N 78E Olympia Avenue
g rIVI Wobum, MA 01801
Phone: 781-391-1262
www.agrivida.com Fax: 781-391-4262
May 28,2019
Dr. Geoffrey Wong
Food and Drug Administration
Division of Animal Feeds (HFV-224)
Office of Surveillance and Compliance
Center for Veterinary Medicine
7519 Standish Place
Rockville, Maryland 20855

Re: GRAS Notification of GrailNema® Glucanase for Use in Poultry Feed by Agrivida, Ine.
Dear Dr. Wong,

Under the Final Rule for the notification of self-determination of “Generally Recognized As
Safe” (GRAS) for novel animal feed additives (21 CFR Parts 20,25, 1170 et al,, Federal Register,
vol. 81, No. 159; August 17,2016) Agrivida, Inc. is hereby submitting a notification of the
conclusion by Agrivida, Inc. that the use of the glucanase enzyme, GralNzyna® AC1 Gllucanase,
in the feed of poultry is GRAS. This enzyme hydrolyzes p-D-1,4 glucan bonds in soluble
nonstarch polysaccharides that are present in certain feed grains, thereby improving the
digestibility of these nutrients in animal feeds.

Agrivida’s conclusion of the GRAS status of the AC1 Glucanase is based upon scientific
procedures and information developed through scientific studies conducted by Agrivida, Inc. and
its cooperators. The information upon which this conclusion is based is presented in a document
two copies of which are enclosed with this letter. In addition, you will find an electronic file of
this GRAS notice in PDF format entitled *AC1 GRASn 24N¢tayI9 miff daat is present on the
compact disc that accompanies this letter. Capiizs of each of the scientific reports cited in this
document to support the information and conclusions of Agrivida, Inc. are contained within a
folder that is also present on the enclosed compact disc.

The complete data and original information that are the basis of this GRAS Notification are
available to the Food and Drug Administration for review and copying upon request during
normal business hours at our of€ices located at 78E Olympia Avenue, Medford, MA 01801.

If you have questions or comments related to this notice, please forward diem to me.

Sincerely,

J. LigogPh.l I pfl W E
ViceTfesident, Regulatory Affairs and Stewardship I JUN 042019
Agrivida, Inc.
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Agrivida

gra®*Qzyme.

A thermotolerant (p-glwcawase fired enzyme expressed in Zea mays

SUMMARY of DATA SUPPORTING a NOTIFICATION of GRAS
STATUS for USE in POULTRY FEED

Submitting Company:
Agrivida, Inc.
78E Olympia Avenue
Woburn, MA 01801

Submitted by:

James M. Ligon, Ph.D.
V.P., Regulatory Afifairs and Stewardship
Agrivida, Inc.
1023 Chnistioplher Drive
Chapel Hill, NC 27517
919-675-6666

jim.ligon@Agrivida.com

May 24, 2019
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Executive Summary

Agrivida, Inc. Ivas dievelopatica new feed @nzyme product to improve carbohydrate
utilization in poultry feeds. This enzime is a glucanase referred to as the ACi
Gluwcanase in this document, and it will be marketed under the trade name
GralNzyme® AC1 Glimcanase. The gene encoding the AC1 Glimramase was derived
using Gene Site Saturation Mutagenesis (GSSM; Short, 2001) starting from a
sequence that had been isolated from an emvirommental library and that encoded a
protein identical to the CelSA endoglucanase of Thermotoga maritima. The AC1
gene under the control of a monocot-derived seed-specific promoter was
transformed into maize [Zea mays) using Agrobocterium-mediated plant
transformation techniques. The resulting transformed maize produces 150 to 300
units of glucanase activity per gram of grain.

The AC1 product is produced using common agronomic practices for the production
of maize grain, followed by milling tto fformaa coarse meal. The coarse meal will be
added as a feed additive at relatively low inclusion levels to the feed of poultry (200
to 500 units per kg of feed). The intemded effect of the AC1 enzyme in animal feed is
to improve the digestibility of feed in the animal’s gastrointestinal tract through the
solubilization of non-starch polysaccharides (NSP) in the diiet, thereby reducing the
viscosity of tthe diizestta and improving access of tthe animal's digestive emzjmies to
nutrients in the diat.

Agrivida, Inc. has conducted and published studies and reports that demonstrate the
AC1 Glucanase product’s safety and efficacy and support a conclusion that the AC1
Glucanase product is generally recognized s safie (GRAS) for its intended use. The
details and results of the studies and reports that support the functionality and a
conclusion of the GRAS nature of the AC1 Glucamase are presented herein.

The AC1 gene construct that was used in the transformation of maize contained one
copy of the AC1 gene, under the control of the Oryza sativa-derived glutelin-1 seed
specific promoter. The maize AC1 gene transformants were selected using the well-
known phosphomannose isomerase (pmf) gene whose safety and utility has been
well-established.

The maize event that produces the AC1 Glucanase contains a single T-DNA insertion
in its genome. The AC1 gene insertion is located on maize chromosome © and it
contains the complete transfer DNA [T-DNA) with @ne copy of the ACl gene. The
complete sequence of the imsertion including approximately 1.5 kilobase pairs [Kb)
of flanking maize DNA on each side of the insert was determined. The plasmid that
contains the T-DNA fragment that was used to tramsform maize contains an
antibiotic resistance gene for maintenance in bacterial hosts. The antibiotic
resistance gene was not tramsformed into the maize genome since it is not located
within the T-DNA region aftthee ACliggene transformation plasmid. The absence in
the maize genome of the antibiotic resistance gene and other elements of the
transformation plasmid outside of the T-DNA was confirmed by Southern
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hybridization techniques. The stability of the AC1 gene insertion in maize over
multiple generations was also demunstiated.

