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GLYCQM
A

GRAS Notice for 3-Fucosyllactose (3-FL)

PART1 §170.225 SIGNED STATEMENTS AND CERTIFICATION

In accordance with 21 CFR §170 Subpart E consisting of §170.203 through 170.285, Glycom A/S* (Glycom)
hereby informs the United States (U.S.) Food and Drug Administration (FDA) that 3-fucosyllactose (3-FL), as
manufactured by Glycom, is not subject to the premarket approval requirements of the Federal Food, Drug,
and Cosmetic Act based on Glycom’s view that the notified substance is Generally Recognized as Safe
(GRAS) under the conditions of its intended use described in Section 1.3 below. In addition, as a responsible
official of Glycom, the undersigned hereby certifies that all data and information presented in this Notice
represents a complete, representative, and balanced submission, and considered all unfavorable, as well as
favorable, information known to Glycom and pertinent to the evaluation of the safety and GRAS status of
3-FL as a food ingredient for addition to non-exempt term infant formula and various conventional food
products, as described herein.

Signed,
. : .
0S5 Ngy 2024
.Christoph Rohrig, Ph.D. Date
Head of HMO Regulatory Affairs
Glycom A/S

Christoph.roehrig@dsm.com

1.1 Name and Address of Notifier

Glycom A/S

Kogle Allé 4

2970 Hersholm
Denmark

Tel: +45 8830 9500
Fax:  +454593 3968

1.2 Common Name of Notified Substance

3-Fucosyllactose; 3-FL

1 Glycom A/S is a wholly owned indirect affiliate of DSM Nutritional Products Ltd, a company with registered address at Wurmisweg
576, 4303 Kaiseraugst, Switzerland.
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1.3 Conditions of Use

3-FLis intended to be added to non-exempt term infant formula, foods targeted to young children, as well
as uses in specific conventional food and beverage products used by the general population (Table 1.3-1).
Use of this ingredient in infant formula (i.e., infants up to 12 months), toddler formulas (i.e., young children
older than 12 months) and beverages targeted to young children will provide a use level of 3-FL of 0.75 g/L
in infant formula and 2.0 g/L in ready-to-drink and reconstituted products, and up to 6.25 g/kg for products
other than beverages for infants and young children (e.g., baby foods). 3-FL is also intended for use in food
and beverages targeted towards the general U.S. population (up to 2.0 g/L or 25 g/kg), and foods for special
dietary use (e.g., meal replacement bars) at levels up to 2.5 g/L or 25 g/kg. The maximum use levels are
proposed on the basis of providing similar levels of 3-FL, on a body weight basis, as those consumed by
breast-fed infants (see Section 3.1). A summary of the food categories and use levels in which 3-FL is
intended for use is provided in Table 1.3-1 below. Use levels are expressed on a 3-FL basis.

Table 1.3-1 Summary of the Individual Proposed Food Uses and Use Levels for 3-FL in the U.S.
Food Category Proposed Food Use RACC? Proposed Proposed
(21 CFR §170.3) (g or mL) Maximum Use  Maximum Use
(U.S. FDA, 2020a) Level® (g/RACC) Level® (g/kg or
g/L)
Beverages and Non-Milk Meal Replacement and Nutritional 240 0.48 2.00
Beverage Bases Beverages©
Sports, Isotonic, and Energy Drinks, Soft Drinks, 360 0.45 1.25
Enhanced or Fortified Waters
Infant and Toddler ~ Term Infant Formulas 100¢ 0.075 0.75
Foods Toddler Formulas® 100¢ 0.20 2.00
Other Baby Foods for Infants and Young Children 7 to 170 0.04 to 1.06 6.25
Other Drinks for Young Children 120 0.24 2.00
Grain Products and Meal Replacement Bars, for Weight Reduction 40 1.00 25.00
Pastas Cereal and Nutrition Bars 40 1.00 25.00
Milk, Whole and Unflavored Pasteurized and Sterilized Milk* 240 0.48 2.00
Skim
Milk Products Buttermilk* 240 0.48 2.00
Flavored Milk 240 0.48 2.00
Milk-Based Meal Replacement and Nutritional 240 0.60 2.50
Beverages®©
Yogurt Drinks, Probiotic Drinks 80 to 207f 0.16t0 0.41 2.00
Yogurt* 170 2.13 12.50
Processed Fruits Fruit Drinks and Ades 240 0.30 1.25

and Fruit Juices

3-FL = 3-fucosyllactose; CFR = Code of Federal Regulations; RACC = Reference Amounts Customarily Consumed; U.S. = United
States.

* 3-FL is intended for use in unstandardized products and not in foods where standards of identity exist and do not permit its
addition.

@RACC based on values established in 21 CFR §101.12 (U.S. FDA, 2020a). When a range of values is reported for a proposed food
use, particular foods within that food use may differ with respect to their RACC.

b Use level expressed on a 3-FL basis in the final food, as consumed.
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Table 1.3-1 Summary of the Individual Proposed Food Uses and Use Levels for 3-FL in the U.S.

Food Category Proposed Food Use RACC? Proposed Proposed

(21 CFR §170.3) (g or mL) Maximum Use  Maximum Use

(U.S. FDA, 2020a) Level® (g/RACC) Level® (g/kg or
g/L)

¢ Includes ready-to-drink and powder forms.

4RACC not available, 100 mL employed as an approximation.

¢ Formula products targeted toward young children (> 12 months of age).
f Portion sizes are based on representative products on the U.S. market.

1.4 Basis for GRAS

Pursuant to 21 CFR § 170.30 (a)(b) of the Code of Federal Regulations (CFR) (U.S. FDA, 2020a), Glycom has
concluded, on the basis of scientific procedures, that 3-FL is GRAS for addition to non-exempt term infant
formula and specified conventional food and beverage products, as described in Table 1.3-1.

1.5 Availability of Information

The data and information that serve as the basis for this GRAS Notification will be sent to the U.S. FDA upon
request, or will be available for review and copying at reasonable times at the offices of:

Glycom A/S
Kogle Allé 4
2970 Hegrsholm
Denmark

Should the FDA have any questions or additional information requests regarding this Notification, Glycom
will supply these data and information upon request.

1.6 Freedom of Information Act, 5 U.S.C. 552

It is Glycom’s view that all data and information presented in Parts 2 through 7 of this Notice do not contain
any trade secret, commercial, or financial information that is privileged or confidential, and therefore, all
data and information presented herein are not exempted from the Freedom of Information Act, 5 U.S.C.
552.
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Part 2. IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS, AND
PHYSICAL OR TECHNICAL EFFECT

2.1 Identity

3-FL manufactured by Glycom consists of 2 87% 3-FL and contains small residual quantities of D-lactose and
L-fucose, and minor amounts of other related and fully characterized carbohydrates originating from the
fermentation process resulting in a total specified saccharide concentration of 2 92%.

3-FL is a trisaccharide consisting of L-fucose, D-galactose, and D-glucose. Using a combination of 1D 'H and
13C and 2D double-quantum filtered correlation spectroscopy (DQFCOSY), heteronuclear single quantum
coherence (gHSQC), and heteronuclear multiple bond coherence (gHMBC) nuclear magnetic resonance
(NMR) spectra and mass spectrometry (MS)/MS mass spectra, it has been demonstrated that the structure
of 3-FL as manufactured by Glycom is B-D-galactopyranosyl-(1->4)-[a-L-fucopyranosyl-(1->3)]-D-glucose. It
has been also shown by *H and 3C and 2D nuclear Overhauser effect spectroscopy (NOESY) spectra that
3-FL manufactured by Glycom is chemically and structurally identical to 3-FL that is naturally present in
human milk. Further description of the structural and chemical identity of 3-FL is presented below in

Table 2.1-1.

