectar 240 mL 0.28 1.2

2 RACC = Reference Amounts Customarily Consumed per Eating Occasion in the U.S. Code of Federal Regulations,
2018 (21 CFR 101.12).

b Proposed maximum use level is presented on g/kg basis for solids, and g/L basis for liquids and forms. The basis

for the calculation of Estimated Daily Intake is presented in Tables 3a and 3b.

The estimated daily intake (EDI) of Amyris’s 2’-FL was estimated using food consumption data reported
in the United States Department of Health and Human Service’s 2013-2016 National Health and Nutrition

Examination Surveys (NHANES), is presented in Tables 3a and 3b.

Table 3a: Summary of the Estimated Daily Intake of 2’-FL from All Proposed Food
and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
All-Users Consumption (g/day)
Population Group Age Group o5t
%b Users N Mean )
Percentile
Infants 0-6 mo. 100 241 2.73 5.87
Infants 7-12 mo. 99.66 228 3.82 8.43
Toddlers 1 to3yr. 98.77 1117 | 2.30 5.49
Children 4 to 10 yr. 99.34 2315 | 2.61 7.08
Male Teenager 11-18 yr. 99.49 1213 | 3.12 8.99
Female Teenager 11-18 yr. 99.13 1216 | 2.36 7.28
Female Adults of
childbearing age 19-40 yr. 99.30 1807 | 1.78 5.79
Female Adults 19-64 yr. 99.49 3767 | 1.72 5.45
Male Adults 19-64 yr. 99.30 3313 | 2.38 7.84
Elderly Adults 65 yr. and up 98.95 1215 | 2.25 6.30
Abbreviations: 2’-FL = 2’-fucosyllactose; g = grams; mo. = months; NHANES = National
Health and Nutrition Examination Survey; U.S. = United States; yr. = years
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Table 3b: Summary of the Estimated Daily Intakes of 2’-FL per Kilogram Body Weight from All
Proposed Food and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
95th
Mean . % Users | N Mean | 95" Percentile
Percentile

Infants 0-6 mo. 6.8 8.9 100 241 0.40 0.82
Infants 7-12 mo. 9.3 11.3 99.6 227 0.42 0.88
Toddlers 1 to 3 yr. 13.8 18.5 98.77 1103 | 0.18 0.45
Children 4 to 10 yr. 28.9 48.5 99.34 2303 | 0.10 0.29
Male Teenager 11-18 yr. 60.4 94.5 99.49 1210 | 0.054 0.18
Female Teenager 11-18 yr. 65.6 106.0 99.13 1205 | 0.043 0.15
Female Adults of

. . 19-40 yr. 76.5 120.2 99.30 1791 | 0.025 0.082
childbearing age
Female Adults 19-64 yr. 78.2 120.3 99.49 3739 | 0.024 0.076
Male Adults 19-64 yr. 89.6 130.3 99.30 3295 | 0.028 0.093

65 yr. and
Elderly Adults 79.5 113.9 98.95 2283 | 0.029 0.086
up

Abbreviations: 2’-FL = 2’-fucosyllactose; bw = body weight; g = grams; k = kilo; mo. = months; NHANES
= National Health and Nutrition Examination Survey; U.S. = United States; yr. = years

SAFETY ASSESSMENT

The addition of Amyris’'s 2’-FL in infant formula will enable the infant formula to more closely
approximate the composition of human milk. 2’-FL as an ingredient in infant formula and general
population uses have been reviewed by the FDA in at least six GRNs that all received letters of no
objection from FDA.®°

Absorption, distribution, metabolism and excretion of 2’-FL

It has been consistently demonstrated in studies specifically evaluating ADME of infant formula
oligosaccharides that HMOs are not readily absorbed by infants and arrive intact in the colon where they
are metabolized by resident microbiota and/or excreted in the feces.1%1! Studies report that 40 to 50%
of the 2’-FL in breast milk consumed by infants was reported unchanged in fecal samples.??13.14 | ess
than 5% of 2’-FL and other HMOs consumed by infants were absorbed from the GI tract and most were

° GRNs 546, 571, 650, 735, 749, 852

10 Engfer MB, Stahl B, Finke B, Sawatzki G, Daniel H (2000) Human milk oligosaccharides are resistant to
enzymatic hydrolysis in the upper gastrointestinal tract. Am J Clin Nutr 71(6) 1589-1596.
https://doi.org/10.1093/ajcn/71.6.1589.

11 Gnoth MJ, Kunz C, Kinne-Saffran E, Rudloff S (2000) Human milk oligosaccharides are minimally digested in
vitro. J Nutr 130(12) 3014-3020. https://doi.org/10.1093/jn/130.12.3014.

12 Chaturvedi P, Warren CD, Altaye M, Morrow AL, Ruiz-Palacios G, Pickering LK, Newburg DS (2001) Fucosylated
human milk oligosaccharides vary between individuals and over the course of lactation. Glycobiology 11(5) 365-
372. https://doi.org/10.1093/glycob/11.5.365.

Coppa, G. V., Pierani, P., Zampini, L., Bruni, S., Carloni, I., & Gabrielli, O. (2001). Characterization of
oligosaccharides in milk and feces of breast-fed infants by high-performance anion-exchange chromatography.
In Bioactive components of human milk (pp. 307-314). Springer, Boston, MA. https://doi.org/10.1007/978-1-
4615-1371-1_38.

14 Albrecht S, Schols HA, van Zoeren D, van Lingen RA, Groot Jebbink LJ, van den Heuvel EG, Voragen AG,
Gruppen H (2011) Oligosaccharides in feces of breast- and formula-fed babies. Carbohydr Res 346(14) 2173-
2181. https://doi.org/10.1016/j.carres.2011.06.034.

13
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detected intact in the large intestine where they are subjected to partial fermentation by indigenous
microbiota.'® The unabsorbed 2’-FL is metabolized by gut microbiota to short-chain fatty acids.

Toxicological and Clinical Studies

The toxicological and clinical studies evaluating the safety and tolerance of 2’-FL support the
determination that 2’-FL is safe for its intended food uses and proposed use levels. The toxicological
studies (Tables 11a and 11b in the dossier) and clinical studies (Tables 11c and 11d in the dossier) are
summarized and discussed below.

The toxicology studies were performed on 2’-FL produced either by microbial fermentation or chemical
synthesis by various technologies. Although Amyris’s 2’-FL was not the test substance evaluated, the
other 2’-FLs that were evaluated are appropriate for evaluating Amyris’s 2’-FL because the profiles of
2’-FL and the associated substances, i.e., the non-2'-FL carbohydrates (Table 5b in the dossier), were
sufficiently similar to base safety interpretations on the results of these studies. This substantial chemical
equivalency supports bridging to the published studies.

In vitro assays for genotoxicity and mutagenicity tests on other sources of 2’-FL suggest that 2’-FL
produced either by chemical synthesis or microbial fermentation is not mutagenic and is not genotoxic.
Using concentrations up to 5000 ug/plate of 2'-FL, with and without metabolic activation, there were no
signs of cytotoxicity and no increase in revertant colony numbers reported in any of the test strains
when compared to control counts.16:17:18,19,20,21

Repeated dose toxicity studies demonstrated that 2’-FL does not induce toxic effects after ingestion by
rats for 90 days. The studies evaluated the safety of 2'-FL produced via microbial fermentation or
chemical synthesis administered by gavage or as a dietary admixture to rats. Subchronic oral toxicity
studies in which 2’-FL was administered by gavage at doses of O, 1000, 2000, and 5000 mg

15 Brand-Miller , J. C., McVeagh, P., McNeil, Y. & Messer, M. 1998. Digestion of human milk oligosaccharides by
healthy infants evaluated by the lactulose hydrogen breath test. J. Pediatr., 133, 95-98.
https://doi.org/10.1016/s0022-3476(98)70185-4.

16 Verspeek-rip, M. (2015). Evaluation of the Mutagenic Activity of 2'FL in the Salmonella Typhimurium Reverse
Mutation Assay and the Eshcerichia Coli Reverse Mutation Assay. (Laboratory Project Identification: Project
507432; Substance 206374/B). Prepared by DD 's Hertogenbosch The Netherlands: WIL Research Europe B.V.
for Lyngby, Denmark, Glycom A/S. (discussed in GRN 650)

17 verbaan, A.J. (2015a). An In Vitro Micronucleus Assay with 2'-0-Fucosyllactose In Cultured Peripheral Human
Lymphocytes: Confidential. (Laboratory Project Identification: Project 507398; Substance 206096/A). Prepared
by DD 's-Hertogenbosch The Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom Al S
(discussed in GRN 650)

18 Verbaan, A.J. (2015b). An In Vitro Micronucleus Assay with 2’FL in Cultured Peripheral Human Lymphocytes.
(Laboratory Project Identification: Project 507433; Substance 206374/B). Prepared by DD ‘s-Hertogenbosch The
Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom A/S (discussed in GRN 650).

19 Coulet M, Phothirath P, Allais L, Schilter B (2014) Pre-clinical safety evaluation of the synthetic human milk,
nature-identical, oligosaccharide 2'-O-Fucosyllactose (2'-FL). Regulatory Toxicology and Pharmacology 68(1) 59-
69. https://doi.org/10.1016/j.yrtph.2013.11.005.

20 phipps KR, Baldwin N, Lynch B, Flaxmer J, Soltésova A, Gilby B, Mik§ MH, Réhrig CH (2018). Safety evaluation
of a mixture of the human-identical milk oligosaccharides 2’-fucosyllactose and difucosyllactose. Food and
chemical toxicology. 120:552-65. https://doi.org/10.1016/j.fct.2018.07.054.

21 van Berlo D, Wallinga AE, van Acker FA, Delsing D] (2018) Safety assessment of biotechnologically produced 2’-
Fucosyllactose, a novel food additive. Food and Chemical Toxicology. 118:84-93.
https://doi.org/10.1016/j.fct.2018.04.049.
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2'-FL/kg-bw/day in juvenile rats (strain Crl:WI(Han) or Crl:CD(SD)) reported a NOAEL of 5000
mg/kg-bw/day, the highest dose tested.?2:23:24

In a 90-day oral (feeding) toxicity study in juvenile rats (strain Crl:WI(Han)), the mean intakes of 2’-FL
were 0, 2.17, 4.27, and 7.25 g/kg-bw/day 2’-FL, and O, 2.45, 5.22, and 7.76 g/kg-bw/day in male and
female juvenile rats respectively. A NOAEL of 7.76 g/kg-bw/day 2’-FL was reported by the authors.?®
The safety of 2'-FL was evaluated in a 21-day repeated dosing study in neonatal pigs and no observed
adverse effects were reported at 2’-FL concentrations of 0, 200, 500, and 2000 mg 2’-FL/L/day for 21
days. These doses are equivalent to 29.37, 72.22 and 291.74 mg/kg/day in males and 29.30, 74.31,
and 298.99 mg/kg/day in females.%®

Four clinical studies evaluated the growth and tolerance of infants fed formulas containing 2’-FL and
other oligosaccharides. The studies evaluated concentrations at 0.2 to 1.2 g 2’-FL/L formula and the
combined effects of 2’-FL with GOS,?” short-chain fructo-oligosaccharides (scFOS),%® LNnT,2° or whey.3°
No adverse effects or alterations in growth were reported.

A clinical study evaluated the tolerability of 2’-FL administered at doses of 5, 10, and 20 g per day 2’-
FL, LNNT, or 2’-FL with LNNnT (2:1 mass ratio) for 14 days in adults ages 19 to 57 years.3! Participants
receiving the highest dose of 20 g/day 2’-FL and LNNnT (2:1 mass ratio) reported significantly higher
occurrence of bloating and gas compared to baseline, and those receiving 20 g/day 2’-FL reported softer
stools as compared to baseline. The authors determined these effects were clinically irrelevant, however,
these observations may suggest there is a tolerance limit of 20 g 2’-FL/day.

22 penard, L. (2015). 2’-FL — 13-Week Oral (Gavage) Juvenile Toxicity Study in the Rat Followed by a 4-Week
Treatment-Free Period. (Study Number AB20757; Sponsor Reference Number GSN037). Prepared by DD ‘s-
Hertogenbosch The Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom A/S. (discussed in
GRN 650)

28 Coulet M, Phothirath P, Allais L, Schilter B (2014) Pre-clinical safety evaluation of the synthetic human milk,
nature-identical, oligosaccharide 2'-O-Fucosyllactose (2'-FL). Regulatory Toxicology and Pharmacology 68(1) 59-
69. https://doi.org/10.1016/j.yrtph.2013.11.005.

24 phipps KR, Baldwin N, Lynch B, Flaxmer J, Soltésova A, Gilby B, Mik§ MH, Réhrig CH (2018). Safety evaluation
of a mixture of the human-identical milk oligosaccharides 2’-fucosyllactose and difucosyllactose. Food and
chemical toxicology. 120:552-65. https://doi.org/10.1016/j.fct.2018.07.054.

25 van Berlo D, Wallinga AE, van Acker FA, Delsing D] (2018) Safety assessment of biotechnologically produced 2’-
Fucosyllactose, a novel food additive. Food and Chemical Toxicology. 118:84-93.
https://doi.org/10.1016/j.fct.2018.04.049.

26 Hanlon, P. R., & Thorsrud, B. A. (2014). A 3-week pre-clinical study of 2’-fucosyllactose in farm piglets. Food
and chemical toxicology, 74, 343-348. https://doi.org/10.1016/j.fct.2014.10.025.