The AC1 Gllucanase enzyme derived from three representative product batches was
fully characterized. The molecular weight, immunoreactivity and glucanase activity
were confirmed. The pH and thermal tolerance profile for the AC1 Glucamase were
determined and the N-terminal amino acid sequence of the AC1 Glmcanase was
confirmed.

It was further demonstrated that the AC1 Glucamase produced by maize is not
glycosylated and, consistent with other enzymes in the Glgcuolydirolase Family 5
group, also possesses endo-cellulase, exo-cellulase and endo-mannanase activities.
Three AC1 product batches were demonstrated to meet all JECFA specifications for
food enzymes with the exception of number of coliforms and total bacteria.
However, the product is within the range for coliforms and total bacteria that are
known to be typical for maize grain that is produced by common agricultural
practices and widely used in food and feed.

The functionality of the AC1 Glwcamase in poultry was demonstrated through
viscosity measurements of e digesta in the ileum afliive broilers in two broiler
chicken feeding studies (Ayres et al., 2018) and in one in vitro feed viscosity studly
(Ayres et al, 2019). In addition, a chicken performance study that included
chickens fed diets treated with the AC1 Glucamase is presented that support the
functionality of the product in poultry feed (Ayres et al,, 2018; Jasek et al., 2018).

Viscosities of digesta from chickens consuming a basal diet high in soluble NSPs (i.e.
wheat supplementation) that was supplemented with different amounts of AC1
Glmcanase were compared to: a negative comtral group (NC) that was fed the same
basal diet without AC1 Glucamase supplementation, a positive control group (FRC_1)
fed a conventional corn/Aspstbean diet with higher energy than the NC diet, and to a
second positive control group (PC_2) fed the NC basal diet with a higher energy level
that was identical to PC_1. AC1 consistently reduced the viscosity of tthe digesta in
vivo. The results of one of these studies were reported by Ayres eta/. (2018). This
result is consistent with in vitre stullies which show AC1 reducing the viscosity of
feed mixtures (Ayres etai, 2019).

The AC1 Glucanase product is concluded tt@ be safe based upon the history of safe
use of glucanase enzymes im animal feed and the safety of the maize production
host. In addition, a high dose of tihe AC1 Glucanase (5000 U/kg feed) was included
in one of the chicken feeding studies to assess the safety of high doses of ACliin
chickens. Assessments of key hematwlogical measurements of the high AC1 dose
groups were compared to those of the negative control (NC) andl positive control
(PC) groups and there were no indications afttosivitywor abnormalities in the high
AC1 dose groups. Further, post-mortem examinations of animals from the high AC1
dose groups did not reveal any indications of abnormalities or toxicity. The results
of this study were puiblisthed by Broomhead etal. (2019).
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Based on the above information which is supported by the information contained in
this document, Agrivida, Inc. concludes that the AC1 Glucanase product is safe and
effective, and is GRAS when used as imtended in the feed of poultry.
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Introduction

Cereal grains are broadly classified into two major categories, viscous amdl non-
viscous cereals, dependiing on their content of soluble non-starch polysaccharides
(NSPs). Rye, barley, oats, and wheat contain considerable amounts of soluble NSP
and are classified as viscous grains, whereas corn, sorghum, millet and rice contain
reduced amounts of soluble NSP and are considered to be non-viscous cereals. Due
to the high content of viscous NSP in grain of the former, feeds produced from these
grains result in high digesta viscosity in the gastrointestinal (GI) tracts of
monogastric animals resulting in reduced nutrient digestibility and availability,
negative impacts on the gut microbiome and other negative effects (Burnett, 1966;
Choct and Annison, 1992; Bedford amd Classen, 1992; Danicke et al., 1999). Since
the 1980s glucanase and other enzymes that degrade soluble NSP have been added
to the feed of monogastric amimals to increase performance of aminalls fed diets
based on grains with a high soluble NSP content (Hesselman and Aman, 1986;
Campbell etal, 1989; Broz and Frigg, 1986; Newman and Newman, 1987). A large
number of enzymes categonized as NSPase are approved for use in animal feed tto
depolymerize soluble NSPs and improve the digestion of nutrients in feeds based on
grains high in soluble NSP comtemt These include glucanase as well as galactosidase,
mannanase, pectinase, and xylamase. p-glucans are a primary soluble NSP of barley,
wheat and other grains high in soluble NSPs and are present at levels of 0.2-0.7% in
wheat and 1.9-5.4% in barley (Havrlentova and Kraic, 2006). p-glucan is a glucose
polymer containing a mixture of [F-1-3 and PB-1-4 linkages that make its
physicochemical properties different from cellulose tihat is a strzaight-chain glucose

polymer with only B-1-4 linkages. Four types of endlo-acting glucamases, diassified
according to the type of glycosidic linkage they cleave, are capable of

depolymerizing (1. 3)(149)331D-glucan: endo-(1,3)}-(1/4))P-glucanases, endo-1,3(4)-

B-glucanases, endo-14-B-glucanases, and to a lesser extent, endo-1,3-B-glucanases
(McCaxthy et @l 2003).