Table 2.1-1 Identity of 3-FL

Generic Product Name 3-Fucosyllactose

Common Abbreviations 3-FL; 3FL

Trade Name GlyCare™ 3FL 9000 and 9001

Synonyms 3-0-Fucosyllactose, 3-O-L-Fucosyl-p-lactose, 3-Fucosidolactose; “LewisX-2g” (= glucose analog of
histo-blood group LewisX antigen)

IUPAC Name B-p-Galactopyranosyl-(1->4)-[a-L-fucopyranosyl-(1->3)]-p-glucose

IUPAC Abbreviation B-p-Galp-(1-4)-[a-L-Fucp-(1-3)] p-Glcp

(extended)

IUPAC Abbreviation Gal-(B1-4)-[Fuc-(a1-3)]-Glc

(condensed)

Molecular Structure

Symbol Nomenclature

LEGEND

. D-Glucose D-Galactose AL—Fucose

Molecular Formula CigH3,015
Molecular Mass 488.44
Glycom A/S
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Table 2.1-1 Identity of 3-FL

41312-47-4
0-6-Deoxy-a-L-galactopyranosyl-(1->3)-O-[B-p-galactopyranosyl-(1->4)]-p-glucose
3-FL = 3-fucosyllactose; CAS = Chemical Abstracts Service; IUPAC = International Union of Pure and Applied Chemistry.

2.2 Manufacturing

2.2.1 Description of the Production Microorganism

Briefly, 3-FL is produced by a derivative of Escherichia coli K-12 DH1 MDO, a platform strain from which
other human-identical milk oligosaccharide (HiMO) production strains have been derived including several
GRAS ingredients such as 2'-fucosyllactose (2'-FL); lacto-N-neotetraose (LNnT);
2'-fucosyllactose/difucosyllactose (2'-FL/DFL); lacto-N-tetraose (LNT); 6'-sialyllactose (6'-SL) sodium salt; and
3'-sialyllactose (3'-SL) sodium salt. The characteristics of the parental (host) strain and the production strain
for 3-FL are described below.

2.2.1.1 Parental (Host) Strain

The genotypic characteristics of the parental/recipient microorganism, E. coli K-12 DH1, are presented in
Table 2.2.1.1-1. The genome of E. coli K-12 has been sequenced, and bioinformatic comparisons of the
genomes of E. coli K-12 with other safe laboratory strains and various pathogenic isolates have been
conducted (Blattner et al., 1997; Lukjancenko et al., 2010). The construction of strain E. coli K-12 DH1 has
been described in the literature (Hanahan, 1983; Luli and Strohl, 1990; Bachmann, 1996). The parental
strain, E. coli K-12 DH1, was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen
(DSMZ) culture collection (deposited under DSM No. 4235)2. E. coli K-12 and its derivatives® have been
specifically developed and recognized as “safety strains” for molecular biological research in the 1970s
(Manning et al., 1977; Smith, 1978) and they are the most widely applied microorganisms in biotechnology
research laboratories around the world. In 1997, wild-type E. coli K-12 was also among the first organisms in
the history of modern sequencing technologies for which the whole genome sequence became available
(Blattner et al., 1997). Recent comparison of sequenced E. coli genomes shows that K-12 and its closely
related “safety strains” possess 10 to 20% fewer genes than their pathogenic cousins (Lukjancenko et al.,
2010). E. coli K-12-derived strains cannot colonize the human gastrointestinal system, and do not produce
protein-type toxins (U.S. EPA, 1997). E. coli K-12 derivatives are currently among the preferred
microorganisms for industrial biotechnology with wide application scope (Chen et al., 2013; Theisen and
Liao, 2017) and several GRAS ingredients and food enzymes have been authorized in the U.S. that were
manufactured from E. coli K-12 derivatives [e.g., 2'-FL (U.S. FDA, 2016a, 2018a), LNnT (U.S. FDA, 2015a),
2'-FL/DFL mixture (U.S. FDA, 2019a), LNT (U.S. FDA, 2019b), 6'-SL (U.S. FDA, 2020b), 3'-SL (U.S. FDA, 2020c),
alpha cyclodextrin (U.S. FDA, 2004), chymosin (U.S. FDA, 2020d), L-leucine (U.S. FDA, 2010), and
[-galactosidase (U.S. FDA, 2014)].

2 www.dsmz.de.

3 Note: In the scientific literature, the term E. coli K-12 (or K-12) is only rarely used for the actual wild-type strain. “E. coli K-12” is in
fact most commonly used collectively for all derivatives of K-12 that have been obtained during the 1970s by non-recombinant
methods (i.e., forced random mutagenesis).
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Table 2.2.1.1-1 Characteristics of the Parental Strain Escherichia coli K-12 DH1

Characteristics of Escherichia coli K-12 DH1

Genotype F~, A-, gyrA96, recAl, relAl, endAl, thi-1, hsdR17, supE44.

Family Enterobacteriaceae

Genus Escherichia

Species Escherichia coli

Subspecies Not applicable

Strain E. coli strain K-12 DH1

Culture Collection The German Collection of Microorganisms and Cell Cultures (Deutsche Sammlung von
Mikroorganismen)

Deposition Number DSM 4235 (ATCC33849)

2.2.1.2 Production Strain for 3-FL

The host strain E. coli K-12 DH1 (DSMZ, 2015) was optimized for general oligosaccharide expression features
(used as a “platform strain”) by introduction of seven modifications related to the metabolism of various
carbohydrates, thereby improving the efficiency of the strain. This strain was given the designation “MDOQO.”
An overview of the modification events used for construction of strain MDO has been discussed previously
and is hereby incorporated by reference to Section 11.B.1.2 of GRAS Notice (GRN) 650 (U.S. FDA, 2016a). The
genetic modifications applied to the platform and production strains were verified by applying whole
genome sequencing technique. This parental strain has served as the host for engineering all of Glycom’s
production strains that are used to produce other HiMOs that have GRAS status, including LNnT, 2'-FL,
2'-FL/DFL, LNT, 3'-SL, and 6'-SL (U.S. FDA, 2015a, 2016a, 2018a,b, 2020b,c).

The MDO strain is further modified to generate the production strain, E. coli K-12 DH1 MDO MAP1834, to
biosynthesize 3-FL. The production strain is a genomically stable microorganism that provides high titers of
3-FL. The strain has been deposited in the DSMZ in Braunschweig, Germany. To enable the MDO strain to
biosynthesize 3-FL, the strain has been modified by replacement of a promoter element, insertion of four
gene cassettes encoding enzymes for biosynthesis and export of 3-FL and resulting in the deletion of four
genes at each targeted insertion site, and subsequently the deletion of four additional genes to optimize 3-
FL production. These modifications are described as follows:

1. The Plac promoter upstream of the intrinsic GDP-mannose-4,6-dehydratase encoding gene gmd,
which is part of the GDP-fucose biosynthetic pathway, was replaced by the Pgl/pF expression
element.

2. Chromosomal integration of three expression cassettes, containing a codon-optimized DNA
sequence derived from Helicobacter pylori, encoding the enzyme a-1,3-fucosyl-transferase that
catalyzes the transfer of fucose (Fuc) from its activated sugar nucleotide form, guanosine 5’-
diphosphate fucose (GDP-Fuc), to the 3-position of lactose, resulting in the formation of 3-FL.

3. Chromosomal integration of one expression cassette, containing a DNA sequence derived from
Serratia marcescens, encoding a major facilitator superfamily (MFS) transporter that enhances the
efflux of newly formed 3-FL out of the cell.

Glycom A/S
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4. In addition, the lacl gene, which encodes a transcriptional repressor of the Plac promoter has been
deleted. An additional three gene deletions have been implemented to inhibit synthesis of
unwanted mixed-acid metabolites and to improve the safety of the final product.

Defined DNA sequences from the donor microorganisms were identified using genome databanks, codon-
optimized by bioinformatic tools (when needed), extended with appropriate restriction enzyme recognition
sequences to allow directed cloning and then generated by DNA synthesis, and are therefore referred to as
“synthetic DNA.” The gene cassettes used for introduction of the donor genes to the organism are well
characterized and have been sequenced to verify their identities. As the introduced genes are produced by
DNA synthesis from well characterized annotated genomes and were not cloned directly from the host
genome using polymerase chain reaction (PCR)-based methods, there is no risk of introducing unintended
and undesirable genes from the donor organisms to the production organism.