27 Marriage BJ, Buck RH, Goehring KC, Oliver ]S, Williams JA (2015) Infants fed a lower calorie formula with 2’ FL
show growth and 2’ FL uptake like breast-fed infants. Journal of pediatric gastroenterology and nutrition.
61(6):649. https://doi.org/10.1097/mpg.0000000000000889.

28 Reverri EJ, Devitt AA, Kajzer JA, Baggs GE, Borschel MW (2018) Review of the clinical experiences of feeding
infants formula containing the human milk oligosaccharide 2’-fucosyllactose. Nutrients. 10(10):1346.
https://doi.org/10.3390/nul10101346.

2% Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout P
(2017) Effects of infant formula with human milk oligosaccharides on growth and morbidity: a randomized
multicenter trial. Journal of pediatric gastroenterology and nutrition. 64(4):624.
https://doi.org/10.1097/mpg.0000000000001520.

30 Storm HM, Shepard ], Czerkies LM, Kineman B, Cohen SS, Reichert H, Carvalho R (2019) 2’-Fucosyllactose Is
Well Tolerated in a 100% Whey, Partially Hydrolyzed Infant Formula with Bifidobacterium lactis: A Randomized
Controlled Trial. Global pediatric health. https://doi.org/10.1177/2333794x19833995.

31 Elison E, Vigsnaes LK, Krogsgaard LR, Rasmussen J, Sgrensen N, McConnell B, Hennet T, Sommer MO, Bytzer P
(2016) Oral supplementation of healthy adults with 2’-Ofucosyllactose and lacto-N-neotetraose is well tolerated
and shifts the intestinal microbiota. British Journal of Nutrition. 116(8):1356-68.
https://doi.org/10.1017/s0007114516003354.
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Comparison of Safe Intake Levels to Proposed Intake Levels

Based on Amyris’s proposed uses of 2’-FL in infant formula at up to 2.4 g/L, the mean EDI for an infant
0 to 6 months of age (6.8 kg average weight; approximately 1 L/day) is 400 mg/kg-bw/day and an
infant 7 to 12 months of age (9.3 kg average weight; approximately 1.5 L/day) is 420 mg/kg-bw/day.
For comparison, background levels of intake of 2'-FL as consumed in human milk based on human
secretor mothers’ milk ranges from 1.1 to 4.26 g/L.32:33 At an intake of 1.1 to 4.26 g/L for a 6.8 kg
weight infant (0O to 6 months of age), this results in consumption of 162 to 627 mg/kg-bw/day. At an
intake of 1.1 to 4.26 g/L for an 9.3 kg weight infant (7 to 12 months of age), this results in consumption
of 118 to 458 mg/kg-bw/day. Thus, the highest consumption of 2'-FL for the proposed infant formula
use does not exceed the range of consumption of 2’-FL in human breastmilk for breastfed infants. These
proposed uses and intake levels are consistent with other safety assessments by authoritative bodies:
as presented in other 2’-FL GRNs which received no-questions letters from FDA; as presented in EFSA
opinions for 2’-FL as a novel food in 2019.34

All toddler, children, and adult intakes based on the proposed uses are well within the range of
background intakes for infants described above. As presented in Table 3b, the 95" percentile EDI for
toddlers is 450 mg/kg-bw/day, for children is 290 mg/kg-bw/day, for male teenagers is 180
mg/kg-bw/day, for female teenagers is 150 mg/kg-bw/day, for female adults of child-bearing age is
82 mg/kg-bw/day, for female adults is 76 mg/kg-bw/day, for male adults is 93 mg/kg-bw/day, and
elderly adults is 86 mg/kg-bw/day (age ranges, body weights, and other information are provided in
Table 3b). These 95™ percentile EDIs for children, toddlers, and adults do not exceed the range of
intakes on a per kg bw basis in breastfed infants. Because the intake of 2’-FL from Amyris's intended
uses at the proposed use levels is unlikely to exceed the intake level of naturally occurring 2’-FL in
breastfed infants per kilogram body weight, the GRAS Panel concluded that the specified uses and use
levels of Amyris’s 2'-FL are suitable, safe, and GRAS.

32 Bao, Y C. Chen, D. S. Newburg, Anal. Biochem. 2013, 433 (1), 28-35. Quantification of neutral human milk
oligosaccharides by graphitic carbon HPLC with tandem mass spectrometry.
https://doi.org/10.1016/j.ab.2012.10.003.

33 Galeotti, F., Coppa, G. V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., ... & Volpi, N. (2014). Capillary
electrophoresis separation of human milk neutral and acidic oligosaccharides derivatized with 2-aminoacridone.
Electrophoresis, 35(6), 811-818. https://doi.org/10.1002/elps.201300490.

34 EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA), Turck, D., Castenmiller, J., De Henauw, S.,
Hirsch-Ernst, K. I., Kearney, J., ... & Pelaez, C. (2019). Safety of 2’-fucosyllactose/difucosyllactose mixture as a
novel food pursuant to Regulation (EU) 2015/2283. EFSA Journal, 17(6), e05717.
https://doi.org/10.2903/j.efsa.2019.5717

10/11


https://doi.org/10.2903/j.efsa.2019.5717
https://doi.org/10.1002/elps.201300490
https://doi.org/10.1016/j.ab.2012.10.003




APPENDIX A

AMYRIS AND
CARBOSYNTH 2'-FL
PROTON NMR SPECTRA



O VWO MNMOHLONOTAOETMMOHOANODOOODMMWOAHLOETT~TWOWOHITOLWOWOHOANTOE << < e >0 4 00 0O N
NI O AN MNMITANANTNOITNAHOIDNDODOONATODODONIFIITOANNATNDAND AHODNOSONOOI>MAN
N NA 1O A AH0OWOOO>ITTTTTTO0VOVOVOVOOVOVOVOVWOLWOWWOWWOWLWS T ANNAAAA
OO IS ITONDDNDNND MMM MMM MMM MNMMMNMMMMMOMMOMOMONOMOMOMO A

N\ TS\ e——————————

~

Current Data Parameters
NAME AMY-20190116-02-2FL-standard-8mg
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.44 h
INSTRUM spect
PROBHD 7104450_0348 (
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 128

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUCL 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5  ppm

0.98
0.40
0.60
1.00
1.00
13.03
1.05
0.61
0.60
2.97



__-5.220
™~5.214

_—5.136
—~5.126

4.9

4.8

4.694

4.7

4.6

—4.553
——4.533

0.60

—4.440
——4.421

1.00

1.00

41 ppm

Current Data Parameters

AMY-20190116-02-2FL-standard-8mg
1

h

usec
usec
W

NAME

EXPNO

PROCNO 1
F2 - Acquisition Parameters
Date 20190116
Time 11.44
INSTRUM spect
PROBHD 7104450_0348 (
PULPROG 2930
TD 65536
SOLVENT D20
NS 64
DS 2
SWH 8223.685
FIDRES 0.250967
AQ 3.9845889
RG 128
DW 60.800
DE 6.50
TE 300.0
D1 1.00000000
TDO 1
SFO1 400.1324710
NUC1 1H
PO 4.93
Pl 14.80
PLW1 9.92000008
F2 - Processing parameters
ST

SF 400.1300008 MHz
WDW no
SSB 0

LB 0 Hz

GB 0

PC 1.00



O o
oM N
O O

o ™M

TeeeS\\N\\em—————

3.817
3.812
3.803
3.793
3.782
3.768
3.759
3.739
3.733
3.716
3.711
3.706
3.697
3.687
3.666
3.659
3.649
3.645
3.620
3.612
3.597
3.590
3.577
3.574
3.554
3.514
3.511
3.501
3.491
3.487
3.477
3.468
3.406
3.401
3.392
3.387
3.381
3.376
3.367
3.362
3.253
3.221
3.201
3.198
3.178

Current Data Parameters

NAME AMY-20190116-02-2FL-standard-8mg
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.44 h
INSTRUM spect
PROBHD 7104450_0348 (
PULPROG 2930

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 128

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

=

3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1 ppm

13.03
1.05
_/
0.61
N
.60



—1.139
—1.122

Current Data Parameters

NAME AMY-20190116-02-2FL-standard-8mg
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.44 h
INSTRUM spect
PROBHD 7104450_0348 (
PULPROG 2930

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 128

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

128 1.26 124 122 120 118 116 114 112 110 1.08 1.06 1.04 ppm

2.97



Current Data Parameters

NAME AMY-20190116-01-2FL-sample-8mg
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.22 h
INSTRUM spect
PROBHD 2104450_0348 (
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 80.6

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST 32768

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5  ppm

1.00
0.40
0.61
1.00
1.04
14.94
0.70
0.61
3.15



SEEEE 2 22 39 REoTS S
VARRY NI N/

5.2 51 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 41 ppm
3 3 S 3 3
- o = - -

Current Data Parameters

AMY-20190116-01-2FL-sample-8mg

NAME

EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.22 h
INSTRUM spect
PROBHD 2104450_0348 (
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 80.6

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST 32768

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00



3.818
3.813
3.804
3.794
3.783
3.768
3.760
3.740
3.734
3.717
3.712
3.706
3.698
3.688
3.673
3.667
3.660
3.650
3.647
3.637

TS

o
o™
]
o™

3.621
3.613
3.601
3.598
3.591
3.578
3.575
3.555
3.515
3.512
3.502
3.491
3.488
3.478
3.468
3.406
3.402
3.392
3.388
3.382
3.377
3.368
3.363
3.222
3.202
3.199
3.179

—_—

G

Current Data Parameters

AMY-20190116-01-2FL-sample-8mg

NAME

EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.22 h
INSTRUM spect
PROBHD 2104450_0348 (
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 80.6

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST 32768

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00



—1.139
—1.123

Current Data Parameters

NAME AMY-20190116-01-2FL-sample-8mg
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190116

Time 11.22 h
INSTRUM spect
PROBHD 2104450_0348 (
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 80.6

DW 60.800 usec
DE 6.50 usec
TE 300.0 K

D1 1.00000000 sec
TDO 1

SFO1 400.1324710 MHz
NUC1 1H

PO 4.93 usec
Pl 14.80 usec
PLW1 9.92000008 W

F2 - Processing parameters
ST 32768

SF 400.1300008 MHz
WDW no

SSB 0

LB 0 Hz

GB 0

PC 1.00

128 126 124 122 120 118 1.16 114 112 110 1.08 1.06 1.04 ppm

7o)
-
™



AMY-20190116-01-2FL-sample-8mg

1

1

C:\Bruker\TopSpin3.6.0\data\EP2019Q2

!

-

1

[Ppm]

[rel]

1.2

1.0

0.8

0.6

0.4

0.2

-0.0



AMY-20190116-01-2FL-sample-8mg 1 1 C:\Bruker\TopSpin3.6.0\data\EP2019Q2

[rel]

1.2

1.0

0.8

5.2 5.0 4.8 4.6 4.4 4.2 [ppm]



AMY-20190116-01-2FL-sample-8mg

1

1

C:\Bruker\TopSpin3.6.0\data\EP2019Q2

Ll

3.8

3.6

T
34 3.2 [ppm]

[rel]

1.2

1.0

0.8

0.6

0.4

0.2

-0.0



AMY-20190116-01-2FL-sample-8mg

1

1

C:\Bruker\TopSpin3.6.0\data\EP2019Q2

1.00

[Ppm]

[rel]

1.2

1.0

0.8

0.6

0.4

0.2

-0.0



APPENDIX B

BATCH RESULTS - CARBOHYDRATE,
KF TITRATION, PROTEIN, AND DNA
RESULTS



1. Product

Test Report for 2’Fucosyllactose

This analytical study comprises of 2’Fucosyllactose(2’-FL) which is tested for carbohydrate profile.

2. Methods of Analysis

SOP00830 Determination of 2’-FL by lon Chromatography (IC) area%: This method is intended for the release
and quantitation of 2’-FL powder and other carbohydrate on area% basis by ion chromatography pulse

amperometry detection with a Dionex Carbopac PA1 column.

3. Results of Analysis

A summary of the results is provided in the table below (Table 1):

Table 1: Summary for Carbohydrate Results

Result % (50
Lot # Date of Assay Specification ppm Disposition
Manufacture (Carbohydrate) Limit concentration)

2'-Fucosyllactose >86 area% 86.06 Pass
Lactose/Allo-lactose <7 area% 2.18 Pass
Difucosyllactose (DFL) <8 area% 0.52 Pass
2'-Fucosyllactitol <6 area% 4.92 Pass
3-Fucosyllactose (3FL)/Fucosyl- 0.92
galactose

H8163 6 February Sorbitol/Galactitol 0.79

2019
Xylitol 0.42
Fucose <7 area % 3.36 Pass
Glucose/Galactose 0.20
Glycerophosphoethanolamine 0.24
(GPE)
Fructose 0.24
Sugar alcohol (Other) 0.15
Page 1 of 2 Revision 1
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4. Conclusion

Results for lot H8163 conforms to carbohydrate specifications.
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Date: 5-May-2020

Beth Albino - Quality Assurance
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Test Report for 2’Fucosyllactose

Product

This analytical study comprises of 2’Fucosyllactose(2’-FL) which is tested for carbohydrate profile, Karl-Fischer
titration water content, protein content and DNA presence.

Methods of Analysis

SOP00830 Determination of 2’-FL by lon Chromatography (IC) area%: This method is intended for the release
and quantitation of 2’-FL powder and other carbohydrate on area% basis by ion chromatography pulse
amperometry detection with a Dionex Carbopac PA1 column.

SOP00842 Determination of water in purified 2’-FL samples by volumetric Karl Fischer titration: This method is
intended for the absolute quantification of water by volumetric Karl Fischer titration in purified 2’-FL powder.