Alithough glucanases have been widely used in feeds based om grains high in soluble
NSPs, their utility im corn-soybean meal based diets has also been demonstrated.
NSPs in corn-soybean meal based diets have been shown to decrease the
digestibility of nutrients by restricting access of digestive enzymes such as amylase
and proteases to nutrients intertwined in fibrous cellular matrices (Cowieson,
2005). In addition, legume (e.g., soybean) NSPs are more complex in structure than
those of cereals, comtaining a mixture of colleidal polysaccharides (galacturonams,
galactan and arabinans). Accordingly, the addition of pectinase o a corn-soybean
meal diet has been shown to significantly increase the metabolizable energy (ME)
value of the diiett This improvement in the ME coincided with increased digestibility
of galactose-rich polysaccharides (Kocher etai, 2002).

Agrivida, Inc. is developing animal feed enzyme products that are prodwced im maize
grain. Genes encoding the enzymes, under the regulation of monocot-derived seed-
specific promoters, are transformed into maize. The enzyme products produced in
this manner will be marketed under the trade name of GralNzym#®. One oftthe
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GralNzyme® products under development by Agrivida, Inc. is a glucanase feed
enzyme whose primary activity is endo-14-B-glucanase but that also exhibits lesser
levels @f other NSPase aattivities, including endlocellulase, exocellulase, and endo-
mannanase. The AC1 Glwcamase was developed using GSSM, resulting in the
introduction of 12 amino acid changes into the coding sequence of the Cel5A
glucanase sequence (NCBI accession Q9X273) (Nelson et alh, 1999) to improve the
thermostability of the AC1 Glucanase prdtein. The AC1 Glucanase consists of 316
amino acids tihat share 96% identity with the CelSA adlulase from Thermotoga
maritima GHS.

Maize plants engineered to express this gene using Agrivida’s GralNzyme®
technology produce 150 to 300 units of glucanase activity/g of grain. The
GrallNzyme® Glucanase product referred to herein as AC1 Glucanase will consist of

coarsely ground corn meal produced framm maize plants expressing the glucanase

gene in the grain. It will be included in relatively small amounts as a feed additive in
poultry diets in order to reduce tihe viscositty of digesta and improve the digestibility
of major feed ingredients.
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1.0 Signed statements amdl certification
1.1. Submission of aGRAS notice

Agrivida, Inc. is hereby submitting a GRAS notice in accordance with §170.225(c} of
21 CFR Parts 20, 25, 170 and 570 et al (Federal Register, Vol. 81, No. 159, Amgust
17, 2016) for an endo-1,4-B-glucanase enzymme for use in the feed of poultry to
improve the digestibility of feeds containing soluble non-starch polysacciarides

(NSP).
1.2. Name and address of motifier

Agrivida, Inc.

78E Ollympia Avenue
Woburn, MA 01801 USA
Tel: 781-391-1262

Person responsible for the dossier:

James Ligon, PhD

Agrivida, Inc.

VP, Regulatory Afffairs and Stewardship
1023 Christopher Drive

Chapel Hill, NC 27517 USA

Tel: 919-675-6666

Email: iim.ligon@agrivida.com

1.3 Name of the notified substamce

The substance that is the subject of this GRAS matiize is an endo-IL4HB-glucanase
enzyme with high similarity tw the Thermotoga maritima CelSA glucanase emzyme
(EG. 3.2.1.6). The glucanase is produced in the grain of Zea mays. The trade name of
the product is GrallNzyme® AC1 Glucanase.

1.4 Coenditions of use of tihe mutiifiad subixttanee
This GRAS notice is for the purpose of establishing GRAS status for GralNzyma® AC1
Glucanase in the feed of poultry in order to increase the digestibility of feed
containing soluble NSP. The recommended inclusion rate of the GrallNe3me® AC1
Glucanase in poultry feed is 200 to 500 glucanase activity units (U) per kg of feed.
1.5 Statutory basis for conclusion of GRAS status
The conclusion that the GralNzyme® AC1 Glucanase anzyme is GRAS flor use in

poultry feeds is based on scientific procedures in accordance with 21 CFR Part 570,
Subpart E (Federal Register, Vol. 81, No. 159, Auwgust 16,2016).
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1.6 Substance is exempitfiormpremarket approval

It is the opinion of Agrivida, Inc. that the GraINzyme® AC1 Glucamase is exempt from
the requirement for premarket approval under the Food, Drug aantl Cosmetic Act
based on our conclusion that it iis GRAS for its intended use in the feed of poultry.

1.7 Data availability

The data that are the basis far tthe conclusion that the GralNzyme® AC1 Glucanase is
GRAS for its intended use are filly encompassed by this submission, including
published manuscripts and reports. In addition, upon request by the FDA, Agrivida,
Inc. will produce any additional relevant information either in paper or suitable
electronic form and provide these to tihe FDA.

1.8 Cemnfidential business information im this GRAS notice

Agrivida, Inc. does not consider information contained in this document to be
confidential business information.

1.9 Certification

Agrivida, Inc. hereby certifies that to the best of iits knowledge, this GRAS matiice
includes all rellevant information, both favorable and unfavoradble, tat is pertinent
to the safety and functionality of the GraINzyme® AC1 Glucanase for its use in the
feed of poultry.

1.10 Sigmatory person
X\N\ %ﬁ?\ Date: May 24, 2019
sM Lngon
Vi ent, Regmlhtory Affairs and Stewardship
Agrivida, Inc.

1.11 Awmthernization to send thadke searets

If mevessany, Agrivida, Inc. authorizes FDA Center for Veterinary Medicine to send
information from this notification, including informatiom considered by Agrivida,
Inc. to be trade secret or CBl, to the Food Safety and Inspection Service (FSIS) of the
U.S. Department of Agriculiture.