Production of 3-FL is generated in a biosynthetic reaction involving D-lactose (substrate) and bD-glucose*
(carbon source) as shown Figure 2.2.1.2-1 below. During the fermentation process of 3-FL neither
antibiotics nor inducer molecules are used. During manufacture, the production strain excretes 3-FL
extracellularly, and then is entirely removed through a series of purification steps (as described in
Section 2.2.2). Therefore, in this process the production strain is used exclusively as a processing aid.

Figure 2.2.1.2-1 Pathway for 3-FL Biosynthesis by the Escherichia coli K-12 DH1 MDO-derived
Production Strain

LEGEND
A manA manB Glucose (Glc) @
Glucose > Glc-6-P =P Fru-6-P === Man-6-P ===p Man-1-P Galactose (Gal) (O
(Glc) @ . @6P manC Fucose (Fuc) A
PR S SN B Mannose (Man)
! I . GDP-Man GTP Fructose (Fru)
! Glycerol Glycerol m=e=p- Fru-1-6-diP! Phosphate (P)
i 1 i d
Altt B LN V1V 7 EX I Guanosine 5'-diphosphate (GDP)
ernative ! Energy source ! i _tri
Energy source E ce“i\qomass e GDP-4-keto-6-deoxy-Man GDP Guanosine 5'-triphosphate (GTP)
****************** De Novo weaG
synthesis
v GDP-4 GDP-Fuc
Alacz 3-fucosyllactose
O + . «4-9§-- D-lactose (3-FL) 3-FL
(Gal + Glc) O=0 — a e

Substrate  D-Lactose Oﬂl_-4.

3-FL = 3-fucosyllactose; futA = a-1,3-fucosyl-transferase.

4 Alternatively, p-sucrose or glycerol.
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The inserted enzyme is well characterized and based on its enzymatic function it was concluded that the
introduced gene would not confer toxicogenic or pathogenic properties to the host organism. The genetic
modifications made to the production strain result in the expression of proteins that are involved in the
normal carbohydrate processing within their donor sources. These proteins are “carbohydrate-active
enzymes” (“CAZy”), a panel of enzymes that can degrade, modify, or create glycosidic bonds, and
accordingly are involved in the metabolism of complex carbohydrates. When expressed together in the
recipient strains, these proteins work in concert to convert the starting carbohydrates (D-lactose and
D-glucose®) into oligosaccharides that are identical to those in human milk. In contrast, bacterial protein
toxins (exotoxins) are known to mediate their pathogenic effects by disrupting cellular processes through
various mechanisms such as proteolysis (e.g., tetanus and botulinum), ADP-ribosylation (e.g., cholera,
pertussis, and diphtheria), or membrane disruptions through pore formation (Finlay and Falkow, 1997,
Wilson et al., 2002; Popoff, 2018). Bioinformatic searches conducted using the amino acid sequences of the
proteins introduced to the E. coli K-12 DH1 MAP1834 strain by genetic modification confirmed that there is
no relevant homology to known protein toxins or to known allergens. The genetic modifications applied to
the platform and production strains were verified by applying whole genome sequencing and colony PCR
and targeted sequencing methods.

2.2.2 Description of the Production Process

Glycom’s 3-FL is manufactured in compliance with current Good Manufacturing Practice (cGMP) and the
principles of Hazard Analysis Critical Control Point (HACCP). The manufacture of 3-FL is largely comparable
to the production processes previously evaluated for other HIMOs with GRAS status [see GRNs 650, 659,
815, 833, 880, 881, and 895 (U.S. FDA, 2016a,b, 2019a,b, 2020b,c,e)]. All additives, processing aids, and food
contact articles used during manufacturing are permitted by federal regulation, have been previously
determined to be GRAS for their respective uses, or have been the subject of an effective Food Contact
Notification. The manufacturing process can be broadly divided into two stages.

In Stage 1 [upstream processing (USP)], D-lactose and D-glucose’ are converted to 3-FL by the adapted
cellular metabolism of the production microorganism, which uses D-glucose as an energy and carbon source
and D-lactose as a substrate for 3-FL biosynthesis. The production microorganism is removed from the
fermentation medium at the end of the fermentation process.

In Stage 2 [downstream processing (DSP)], a series of purification, isolation, and concentration steps are
used to generate the final high-purity 3-FL product. Production of 3-FL may include an optional
crystallization step (with acetic acid) to generate a higher-grade ingredient with further minimization of
certain carbohydrate-type impurities (discussed in Section 2.3.2.2).

A schematic overview of the manufacturing process for 3-FL is presented in Table 2.2.2-1 below.

Table 2.2.2-1 Overview of the Manufacturing Process for 3-FL
STAGE 1 Upstream Processing (USP)
STEPS 1 Media Preparation

2 Propagation

3 Seed Fermentation

4 Fermentation Phases:

4A Growth (Batch) Phase?

> Alternatively, b-sucrose or glycerol.
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Table 2.2.2-1 Overview of the Manufacturing Process for 3-FL
4B Feeding (Fed-Batch) Phase
4c Harvest/Storage of Culture Broth
5 Removal of Microorganism*
STAGE 2 Downstream Processing (DSP)
STEPS 6 Purification/Concentration 1*
7°  lon Removal

8®  Decolorization

9 Purification/Concentration 2*

OP  Crystallization

10 Drying

11  Sampling and Packaging

12  Quality Control and Batch Release

3-FL = 3-fucosyllactose, OP = Optional Step.

* After the marked steps, additional sterile filtration (microfiltration) is performed to maintain low microbial load during all times
of downstream processing and to ensure high microbial quality of the final ingredient. These steps are further reassurance of
absence of the production microorganism in final ingredient.

2 The batch phase of fermentation is optional.

b The order of steps is interchangeable.

2.2.3  Quality Control

The manufacture of 3-FL by microbial fermentation is conducted in accordance with cGMP and HACCP
principles. Considering the chemically well-characterized principal raw materials and final products, the
whole production process can be followed in detail by a range of analytical techniques. These techniques
are applied either as in-process controls or at batch release (by Certificate of Analysis) to allow full control
of the production process (refer to Table 2.2.2-1).

Both manufacturing stages (USP and DSP) are controlled by a HACCP plan which includes specifications for
equipment, raw materials, product, and packaging materials. Master operating instructions are followed,
batch records kept, a number of in-process controls are applied, and the isolated product is controlled by
Certificates of Analysis and batch release routines.

The HACCP plan for both manufacturing stages also includes in-process controls to reduce potential
impurities to the lowest level technically possible. Glycom’s production process (including all processing
aids, raw materials, unit operations, and filter aids) and the food safety management system comply with
the Food Safety Systems Certification (FSSC) 22000 and International Organization for Standardization (I1SO)
9001.

Incorporation of sterile filtration units throughout the manufacturing process of the HiMOs ensures high
microbiological purity, while the presence of the production microorganism is devoid in the final product.
The product microorganism is efficiently removed in the ultrafiltration step, which is applied directly
following fermentation. In addition, several additional purification steps are carried out in the down-stream
processing stage to help achieve a highly purified 3-FL, which is free from bacterial cells and residual
fermentation by-products. The absence of the microorganisms can be measured by analysis for
Enterobacteriaceae in the final product according to an internationally recognized method (1SO 21528-2).
This specification for Enterobacteriaceae is set at “<10 colony-forming units per gram” of test article, which
also ensures absence of enumerable production microorganism as E. coli belong to the Enterobacteriaceae

Glycom A/S
4 November 2021 12



GRAS Notice (GRN) No.1037 with Amendment
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory

family. As further assurance of the absence of viable production organism in the finished products, batches
of 3-FL have been tested for E. coli, specifically, in accordance with ISO 16649-2. The results have confirmed
the absence of enumerable E. coli in all tested batches of 3-FL (results available upon request).