SOP00843 Determination of total protein for 2’FL final product by modified Bradford assay: This method is
intended for quantification of total protein in 2’FL final product using a microplate reader. Bovine serum
albumin (BSA) as an external calibrator. Data is reported in g/kg.

SOP00844 Determination of DNA presence in 2’Fucosyllactose Final Product by PCR: This method is intended
for the detection of genomic DNA in 2-’FL final product using PCR with the motivation that the analytical
method can demonstrate the absence of recombinant DNA.

Results of Analysis

A summary of the results is provided in the tables below (Table 1 and 2):
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Table 1: Summary for Carbohydrate Results

Assay Specification Result % (50 ppm ) .
Lot # L. ) Disposition
(Carbohydrate) limit concentration)
2'-Fucosyllactose >86 area% 91.1 Pass
Lactose/Allo-lactose <7 area% 1.18 Pass
Difucosyllactose (DFL) <8 area% 1.40 Pass
2’-Fucosyllactitol <6 area% 3.54 Pass
Sorbitol/Galactitol 0.14
H8452 Fucose 0.18
3-Fucosyllactose/Fucosyl-Galactose 0.33
Glucose/Galactose <7 area% 0.26 Pass
Xylitol 0.73
Glycerophosphoethanolamine (GPE) 0.27
Fructose 0.40
Table 2: Summary of KF, Protein and DNA results
Lot # Assay Specification Limit Results Disposition
KF <5% 2.66% Pass
H8452 Protein <0.01% < 0.004% Pass
DNA Negative Negative Pass
4. Conclusion
Results for carbohydrate, KF, Protein, and DNA for lot H8452 are within specifications.
Prepared by: Date: 5-May-2020
Christine Erfe - Quality Control
Approved by: Date: 5-May-2020
Beth Albino - Quality Assurance
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Test Report for 2’Fucosyllactose

Product

This analytical study comprises of 2’Fucosyllactose(2’-FL) which is tested for carbohydrate profile, Karl-Fischer
titration water content, protein content and DNA presence.

Methods of Analysis

SOP00830 Determination of 2’-FL by lon Chromatography (IC) area%: This method is intended for the release
and quantitation of 2’-FL powder and other carbohydrate on area% basis by ion chromatography pulse
amperometry detection with a Dionex Carbopac PA1 column.

SOP00842 Determination of water in purified 2’-FL samples by volumetric Karl Fischer titration: This method is
intended for the absolute quantification of water by volumetric Karl Fischer titration in purified 2’-FL powder.

SOP00843 Determination of total protein for 2’FL final product by modified Bradford assay: This method is
intended for quantification of total protein in 2’FL final product using a microplate reader. Bovine serum
albumin (BSA) as an external calibrator. Data is reported in g/kg.

SOP00844 Determination of DNA presence in 2’Fucosyllactose Final Product by PCR: This method is intended
for the detection of genomic DNA in 2-’FL final product using PCR with the motivation that the analytical
method can demonstrate the absence of recombinant DNA.

Results of Analysis

A summary of the results is provided in the tables below (Table 1 and 2):
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Table 1: Summary for Carbohydrate Results

Assay Specification Result % (50 ppm ) .
Lot # (Carbohydrate) limit concentration) Disposition
2'-Fucosyllactose >86 area% 92.2 Pass
Lactose/All-lactose <7 area% 0.08 Pass
Difucosyllactose (DFL) <8 area% 1.30 Pass
2’-Fucosyllactitol <6 area% 3.93 Pass
Sorbitol/Galactitol 0.05
H8561 Fucose 0.12
3-Fucosyllactose/Fucosyl-Galactose 0.38
Glucose/Galactose <7 area% 0.33 Pass
Xylitol 0.59
Glycerophosphoethanolamine (GPE) 0.42
Fructose 0.43
Table 2: Summary of KF, Protein and DNA results
Lot # Assay Specification Limit Results Disposition
KF <5% 3.07% Pass
H8561 Protein <0.01% < 0.004% Pass
DNA Negative Negative Pass
4. Conclusion
Results for carbohydrate, KF, Protein, and DNA for lot H8651 are within specifications.
Prepared by: Date: 5-May-2020

Approved by:

Christine Erfe - Quality Control

Date: 5-May-2020

Beth Albino - Quality Assurance
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Test Report for 2’Fucosyllactose

Product

This analytical study comprises of 2’Fucosyllactose(2’-FL) which is tested for carbohydrate profile, Karl-Fischer
titration water content, protein content and DNA presence.

Methods of Analysis

SOP00830 Determination of 2’-FL by lon Chromatography (IC) area%: This method is intended for the release
and quantitation of 2’-FL powder and other carbohydrate on area% basis by ion chromatography pulse
amperometry detection with a Dionex Carbopac PA1 column.

SOP00842 Determination of water in purified 2’-FL samples by volumetric Karl Fischer titration: This method is
intended for the absolute quantification of water by volumetric Karl Fischer titration in purified 2’-FL powder.

SOP00843 Determination of total protein for 2’FL final product by modified Bradford assay: This method is
intended for quantification of total protein in 2’FL final product using a microplate reader. Bovine serum
albumin (BSA) as an external calibrator. Data is reported in g/kg.

SOP00844 Determination of DNA presence in 2’Fucosyllactose Final Product by PCR: This method is intended
for the detection of genomic DNA in 2-’FL final product using PCR with the motivation that the analytical
method can demonstrate the absence of recombinant DNA.

Results of Analysis

A summary of the results is provided in the tables below (Table 1 and 2):

Page 1 of 2 Revision 1
5885 Hollis Street, Suite 100, Emeryville, California 94608, USA




Table 1: Summary for Carbohydrate Results

Assay Specification Result % (50 ppm ) .
Lot # L. ) Disposition
(Carbohydrate) limit concentration)
2'-Fucosyllactose >86 area% 91.2 Pass
Lactose/Allo-lactose <7 area% 1.43 Pass
Difucosyllactose (DFL) <8 area% 1.24 Pass
2’-Fucosyllactitol <6 area% 3.19 Pass
Sorbitol/Galactitol 0.15
H8781 Fucose 0.15
3-Fucosyllactose/Fucosyl-Galactose 0.23
Glucose/Galactose <7 area% 0.22 Pass
Xylitol 0.67
Glycerophosphoethanolamine (GPE) 0.53
Fructose 0.31
Table 2: Summary of KF, Protein and DNA results
Lot # Assay Specification Limit Results Disposition
KF <5% 2.53% Pass
H8781 Protein <0.01% < 0.004% Pass
DNA Negative Negative Pass
4. Conclusion
Results for carbohydrate, KF, protein, and DNA for lot H8781 are within specifications.
Prepared by: Date: 5-May-2020
Christine Erfe - Quality Control
Approved by: Date: 5-May-2020
Beth Albino - Quality Assurance
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Test Report for 2’Fucosyllactose

Product

This analytical study comprises of 2’Fucosyllactose(2’-FL) which is tested for carbohydrate profile, Karl-Fischer
titration water content, protein content and DNA presence.

Methods of Analysis

SOP00830 Determination of 2’-FL by lon Chromatography (IC) area%: This method is intended for the release
and quantitation of 2’-FL powder and other carbohydrate on area% basis by ion chromatography pulse
amperometry detection with a Dionex Carbopac PA1 column.

SOP00842 Determination of water in purified 2’-FL samples by volumetric Karl Fischer titration: This method is
intended for the absolute quantification of water by volumetric Karl Fischer titration in purified 2’-FL powder.

SOP00843 Determination of total protein for 2’FL final product by modified Bradford assay: This method is
intended for quantification of total protein in 2’FL final product using a microplate reader. Bovine serum
albumin (BSA) as an external calibrator. Data is reported in g/kg.

SOP00844 Determination of DNA presence in 2’Fucosyllactose Final Product by PCR: This method is intended
for the detection of genomic DNA in 2-’FL final product using PCR with the motivation that the analytical
method can demonstrate the absence of recombinant DNA.

Results of Analysis

A summary of the results is provided in the tables below (Table 1 and 2):
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Table 1: Summary for Carbohydrate Results

Assay Specification Result % (50 ppm ) .
Lot # L. ) Disposition
(Carbohydrate) limit concentration)
2'-Fucosyllactose >86 area% 91.3 Pass
Lactose/Allo-lactose <7 area% 0.44 Pass
Difucosyllactose (DFL) <8 area% 1.25 Pass
2’-Fucosyllactitol <6 area% 3.52 Pass
Sorbitol/Galactitol 0.10
H8750 Fucose 0.19
3-Fucosyllactose/Fucosyl-Galactose 0.18
Glucose/Galactose <7 area% 0.52 Pass
Xylitol 1.30
Glycerophosphoethanolamine (GPE) 0.25
Fructose 0.46
Table 2: Summary of KF, Protein and DNA results
Lot # Assay Specification Limit Results Disposition
KF <5% 2.66 Pass
H8750 Protein <0.01% < 0.004% Pass
DNA Negative Negative Pass
4. Conclusion
Results for carbohydrate, KF, Protein, and DNA for lot H8750 are within specifications.
Prepared by: Date: 5-May-2020
Christine Erfe - Quality Control
Approved by: Date: 5-May-2020
Beth Albino - Quality Assurance
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APPENDIX C
RESIDUAL DNA ANALYSIS



H8452 (Lot #1)

H8561 (Lot #2)

H8595 (Lot #3)
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Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: 2-FL Run Time (min):  14.00
Vial Number: BD1 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 16:54 Sample Weight:  1.0000
[Chromatogram
400 - 'H SOP830_JUL-25-specifity #3 [manually integrated] 2-FL ED_1
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Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
1 2'-FL 8.859 136.388 377.523 100.00 100.00 n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 136.388 377.523 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: 3FL Run Time (min):  14.00
Vial Number: BC7 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 17:43 Sample Weight:  1.0000
[Chromatogram
160 - ] SOP830_JUL-25-specifity #6 [manually integrated] 3FL ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
1 3-Fucosylalctose/Fucosyl 5.142 4.969 28.604 100.00 100.00 n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |[2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 4.969 28.604 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: 6-GL Run Time (min):  14.00
Vial Number: BES8 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 21:02 Sample Weight:  1.0000
[Chromatogram
400 - 'ﬂ SOP830_JUL-25-specifity #18 [manually integrated] 6-GL ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
1 6'-galactosyllactose 10.600 173.413 354.615 100.00 100.00 n.a.
Total: 173.413 354.615 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: glucose Run Time (min):  14.00
Vial Number: BE2 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 20:12 Sample Weight:  1.0000
[Chromatogram
160 - 'ﬂ SOP830_JUL-25-specifity #15 [manually integrated] glucose ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
1 Glucose/Galactose 3.975 18.017 147.250 100.00 100.00 n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 18.017 147.250 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: galactose Run Time (min):  14.00
Vial Number: BC4 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 17:10 Sample Weight:  1.0000
[Chromatogram
160 - 7] SOP830_JUL-25-specifity #4 [manually integrated] galactose ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
1 Glucose/Galactose 4.050 12.453 96.559 100.00 100.00 n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 12.453 96.559 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: lactose Run Time (min):  14.00
Vial Number: BE3 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 20:29 Sample Weight:  1.0000
[Chromatogram
180 - 7] SOP830_JUL-25-specifity #16 [manually integrated] lactose ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
1 Allo-Lactose/Lactose 7.617 11.982 46.567 100.00 100.00 n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 11.982 46.567 100.00 100.00