10
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2.0 Identity, method of manmfactimre, specifications and technical effect
2.1 Identification of the notified substance

The GralNzyme® AC1 Glucanase product developed by Agrivida, Inc. is an endo-1,4-
B-glucanase (EC 3.2.1.6) produced by genetically modified Zea mays (corn).

The gene encoding the AC1 Glimramase was derived from a gene isolated from am
environmental DNA library that is identical to the CelSA glucanase gene of
Thermotoga maritima (NCBI accession Q9X273) (Nelson et al, 1999). The gene
sequence was modified by GSSM to improve 1ts thermostalblhty The resulting AC1
glucanase differs from the CelSA glucanase by © (4) amino aciids. Expression of the AC1
gene is directed by a monocot-derived seed—spemﬁc promoter, such that the
GralNzyme® AC1 Glucamase is produced only in the grain of Z. mays. Detailed
information about the production organism, enzyme, manufacturing process and
safety of the GraINzyme® AC1 Glucanase for use in poultry muttnition is contained in
this submission. The production host organism, Z. mays, is well-characteriizad wiith
respect to safety and toxicology and is considered safe for consumption by lhumans
and animals.

2.2 Method of manufacture

The GrallNzyie® AC1 Glwcanase product is produced by cultivating Z. mays
producing GmMme@ AC] Gliucanase wsing common agricultural procedures for
producing maize grain, and the harvested, gram containing GralNzyme® AC1
Glucanase is milled to a coarse meal and packaged in suitably labeled contalners for
inclusion in poultry feed.

11
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3.0 Target animal expesswre amiisafétyyfdstéocalculation

The AC1 Glincamase product will be marketed according to its label specifications.
The product label will provide instructions for the user to include the prodinett im the
feed of poultry at a rate of 200 - 500 U/kg. Therefore, the highest dose in this range
equal to 500 U/kg was used to estimate dietary exposure. It is assumed that the
users of tihis product will follow the product dose recommendations provided by
Agrivida, Inc. on the product label and so no other significant exposure to animals
other than poultry consuming feed treated with the ACI Glucanase is expected.

Exposure to other substances as a result of the use of this product is primarily
limited to the breakdown products of p-1,4 glucans as would be expected with the
use of any other glucanase product or the normal digestion of 3-14 glucans. Since
the AC1 Glucamase also exhibits lesser amounts of endlocellulase, exocellulase, amd
endo-mannanase activity, the products from these activities, including B-glucose,
oligosaccharides and polysaccharides, will also be released from the diet However,
all of these products are nutritious and are normally released from complex
carbohydrates in the diet during normal digestion so the level of exposure to these
is not expected to be substamtially diffierent.

Since the AC1 Glucanase is contained within the grain of maize andl tthe nutritional
composition of e graim is not different from that of conventional maize grain, the
only exposure to other products would be those derived from maize grain that are
considered safe for food.
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4.0 Self-limiting levels of use

The GralNzyme® AC1 Glucanase product is not imtended for incdusion in human food
and it will be marketed with a label that states that the product is to beused only for
inclusion in poultry feeds. Therefore, according to §170.240 of 21 CFR Parts 20, 25,
170 et al (Federal Register, Vol. 81, No. 159, August 16, 2016) there is no
requirement to establish a self-limiting level of use for the GralNzyme® AC1
Glucanase product.

The GralNzyme® AC1 Glucanase is produced by maize genetically engineered with a
glucanase gene that is closely related to the CelSA callulase gene of Thermotoga -
maritima, and produces GralNzyme® AC1 Glucanase in the grain. Typically, grain
derived from the maize productiion host contains between 150-300U per gram of
grain. Other than the presence of the GraINzyme® AC1 Glwcanase enzyme, the
GralNzyme® AC1 Glwcanase product contains maize grain that is nutritionally
equivalent to normal maize grain used as a major poultry feed ingredientt The
presence of the GralNzyme® AC1 Glwcanase in maize grain does not appear to affiect
the taste, palatability or other organoleptic properties of the grain. Therefore, the
maximum amount of GralNzyme® AC1 Gluocamase product that might be
theoretically consumed by am animal is equal to the total amount of maize meal
included iim the feed. In the case of poultry feed based on a maize/soybean meal
diet, the maize component typically comprises thetmeen 50% and 70% of the total
feed. Accordingly, the maximum amount of GralNzyme® AC1 Glucanase that might
be consumed by poultry is equivalent to the amount of GrallNzZyme® AC1 Glucanase
contained in the maize component aftthe diet assuming that all of tthe maize meal
was GralNzyme® AC1 Glucanase product However, since the GralNzyme® AC1
Glucanase product will be marketed primarily in either 20 kg bags ar 1 ton totes
with a product label that directs the user to add the appropriate amount of the
product when mixing the feed, the likelihood that a feed would be prepared using
the GiraINzyme® AC1 Glucanase product to replace all of the maize meal in the diet iss
very remote.