E. coli K-12 (a Gram-negative bacterium) possesses complex glycolipids of high molecular weight in their cell
membrane and are known as lipopolysaccharides (LPS). When LPS enter the blood stream, they are
recognized by immune cells and an immune response is elicited, which can result in a serious deleterious
systemic reaction if delivered intravenously, such as during infusion therapy and parenteral nutrition. LPS
are also referred to as endotoxins; however, this is not to be confused with the protein-type toxins
associated with E. coli. Following ingestion of LPS, harmless effects are observed, and this is likely due to a
combination of deactivation by stomach acid and a low absorption from the gut into the systemic
circulation due to their high molecular weight. A strict specification for endotoxin levels is set to control for
potential residual endotoxin and thereby confirm the high purity of the product.

The absence of traces of residual DNA of the production organism in the product following fermentation
and purification of 3-FL is confirmed by three different validated quantitative polymerase chain reaction
(gqPCR) methods. These methods target short subsequences of the inserted genes marc and futA® as well as
a short subsequence of the multicopy operon encoding the 23S ribosomal subunit of E. coli. All three
methods are validated to detect traces of DNA down to 4 pg/mg (parts per billion). The qPCR tests were
applied to all analyzed batches and the results were below the limit of quantification (LOQ) in all tested
batches (see Section 2.3.3).

2.3 Product Specifications and Batch Analyses
2.3.1  Specifications

The specifications for 3-FL are presented in Table 2.3.1-1. The parameters include 3-FL, L.-fucose, D-lactose,
and 3-fucosyl-lactulose. Limits for the sum of other carbohydrates and acetic acid (optional antisolvent
when crystallization is used) have been established. The determination of these carbohydrates is conducted
using high-performance liquid chromatography coupled with corona charged aerosol detection (HPLC-cCAD)
and high-performance anion exchange chromatography coupled with pulsed amperometric detection
(HPAEC-PAD) analysis. Upper limits have also been established for microbiological parameters. All methods
of analysis are either internationally recognized or developed internally by Glycom.

Table 2.3.1-1 Specifications for 3-FL

Description

GlyCare™ 3-FL 9000 and 9001 is a purified carbohydrate powder or agglomerates obtained from microbial fermentation with a
genetically modified strain of Escherichia coli K-12 DH1 containing at least 87% of 3-fucosyllactose of dry matter

Parameter Specification Method

Appearance Powder, agglomerates, ISO 6658
powder with agglomerates

Color White, white to off-white, I1SO 6658
off-white

6 The marc gene encodes the Major Facilitator Superfamily transporter and the futA gene encodes an a-1,3-O-fucosyltransferase
enzyme.

Glycom A/S
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Table 2.3.1-1 Specifications for 3-FL

Description

GlyCare™ 3-FL 9000 and 9001 is a purified carbohydrate powder or agglomerates obtained from microbial fermentation with a
genetically modified strain of Escherichia coli K-12 DH1 containing at least 87% of 3-fucosyllactose of dry matter

Parameter Specification Method

Identification by Retention Time RT of main component Glycom method HPLC-402-4C4-001
corresponds to RT of
standard + 3%

Assay (water-free) — Specified saccharides® >92.0w/w % Glycom method HPLC-402-4C4-001,
HPAEC-HMO-021, HPLC-3FL-002 or HPLC-3FL-003

Assay (water-free) — 3-Fucosyllactose >87.0w/w % Glycom method HPLC-402-4C4-001

L-Fucose <1.0w/w % Glycom method HPLC-3FL-002 or HPLC-3FL-003

p-Lactose <5.0w/w % Glycom method HPAEC-HMO-021

3-Fucosyl-lactulose <15w/w% Glycom method HPAEC-HMO-021

Sum of other carbohydrates <5.0w/w% Glycom method HPAEC-HMO-021 + HPLC-3FL-003

pH in 5% solution (20°C) 3.2-6.0 Ph.Eur.9.22.2.3

Water <6.0w/w % Glycom method KF-001

Ash, sulphated <0.5w/w % Ph. Eur.9.22.4.14

Acetic acid® <1.0w/w % Megazyme K-ACETTRM 07/12

Residual protein by Bradford assay <0.01 w/w % Glycom method UV-001

Residual endotoxins <10E.U./mg Ph. Eur 2.6.14

Lead <0.1 mg/kg EN 13805; EPA-6020A

Microbiological specifications®

Aerobic mesophilic total plate count < 1,000 CFU/g ISO 4833-1 or ISO 4833-2

Enterobacteriaceae <10CFU/g 1ISO 21528-2 or NMKL 144

Salmonella Absentin25g ISO 6579 or AFNOR BRD 07/11-12/05

Yeasts <100 CFU/g I1SO 21527-2

Molds <100 CFU/g I1SO 21527-2

3-FL = 3-fucosyllactose; AFNOR = Association Frangaise de Normalisation; CFU = colony forming units; EPA = Environmental
Protection Agency; E.U. = endotoxin units; HMO = human milk oligosaccharide HPAEC = high-performance anion exchange
chromatography; HPLC = high-performance liquid chromatography; ISO = International Organization for Standardization;

KF = Karl-Fischer; NMKL = Nordic Committee on Food Analysis; Ph. Eur. = European Pharmacopeia; RT = retention time; UV =
ultraviolet.

2 Specified saccharides include 3-fucosyllactose, p-lactose, L-fucose, and 3-fucosyl-lactulose.

b Relevant only for GlyCare™ 3FL 9000 crystallized with acetic acid.

¢ The microbiological specifications in the table represent limits for 3-FL that is added to infant formula and toddler formula
products during the wet-mix stage of the formula manufacturing process (i.e., prior to retort) and is also suitable for conventional
food products. Additional microbiological limits are established for 3-FL that is added during the dry blend stage and include the
following (in addition to the parameters listed above): Cronobacter spp.: absent in 10 g; Listeria monocytogenes: absent in 25 g;
Bacillus cereus: < 50 CFU/g.

Glycom A/S
4 November 2021

14



GRAS Notice (GRN) No.1037 with Amendment
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory

2.3.2  Product Analyses

The analytical results of eight independent production batches of 3-FL are summarized in Table 2.3.2-1 and
are discussed in further details in the following subsections. Four of the included batches
(GEM02020_17_1, GEM02020_18 2, GEM02020_19 4, and GEM02020_20_4) were manufactured with
an optional crystallization step and presented in parallel with the results for four 3-FL products produced
without a crystallization step (GEM02020_9 1, GEM02020 13 1, GEM02020_14 1, and 20193201). The
optional crystallization step was employed for the elective removal of select carbohydrate by-products;
however, as shown by the following data, both manufacturing options yield a consistent, high-purity
product.

Glycom A/S
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Table 2.3.2-1 Summary of Product Analyses of 3-FL

Parameters Specification Manufacturing Batch No.
Non-Crystallized 3-FL Crystallized 3-FL
GEMO02020_ GEMO02020_ GEMO02020_ 20193201 GEMO02020_ GEMO02020_ GEMO2020_ GEMO02020_
91 13 1 14 1 17_1 18 2 19 4 20_4
Appearance Powder, Powder or agglomerates
agglomerates,
powder with
agglomerates
Color White, white to off-  White to off-white
white, off-white
Identification by RT of main Complies Complies Complies Complies Complies Complies Complies Complies
Retention Time component

corresponds to RT of
standard £ 3%

Assay (water-free) — >92.0w/w % 96.3% 98.5% 96.4% 95.4% 93.8% 95.9% 97.4% 96.5%
Specified saccharides?