Default/Integration

Chromeleon (c) Dionex
Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: manitol Run Time (min):  14.00
Vial Number: BD3 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 18:33 Sample Weight:  1.0000
[Chromatogram
180 - 'ﬂ SOP830_JUL-25-specifity #9 [manually integrated] manitol ED_1
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
1 Mannitol 2.000 12.208 169.527 100.00 100.00 n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 12.208 169.527 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: sorbitol Run Time (min):  14.00
Vial Number: BES Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 21:18 Sample Weight:  1.0000
[Chromatogram
300 - 7] SOP830_JUL-25-specifity #19 [manually integrated] sorbitol ED_1
1 1 1 - Sorbitol/Galactitol - 1.767
250 -
200 -
2 150-
[0
2
g
& 1004
Iva
50
0] JL a
-50 _- r T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
1 Sorbitol/Galactitol 1.767 17.323 278.662 100.00 100.00 n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 17.323 278.662 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: OLIGO MIX Run Time (min):  14.00
Vial Number: RA3 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 26/Jul/19 18:11 Sample Weight:  1.0000
[Chromatogram
200 %] SOP830_JUL-25-specifity #28 [manually integrated] OLIGO MIX ED_1
600-
500—-
19 - 2-FL - 8.867
4004
8 4
=
o i
g 300+ 2 - Sorbitol/Galactitol - 1.758
2 ] 1 -[Xylitol - 1,408
] | 4 - Fucose/Trehalose - 2.200
o 1 13- Mannitol - 2.000
200+ | 5 - Glucose/Galactose - 4.000
1004
- | 6 - 3-Fucosylalctose/Fuch§y-GiR @toselaaiose - 7.600
\7- Dif%se - 6,508 110~ 6'-9%&%
0+ T I I — r T ' I I
| — , . : —— . -
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
1 Xylitol 1.408 12.358 241.667 4.31 13.97 n.a.
2 Sorbitol/Galactitol 1.758 17.042 276.834 5.94 16.00 n.a.
3 Mannitol 2.000 12.706 200.290 4.43 11.57 n.a.
4 Fucose/Trehalose 2.200 16.992 221.058 5.92 12.77 n.a.
5 Glucose/Galactose 4.000 26.628 179.766 9.28 10.39 n.a.
6 3-Fucosylalctose/Fucosyl 5.225 13.937 59.628 4.86 3.45 n.a.
7 Difucosyllactose 6.508 6.404 28.661 2.23 1.66 n.a.
8 Allo-Lactose/Lactose 7.600 17.693 68.781 6.17 3.97 n.a.
9 2'-FL 8.867 152.628 424.449 53.21 24.53 n.a.
10 6'-galactosyllactose 10.567 10.469 29.277 3.65 1.69 n.a.
Total: 286.858 1730.410 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: trehalose Run Time (min):  14.00
Vial Number: BE1 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 19:56 Sample Weight:  1.0000
[Chromatogram
160 - 7] SOP830_JUL-25-specifity #14 [manually integrated] trehalose ED_1
140 ]
120 ]
100 ] 1 - Fucose/Trehalose - 2.209
o ]
S 80
© )
] il
o 4
& 60
Q
o |
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20
0—- ———*J\ T
-20 _- r T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
n.a. |Xylitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
1 Fucose/Trehalose 2.209 7.276 92.110 100.00 100.00 n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 7.276 92.110 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_JUL-25-specifity Page 1 of 1
Chromatogram and Results
Injection Details
Injection Name: xylitol Run Time (min):  14.00
Vial Number: BD6 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars Dilution Factor: ~ 1.0000
Injection Date/Time: 25/Jul/19 19:06 Sample Weight:  1.0000
[Chromatogram
250 - 7] SOP830_JUL-25-specifity #11 [manually integrated] xylitol ED_1
1 1 - Xylitol - 1.417
200+
150
2
o i
2 100
S i
0
&
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V. e
-504 ; - - - - - - T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min nC*min nC % %
1 Xylitol 1.417 10.487 201.782 100.00 100.00 n.a.
n.a. |Sorbitol/Galactitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |[Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Fucose/Trehalose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Glucose/Galactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |3-Fucosylalctose/Fucosyl n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Difucosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |Allo-Lactose/Lactose n.a. n.a. n.a. n.a. n.a. n.a.
na. |2-FL n.a. n.a. n.a. n.a. n.a. n.a.
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 10.487 201.782 100.00 100.00

Default/Integration

Chromeleon (c) Dionex

Version 7.2.9.11323
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Test Report

for

2’Fucosyllactose

Lot Number: H8452

Manufacturing Date 13-Aug-2019

Characteristic Method Specification Result
Appearance (powder) Visual white to off-white/ivory dry Pass
powder
Appearance in solution (at 5%) Visual Clear, colorless to slightly Pass
yellow
pH (20°C, 5% solution) EP2.2.3Vv9 3.0-75 5.8
Total Ash FCC 11 appendix Il <0.5 % w/w <0.3% w/w
Lead (Pb) EP 2.2.58 v9 <0.05 mg/kg 0.00401 mg/kg
Arsenic (As) EP 2.2.58 v9 <0.2 mg/kg <0.005 mg/kg
Cadmium (Cd) EP 2.2.58 v9 <0.05 mg/kg <0.01 mg/kg
Mercury (Hg) EP 2.2.58 v9 <0.1 mg/kg <0.002 mg/kg
Cobalt (Co) EP 2.2.58 v9 <0.03 mg/kg <0.01 mg/kg
Total Aerobic Microbial Count / SPC EP 2.6.12v9 <1000 cfu/g 240 cfu/g
Total Yeast/ Mold Count EP2.6.12 v9 <100 cfu/g <10 cfu/g
Sulphite Reducing Bacteria ISO 15213:2003 <100 cfu/g <10 cfu/g
Bacillus Cereus 1SO7932:2004 <100 cfu/g <10 cfu/g
Salmonella EP 2.6.13Vv9 Not detectedin 25 g Not detected
Cronobacter sakazaki ISO/TS 22964 Not detectedin10 g Not detected
Enterobacteriaceae EP 2.6.13v9 Negative in 10 g Not detected
[Bile Tolerant Gram Negative Bacteria]
Coliforms ISO 11290-1:2017 Not detectedin10 g Not detected
E.coli EP 2.6.13Vv9 Absentin10g Not detected
Pseudomonas aeruginosa EP 2.6.13Vv9 Absentin10g Not detected
Staphylococcus aureus EP 2.6.13Vv9 Negativein 10 g Not detected
Listeria monocytogenes ISO 11290-1:2017 Negativein 10 g Not detected

Prepared by: Date: 4-Feb-2020

Qian He - Quality Control

Approved by: Date: 4-Feb-2020

Beth Albino - Quality Assurance

Page 1 of 2
5885 Hollis Street, Suite 100, Emeryville, California 94608, USA
P: 5104500761 F: 510 225 2645




Lot Number: H8561

Test Report

for
2’Fucosyllactose

Manufacturing Date 25-Sep-2019

Characteristic Method Specification Result
Appearance (powder) Visual white to off-white/ivory dry Pass
powder
Appearance in solution (at 5%) Visual Clear, colorless to slightly Pass
yellow
pH (20°C, 5% solution) EP2.2.3v9 3.0-75 5.3
Total Ash FCC 11 appendix Il <0.5% w/w 0.49% wiw
Lead (Pb) EP2.2.58 v9 <0.05 mg/kg 0.00683 mg/kg
Arsenic (As) EP 2.2.58 v9 <0.2 mg/kg <0.005 mg/kg
Cadmium (Cd) EP 2.2.58 v9 <0.05 mg/kg <0.01 mg/kg
Mercury (Hg) EP 2.2.58 v9 <0.1 mg/kg <0.006 mg/kg
Cobalt (Co) EP 2.2.58 v9 <0.03 mg/kg <0.01 mg/kg
Total Aerobic Microbial Count / SPC EP 2.6.12v9 <1000 cfu/g 710 cfu/g
Total Yeast/ Mold Count EP2.6.12 v9 <100 cfu/g <10 cfu/g
Sulphite Reducing Bacteria ISO 15213:2003 <100 cfu/g <10 cfu/g
Bacillus Cereus 1SO07932:2004 <100 cfu/g <10 cfulg
Salmonella EP 2.6.13v9 Not detected in 25 g Not detected
Cronobacter sakazaki ISO/TS 22964 Not detected in 10 g Not detected
Enterobacteriaceae EP 2.6.13v9 Negative in 10 g Not detected
[Bile Tolerant Gram Negative Bacteria]
Coliforms ISO 11290-1:2017 Not detectedin 10 g Not detected
E.coli EP 2.6.13v9 Absentin10g Not detected
Pseudomonas aeruginosa EP2.6.13v9 Absentin10g Not detected
Staphylococcus aureus EP 2.6.13Vv9 Negativein 10 g Not detected
Listeria monocytogenes ISO 11290-1:2017 Negativein 10 g Not detected

Prepared by:

Date: 4-Feb-2020

Qian He - Quality Control

Approved by:

Date: 4-Feb-2020

Beth Albino - Quality Assurance

Pagelof1l
5885 Hollis Street, Suite 100, Emeryville, California 94608, USA
P: 5104500761 F: 510 225 2645




Lot Number: H8781

Test Report

for

2’Fucosyllactose

Manufacturing Date 3-Oct-2019

Characteristic Method Specification Result
Appearance (powder) Visual white to off-white/ivory dry Pass
powder
Appearance in solution (at 5%) Visual Clear, colorless to slightly Pass
yellow
pH (20°C, 5% solution) EP2.2.3Vv9 3.0-75 5.8
Total Ash FCC 11 appendix Il <0.5% w/w 0.33% wiw
Lead (Pb) EP2.2.58 v9 <0.05 mg/kg 0.00795 mg/kg
Arsenic (As) EP 2.2.58 v9 <0.2 mg/kg <0.005 mg/kg
Cadmium (Cd) EP 2.2.58 v9 <0.05 mg/kg <0.01 mg/kg
Mercury (Hg) EP 2.2.58 v9 <0.1 mg/kg <0.002 mg/kg
Cobalt (Co) EP 2.2.58 v9 <0.03 mg/kg <0.01 mg/kg
Total Aerobic Microbial Count / SPC EP 2.6.12 v9 <1000 cfu/g 35 cfulg
Total Yeast/ Mold Count EP2.6.12v9 <100 cfu/g <10 cfu/g
Sulphite Reducing Bacteria ISO 15213:2003 <100 cfu/g <10 cfu/g
Bacillus Cereus 1SO7932:2004 <100 cfu/g <10 cfu/g
Salmonella EP 2.6.13 v9 Not detected in 25 g Not detected
Cronobacter sakazaki ISO/TS 22964 Not detected in 10 g Not detected
Enterobacteriaceae EP 2.6.13v9 Negative in 10 g Not detected
[Bile Tolerant Gram Negative Bacteria]
Coliforms ISO 11290-1:2017 Not detectedin 10 g Not detected
E.coli EP 2.6.13v9 Absentin10g Not detected
Pseudomonas aeruginosa EP 2.6.13 v9 Absentin10g Not detected
Staphylococcus aureus EP 2.6.13Vv9 Negativein 10 g Not detected
Listeria monocytogenes ISO 11290-1:2017 Negativein 10 g Not detected

Prepared by:

Date: 4-Feb-2020

Qian He - Quality Control

Approved by:

Date: 4-Feb-2020

Beth Albino - Quality Assurance

Page1lof1

5885 Hollis Street, Suite 100, Emeryville, California 94608, USA
P: 510450 0761 F: 510 225 2645




Lot Number: H8750

Test Report

for

2’Fucosyllactose

Manufacturing Date 18-Oct-2019

Characteristic Method Specification Result
Appearance (powder) Visual white to off-white/ivory dry Pass
powder
Appearance in solution (at 5%) Visual Clear, colorless to slightly Pass
yellow
pH (20°C, 5% solution) EP2.2.3Vv9 3.0-75 5.5
Total Ash FCC 11 appendix Il <0.5% w/w <0.3% wiw
Lead (Pb) EP2.2.58 v9 <0.05 mg/kg 0.0123 mg/kg
Arsenic (As) EP 2.2.58 v9 <0.2 mg/kg <0.005 mg/kg
Cadmium (Cd) EP 2.2.58 v9 <0.05 mg/kg <0.009 mg/kg
Mercury (Hg) EP2.2.58v9 <0.1 mg/kg <0.002 mg/kg
Cobalt (Co) EP 2.2.58 v9 <0.03 mg/kg <0.01 mg/kg
Total Aerobic Microbial Count / SPC EP 2.6.12v9 <1000 cfu/g 45 cfu/g
Total Yeast/ Mold Count EP2.6.12v9 <100 cfu/g <10 cfu/g
Sulphite Reducing Bacteria ISO 15213:2003 <100 cfu/g <10 cfu/g
Bacillus Cereus 1SO07932:2004 <100 cfu/g <10 cfu/g
Salmonella EP 2.6.13 v9 Not detected in 25 g Not detected
Cronobacter sakazaki ISO/TS 22964 Not detected in 10 g Not detected
Enterobacteriaceae EP 2.6.13v9 Negative in 10 g Not detected
[Bile Tolerant Gram Negative Bacteria]
Coliforms ISO 11290-1:2017 Not detected in 10 g Not detected
E.coli EP 2.6.13v9 Absentin10g Not detected
Pseudomonas aeruginosa EP 2.6.13 v9 Absentin10g Not detected
Staphylococcus aureus EP 2.6.13Vv9 Negativein 10 g Not detected
Listeria monocytogenes ISO 11290-1:2017 Negativein 10 g Not detected

Prepared by:

Qian He - Quality Control

Approved by:

Date: 4-Feb-2020

Date: 4-Feb-2020

Beth Albino - Quality Assurance

Page1lof1

5885 Hollis Street, Suite 100, Emeryville, California 94608, USA

P: 510450 0761 F: 510 225 2645




APPENDIX F

INTERIM REPORT:
ACCELERATED STABILITY STUDY
REPORT OF 2'FUCOSYLLACTOSE
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Interim Report: Accelerated Stability
Study Report of 2’Fucosyllactose

1. Purpose

a.

The purpose of this study is to evaluate stability of 2’Fucosyllactose stored at different
storage conditions for up to 26 weeks at 40°C/75% Relative Humidity (RH) and 3 years at
25°C/60% RH, for regulatory submission and to determine shelf-life of the final product.
In addition, samples will be stored in similar material as final packaging. Therefore, this
will support final packaging material compatibility study as well.

This interim report provides data for four (4) lots of samples stored in accelerated
conditions up to 13 weeks at 40°C/75% RH, which represents 1.5 years in real-time.

This study will continue to monitor and evaluate samples stored at 40°C/75% RH for up
to 26 weeks, and at 25°C/60% RH (real-time) for up to 3 years, that will provide data to
support a 3-year shelf-life claim.