Nevertheless, assuming that a 1 téartéte of GralNzyme® AC1 Glucanase product was
used in place of normal maize meal to make a poultry feed, the maximum amount of
feed that could be produced would be 2 ttars @r less. In the unlikely event that this
transpired, the resulting fieed would not be expected to cause adverse effects on the
poultry that consume it, even at a maximum dose of approximately 210,000 U/kg as
potentially could be expected. Glwcanase is @an enzyme whose primary enz{rmatic
activity is the depolymerization of 1,3-1,4-8-D-glucan. If large amounts of glucanase
were included in a feadliitwolill be expected that most or all of the 1L443-D-glucan
bonds in the diet would be hydrdBfzed to produce simpler carbohydrates with
resulting increased levels of energy availability.

Based on the above, it is expected that in the unlikely event that grain from

GralNzyme® AC1 Glucanase expressing maize were to be substituted for all aftthe
maize in a typical maize/soybean meal poultry diet that it would not adversely

13
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affect the performance of the poultry nor would it cause any safety concerns for the
animals. Additionally, the AC1 Gliucanase protein would not be expected to be
present in the meat derived from animals consuming it since it has been well
established that ingested proteins are digested and absorbed as small peptides and
amino acids (Metcalf et al., 1996; Betz et al., 2000). Therefore, the meat of animals
consuming feed treated with Gradl¥2yme® AC1 Glucanase protein would be safe for
human consumption.
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5.0 Experience based om commmumuseepniontool 958

The GiraINzyme® AC1 Glucanase product was not in use prior to 1958 and Agrivida,
Inc.’s conclusion aff GRAS status for the use of this product in poultry feed is not
based on its common use prior to 1958, Agrivida's conclusion that the GraINzyme®
A1 Gllwamase product is GRAS for use in poultry feed is based on scientific
principles. Therefore, the requirement to provide evidence of its use prior to 1958
is not applicable.
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6.0 Narrative
6.1 Safety of GralNzimie® AC1 Glucanase

The characterization and safety assessment of feed enzymes produnged tthrough the use of
recombinant DNA technology involves a number of factors that imcliude the following:

1) The safety of the organism that was the sonrceafithe gene encoding the enzyme

Z) The safety of the host/recipient orgawismi, in this case Zea mays

3) Chmracterization of the comstruct uwsed to transform the lost/recipient

4) Characterization of the production organism i.e. the transgenic Zea mays used to

produce the emzyme
5) The characterization and safety of the enzyme itself.

Each of the above factors in relation to the safety of the AC1 Glucamase is discussed in tthis
section.

6.1.1 Source of the geme encodimg A1 Glucanase

The AC1 gene encoding the GraINzZyme® AC1 Glucamase enzyme was derived from a gene
isolated from an environmental DNA library. The isolated gene encoded an enzyme that is
identical to the CelSA cellulase from Thermotoga maritima (NCBI accession Q9X273)
(Nelson etal., 1999). This gene was modified by GSSM resulting in 8; amino acids changes
in order to improwe thetheamuostatilltyyofithe AC1 Gllucanase. The modified gene encodes a
glucanase enzyme that is a 37.7 kDa protein with 96% identity to the CelSA glucanase of T.
maritima. Agrivida, Inc. has compared the CelSA andi AC1 glucanase enzymes and has
demonstrated that the enzyme kinetics of these two glucanases is nearly identical (Table
1). Expression of tthe AC1 gene is diirected by a monocot-derived seedi-spagific promoter,
such that the GiraINzyme® AC1 Glucamase is produced only in the graim of Z. mays. Detailed
information about the production orgamism, enzyme, manufacturing process andl safety of
the GraINzyyme® AC1 Glicanase for use in poultry nutmitionm is contained in this submission.
The production host organism, Z mays, is well characterized with respect to safety and
toxicology and is considered safe for consumption by humans and animals.

Table 1. Commparison of the enzyme kinetic properties of the CelSA glucamase of T.
maritima and the AC1 Gllucanase produced by maize Event FG259.

Vmax Keat Km

pmvolles/min/mg mim mg/mml
CelSA 365 1365 0.38
AC1 31.2 1167 0.22

Since only the coding sequence of the AC1 Glucanase gene and no other DNA derived from
the original host is included iintthe the transformation construct of plasmid )@ the
identity of the source organism or its safety profile is mot relevant to a discussion of tthe
safety of the AC1 Glwcamase protein.
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6.1.2 Description of the Hest Organism

Taxonomy of Zea mays L. (Maize)
The taxonomy of maize is described by OECD (2003) as follows:
Family: Poaceae
Subfamily: Panicoideae
Tribe: Maydeae
Genus Zea
Section Zea
Zea mays L. (maize)
Zea mays subsp.mqys (L.) litis (maize, 21?2 =20)
Zea mays subsp. mexicana (Schrader) litis (teosinte, 2n = 20))
race Nobogame?
race Central Plateau’
race Durango#
race Chalco?
Zea mays subsp. parviglumis litis and Doebley (teosinte, 2n = 20)
var. parviglumis litis and Doebley (=race Balsas)
var. huehuetenangensis Doebley (=race Huefhuetenango)

Niitis and Doebley, 1980; Doebley etazl, 1990. 2Diploidy number. *Wilkes, 1967
*Séinchez-Gonzalez et ali, 1998.