Assay (water-free) —3-FL  >87.0 w/w % 93.4% 97.5% 92.1% 94.6% 93.2% 95.8% 97.4% 96.5%
L-Fucose <1.0w/w % 0.13% 0.16% 0.39% 0.23% 0.11% 0.03% <0.03% <0.03%
D-Lactose <5.0w/w% 2.15% 0.29% 3.40% 0.36% 0.30% <0.03% <0.03% <0.03%
3-Fucosyl-lactulose <1.5w/w % 0.57% 0.56% 0.39% 0.18% 0.12% 0.11% <0.03% <0.03%
Sum of other <5.0w/w % 0.46% 0.73% 0.82% 1.76% 2.70% 1.52% 0.75% 0.98%
carbohydrates

pH in 5% solution (20°C) 3.2-6.0 4.6 5.7 5.7 5.5 3.7 3.8 3.9 3.9
Water <6.0w/w% 3.60 3.23 3.49 241 0.14 0.18 0.04 0.01
Ash, sulphated <0.5w/w % <0.01 <0.01 <0.01 0.10 <0.01 <0.01 <0.01 <0.01
Acetic acid® <1.0w/w% NA NA NA NA 0.5 0.3 0.1 0.1
Residual protein by <0.01 w/w % <0.0017 <0.0017 <0.0017 <0.001 <0.0017 <0.0017 0.004 <0.0017
Bradford assay

Residual endotoxins <10E.U./mg 0.0025 0.0066 0.0122 0.0016 <0.00025 0.0498 0.011 0.0007
Lead <0.1 mg/kg <0.01 <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01
Aerobic mesophilic total <1,000 CFU/g <10 <10 <10 <10 <10 <10 <10 <10
plate count

Enterobacteriaceae <10CFU/g <10 <10 <10 <10 <10 <10 <10 <10
Glycom A/S
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Table 2.3.2-1 Summary of Product Analyses of 3-FL

Parameters Specification Manufacturing Batch No.
Non-Crystallized 3-FL
GEMO02020_ GEMO02020_ GEMO02020_ 20193201

91 13 1 14 1
Salmonella Absentin25g Absent Absent Absent Absent
Yeasts <100 CFU/g <10 <10 <10 <10
Molds <100 CFU/g <10 <10 <10 <10

3-FL = 3-fucosyllactose; CFU = colony forming units; E.U. = endotoxin units; NA = not applicable; RT = retention time.
a Specified saccharides include 3-fucosyllactose, b-lactose, L-fucose and 3-fucosyl-lactulose.
b Relevant only for GlyCare™ 3FL 9000 crystallized with acetic acid.

Glycom A/S
4 November 2021

Crystallized 3-FL
GEMO02020_ GEMO02020_

17_1 18 2
Absent Absent
<10 <10
<10 <10

GEMO02020_
19_4

Absent
<10
<10

GEMO02020_
20_4

Absent
<10
<10
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2.3.2.1 Physicochemical Properties

The physical properties of 3-FL, as manufactured by Glycom, may be described as white to off-white powder
or agglomerates. 3-FL is readily soluble in agueous solutions (maximum 400 mg/mL, 25°C) with poor
solubility in any organic solvents. The pH of crystalline 3-FL is lower than non-crystalline 3-FL due to the
presence of some residual acetic acid, the antisolvent used during crystallization. A summary of the batch
analyses corresponding to the selected physicochemical properties of 3-FL is presented in Table 2.3.2.1-1.

Table 2.3.2.1-1  Batch Results for Selected Physicochemical Properties of 3-FL

Parameters Manufacturing Batch No.
Non-Crystallized 3-FL Crystallized 3-FL
GEMO02020 GEMO202 GEMO202 20193201 GEMO202 GEMO202 GEMO202 GEMO202
91 0_13_1 014 1 0.17_1 0_18_2 019 4 020 4
Appearance Powder or agglomerates
Color White to off-white
pH (20°C, 5% solution) 4.6 5.7 5.7 5.5 3.7 3.8 3.9 3.9

3-FL = 3-fucosyllactose.

2.3.2.2 Human-Identical Milk Saccharides and Other Carbohydrates

3-FL is a purified carbohydrate ingredient (purity ca. 95.1 w/w % of dry matter) which contains minor
amounts of related and fully characterized carbohydrates (D-lactose, L-fucose, 3-fucosyl-lactulose)

(Table 2.3.2.2-1). Besides 3-FL, the predominant carbohydrates in the ingredient are D-lactose (< 5.0%) and
L-fucose (< 1.0%) which are naturally occurring compounds that are found in human milk.

Collectively, the sum of 3-FL, D-lactose, L-fucose, and 3-fucosyl-lactulose comprises not less than 92.0% of
the total dry batch weight (average results from eight batches is 96.3% on a water-free basis). The
remaining portion of the product is made up of other carbohydrate-type compounds and moisture.

Glycom A/S
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2.3.3.2 Microbial Endotoxins and Residual Proteins

As explained in Section, 2.2.3 the parental strain of the production organism, E. coli K-12, is a Gram-negative
bacterium which contain complex glycolipids of high molecular weight in their cell walls, called either LPS or
endotoxins (not to be confused with protein-type toxins). Specifications for endotoxin have been
established [max. 10 endotoxin units (E.U.)/mg] as an additional quality control point to ensure that any
microbial endotoxins are efficiently removed and/or not introduced during the production process. The
endotoxin content in 3-FL, produced by fermentation, was analyzed/detected using the Limulus
amoebocyte lysate kinetic chromogenic assay.

Similarly, a sensitive residual protein test (based on the Bradford assay) has been applied and a specification
limit of < 0.01 w/w % was established. Because batch analyses of 3-FL product demonstrated low endotoxin
and residual protein concentrations, they were not considered as compositional or safety-related data of
3-FL (Table 2.3.3.2-1). However, the presence of residual endotoxins and protein are monitored during
routine batch release as an element of HACCP that would allow to identify process deviations in a sensitive
manner.

Table 2.3.3.2-1 Batch Results for Microbial Endotoxins and Residual Proteins in 3-FL

Parameters Manufacturing Batch No.
Non-Crystallized 3-FL Crystallized 3-FL
GEMO202 GEMO202 GEMO202 20193201 GEMO202 GEMO202 GEMO202 GEMO0202
091 0_13_1 0_14_1 0.17_1 0_18_2 019 4 0_20_4
Residual endotoxins  0.0025 0.0066 0.0122 0.0016 < 0.00025 0.0498 0.011 0.0007
[E.U./mg]
Residual protein by < 0.0017 <0.0017 <0.0017 <0.001 <0.0017 <0.0017 0.004 <0.0017

Bradford assay [%]

3-FL = 3-fucosyllactose; E.U. = endotoxin units.

2.3.3.3 Absence of Production Organism and its DNA

The production microorganism is efficiently removed by the ultrafiltration step during upstream processing,
which is applied directly after the fermentation. During downstream processing, sequential filtration
(including microfiltration to achieve retention of microorganisms and thus high microbial quality) and
purification processes are carried out to ensure a high-purity 3-FL. The final product is tested for bacteria of
the Enterobacteriaceae family according to an internationally recognized method (ISO 21528-2) to ensure
the absence of the production microorganism. The results of specific tests for E. coli (ISO 16649-2) also
confirm the absence of enumerable E. coli in all tested batches of 3-FL (results available upon request).