2. Study Details

a. Samples were aliquoted and stored per STAB-2019-0012P (STAB-2019-0012P: Real-time
and Accelerated Stability Study of 2’Fucosyllactose stored at different storage condition
for Shelf-Life Study and to Support Regulatory Submission).

b. Sample analysis were shipped from DSM and analyzed at Amyris per STAB-2019-0012P.

c. Material tested

Material Description Lot # Manufacturer
2’Fucosyllactose H8452 Amyris
2’Fucosyllactose H8561 Amyris
2’Fucosyllactose H9781 Amyris
2’Fucosyllactose H8750 Amyris

d. Storage Conditions

Table 1: Sample quantity and storage information

Containers 4-layer bag consisting of: PET (outside), Alu, OPA,
LDPE (inside)

Atmospheres in the Container Ambient

Temperatures 25°C +2°C/60% + 5% RH and 40°C + 2°C /75% * 5%
RH

Storage Location Company stability chambers, the Netherlands
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e. Time Points sampled

Table 2: Time points for samples stored at 40°C/75% RH

Sample Pull (Weeks)

Storage Condition 0 1 4 8 13
(°C/%RH)
40°C/75% RH X X X X
f. Testing performed:
Table 3: Tests performed
| F
Carbohydrate Content Specification Test Method SamP € requency
Required

Carbohydrate Content

2'-Fucosyllactose

> 83 % area

Allo-Lactose/Lactose <8 % area
DFL <7 % area
2’-Fucosyllactitol <6 % area
3’-FL / Fucosylgalactose
Fructose SOP00830 5g At each time point
Glucose/Galactose
GPE <6 % area
Fucose/Trehalose
Sorbitol/Galactitol
Xylitol
Water
KF (% water) 5% SOP00842 5g At each time point
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3. Results/Data

Table 5: Stability of Amyris 2’-FL Under Accelerated Storage Conditions

2 FL spray-dried product accelerated stability study (40°C, 75% RH)

| owk | 1wk | 4wk 8 wk 13 wk
H8452
2’-FL (area %) 91.10 90.70 90.95 90.92 90.55
Allo-Lactose/Lactose (area %) 1.18 1.48 1.64 1.31 1.15
DFL (area %) 1.40 0.97 0.91 1.17 0.98
3’-FL / Fucosylgalactose (area %) 0.33 0.63 0.48 0.34 0.55
Fructose (area %) 0.40 0.37 0.29 0.39 0.55
Glucose/Galactose (area %) 0.26 0.31 0.32 0.24 0.35
GPE (area %) 0.27 0.43 0.47 0.37 0.46
2’-Fucosyllactitol (area %) 3.54 3.77 3.69 3.94 3.9
Fucose/Trehalose (area %) 0.18 0.19 0.18 0.20 0.26
Sorbitol/Galactitol (area %) 0.14 0.17 0.12 0.17 0.31
Xylitol (area %) 0.73 0.76 0.76 0.82 0.82
Water Content (%) 2.66 3.00 2.99 2.84 2.74
H8561
2’-FL (area %) 92.20 92.10 92.45 92.39 91.96
Allo-Lactose/Lactose (area %) 0.08 0.18 0.24 0.14 0.07
DFL (area %) 1.30 1.04 1.0 1.21 1.02
3’-FL / Fucosylgalactose (area %) 0.38 0.54 0.40 0.30 0.4
Fructose (area %) 0.43 0.43 0.32 0.48 0.61
Glucose/Galactose (area %) 0.33 0.29 0.29 0.23 0.32
GPE (area %) 0.42 0.44 0.47 0.40 0.48
2’-Fucosyllactitol (area %) 3.93 4.13 4.01 4.19 4.22
Fucose/Trehalose (area %) 0.12 0.13 0.12 0.12 0.16
Sorbitol/Galactitol (area %) 0.05 0.03 0.05 0.06 0.11
Xylitol (area %) 0.6 0.59 0.58 0.63 0.62
Water Content (%) 3.07 3.39 3.23 3.10 3.12
H8781
2’-FL (area %) 91.2 91.0 91.15 90.89 90.94
Allo-Lactose/Lactose (area %) 1.43 1.87 1.85 1.57 1.5
DFL (area %) 1.24 0.82 0.83 1.07 0.84
3’-FL / Fucosylgalactose (area %) 0.23 0.55 0.45 0.31 0.49
Fructose (area %) 0.31 0.37 0.38 0.53 0.49
Glucose/Galactose (area %) 0.22 0.15 0.20 0.16 0.22
GPE (area %) 0.53 0.47 0.31 0.53 0.58
2’-Fucosyllactitol (area %) 3.19 3.30 3.23 3.29 3.37
Fucose/Trehalose (area %) 0.15 0.15 0.14 0.17 0.17
Sorbitol/Galactitol (area %) 0.15 0.17 0.15 0.20 0.21
Xylitol (area %) 0.67 0.67 0.66 0.73 0.78
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Water Content (%) | 253 2.81 2.69 2.64 2.77
H8750

2’-FL (area %) 91.30 90.70 91.31 90.76 90.47
Allo-Lactose/Lactose (area %) 0.44 0.62 0.61 1.38 0.44
DFL (area %) 1.25 0.91 0.87 1.10 0.92
3’-FL / Fucosylgalactose (area %) 0.18 0.55 0.45 0.33 0.46
Fructose (area %) 0.46 0.47 0.39 0.63 0.68
Glucose / Galactose (area %) 0.52 0.46 0.42 0.24 0.51
GPE (area %) 0.25 0.35 0.34 0.40 0.36
2’-Fucosyllactitol (area %) 3.52 3.75 3.65 3.82 3.84
Fucose / Trehalose (area %) 0.19 0.21 0.20 0.20 0.26
Sorbitol / Galactitol (area %) 0.10 0.11 0.11 0.16 0.24
Xylitol (area %) 1.30 1.36 1.32 0.81 1.44
Water Content (%) 2.66 2.83 2.70 2.68 6.31
Source: Amyris, Inc.

Abbreviations: RH = relative humidity; wk = week; wt = weight.

4. Conclusion

Based on the results shown above and in Appendix 1, 2’-FL is shown to be stable over the 13-
week accelerated conditions of 40°C/ 75% RH. The stability study will continue to monitor and
evaluate samples held at 40°C/75% RH for up to 26 weeks, and at 25°C/60% RH for up to 3
years, to provide data to support a 3-year shelf-life claim.

Approvals:
28-Feb-2020
Beth Albino (Study Director) Date

13-March-2020

Howard Fuller (Quality Assurance) Date
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Appendix 1

2’-FL assay variation was assessed with results as follows:

Prep No. 2'-FL Area %
RP-Q-1 89.99
RP-Q-2 89.61
RP-Q-3 90.06
RP-Q-4 89.96
RP-Q-5 89.48
RP-Q-6 89.83
RP-S-1 91.03
RP-S-2 90.94
RP-S-3 91.06
RP-S-4 91.27
RP-S-5 91.02
RP-S-6 90.97
Average 90.435
St. Dev (o) 0.66

Using this result, the 95% Confidence Range for assay variation was determined to be:

-/+1.960= | (-1.30, 1.30)

Applying the assay Confidence Range to the TO result, as given below, shows that there were no changes
to the 2’-FL over the 13 weeks accelerated study that is outside the range of the assay variation,
demonstrating 2’-FL is stable over 13 weeks accelerated conditions.

H8542 2'FL Stability H8561 2'FL Stability
94 94
93 93
9 92 ._—f—’/‘—.\‘
91 ‘\/o_.\ 91
90 90
89 89
0wk 1wk 4wk 8wk 13wk 0wk 1wk 4wk 8wk 13wk
—=—2'FL Upper Limit Lower Limit — = 'FL Upper Limit Lower Limit
H8581 2'FL Stability H8750 2'FL Stability
93 93
92 92
91 W o1 W
90 90
89 89
0wk 1wk 4wk 8wk 13wk 0wk 1wk 4wk 8wk 13wk
——'FL Upper Limit Lower Limit e )"FL Upper Limit Lower Limit
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APPENDIX H
ALLERGENICITY
EVALUATION



Risk assessment of genes used in the production of 2'-FL using FAO/WHO guidelines
predicts low potential allergenicity.

Introduction

Bioinformatic prediction of allergenicity has become an increasingly popular first step towards
the use of GM derived organisms in food/feed products. The FAO/WHO have outlined
methodology using common bioinformatics tools, including local alignment and
identity/similarity queries against known allergen databases, to assess potential allergenicity. In
this study, we show in silico that specific engineered gene constructs for 2'-FL production have
low risk of potential allergenicity.

Materials, Methods and Results

The FAO/WHO protocol' for bioinformatic allergenicity assessment outlines a two-part
procedure to be performed against multiple allergen databases. The first part, used to identify
potential linear IgE epitopes, searches for any match of 6 consecutive amino acids between the
query protein and any allergen database entry. The second part, used to detect potential
conformational IgE epitopes, searches for greater than 35% sequence identity, over a sliding 80-
mer amino acid window, of the query protein against any documented protein allergen.

The most comprehensive and recently updated allergen database, called AllergenOnline, is
maintained by the Food Allergy Research and Resource Program (FARRP) in the Department of
Food Science and Technology at the University of Nebraska in Lincoln®*>¢, The
AllergenOnline database contains 2035 peer reviewed allergen sequences from 808 taxonomic
groups, and was last updated in January 2017. Part one of the bioinformatics assessment
searched for 6-mer matches between the engineered 2'-FL constructs, and the AllergenOnline
database. This search returned 161 hits. Part two of the bioinformatics assessment, requiring
>35% sequence similarity of any 80-mer amino acid window, returned 179 hits. In addition,
total protein sequences queried for >35% similarity against the entire allergen database returned
zero hits.

Conclusions

Although the FAO/WHO guidelines published in 2001 continue to be standard practice for
bioinformatics allergenicity assessment, the EFSA provides detailed interpretation guidelines
based on empirical data published between 2001 and 2010%. Specifically, the EFSA notes that
the use of a 6-mer amino acid identity search generates too many false positives and is not
widely accepted®!*. Similarly, the FARRP also suggests that a single identity match of 6 to 8
contiguous amino acids does not imply similar IgE binding in the absence of more extensive
identity alignments®. Both EFSA and FARRP concur that sequences sharing less than 50%
identity over their full-lengths are rarely crosss-reactive®>%, making 35% similarity a stringent
threshold. The absence of strong full length identity/similarity evidence suggests the engineered
constructs in 2'-FL have low potential for allergenicity.
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APPENDIX J
CONSENSUS REPORT OF THE
GRAS PANEL



Consensus Statement of the GRAS Panel
on the Generally Recognized as Safe Status
of the Proposed Uses of Amyris’s 2’-Fucosyllactose

INTRODUCTION

The undersigned, an independent panel of experts, qualified by their scientific training and national and
international experience to evaluate the safety of food and food ingredients (the GRAS Panel), was
specially convened by Amyris, Inc., to conduct a critical and comprehensive evaluation of the available
pertinent data and information, and to determine whether under the conditions of intended use as a
food ingredient Amyris’s 2’-Fucosyllactose (2’-FL), produced using a genetically engineered strain of
Saccharomyces cerevisiae is safe and “generally recognized as safe” (GRAS) based on scientific
procedures. For purposes of this evaluation, “safe” or “safety” as it relates to GRAS within the terms of
the Federal Food, Drug, and Cosmetic Act means that there is a reasonable certainty of no harm under
the intended conditions of use of the ingredient in foods, as stated in 21 CFR 8§170.3(i) (U.S. FDA,
2012a).

Amyris, Inc. performed a comprehensive search of the literature relating to the safety of
2’-Fucosyllactose (2’-FL). Amyris summarized the results of the literature search and prepared a dossier,
“Safety Assessment and Generally Recognized as Safe (GRAS) Notification of
2’-Fucosyllactose (2’-FL) for Use as an Ingredient in Foods” for independent consideration and
review by the GRAS Panel.

The GRAS Panel consisted of the following individuals: Joseph F. Borzelleca, PhD, Emeritus Professor
Virginia Commonwealth University School of Medicine; Roger A. Clemens, DrPH, PolyScience
Consulting and Adjunct Professor, University of Southern California School of Pharmacy; and Stanley
M. Tarka, Jr., PhD, ATS, (The Pennsylvania State University College of Medicine, Tarka Group, Inc).
The GRAS Panel critically evaluated the safety documentation (the dossier), and other available data
and information the members of the GRAS Panel believed to be pertinent to the safety of Amyris’s
2-FL and its intended use as an ingredient in specified foods.

Following its independent and collective critical evaluation of the available information, the GRAS panel,
convened on April 24 and May 5, 2020. Following its deliberations, the GRAS panel unanimously agreed
to the conclusions described herein. A summary of the basis for these conclusions follows.

AMYRIS’S 2’-FL: MANUFACTURING PROCESS AND PRODUCT SPECIFICATIONS

The substance in this GRAS determination is 2’-Fucosyllactose (2'-FL) produced using a genetically
engineered strain of Saccharomyces cerevisiae (strain CEN.PK113-7D). S. cerevisiae, also known as
brewer’s yeast or baker’s yeast, has an extensive history of safe use in the food industry (21 CFR
8§172.896, 21 CFR 8172.325 21 CFR 8172.898, 21 CFR 8§184.1983). S. cerevisiae also has been granted
Qualified Presumption of Safety (QPS) status in the European Union by the European Food Safety
Authority (EFSA)! and, therefore, is considered safe for the derivation of genetically modified strain
lineages intended for use in the production of food additives and enzymes. In Amyris’s production strain,
the DNA construct was inserted by homologous recombination, and the introduced genetic elements are
stable. The production strain is not toxigenic or pathogenic, and does not contain or produce any known
pathogenicity-related proteins, toxins, allergens, pyrogens, or antibiotic resistance markers. The
manufacturing process consists of a fermentation process where food-grade sugar, lactose, and
fermentation nutrients are fed to a culture of the production strain and fermented to produce 2’-FL and
other carbohydrates. The fermentation process is conducted under strictly controlled temperature and
pH conditions with appropriate heat treatment and purification steps. After fermentation, the 2’-FL

1 Ricci, A., Allende, A., Bolton, D., Chemaly, M., Davies, R., Girones, R., ... & Robertson, L. (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, 15(3). https://doi.org/10.2903/j.efsa.2017.4664
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fermentation broth is separated from the aqueous phase by centrifugation. Any residual yeast is
removed though separation and purification steps, and residual solids, proteins, DNA, salts, and organic
acids are removed through various filtration steps. Chromatographic and polishing steps then remove
any additional salts, metals, proteins, organic acids, and colorants. The 2'-FL then goes through
additional filtration, evaporation, heat treatment, and sterilization steps before the concentrated product
is spray-dried to reduce moisture to < 5.0 % by weight (w/w). All processing aids in the post-
fermentation process are approved for use in food processing as noted in the dossier.