Maize (Zea mays L.) is attdl], morecinusaanmudiggrass with overlapping sheaths and broad
conspicuously distichous blades. Plants have staminate spikelets in long spike-like
racemes that form large spreading terminal panicles (tassels) and pistillate inflorescences
in the leaf axils, in which the spikelets occur in 8 to 165rowss approximasetyy380cemldng, on
a thickened, almost woody axis (cob). The whole structure (ear) is enclosed in numerous
large foliaceous bracts and long styles (silks) protrude from the tip of the ear as a mass of
silky threads (Hitchcock and Chase, 1971). Pollen is produced entirely in the staminate
inflorescence and eggs, entirely in the pistillate inflorescence. Maize is wind-pollinated and
both self and cross-pollination are usually possible. Shed pollem wsielly envains wikdhke ffor
10 to 30 minutes but can remain viable for longer durations under favorable conditions
(Coe et al., 1988). Cultivated maize is presumed to have been derived from teosinte (Z
mexicana) and is thought to have been introduced into the Old World in the sixteenth
century. Maize is cultivated worldwide and represents a staple food for a significant
proportion of the world's population. No native toxins are reported to be associated with
the genus Zea (International Food Biotechnology Council, 1990).

As diiscussad above, the indigenous peoples of North America have cultivated maize for
thousands of years. The modiern era of maize hybrid production began in the United States
where research conducted in the early part of the 20% century proved that hybrid maize
could produce a yield superior to open-pollinated varieties (Sprague and Eberhart, 1976).
Grradually, hybrid-derived varieties replaced the open-pollinated types in the 1930’s and
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1940’s. Almost all maize grown in the United States now comes fram hybrid seed that is
obtained every planting season from private enterprises, and the older open-pollinated
varieties are virtually unknown in commerce.

Maize is planted when soil temperatures are warm (greater than or equal to 10°C) usually
mid to late April until mid-May in the U.S. Corm Belt. Optimum 3relds @ccur when the
appropriate hybrid maturity and population density are chosen. In adidiition, exogenous
sources of nitrogen fertilizer are generally applied and weed and insect control measures
are generally recommended. Choice of the appropriate hybrid for the intended growing
area helps to ensure that the crop will mature before frost halts the growth of the plant at
the end of the season; hybrids are categorized according to the amoumt of Growing Degree
Units (GDU) that will be required for maturity (Monsanto, 2015). Therefore, a hybrid
developed for a specific climate zone will not mature in cooler areas that receive fewer
GDUs during a typiical growing season.

Maize is the largest cultivated crop in the world and is widely cultivated im most areas of
the world. In 2014 the global production of maize grain was 1,275 million metric tons
(MT), including the 381 muiilion MT produced in the U.S. from planting over 90 million acres
(USDA FAS, 2014). In the U.S., maize is grown in almost every state.

In 2015, there were about 88 million acres planted to maize in the United States that
produced 13.6 billion bushels afgrainaand 128 million tons of sitage ((USDA-NASS, 2017).
Maize grown iin tthe United States is predominantly of the yellow diznt type, a commodity
crop largely used to feed domestic animals, either as grain or silage. The remainder of the
crop is exported or processed by wet or dry milling to yield products such as high fractose
corn syrup and starch e ail].grits and flour. These processed products are used extensively
in the food industry. For example, maize $tarth serves as a raw material for an array of
processed foods, and in industrial manufacturing processes. Since the early 1980’s a
significant amount of grain has also been used for fiiel ethanol production. The by-products
from these processes ame aftemusedlimanimal feeds.

Conventional plant breeding results in desirable characteristics in a plant through the
unique combination of gemes already present in the plamtt However, there is a limit to
genetic diversity with conventional plant breeding. Biotechnology, as an additional tool to
conventional breeding, offers access to greater genetic diversity than conventional
breeding alone, resulting in expression of highly desirable traits that are beneficial to
growers and animal producers.

‘Given the long history of the safe wse of maize grain and its by-products and maize silage as
food and feed ingredients, maize and its grain are considered to be generally recognized as
safe (GRAS). Therefore, it is concluded that maize and grain produced by it are safe for
consumption by humans and animals and that its cultivation does not present any threats
to the envirommenit Pariza and Foster (1983) developed a detision tiree to determine the
safety of food anll feed enzyme preparations that was updated by Pariza and Johnson
(2001) and Pariza and Cook (2010). A key tenet of this decision tree is that since enzymes
by themselves are not toxic, the primary consideration of the safety of a food enziyme
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preparation is the safety of tihe production organism. In the case where the production
organism is a plant that has a long history of safle use as a food imgredienit, the enzyme
preparation from such a plant is considered to be safe and nontoxic. Based on the decision
tree for establishing the safety of food enzyme preparations by Pariza and coauthors
(Pariza and Foster, 1983; Pariza and Johnson; 2001; Pariza amd Cook, 2010) and on the
established long history of safe use of maize for food and feed, the AC1 enzymie preparation
that is the subject of this document is considered to be safe for its intended use in poultry
feed.

6.1.3 Source of the maize ne

The AC1 gene responsible for the production of AC1 Glmcamase in maize was initially
transformed into a maize line named ®@ maintained by the U.S. Natiomal Plant
Germplasm System (MGSC, 2018) that is also known by the name ®® (herein abbreviated
as "B"). The resulting transgenic plamts (TO) containing the AC1 gene were subsequently
crossed with male and female maize inbreds, (herein abbreviated as "E" and "G"
respectively). Several additional backcrosses (BC) with the ACllgene progeny were
performed using the E and G inbred lines in order to imerease the pencentage of the genome
from these inbred lines in the AQl-producing derivative lines. A breeding diagram showing
the recent breeding activity for the development of AC1 Glucamase- producing maize is
shown in Figure 1.