Analyses for residual DNA are also carried out to corroborate the absence of the production organism or its
DNA in final production batches. Three different validated qPCR assays were carried out to confirm the
absence of residual DNA from the production organism and is summarized in Table 2.3.3.3-1 below. Short
subsequences of the inserted genes as well as a short subsequence of the multicopy operon encoding the
23S ribosomal subunit of E. coli are targeted in the qPCR methods. Based on the analysis of the eight
batches of 3-FL, no detectable levels of residual DNA (limit of quantification of 4 pug/kg or 4 ppb) were
observed in the final product.
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Table 2.3.3.3-1  Levels of Residual DNA in Representative Batches of 3-FL

Parameter Manufacturing Batch No.
Non-Crystallized 3-FL Crystallized 3-FL
3FL_GEM 3FL_GEM GEMO202 20193201 3FL_GEM 3FL_GEM 3FL_GEM 3FL_GEM
0.2020 9 020201 0141 0.2020 1 0_2020_1 0_2020_1 O_2020_2
1 31 71 82 94 04
Residual DNA by qPCR < LoQ? < LoQ <LoQ <LoQ <LoQ <LoQ <LoQ <LoQ
(marc assay)
Residual DNA by qPCR < LoQ? < LoQ <LoQ <LoQ <LoQ < LoQ <LoQ <LoQ
(futA assay)
Residual DNA by qPCR < LoQ? <loQ < LoQ <lLoQ <lLoQ <lLoQ <LoQ <lLoQ

(23S assay)

3-FL = 3-fucosyllactose; DNA = deoxyribonucleic acid; futA = a-1,3-O-fucosyltransferase enzyme; LOQ = limit of quantitation; marc
= protein of the Major Facilitator Superfamily; gPCR = quantitative polymerase chain reaction.
2L0Q = 4 pg/kg (parts per billion).

2.3.3.4 Trace Elements and Heavy Metals

Trace levels of elements and minerals may be present in 3-FL as a result of the fermentation process (carry-
over from the fermentation medium). These are used as cofactors for different enzymes. Examples of trace
elements are iron, manganese, copper, zinc, molybdenum, and selenium added as inorganic salts. The use
of trace elements in very low concentrations and sufficient quantities are required for the promotion of
bacterial cell growth.

The carry-over of trace elements from the fermentation to the final ingredient is efficiently minimized with
nanofiltration and ion-exchange purification techniques. The results of analysis of trace elements and their
levels relative to permissible levels in infant formula are presented above in Section 2.3.2.3 —these levels do
not pose any concern nor meaningful contribution to final levels of these compounds in the finished
product.

The results of heavy metal analyses indicate no deleterious concentrations of these contaminants are
present in the finished ingredient (see Table 2.3.3.4-1).
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Table 2.3.3.4-1 Levels of Heavy Metals in Representative Batches of 3-FL

Parameter Manufacturing Batch No.

Non-Crystallized 3-FL Crystallized 3-FL

GEMO202 GEMO202 GEMO202 20193201 GEMO202 GEMO202 GEMO202 GEMO202

091 0_13_1 014 1 017 1 0_18_2 019 4 0.20_4
Arsenic (mg/kg) <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
Cadmium (mg/kg) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mercury (mg/kg) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Copper (mg/kg) 0.2 0.3 0.5 <0.1 <0.1 <0.1 <0.1 <0.1
Lead (mg/kg) <0.01 <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01
Manganese (mg/kg) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel (mg/kg) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

3-FL = 3-fucosyllactose.

2.3.3.5 Residual Antisolvent

The manufacture of 3-FL may include an optional crystallization resulting in the production of a non-
hygroscopic crystalline anhydrate with low water content (GlyCare™ 3FL 9000). Crystallization of 3-FL is
performed with food-grade acetic acid. Among 3-FL batches that are crystallized, the level of residual acetic
acid is included as a specification parameter; a specification of < 1.0% is applied to the ingredient, the same
residue specification established for crystalline 2'-FL notified under GRN 6507 (U.S. FDA, 2016a). The results
of analyses of crystallized batches of 3-FL is presented in Table 2.3.3.5-1 below and show low levels of
residual acetic acid on a % w/w basis.

Table 2.3.3.5-1  Levels of Residual Antisolvent in Crystallized Batches of 3-FL

Acetic Acid (%) <1.0 0.5 0.3 0.1 0.1

3-FL = 3-fucosyllactose.

24 Stability

Storage (real-time and accelerated) stability studies on Glycom’s pure (“bulk”) powdered 3-FL have been
initiated and are ongoing. Stressed (forced) stability studies on the purified bulk powder have also been
completed. For Glycom’s bulk 3-FL, experiments were performed both in solid state (crystallized powders)
as well as in liquid form (in aqueous solutions). Studies were conducted in accordance with the International
Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use Guidelines (ICH)
(Stability Testing of New Drug Substances and Products) (ICH, 2003). The objectives of these studies were to:

1. Test the stability of 3-FL under normal and accelerated conditions of storage
2. Investigate degradation pathways when exposed to selected stress factors; and
3. Define the optimal storage conditions and corresponding re-test dates or shelf life.

7 Acetic acid is not used at any point in the production of non-crystallized 3-FL and thus is not a specification parameter for those
batches.
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The stability of Glycom’s 3-FL has also been investigated in its intended food matrix of powdered infant
formula. In addition, the stability of 3-FL has been tested in a range of food matrices (Christensen et al.,
2020). These data are also presented in Section 2.4.2 below.

Overall, the results indicate that 3-FL is expected to be stable over its intended shelf life of 5 years and is
stable under its intended conditions of use. These data are consistent with those of other HiMOs
manufactured by Glycom and others, including 3-FL as described in GRN 925 (U.S. FDA, 2021a).

2.4.1 Bulk Stability
2.4.1.1 Real-Time Stability

The bulk stability of 3-FL produced from microbial fermentation, as described herein, is being subject to a
5-year real-time stability study [25°C, 60% relative humidity (RH)]. Studies are being conducted on one
representative non-crystalline batch (20193201), and on a representative crystalline batch
(D_3FL_GEMO_2020_20_4), with interim results available for up to 12 months (see Tables 2.4.1.1-1 and
2.4.1.1-2). These studies are ongoing.

Table 2.4.1.1-1  Interim Results of the 5-Year Real-Time Stability Study on the Non-Crystalline 3-FL
(25°C, 60% Relative Humidity)

Manufacturing Batch No. 20193201

Parameter Sample Time (Months)

0 3 6 9 12
Physical Properties
Appearance Powder Powder Powder Powder Powder
Color White White White White White
Purity
Assay (water free) — Specified saccharides®  95.4 95.3 98.6 94.9 93.0
[% w/w]
Assay (water free) — 3-FL [% w/w] 94.6 94.3 97.5 94.1 92.1
D-Lactose [% w/w] 0.36 0.45 0.49 0.44 0.39
L-Fucose [% w/w] 0.23 0.24 0.25 0.20 0.25
3-Fucosyl-lactulose [% w/w] 0.18 0.29 0.32 0.15 0.19
Sum of other carbohydrates [% w/w] 1.76 2.24 2.27 2.18 1.75
Water [% w/w] 2.41 2.44 2.00 2.10 3.00
Microbiological Quality
Aerobic mesophilic total plate count <10 NT NT NT <10
[CFU/g]
Enterobacteriaceae [CFU/g] <10 NT NT NT Absentin 10 g
Salmonella spp. [in 25 g] Absent NT NT NT Absent
Yeasts [CFU/g] <10 NT NT NT <10
Molds [CFU/g] <10 NT NT NT <10

3-FL = 3-fucosyllactose; CFU = colony forming units; NT = not tested.
2 Specified saccharides includes 3-FL, b-lactose, L-fucose, and 3-fucosyl-lactulose.
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Table 2.4.1.1-2  Interim Results of the 5-Year Real-Time Stability Study on the Crystalline 3-FL
(25°C, 60% Relative Humidity)

Manufacturing Batch No. D_3FL_GEMO_2020_20_4

Parameter Sample Time (Months)

0 3 6 9 12
Physical Properties
Appearance Powder Powder Powder Powder Powder
Color White White White White White
Purity
Assay (water free) — Specified saccharides®  96.5 96.1 100.3 96.5 97.3
[% w/w]
Assay (water free) — 3-FL [% w/w] 96.5 96.1 100.3 96.5 97.2
D-Lactose [% w/w] <0.03 <0.03 <0.03 <0.03 <0.03
L-Fucose [% w/w] <0.03 <0.03 <0.03 <0.03 <0.03
3-Fucosyl-lactulose [% w/w] <0.03 <0.03 <0.03 <0.03 <0.03
Sum of other carbohydrates [% w/w] 0.98 0.93 0.91 1.04 0.98
Water [% w/w] 0.01 0.02 0.02 0.01 0.05
Microbiological Quality
Aerobic mesophilic total plate count <10 NT NT NT <10
[CFU/g
Enterobacteriaceae [CFU/g] <10 NT NT NT <10
Salmonella spp. [in 25 g] Absent NT NT NT Absent
Yeasts [CFU/g] <10 NT NT NT <10
Molds [CFU/g] <10 NT NT NT <10

3-FL = 3-fucosyllactose; CFU = colony forming units; NT = not tested.
a Specified saccharides includes 3-FL, b-lactose, L-fucose, and 3-fucosyl-lactulose.