Amyris’s 2’-FL has a molecular weight of 488.44 AMU and conforms to 2’-FL structure (CAS# 41263-
94-9). A comparison of the proton NMR spectra for Carbosynth 2’-FL (reference standard) and the
Amyris 2’-FL demonstrate structural equivalence (Appendix A of dossier). Amyris’s 2'-FL was not
evaluated in any toxicology studies; however, numerous other sources of 2’-FL (Tables 11a and 11b in
the dossier) were test materials for toxicity studies. These studies are evaluated and summarized in the
dossier. To ensure that the toxicology studies are appropriate for evaluating Amyris’s 2’-FL, the profiles
of the 2’-FL substances (i.e., the distribution of non-2’-FL carbohydrates) were compared and found to
be sufficiently similar to base safety conclusions on the results of these studies.

To ensure that a consistent food-grade ingredient is produced, Amyris has established specifications for
their 2’-FL. The chemical, physical and microbiological specifications are presented in Table 1. Batches
were analyzed for conformity to the established specifications and all batches meet specifications.

Table 1: Specifications of Amyris’s 2’-Fucosyllactose

Parameter Specification Method

Carbohydrate content (%6 area)

2’-fucosyllactose > 86% area
Difucosyllactose (DFL) < 8% area
Lactose/allo-lactose < 7% area
2’-fucosyllactitol < 6% area

3-Fucosyllactose (3FL)

Fucosyl-galactose lon chromatography
Xylitol (Amyris SOP 830)

Dulcitol/sorbitol

< 7% area
Glucose/Galactose

Fucose

Glycerophosphoethanolamine (GPE)

Fructose

Chemical

Karl Fischer titration
(Amyris SOP 842)

Water Content (KF titration) <5.0% w/w

pH (20 °C, 5% solution) 3.0-7.5 EP 2.2.3 v9

Protein Content <0.01% w/w Modified Bradford Assay

(Amyris SOP 843)

Total Ash <0.5% w/w FCC 11 appendix 11
Arsenic < 0.2 mg/kg EP 2.2.58 v9
Cadmium < 0.05 mg/kg EP 2.2.58 v9
Lead < 0.05 mg/kg EP 2.2.58 v9
Mercury < 0.1 mg/kg EP 2.2.58 v9

GMO detection (rDNA from production strain)

Negative

PCR (Amyris SOP 844)
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In addition to batch testing, batches were analyzed in an accelerated mode stability study (13 weeks,
40°C, 75% Relative Humidity (RH)). Data from this study confirmed that Amyris 2’-FL powder is stable

Table 1: Specifications of Amyris’s 2’-Fucosyllactose

Parameter Specification Method
Microbial Specifications
Total Aerobic Microbial Count/Standard Plate Count | < 1000 cfu/g EP 2.6.12 v9
Total Yeast/Mold Count < 100 cfu/g EP 2.6.12 v9
Sulfite Reducing Bacteria < 100 cfu/g 1SO 15213: 2003
Enterobacteriaceae Negative in 10 g EP 2.6.13 v9
Salmonella Not detected in 25 g EP 2.6.13 v9

Cronobacter sakazakii

Not detected in 10 g

ISO/TS 22964

Coliforms Not detected in 10 g 1SO 4831: 2006

E. coli Absent in 10 g EP 2.6.13 v9
Listeria monocytogenes Absent in 10 g 1SO 11290-1: 2017
Pseudomonas aeruginosa Absent in 10 g EP 2.6.13 v9
Staphylococcus aureus Negative in 10 g EP 2.6.13 v9

Bacillus cereus

< 100 cfu/g

ISO 7932: 2004

Abbreviations: °C = degrees Celsius; cfu = colony-forming unit; EP = European Pharmacopoeia; EU =
endotoxin units; FCC = Food Chemicals Codex; g = grams; ISO = International Organization for

Standardization; KF = Karl Fischer; m = milli; SOP = Standard Operating Procedure; w/w = by weight; v =

version.

for 1.5 years (Appendix F in the dossier).

USES AND EXPOSURES

History of Use and Exposure

Approximately 85% of the world’s population is exposed to 2’-FL from human milk. Human milk
oligosaccharides (HMOs) are the third largest component of breast milk solids after lactose and lipids
and 2-'FL is the most abundant HMO in human breast milk.? Most infants have been exposed to 2’-FL
because it is a naturally occurring component of human breast milk, synthesized in the mammary glands
of secretor mothers. 2 Even infants fed breast milk from non-secretor mothers excrete 2’-FL in the urine
and in the stool, indicating the infant can produce alpha--1,2-epitope containing glycans.* The mean

2 Coppa GV, Bruni S, Morelli L, Soldi S, Gabrielli O (2004) The first prebiotics in humans: human milk
oligosaccharides. J Clin Gastroenterol 38(6 Suppl) S80-83.
https://doi.org/10.1097/01.mcg.0000128926.14285.25.

Castanys-Munoz E, Martin MJ, Prieto PA (2013) 2'-fucosyllactose: an abundant, genetically determined soluble
glycan present in human milk. Nutr Rev 71(12) 773-789. https://doi.org/10.1111/nure.12079

Kunz C, Rudloff S (2017) Compositional analysis and metabolism of human milk oligosaccharides in infants.
Intestinal microbiome: functional aspects in health and disease 88 137-148. Karger Publishers.
https://doi.org/10.1159/000455398.
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concentration of 2’-FL in human breast milk ranges from 1.1 g/L5 % to 4.26 g/L,” with levels up to 7.3
g/L reported.8

Proposed Uses and Estimated Daily Intakes

The intended uses and maximum use levels of Amyris’s 2’-FL were presented in one or more 2’-FL GRNs.
Amyris intends to use its 2’-FL as a food ingredient in term infant formulas (non-exempt), toddler
formulas (12-36 months) at a maximum level of 2.4 g 2’-FL per liter. Amyris also intends to use its 2’-
FL in baby foods for infants and young children (children older than one year of age) and beverages for
young children. Other uses in infant and toddler food and beverage products include processed cereals,
infant meal replacement products, ready-to-eat hot cereals, yogurts and drinks, desserts such as fruit
desserts and cobblers, snack crackers and cookies, milk modifiers, and milk-based drinks. Amyris is
proposing to use its 2’-FL in conventional foods and beverages intended for children and adults such as
in milk substitutes, flavoring in milk-based beverages such as coffees and smoothies, frozen dairy
desserts such as ice cream and frozen yogurt, fruit pie fillings, fruit preserve products, meal replacement
beverages and meal replacement bars, breakfast bars, cereal products (hot and ready-to-eat), energy
drinks, sports drinks, and fruit drinks/juices. Amyris also proposes to use its 2’-FL as an ingredient in
medical foods as a component of oral nutritional supplements for enteral feeding for ages 11 years and
older. Specific food uses and use levels are presented in Table 2.

Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed
Maximum Use
level (g/kg or

Proposed Use
Food Category Proposed Food Use RACC? Level (g/RACC
or g/serving)

g/L)®
Unflavored Pasteurized and Sterilized 240 mL 0.28 1.2
milk
Buttermilk 240 mL 0.28 1.2
Yogurt 225 ¢ 1.2 5.3
All acidophilus or fortified milks, non-fat
and low-fat milk fluids, including fluid 240 mL 0.28 1.2

milk and reconstituted milk powder

Flavored milks, including chocolate milk,
coffee drinks, cocoa, smoothies (dairy
and fruit based), other fruit and dairy 240 mL 0.28 1.2
combinations, yogurt drinks and
fermented milk drinks including kefir

Dairy

Frozen dairy desserts including ice

cream and frozen yogurts, frozen ~70 g 1.2 17

novelties

Milk product for pregnant women

("'mum formulas™) -9 to O months 200 mL 1.2 6.0
Dairy analogs Milk substitutes such as soymilk and 240 mL 0.28 1.4

imitation milks

5 McGuire MK, Meehan CL, McGuire MA, Williams JE, Foster J, Sellen DW, Kamau-Mbuthia EW, Kamundia EW,
Mbugua S, Moore SE, Prentice AM (2017) What's normal? Oligosaccharide concentrations and profiles in milk
produced by healthy women vary geographically. The American journal of clinical nutrition 105(5):1086-100.
https://doi.org/10.3945/ajcn.116.139980.

6 Bao, Y C. Chen, D. S. Newburg, Anal. Biochem. 2013, 433 (1), 28-35. Quantification of neutral human milk
oligosaccharides by graphitic carbon HPLC with tandem mass spectrometry.
https://doi.org/10.1016/j.ab.2012.10.003.

7 Galeotti, F., Coppa, G. V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., ... & Volpi, N. (2014). Capillary
electrophoresis separation of human milk neutral and acidic oligosaccharides derivatized with 2-aminoacridone.
Electrophoresis, 35(6), 811-818. https://doi.org/10.1002/elps.201300490.

8 Gabrielli, O., Zampini, L., Galeazzi, T., Padella, L., Santoro, L., Peila, C., ... & Coppa, G. V. (2011). Preterm milk
oligosaccharides during the first month of lactation. Pediatrics, 128(6), e1520-e1531.
https://doi.org/10.1542/peds.2011-1206.
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Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed Use

Proposed
Maximum Use

Food Category Proposed Food Use RACC? Level (g/RACC level (g/kg or
or g/serving) g bg
g9/L)
Non-dairy yogurt 225 ¢ 1.2 5.3
Syrups used to flavor milk beverages 40 g 0.28 7.0
Dairy based pudding custards and ~70g 1.2 17
mousses
Other Fruit pie filling 859 1.2 14.1
Fruit prepgratlon such as fruit filing in —40 g 1.2 30
bars, cookies, yogurt and cakes
Jellies and jams, fruit preserved and _
fruit butters 209 1.2 60
Infant formula (non-exempt formula) 100 mL 0.24 2.4
Toddler formulas, growing-up milks (12- 100 mL 0.24 24
36 months)
Processe_d cereal-based food :_:md baby 710170 g 0.084 to 2.04 12
food for infants and young children
Other Foods for Infants and Young 710170 g 0.084 to 2.04 12
Children
Other Drinks for Young Children 120 mL 0.14 1.2
2.4 (0.4
Infant meal replacement products 100 mL 0.24 9/100kcal)
15 g (dry)
Infant formulas, Ready-to-eat, ready-to-serve, hot 110 g 10.9 (as
Follow-on cereals 1.2
(ready-to- consumed)
formula, and baby serve)
foods —
Yo_gurt" and juice beverages ("baby 120 mL 1.2 10
drinks™)
Desserts including fruit desserts,
cobblers, yogurt/fruit combinations 110 g or mL 1.2 10.9
("junior type dessert”)
Baby cr_ackers, pretzels, cookies and 79 0.4 57
snacks items
Mllk—based drinks and_3|mllar products 120 mL 0.14 1.2
intended for young children
Milk modifiers (i.e. powder for addition 120 mL
in milk such as cacao-based powders, (ready to 0.14 1.2
etc.) serve)
. Oral nutritional supplements and enteral
Medical Foods tube feeding (11 years and older) 200 g or mL 4.0 20
Milk-based meal replacement beverages
or diet beverages / meal replacement
) drinks for weight reduction (milk-based 240 mL 1.2 5.0
Meal substitutes and non-milk-based)
Meal rgplacement bars for weight 30g 1.2 40
reduction
. Grain bars, including snack bars, meal
Grain products replacement bars, and breakfast bars 409 0.48 12
Ready-to-eat breakfast cereals for
adults and children - puffed 159 1.2 80
Breakfast cereals g breakt s 1
Ready-to-eat breakfast cereals for 40g 1.2 30

adults and children — high-fiber
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Table 2. Summary of the Individual Proposed Food Uses and Use Levels for 2’-FL in the U.S.

Proposed
Proposed Use Maximum Use
Food Category Proposed Food Use RACC? Level (g/RACC I | (a/k
or g/serving) E] @A el
g/L)°
Ready-to-eat breakfast cereals for
adults and children — biscuit types 609 1.2 20
. 40g (dry) 4.8 (as
Hot cereals for adults and children (—2409g 1.2
consumed)
prepared)
Flavored drinks 360 mL 0.28 0.8
Energy drinks 360 mL 0.28 0.8
Fitness and thirst quenchers, sport and
Beverage isotonic drinks / sport, isotonic drinks 360 mL 0.28 0.8
Fr_wt drink, |_n_c|ud|ng vitamin and 240 mL 0.28 1.2
mineral-fortified products
Fruit juices / fruit juices and nectar 240 mL 0.28 1.2

2 RACC = Reference Amounts Customarily Consumed per Eating Occasion in the U.S. Code of Federal Regulations,
2018 (21 CFR 101.12).

b Proposed maximum use level is presented on g/kg basis for solids, and g/L basis for liquids and forms. The basis

for the calculation of Estimated Daily Intake is presented in Tables 3a and 3b.