In adidiitiom to the above, the Organization for Economic Co-operation and Devellopment
(OECD) Comsensus Document on the Biology of Maize (OECD, 2003) provides key
information on:
- the biology of maize, including taxonomy and morphology and use of maize as a crop
plant
- agronomic practices in maize cultivation, geographic centters of onigin, rgpxadiuctive
biology, and cultivated maize as a vollintieer weed
- inter-species/genus introgression imto relatives amd interactions witth atther angzari smss
- a summary of the ecology of maize.
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Figgure 1..A\breeding diagram fior the development of Event FG259 maize lines described in
this diecurmertt

6.1.4 Chaunateristics of the AC1 Glweanase gene expression construct

oding the AC1 Glucanase under the

: . The genetic
nents of the T-DNA fragment that was used to transform maize are deseribed in Table 2
and presented in Figwre 2, This plasmid was transformed by Ajrobacterium-mediated
transformation into immature corn embryo tissue as described by Negrotio et al. (2000)
and transformants were selected based on the presence of the plant selectable marker
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phosphomannose isomerase (PMI) gene {(mamA) @n the transformed DNA fragment that
encodes the PMI enzyme. PMI @nables corn tissue to grow on culture media containing
mannose as the primary carbon source (Negrotto et al, 2000). The manA gene has been
used as a selectable gene in several genetically modified corn varieties that have completed
review by the USDA, FDA, and EPA for food and feed safety, including corn events ' ® amdl

®®@ corn with resistance to corn rootworm, lepidoptera-resistant O@ all a-
amylase expressing event 3272, all products of )@ Corn plants containing the
AC1 Glucanase gene were cultivated and produced grain accumulating 150 to 300 units of
endoglucanase activity per gram of grain.

In addition to containing the AC1 Glucanase coding sequence, (®) ()
. Agrivida,
Inc. has conducted N-terminal amino acid sequencing of AC1 b))

The transformation event chosen for commercial
development was designated maize Event FG259.
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Figmwe 2. Genetic map of , the plant transformation vector containing the AC1
Glucanase gene. The genetic elements of this vector are described in Table 2. Locations of
the cleavage sites for restriction enzymes BamHI, EcoRI, Sphl and HindlII are shown
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Table 2. Description of the genetic elements in the bp vector plasmid ' containin
g

the AC1 Glucanase gene.
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Figure 3. Comparison of the deduced amino acid sequences of the AC1 Glucanase and the
Thermotoga maritima CelSA glucanase. Amino acid differences in the AC1 Glucanase
relative to the CelSA glucanase are shaded in green. Identical amino acid residues in the
two proteins are imdiicated im the third row as asterisks (*)..conservative r
colons (), and non-comservative replacements as spaces.
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6.1.5 Clnnacterization of Maize Event FG259
6.1.5.1 Determination of number of DNA insertions

Southern hybridization was used to determine the number of THDNA iinsertions
firoom transformation plasmid ®@im the genome of Event FG259. Gemmmic
DNA from Ewent FG259 was digested with the restriction endonuclease BamHI as
well as with Himdlll and Sphl combined. Each of ttheese emzymie cuts within the T-
DNA andi/or in the genomic flanking DNA, resultimg im one unique DNA restmixttion
fragment for each locus that contains the mamA selectable marker gene. The unique
DNA restriction fragment can be visualized on a Southern blot by hybridization with
a labelled DNA probe that contains the mamA gene (probe D, Figure 4b). The
number of unique DNA fragments that hybridize to the manXl gene probe indicates
the number of T-DNA insertions in the maize genome. As a positive control

() “vector DNA and, as & megattive control wild e maize DNA, were digested
with EcoRI and included on the blatt The results demonstrate that in botth BamHI
and Himdlll/Sphl digested genomic DNA of Event FG259 a single DNA fragment was
visualized on the Southern blot shown in Figure 5, thereby demonstrating the
presence of a single gemamic T-DNA insertion in the genome of Event IRG259. The
manA gene probe hybridized as expected to the ®)® DNA but failed to
hybridize to DNA from wild-type maize that is not tramsformed with the AC1 gene
cassette. These results confirm that there is a single T-DNA insertion in the genome
- of Evemt FG259 and they are summarized im Table 3.
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Diagram of the locus of the AC1 gene T-DNA insertion within
of the maize genome, (b) Diagram of the transformation
, showing regions from which probes (red bars) were derived for

Figmre 4. (a
chromosome
vector

Southern blots. Clieavage sites for key restriction enzymes are shown. The labels of
other genetic elements are as listed in Table 2.
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Figmre 5. Southern blot of restriction endonuclease-digested FG259 DNA probed
with a PMI gene containing DNA probe (Probe D in Figure 4b).
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Table 3. Fhedicted and observed DNA fragment sizes for a Southern blot with the
PMI gene probe [Probe D, Figure 4b).

Probe Sample Predicted Fragment  Observed Fragment
T-DNA __ FG259 [Sphi+Hindll) 8,733 bp =9,000 bp

PMI+

EDNA, . OO(EcoRD, 183 . 8748%p . ~9,000:bp

. oy 'azépy . SR Shivhe : s

T-DNA Wild type maize control u u

PMI=+

Additional Southern blots were used to confirm tthe above-described findings that
Event FG259 contains a single T-DNA insertion. Genomic DNA from five individual
Event FG259 plants was pooled and digested independently with restriction
enzymes BamHI and HindIHl. While BamH! cuts once in the T-DNA, HindIH does not,
but both enzjfties cut in the flanking genomic DNA [Figure 4a). Replicate Southern
blots were hybridized with four probes corresponding to T-DNA regions imcluding
the GTL promoter [Probe A), the AC1 Glmcamase gene [Probe B), the ZmliHid
promoter [Probe C) andl the PMI mamA marker gene [Probe D) [([Figure 4b). Wild
type non-transgenic [WT) maize DNA was digested with the same restriction
enzymes and run side by side with restriction digests of Event FG259 DNA as a
control. The Southern blot probed with TIDNA probes A, Banti D is presented in
Figure @, and it shows a single hybridization band in FG259 DNA diigesttedl with
BamHI and Hindill, respectively, while no hybridization was found in WT DNA
control.