It is further noted that 3-FL produced by Glycom using chemical synthesis technology was generated in 2012
and samples were retained (stored at ambient temperature and humidity conditions) and tested in July
2020. The results of high-performance liquid chromatography (HPLC) analyses revealed no significant
degradation of 3-FL (produced by chemical synthesis) following eight years of storage. Results may be made
available upon request.

2.4.1.2 Accelerated Stability

The stability of 3-FL produced from microbial fermentation, as described herein, is being investigated in a
2-year accelerated stability study (40°C, 75% RH). Studies are being conducted on one representative non-
crystalline batch (20193201), and on a representative crystalline batch (D_3FL_GEMO_2020_20_4), with
interim results indicating that there are no appreciable changes in the organoleptic properties of the
ingredient, no appreciable degradation of 3-FL, no changes in the impurity profile, and no alterations in the
microbiological quality of the ingredient under the timepoints tested thus far (see Tables 2.4.1.2-1 and
2.4.1.2-2). These studies are ongoing.
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Two separate tests (plate incorporation assay and pre-incubation assay) were conducted using

Salmonella Typhimurium strains TA98, TA100, TA1535, and TA1537 and E. coli strain WP2 uvrA (pKM101),
which were exposed to 3-FL at concentrations of up to 5,000 pg/plate (the OECD TG 471 maximum
recommended concentration) in the absence and presence of external metabolic activation (S9 mix). Water
(purified by reverse osmosis) served as the vehicle for 3-FL and as the negative control. Positive controls
were also included in the absence (sodium azide, 9-aminoacridine, 2-nitrofluorene and 4-nitroquinoline-1-
oxide) and presence [2-aminoanthracene and benzo(a)pyrene in the presence of metabolic activation] of
metabolic activation. A positive result for mutagenicity was defined as a dose-dependent and biologically
relevant 2- or 3-fold increase in the number of revertant colonies, compared to that of the vehicle control

group.

There was no evidence of mutagenicity following exposure to 3-FL in either test, in the absence or presence
of metabolic activation. In contrast, the positive controls induced biologically relevant increases in revertant
colony counts (with metabolic activation where required), which demonstrated the sensitivity of the assay
and metabolic activity of the S9 preparations. It was concluded, therefore, that 3-FL is non-mutagenic at
concentrations up to 5,000 ug/plate (the OECD TG 471 maximum recommended concentration).

In Vitro Mammalian Cell Micronucleus Test: 3-FL (Glycom)

The clastogenic and aneugenic potential of 3-FL (produced by Glycom’s E. coli K-12 MDO derivative) was
evaluated in an in vitro mammalian cell micronucleus test, conducted using human lymphocytes, in
compliance with the OECD principles of GLP (OECD, 1998) and according to OECD Test Guideline 487 (OECD,
2016c) (Unpublished).

An initial preliminary cytotoxicity test was conducted using 3-FL at concentrations up to 2,000 pg/mL (the
OECD TG 487 maximum recommended concentration) in the presence (3-hour treatment) and absence

(3- and 24-hour treatments) of S9 metabolic activation. No precipitate was observed and there were no
significant reductions in the cytokinesis-block proliferative index (CBPI) at any 3-FL concentration tested,
compared with vehicle controls. In the main experiment for micronucleus analysis, human lymphocytes
were exposed to concentrations of 3-FLat 500, 1,000, or 2,000 pg/mL with S9 (3 hours) and without S9

(3- and 24-hour treatments). The vehicle (water, purified by reverse osmosis) was used as a negative control
and positive controls were also included in the absence (colchicine and mitomycin C) and presence
(cyclophosphamide) of metabolic activation. A positive result for clastogenicity/aneugenicity was defined as
a dose-dependent, statistically significant increase in the frequency of micronucleated binucleated cells
(MNBC), with the frequency of MNBC also being above upper historical vehicle control limit.

There were no biologically relevant or statistically significant differences in the number of binucleate cells
containing micronuclei for 3-FL exposed cultures compared with vehicle controls. Mean micronucleus
frequencies for the vehicle control and test item-exposed cultures were all within the laboratory historical
95% confidence limits. The positive control compounds caused statistically significant increases in the
number of binucleate cells containing micronuclei under appropriate conditions (with all mean values falling
within the laboratory’s historical control ranges), demonstrating the efficacy of the S9 mix and the
sensitivity of the test system. It was concluded, therefore, that 3-FL is neither clastogenic nor aneugenic at
concentrations up to 2,000 pg/mL (the OECD TG 487 maximum recommended concentration).
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6.4.2.2 HMO Mix Containing 16.0% 3-FL

Bacterial Reverse Mutation Assay: HMO Mix (Jennewein) - Incorporated by Reference to GRN 925

The mutagenicity of the HMO Mix (containing 16.0% 3-FL) was evaluated in a bacterial reverse mutation
assay conducted in compliance with OECD TG 471 (OECD, 2020; Parschat et al., 2020). S. Typhimurium
strains TA98, AT100, TA102, TA1535, and TA1537 were subject to a plate incorporation test and pre-
incubation test in the presence and absence of exogenous metabolic activation (S9 mix). Concentrations of
the HMO Mix tested were 5.0, 10.0, 31.6, 100, 316, and 600 mg HMO Mix/plate (equivalent to 3-FL
concentrations of 0.8, 1.6, 5.1, 16, 51, and 96 mg 3-FL/plate). Positive controls were also included in the
absence (sodium azide, 9-aminoacridine, 2-nitrofluorene, and mitomycin C) and presence
[2-aminoanthracene and benzo(a)pyrene] of metabolic activation. A positive result for mutagenicity was
defined as a reproducible and dose-significantly increased number of revertants compared to the solvent
control (at least 2-fold for TA98, TA100, TA1535, and TA1537 and at least 1.5-fold for TA102) in two
independent experiments.

No signs of cytotoxicity or mutagenicity were noted in any of the TA98, TA100, TA102, TA1535, and TA1537
test strains compared with vehicle control counts, neither in the plate incorporation test nor in the
preincubation test. As such, no evidence of mutagenicity was observed at concentrations of up to 600 mg
HMO Mix/plate (96 mg 3-FL/plate)

In Vitro Mammalian Cell Micronucleus Assay: HMO Mix (Jennewein) - Incorporated by Reference to GRN 925

The potential genotoxicity of the HMO Mix (containing 16.0% 3-FL) was evaluated in an in vitro mammalian
cell micronucleus test conducted in compliance with OECD TG 487 (OECD, 2016c; Parschat et al., 2020).
Briefly, HMO Mix was tested at concentrations of up to the highest technically feasible concentration,

60 mg/mL, in human peripheral blood lymphocytes both in the presence (4 hours) and absence of metabolic
activation (4 and 24 hours) with S9 mix. The vehicle (“highly purified water”) was used as a negative control
and positive controls were also included in the absence (colchicine and mitomycin C) and presence
(cyclophosphamide) of metabolic activation. The cytokinesis-block technique was applied. At least 500 cells
per replicate cell culture were scored and classified as mononucleates, binucleates, or multinucleates to
estimate the proliferation index as a measure of toxicity. Micronucleus frequencies were analyzed in at least
2,000 binucleate cells per concentration

The results of these experiments revealed no indications of chromosomal damage. Therefore, HMO Mix was
not clastogenic or aneugenic at concentrations of up to 60 mg HMO Mix/mL (9.6 mg 3-FL/mL).