The estimated daily intake (EDI) of Amyris’s 2’-FL was estimated using food consumption data reported
in the United States Department of Health and Human Service’s 2013-2016 National Health and Nutrition

Examination Surveys (NHANES), is presented in Tables 3a and 3b.

Table 3a: Summary of the Estimated Daily Intake of 2’-FL from All Proposed Food
and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
All-Users Consumption (g/day)
Population Group Age Group o
% Users N Mean )
Percentile
Infants 0-6 mo. 100 241 2.73 5.87
Infants 7-12 mo. 99.66 228 3.82 8.43
Toddlers 1 to 3yr. 98.77 1117 | 2.30 5.49
Children 4 to 10 yr. 99.34 2315 | 2.61 7.08
Male Teenager 11-18 yr. 99.49 1213 | 3.12 8.99
Female Teenager 11-18 yr. 99.13 1216 | 2.36 7.28
Female Adults of
childbearing age 19-40 yr. 99.30 1807 | 1.78 5.79
Female Adults 19-64 yr. 99.49 3767 | 1.72 5.45
Male Adults 19-64 yr. 99.30 3313 | 2.38 7.84
Elderly Adults 65 yr.and up | 98.95 1215 | 2.25 6.30
Abbreviations: 2'-FL = 2’-fucosyllactose; g = grams; mo. = months; NHANES = National
Health and Nutrition Examination Survey; U.S. = United States; yr. = years
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Table 3b: Summary of the Estimated Daily Intakes of 2’-FL per Kilogram Body Weight from All
Proposed Food and Beverage Uses in the U.S. by Population Group (2013-2016 NHANES Data)
95th
Mean . % Users | N Mean | 95" Percentile
Percentile

Infants 0-6 mo. 6.8 8.9 100 241 0.40 0.82
Infants 7-12 mo. 9.3 11.3 99.6 227 0.42 0.88
Toddlers 1 to 3 yr. 13.8 18.5 98.77 1103 | 0.18 0.45
Children 4 to 10 yr. 28.9 48.5 99.34 2303 | 0.10 0.29
Male Teenager 11-18 yr. 60.4 94.5 99.49 1210 | 0.054 0.18
Female Teenager 11-18 yr. 65.6 106.0 99.13 1205 | 0.043 0.15
Female Adults of

. . 19-40 yr. 76.5 120.2 99.30 1791 | 0.025 0.082
childbearing age
Female Adults 19-64 yr. 78.2 120.3 99.49 3739 | 0.024 0.076
Male Adults 19-64 yr. 89.6 130.3 99.30 3295 | 0.028 0.093

65 yr. and
Elderly Adults 79.5 113.9 98.95 2283 | 0.029 0.086
up

Abbreviations: 2’-FL = 2’-fucosyllactose; bw = body weight; g = grams; k = kilo; mo. = months; NHANES
= National Health and Nutrition Examination Survey; U.S. = United States; yr. = years

SAFETY ASSESSMENT

The addition of Amyris’'s 2’-FL in infant formula will enable the infant formula to more closely
approximate the composition of human milk. 2'-FL as an ingredient in infant formula and general
population uses have been reviewed by the FDA in at least six GRNs that all received letters of no
objection from FDA.°

Absorption, distribution, metabolism and excretion of 2’-FL

It has been consistently demonstrated in studies specifically evaluating ADME of infant formula
oligosaccharides that HMOs are not readily absorbed by infants and arrive intact in the colon where they
are metabolized by resident microbiota and/or excreted in the feces.% 11 Studies report that 40 to 50%
of the 2’-FL in breast milk consumed by infants was reported unchanged in fecal samples. 1?1314 |Less
than 5% of 2’-FL and other HMOs consumed by infants were absorbed from the GI tract and most were

° GRNs 546, 571, 650, 735, 749, 852

10 Engfer MB, Stahl B, Finke B, Sawatzki G, Daniel H (2000) Human milk oligosaccharides are resistant to
enzymatic hydrolysis in the upper gastrointestinal tract. Am J Clin Nutr 71(6) 1589-1596.
https://doi.org/10.1093/ajcn/71.6.1589.

11 Gnoth MJ, Kunz C, Kinne-Saffran E, Rudloff S (2000) Human milk oligosaccharides are minimally digested in
vitro. J Nutr 130(12) 3014-3020. https://doi.org/10.1093/jn/130.12.3014.

12 Chaturvedi P, Warren CD, Altaye M, Morrow AL, Ruiz-Palacios G, Pickering LK, Newburg DS (2001) Fucosylated
human milk oligosaccharides vary between individuals and over the course of lactation. Glycobiology 11(5) 365-
372. https://doi.org/10.1093/glycob/11.5.365.

Coppa, G. V., Pierani, P., Zampini, L., Bruni, S., Carloni, I., & Gabrielli, O. (2001). Characterization of
oligosaccharides in milk and feces of breast-fed infants by high-performance anion-exchange chromatography.
In Bioactive components of human milk (pp. 307-314). Springer, Boston, MA. https://doi.org/10.1007/978-1-
4615-1371-1_38.

14 Albrecht S, Schols HA, van Zoeren D, van Lingen RA, Groot Jebbink LJ, van den Heuvel EG, Voragen AG,
Gruppen H (2011) Oligosaccharides in feces of breast- and formula-fed babies. Carbohydr Res 346(14) 2173-
2181. https://doi.org/10.1016/j.carres.2011.06.034.

13
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detected intact in the large intestine where they are subjected to partial fermentation by indigenous
microbiota. ® The unabsorbed 2’-FL is metabolized by gut microbiota to short-chain fatty acids.

Toxicological and Clinical Studies

The toxicological and clinical studies evaluating the safety and tolerance of 2’-FL support the
determination that 2’-FL is safe for its intended food uses and proposed use levels. The toxicological
studies (Tables 11a and 11b in the dossier) and clinical studies (Tables 11c and 11d in the dossier) are
summarized and discussed below.

The toxicology studies were performed on 2’-FL produced either by microbial fermentation or chemical
synthesis by various technologies. Although Amyris’s 2’-FL was not the test substance evaluated, the
other 2’-FLs that were evaluated are appropriate for evaluating Amyris’s 2’-FL because the profiles of
2’-FL and the associated substances, i.e., the non-2’-FL carbohydrates (Table 5b in the dossier), were
sufficiently similar to base safety interpretations on the results of these studies. This substantial chemical
equivalency supports bridging to the published studies.

In vitro assays for genotoxicity and mutagenicity tests on other sources of 2’-FL suggest that 2’-FL
produced either by chemical synthesis or microbial fermentation is not mutagenic and is not genotoxic.
Using concentrations up to 5000 ug/plate of 2’-FL, with and without metabolic activation, there were no
signs of cytotoxicity and no increase in revertant colony numbers reported in any of the test strains
when compared to control counts. 1617, 18, 19,20, 21

Repeated dose toxicity studies demonstrated that 2’-FL does not induce toxic effects after ingestion by
rats for 90 days. The studies evaluated the safety of 2'-FL produced via microbial fermentation or
chemical synthesis administered by gavage or as a dietary admixture to rats. Subchronic oral toxicity
studies in which 2’-FL was administered by gavage at doses of 0, 1000, 2000, and 5000 mg

15 Brand-Miller , J. C., McVeagh, P., McNeil, Y. & Messer, M. 1998. Digestion of human milk oligosaccharides by
healthy infants evaluated by the lactulose hydrogen breath test. J. Pediatr., 133, 95-98.
https://doi.org/10.1016/s0022-3476(98)70185-4.

16 Verspeek-rip, M. (2015). Evaluation of the Mutagenic Activity of 2'FL in the Salmonella Typhimurium Reverse
Mutation Assay and the Eshcerichia Coli Reverse Mutation Assay. (Laboratory Project Identification: Project
507432; Substance 206374/B). Prepared by DD 's Hertogenbosch The Netherlands: WIL Research Europe B.V.
for Lyngby, Denmark, Glycom A/S. (discussed in GRN 650)

17 Verbaan, A.J. (2015a). An In Vitro Micronucleus Assay with 2'-0-Fucosyllactose In Cultured Peripheral Human
Lymphocytes: Confidential. (Laboratory Project Identification: Project 507398; Substance 206096/A). Prepared
by DD 's-Hertogenbosch The Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom Al S
(discussed in GRN 650)

18 Verbaan, A.J. (2015b). An In Vitro Micronucleus Assay with 2’FL in Cultured Peripheral Human Lymphocytes.
(Laboratory Project Identification: Project 507433; Substance 206374/B). Prepared by DD ‘s-Hertogenbosch The
Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom A/S (discussed in GRN 650).

19 Coulet M, Phothirath P, Allais L, Schilter B (2014) Pre-clinical safety evaluation of the synthetic human milk,
nature-identical, oligosaccharide 2'-O-Fucosyllactose (2'-FL). Regulatory Toxicology and Pharmacology 68(1) 59-
69. https://doi.org/10.1016/j.yrtph.2013.11.005.

20 phipps KR, Baldwin N, Lynch B, Flaxmer J, Soltésova A, Gilby B, Mik§ MH, Réhrig CH (2018). Safety evaluation
of a mixture of the human-identical milk oligosaccharides 2’-fucosyllactose and difucosyllactose. Food and
chemical toxicology. 120:552-65. https://doi.org/10.1016/j.fct.2018.07.054.

21 van Berlo D, Wallinga AE, van Acker FA, Delsing D] (2018) Safety assessment of biotechnologically produced 2’-
Fucosyllactose, a novel food additive. Food and Chemical Toxicology. 118:84-93.
https://doi.org/10.1016/j.fct.2018.04.049.
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2'-FL/kg-bw/day in juvenile rats (strain Crl:WI(Han) or Crl:CD(SD)) reported a NOAEL of 5000
mg/kg-bw/day, the highest dose tested. 22 23.24

In a 90-day oral (feeding) toxicity study in juvenile rats (strain Crl:WI(Han)), the mean intakes of 2’-FL
were 0, 2.17, 4.27, and 7.25 g/kg-bw/day 2’-FL, and 0, 2.45, 5.22, and 7.76 g/kg-bw/day in male and
female juvenile rats respectively. A NOAEL of 7.76 g/kg-bw/day 2’-FL was reported by the authors.?°
The safety of 2'-FL was evaluated in a 21-day repeated dosing study in neonatal pigs and no observed
adverse effects were reported at 2’-FL concentrations of 0, 200, 500, and 2000 mg 2’-FL/L/day for 21
days. These doses are equivalent to 29.37, 72.22 and 291.74 mg/kg/day in males and 29.30, 74.31,
and 298.99 mg/kg/day in females. %¢

Four clinical studies evaluated the growth and tolerance of infants fed formulas containing 2’-FL and
other oligosaccharides. The studies evaluated concentrations at 0.2 to 1.2 g 2’-FL/L formula and the
combined effects of 2’-FL with GOS,?? short-chain fructo-oligosaccharides (scFOS),2?® LNNnT,?° or
whey. 30 No adverse effects or alterations in growth were reported.

A clinical study evaluated the tolerability of 2’-FL administered at doses of 5, 10, and 20 g per day 2’-
FL, LNNT, or 2’-FL with LNnT (2:1 mass ratio) for 14 days in adults ages 19 to 57 years. 3! Participants
receiving the highest dose of 20 g/day 2’-FL and LNNnT (2:1 mass ratio) reported significantly higher
occurrence of bloating and gas compared to baseline, and those receiving 20 g/day 2’-FL reported softer
stools as compared to baseline. The authors determined these effects were clinically irrelevant, however,
these observations may suggest there is a tolerance limit of 20 g 2’-FL/day.

22 penard, L. (2015). 2’-FL — 13-Week Oral (Gavage) Juvenile Toxicity Study in the Rat Followed by a 4-Week
Treatment-Free Period. (Study Number AB20757; Sponsor Reference Number GSN037). Prepared by DD ‘s-
Hertogenbosch The Netherlands: WIL Research Europe B.V. for Lyngby, Denmark, Glycom A/S. (discussed in
GRN 650)

28 Coulet M, Phothirath P, Allais L, Schilter B (2014) Pre-clinical safety evaluation of the synthetic human milk,
nature-identical, oligosaccharide 2'-O-Fucosyllactose (2'-FL). Regulatory Toxicology and Pharmacology 68(1) 59-
69. https://doi.org/10.1016/j.yrtph.2013.11.005.

24 phipps KR, Baldwin N, Lynch B, Flaxmer J, Soltésova A, Gilby B, Mik§ MH, Réhrig CH (2018). Safety evaluation
of a mixture of the human-identical milk oligosaccharides 2’-fucosyllactose and difucosyllactose. Food and
chemical toxicology. 120:552-65. https://doi.org/10.1016/j.fct.2018.07.054.

25 van Berlo D, Wallinga AE, van Acker FA, Delsing D] (2018) Safety assessment of biotechnologically produced 2’-
Fucosyllactose, a novel food additive. Food and Chemical Toxicology. 118:84-93.
https://doi.org/10.1016/j.fct.2018.04.049.

26 Hanlon, P. R., & Thorsrud, B. A. (2014). A 3-week pre-clinical study of 2’-fucosyllactose in farm piglets. Food
and chemical toxicology, 74, 343-348. https://doi.org/10.1016/j.fct.2014.10.025.

27 Marriage BJ, Buck RH, Goehring KC, Oliver ]S, Williams JA (2015) Infants fed a lower calorie formula with 2’ FL
show growth and 2’ FL uptake like breast-fed infants. Journal of pediatric gastroenterology and nutrition.
61(6):649. https://doi.org/10.1097/mpg.0000000000000889.

28 Reverri EJ, Devitt AA, Kajzer JA, Baggs GE, Borschel MW (2018) Review of the clinical experiences of feeding
infants formula containing the human milk oligosaccharide 2’-fucosyllactose. Nutrients. 10(10):1346.
https://doi.org/10.3390/nul10101346.

2% Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout P
(2017) Effects of infant formula with human milk oligosaccharides on growth and morbidity: a randomized
multicenter trial. Journal of pediatric gastroenterology and nutrition. 64(4):624.
https://doi.org/10.1097/mpg.0000000000001520.

30 Storm HM, Shepard ], Czerkies LM, Kineman B, Cohen SS, Reichert H, Carvalho R (2019) 2’-Fucosyllactose Is
Well Tolerated in a 100% Whey, Partially Hydrolyzed Infant Formula with Bifidobacterium lactis: A Randomized
Controlled Trial. Global pediatric health. https://doi.org/10.1177/2333794x19833995.

31 Elison E, Vigsnaes LK, Krogsgaard LR, Rasmussen J, Sgrensen N, McConnell B, Hennet T, Sommer MO, Bytzer P
(2016) Oral supplementation of healthy adults with 2’-Ofucosyllactose and lacto-N-neotetraose is well tolerated
and shifts the intestinal microbiota. British Journal of Nutrition. 116(8):1356-68.
https://doi.org/10.1017/s0007114516003354.
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Comparison of Safe Intake Levels to Proposed Intake Levels

Based on Amyris’s proposed uses of 2’-FL in infant formula at up to 2.4 g/L, the mean EDI for an infant
0 to 6 months of age (6.8 kg average weight; approximately 1 L/day) is 400 mg/kg-bw/day and an
infant 7 to 12 months of age (9.3 kg average weight; approximately 1.5 L/day) is 420 mg/kg-bw/day.
For comparison, background levels of intake of 2'-FL as consumed in human milk based on human
secretor mothers’ milk ranges from 1.1 to 4.26 g/L.3%233 At an intake of 1.1 to 4.26 g/L for a 6.8 kg
weight infant (0O to 6 months of age), this results in consumption of 162 to 627 mg/kg-bw/day. At an
intake of 1.1 to 4.26 g/L for an 9.3 kg weight infant (7 to 12 months of age), this results in consumption
of 118 to 458 mg/kg-bw/day. Thus, the highest consumption of 2'-FL for the proposed infant formula
use does not exceed the range of consumption of 2’-FL in human breastmilk for breastfed infants. These
proposed uses and intake levels are consistent with other safety assessments by authoritative bodies:
as presented in other 2’-FL GRNs which received no-questions letters from FDA; as presented in EFSA
opinions for 2’-FL as a novel food in 2019. 34

All toddler, children, and adult intakes based on the proposed uses are well within the range of
background intakes for infants described above. As presented in Table 3b, the 95" percentile EDI for
toddlers is 450 mg/kg-bw/day, for children is 290 mg/kg-bw/day, for male teenagers is 180
mg/kg-bw/day, for female teenagers is 150 mg/kg-bw/day, for female adults of child-bearing age is
82 mg/kg-bw/day, for female adults is 76 mg/kg-bw/day, for male adults is 93 mg/kg-bw/day, and
elderly adults is 86 mg/kg-bw/day (age ranges, body weights, and other information are provided in
Table 3b). These 95™ percentile EDIs for children, toddlers, and adults do not exceed the range of
intakes on a per kg bw basis in breastfed infants. Because the intake of 2’-FL from Amyris's intended
uses at the proposed use levels is unlikely to exceed the intake level of naturally occurring 2’-FL in
breastfed infants per kilogram body weight, the GRAS Panel concluded that the specified uses and use
levels of Amyris’s 2'-FL are suitable, safe, and GRAS.

32 Bao, Y C. Chen, D. S. Newburg, Anal. Biochem. 2013, 433 (1), 28-35. Quantification of neutral human milk
oligosaccharides by graphitic carbon HPLC with tandem mass spectrometry.
https://doi.org/10.1016/j.ab.2012.10.003.

33 Galeotti, F., Coppa, G. V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., ... & Volpi, N. (2014). Capillary
electrophoresis separation of human milk neutral and acidic oligosaccharides derivatized with 2-aminoacridone.
Electrophoresis, 35(6), 811-818. https://doi.org/10.1002/elps.201300490.

34 EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA), Turck, D., Castenmiller, J., De Henauw, S.,
Hirsch-Ernst, K. 1., Kearney, J., ... & Pelaez, C. (2019). Safety of 2’-fucosyllactose/difucosyllactose mixture as a
novel food pursuant to Regulation (EU) 2015/2283. EFSA Journal, 17(6), e05717.
https://doi.org/10.2903/j.efsa.2019.5717
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Instrument:QC-ICS6000_1 Sequence:SOP830_12SEPT19_CAE TO0 only_update 1Mar2021 Page 10of 1
Chromatogram and Results
Injection Details
Injection Name: Lot H8452 Prep 1 Run Time (min):  14.00
Vial Number: BB2 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars-regulatory Dilution Factor: 1.0000
Injection Date/Time: 25/0ct/19 11:44 Sample Weight:  1.0000
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0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 14.00
Time [min]
Integration Results
No. Peak Name Retention Time Rel. Ret.Time. (2'-FL) Area Height Relative Area Relative Height
min nC*min nC % %
1 Unknown 1 1.225 0.17 0.020 0.435 0.15 0.71
2 Xylitol 1.375 0.19 0.100 2.165 0.73 3.54
3 Unknown 2 1.534 0.21 0.002 0.030 0.02 0.05
4 Sorbitol/Galactitol 1.734 0.24 0.017 0.303 0.13 0.50
n.a. |Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
5 Fucose/Trehalose 2.034 0.28 0.024 0.341 0.18 0.56
6 2'-Fucosyllactitol 2.525 0.35 0.481 5.701 3.54 9.31
7 Unknown 3 2.725 0.38 0.006 0.082 0.05 0.13
8 GPE 3.250 0.45 0.055 0.572 0.41 0.93
9 Glucose/Galactose 3.484 0.48 0.045 0.375 0.33 0.61
10 Fructose 3.959 0.55 0.054 0.467 0.40 0.76
11 3-Fucosylactose / Fucosyl 4.575 0.63 0.039 0.168 0.29 0.28
12 Difucosyllactose 5.434 0.75 0.184 0.943 1.36 1.54
13 Unknown 4 5.809 0.80 0.004 0.021 0.03 0.03
14 Allo-Lactose/Lactose 6.350 0.88 0.163 0.824 1.20 1.35
15 2'-FL 7.242 1.00 12.381 48.720 91.09 79.60
16 Unknown 5 9.009 1.24 0.015 0.062 0.11 0.10
n.a. [6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 13.592 61.209 100.00 100.00

Default/Integration

Chromeleon (c) Dionex
Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_12SEPT19_CAE TO0 only_update 1Mar2021 Page 10of 1
Chromatogram and Results
Injection Details
Injection Name: Lot H8561 Prep 1 Run Time (min):  14.00
Vial Number: BA1 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars-regulatory Dilution Factor: 1.0000
Injection Date/Time: 22/0ct/19 19:35 Sample Weight:  1.0000
[Chromatogram
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0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50 14.00
Time [min]
Integration Results
No. Peak Name Retention Time Rel. Ret.Time. (2'-FL) Area Height Relative Area Relative Height
min nC*min nC % %
1 Unknown 1 1.225 0.17 0.010 0.201 0.05 0.23
2 Xylitol 1.375 0.19 0.117 2.539 0.59 2.84
3 Unknown 2 1.500 0.21 0.006 0.080 0.03 0.09
4 Sorbitol/Galactitol 1.742 0.24 0.010 0.176 0.05 0.20
n.a. |Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
5 Fucose/Trehalose 2.025 0.28 0.023 0.324 0.12 0.36
6 2'-Fucosyllactitol 2.517 0.35 0.776 9.236 3.93 10.33
7 Unknown 3 2.700 0.38 0.005 0.077 0.03 0.09
8 GPE 3.225 0.45 0.083 0.867 0.42 0.97
9 Glucose/Galactose 3.450 0.48 0.066 0.535 0.33 0.60
10 Fructose 3.925 0.55 0.086 0.746 0.43 0.83
11 3-Fucosylactose / Fucosyl 4.550 0.64 0.063 0.228 0.32 0.26
12 Difucosyllactose 5.367 0.75 0.257 1.393 1.30 1.56
n.a. |Unknown 4 n.a. n.a. n.a. n.a. n.a. n.a.
13 Allo-Lactose/Lactose 6.109 0.86 0.015 0.000 0.08 0.00
14 2'-FL 7.142 1.00 18.199 72.919 92.20 81.55
15 Unknown 5 8.909 1.25 0.023 0.093 0.12 0.10
n.a. [6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 19.738 89.414 100.00 100.00

Default/Integration

Chromeleon (c) Dionex
Version 7.2.9.11323



Instrument:QC-ICS6000_1 Sequence:SOP830_12SEPT19_CAE TO0 only_update 1Mar2021 Page 10of 1
Chromatogram and Results
Injection Details
Injection Name: Lot H8750 Prep 1 Run Time (min):  14.00
Vial Number: BA8 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars-regulatory Dilution Factor: 1.0000
Injection Date/Time: 25/0ct/19 10:43 Sample Weight:  1.0000
[Chromatogram
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Time [min]
Integration Results
No. Peak Name Retention Time Rel. Ret.Time. (2'-FL) Area Height Relative Area Relative Height
min nC*min nC % %
1 Unknown 1 1.117 0.15 0.009 0.204 0.04 0.21
2 Unknown 2 1.225 0.17 0.074 1.782 0.36 1.86
3 Xylitol 1.384 0.19 0.269 5.693 1.30 5.95
4 1.550 0.21 0.003 0.058 0.01 0.06
5 Sorbitol/Galactitol 1.742 0.24 0.022 0.371 0.11 0.39
n.a. |Mannitol n.a. n.a. n.a. n.a. n.a. n.a.
6 Fucose/Trehalose 2.050 0.28 0.039 0.581 0.19 0.61
7 2'-Fucosyllactitol 2.542 0.35 0.727 8.544 3.52 8.93
8 Unknown 3 2.734 0.37 0.009 0.118 0.04 0.12
9 Unknown 4 3.100 0.42 0.006 0.073 0.03 0.08
10 GPE 3.292 0.45 0.051 0.510 0.25 0.53
11 Glucose/Galactose 3.525 0.48 0.105 0.769 0.51 0.80
12 Fructose 4.009 0.55 0.095 0.812 0.46 0.85
13 Unknown 5 4.284 0.58 0.003 0.040 0.02 0.04
14 3-Fucosylactose / Fucosyl 4.459 0.61 0.045 0.188 0.22 0.20
15 Difucosyllactose 5.509 0.75 0.257 1.333 1.25 1.39
16 Allo-Lactose/Lactose 6.434 0.88 0.091 0.464 0.44 0.49
17 2'-FL 7.342 1.00 18.817 74.088 91.25 77.48
n.a. [6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 20.622 95.628 100.00 100.00

Default/Integration
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Page 1 of 1

Chromatogram and Results

Injection Details

Injection Name: Lot H8781 Prep 1 Run Time (min):  14.00
Vial Number: BD1 Injection Volume: 5.00
Injection Type: Unknown Channel: ED_1
Calibration Level: Wavelength: n.a.
Instrument Method: SOP00830-6 Bandwidth: n.a.
Processing Method: Radha 3 sugars - Copy Dilution Factor: ~ 1.0000
Injection Date/Time: 18/Oct/19 08:53 Sample Weight:  1.0000
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Integration Results
No. Peak Name Retention Time Rel. Ret.Time. (2'-FL) Area Height Relative Area Relative Height
min min nC*min nC % %
1 Unknown 1 1.225 0.16 0.076 1.674 0.37 1.90
2 xylitol 1.384 0.18 0.136 2.916 0.66 3.32
3 Unknown 2 1.517 0.20 0.009 0.152 0.04 0.17
4 sorbitol/Galactitol 1.750 0.23 0.030 0.538 0.15 0.61
5) Fucose/Trehalose 2.092 0.27 0.029 0.286 0.14 0.32
6 2'-Fucosyllactitol 2.584 0.33 0.651 7.508 3.17 8.54
7 Unknown 3 2.775 0.36 0.007 0.091 0.03 0.10
8 3.192 0.41 0.002 0.025 0.01 0.03
9 GPE 3.409 0.44 0.108 1.059 0.53 1.21
10 Glucose/Galactose 3.642 0.47 0.046 0.401 0.22 0.46
n.a. |Unknown 4 n.a. n.a. n.a. n.a. n.a. n.a.
11 Fructose 4.150 0.53 0.083 0.474 0.40 0.54
12 Unknown 5 4.434 0.57 0.010 0.104 0.05 0.12
13 3-Fucosylalctose/ Fucosyl 4.650 0.60 0.049 0.184 0.24 0.21
14 Difucosyllactose 5.767 0.74 0.256 1.187 1.24 1.35
15 Allo-Lactose/Lactose 6.742 0.87 0.292 1.413 1.42 1.61
16 2'-FL 7.759 1.00 18.745 69.802 91.23 79.43
17 Unknown 6 9.625 1.24 0.017 0.063 0.08 0.07
n.a. |6'-galactosyllactose n.a. n.a. n.a. n.a. n.a. n.a.
Total: 20.548 87.879 100.00 100.00
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