6.4.3 Summary of Toxicological Data

Toxicological studies on 3-FL produced by biotechnology corroborate the safe consumption of 3-FL when
included in foods at levels naturally occurring in human milk. A tabular summary of the published
toxicological studies available on a highly purified 3-FL preparation (DuPont) and an HMO Mix containing
3-FL (Jennewein), and an unpublished study on Glycom’s 3-FL, are provided below in Table 6.4.3-1 and
6.4.3-2.
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Table 6.4.3-1 Summary of the Repeated-Dose Toxicology Studies Conducted with 3-FL

Test Article Species Route and Dose Duration NOAEL Reference
(mg/kg bw/day)
3-FL produced by Rats, Crl:CD(SD) 0, 5, or 10% in the diet; 90 days 10% in the diet Pitt et al. (2019)
microbial fermentation equivalent to 3,038 and (5,975 mg/kg
with Escherichia coli K-12 5,975 mg/kg bw/day for bw/day for males;
MG1655 males and 3,870 and 7,270 mg/kg bw/day
7,270 mg/kg bw/day for for females)
females, respectively
3-FL produced by Neonatal 0, 1,000, 2,000, or 4,000 90 days 4,000 mg/kg bw/day Unpublished
microbial fermentation Crl:CD(SD) rats mg/kg bw/day by gavage
with Glycom’s E. coli K-12
MDO derivative
HMO Mix, containing Rats, CD/Crl:CD 0 or 10% in the diet 7 days Not applicable Parschat et al.
16.0% 3-FLproduced by pats cD/Crl:cD 0 or 10% in the diet; 91days  10% in the diet (2020)
microbial fermentation equivalentto 5.67 g (5.67 g HMO Mix/kg
with E. coli BL21 (DE3) HMO Mix/kg bw/day in bw/day in males and
JBT-3FL males and 6.97 g 6.97 g HMO Mix/kg
HMO Mix/kg bw/day in bw/day in females)
females
HMO Mix containing Piglets, Domestic 0, 5.75 g/L, or 8.0 g/L of 21 days Not established by Hanlon (2020)

10.4% 3-FL produced by
microbial fermentation
with E. coli BL21 (DE3)
JBT-3FL

Yorkshire
Crossbred

HMO Mix in milk
replacer; equivalent to 0,
2,556.2, and

3,576.4 mg/kg bw/day in
males and 0, 2,603.9, and
3,659.8 mg/kg bw/day in
females

investigators

3-FL = 3-fucosyllactose; bw = body weight; HMO = human milk oligosaccharide; NOAEL = no-observed-adverse-effect level.

Glycom A/S
4 November 2021

57






GRAS Notice (GRN) No.1037 with Amendment
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory

reconstituted Control and Test formulas contained similar energy within natural and tolerable ranges
(68 and 67 kcal/100 mL, respectively), and identical amounts of protein (1.4 g/100 mL), fat (3.6 g/100 mL),
carbohydrates (7.2 g/100 mL), lactose (5.2 g/100 mL), vitamins, and other nutrients.

Table 6.5-1 Concentrations of Individual HMOs from the 56HMO-Mix in the Powdered and
Reconstituted Test Infant Formula (Parschat et al., 2021)
HMO Proportion of 5SHMO-Mix Powdered Test Infant Formula Reconstituted Test Infant Formula
(%) (8/100¢) (/L)
5HMO-Mix 100 4.35 5.75
2'-FL 52 2.26 2.99
3-FL 13 0.57 0.75
LNT 26 1.13 1.5
3'-SL 4 0.17 0.23
6'-SL 5 0.22 0.28

2'-FL = 2'-fucosyllactose; 3-FL = 3-fucosyllactoes; 3'-SL = 3'-sialyllactose; 5SHMO-Mix = mixture of 5 HMOs; 6'-SL = 6'-sialyllactose;
HMO = human milk oligosaccharide; LNT = lacto-N-tetraose.

All infants were fed ad libitum according to their assigned feeding group. The total daily intake was recorded
by parents in 3-day diaries. In the formula groups, compliance was determined based on the weight of
delivered versus returned packages of the study product and was defined as the consumption of at least
80% of the anticipated quantity as calculated from the average intake by infants 0 to 4 months of age.

The primary objective of the trial was to demonstrate that infant formula supplemented with the
5HMO-Mix supports normal noninferior growth during the first 4 months of age by comparing the mean
daily body weight gain after 4 months intervention between the formula-fed groups. Secondary outcomes
included other anthropometric measures [absolute data, changes, increments, and World Health
Organization (WHO) growth standard z-scores for weight, length, and head circumference], tolerability
(stool frequency and consistency assessed using the Amsterdam Stool Chart), digestive tolerance
(regurgitation, vomiting, and flatulence), and behavior (fussiness, crying, and awakening at night).
Tolerability, digestive tolerance, and behavioral endpoints were evaluated based on parent ratings for pre-
determined scales in 3-day diaries, recorded either after (Day 0) or before (Days 14, 28, 56, 84, or 112) each
visit. The primary endpoint was evaluated in the full-analysis dataset (FAS)*® and the per-protocol dataset
(PPS)Y’. Growth parameters were evaluated in the FAS, while all other secondary outcomes were evaluated
in the safety dataset (SS)28.

Overall, 341 infants were enrolled in the study, 225 of which were formula-fed and randomized to the
formula groups (113 to the 5SHMO-Mix Test Group and 112 to the Control Group); the remaining

116 breastfed infants were allocated to the Reference Group. The study was completed by 265 infants
(77.7%), while 76 infants discontinued the study (Control Group: n = 21; Test Group: n = 27,

Reference Group: n = 28).

16 All subjects enrolled in the study who received at least one feeding, had any tolerability data available up to 4 months, and had at
least 1 body weight value at baseline and after baseline.

17 All subjects from the FAS without any major deviations.

18 All subjects enrolled in the study who received at least one feeding and had any tolerability data available up to 4 months.
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experienced by breast-fed infants, and therefore, such sporadic occurrences of added consumption from
infant formula and other foods are not a safety or tolerance concern.

6.8 GRAS Panel Evaluation

Glycom has concluded that 3-FL is GRAS for use in non-exempt term infant formula and specified
conventional food products, as described in Section 1.3, on the basis of scientific procedures. This GRAS
conclusion is based on data generally available in the public domain pertaining to the safety of 3-FL, as
discussed herein, and on consensus among a panel of experts (the GRAS Panel) who are qualified by
scientific training and experience to evaluate the safety of infant formula ingredients and food ingredients.
The GRAS Panel consisted of the following qualified scientific experts: Dr. Joseph F. Borzelleca (Professor
Emeritus, Virginia Commonwealth University School of Medicine), Dr. George C. Fahey (Professor Emeritus,
University of lllinois), and Dr. Ronald Kleinman (Professor, Harvard Medical School).

The GRAS Panel, convened by Glycom, independently and critically evaluated all data and information
presented herein, and also concluded that 3-FL is GRAS for use in non-exempt term infant formula and
specified conventional food products, as described in Section 1.3, based on scientific procedures. A
summary of data and information reviewed by the GRAS Panel, and the evaluation of such data as it
pertains to the proposed GRAS uses of 3-FL, is presented in Appendix B.

6.9 Conclusion

Based on the above data and information presented herein, Glycom has concluded that the intended uses
of 3-FL in non-exempt term infant formula and specified conventional food products, as described in Section
1.3, is GRAS based on scientific procedures. General recognition of Glycom’s GRAS conclusion is supported
by the unanimous consensus rendered by an independent GRAS Panel, qualified by experience and scientific
training, to evaluate the use of 3-FL in infant formula and conventional food, who similarly concluded that
the intended use of 3-FL in infant formula and conventional food as described herein is GRAS.

3-FL therefore may be marketed and sold for its intended purpose in the U.S. without the promulgation of a
food additive regulation under Title 21, Section 170.3 of the Code of Federal Regulations.
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