Because the ZmUhiil promoter is a native maize sequence it is expected that
additional hybridization signals corresponding to this endogenous maize gemetic
element would be present in addition to the bands from the T-DNA inserted in the
genome of Event FG259 iin blots probed with probe C tiinit contains the ZmlUbid
promoter elememit The Southern blot hybridized with probe C ttiat includes the
ZmUbiil promoter sequence is shown in Figure 6. A hybridization fragment of ~6
kb is apparent in DNA from Event FG259 digested with BamHI, and a hybridization
fragment of ~ 10 kb is apparent in DNA from Event FG259 digested with Hindil).
These ffaggmeerits are predicted from the location of the BamHI and Himdiil
restriction sites in the T-DNA andl {fharkking maize genomic DNA [(Figure 4a). As
expected, additional hybridization ffragmerss were seen in both digests when
probed with probe C that contains the Zmllliil promoter. In the BamH! digest, two
fragments [~13 and 16 kb) were present in both WT [[control) and Event FG259
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DNA, while im tthe HindlIl digest a 7 kb fragment is present in both. The predicted
and observed hybridization fragments from these Southern blots are listed in Table
4, and confirm that Event FG259 contains a single T-DNA insert within its genome,

Table 4. Summary of Southern blot analysis of ttranggenic maize line FG259. The
expected and observed fragment sizes from probing BamHI and Hindlll digested
DNA with probes A, B, C, and D are presented. Asterisks (*] designate endogenous
bands that were allso found in the wild-type comtrol that are predicted to contain the

maize ZmHiil promoter.
Predlcted M_t Size Observed Fragment Size
A F (Bawii)  Unkndwn (53,849 bp)  »20kbp !
A FG259 (Hmdlll) 9, ,933bp «10 kbp
B FG25O(BamHI) 6,146 bp »6kbp |
B  FG259 (Hindlll) 9,933bp - »10 kbp
G FG259 (BdmHI) - 6,146 bp »6,13*, 16* |
C  FG259 (Hindlll) 9,933 bp | »10,7*
) 6,146 bp =6 ]
D FG259 (Hindlll) 9,933 bp ~10
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Figure 6. Southern blot of restriction endonuclease-digested Event FG259 DNA and WT control DNA hybridized with (A)
probe Acovering the GTL promoter region, [B) probe B covering the ACI region, (C) probe C covering the ZmUbil promoter
region, and (D) probe D covering the PMI region. In panel C, T-DNA hybridization bands in FG259 digest by BamUI and HindUl
are indicated by red arrows. WT and FG259 DNA digest bands resulting from hybridization with the endogenous ZmUbil
promoter are indicated byyellow arrows.
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6.1.5.2  Screening for the absence of phsn-lvector backbone
fragments

The potential for the transfer of gemetiic @lements derived from the plasmid vector

®)@that lie outside of the T-DNA borders (plasmid backbone) to the genome
of Evemt FG299 was investigated using Southern analysis. Probes corresponding to
the or/ (ColEl oriigim of plasmid rgplication),swmt (streptothricin acetyltransferase),
and aadA (aminoglycesidi-adienyllransferase) gemetiic elements (Figure 4b) were
used in Southern blots containing restriction endonuclease digested gemomnic DNA
of the AC1 Glucanase-expressing maize Evemt FG259. None of tthee DNA fragments
derived from the vector portion outside of the T-DNA (backbone) of plasmid

@ gemonstrated hybridization to genomic DNA firam the AC1 Glucanase-
expressing maize Event FG259 (Figure 7). This result demonstrates the absence of
DNA fragments dlerivetl from the vector backbone portiiom of plasmit ®) ) g
the gemome of maize Event FG259.

A separate Soutthemn hythridization study was comdincted usimga hybridization probe
consisting of the entire. ® @ vector backbone outside the LB and RB sequences
of the T-DNA (probe E in Figure44h). A Southern blot of estriction endonuclease
digested genomic DNA of Ewent FG259 and plasmid ® @ yector DNA
hybridized with probe E is presemted in Figure 8. The absence of hybridization to
the DNA from Event FG259 and the confirmation ef tthe expected hybridization to
the vector )@ DNA confirm that the genome of Event FG259 does not contain
elements derived from the wextor baclkbone of plasmid (b) (4)
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Figure 7. Southern blot of Event FG259 genomic DNA hybridized with @@ veetor
backbone probes containing the ColEl, aad/, and sat gene elements..
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Figure 8. Southern blot of gemomic DNA of Event FG259 hylhlmm probe E
that contains the entire TIDNA backbone region of plasmid . The Southern
blot included two lames aff Evemt FG259 genomic DNA, one digested \mﬂh roR1 and
another digested with Ncol. One tthird copy, one capy and three copy equivalent

amounts of the plasnmd ) DNA and genomic DNA from conventional,
nontramsgewic, maize digested with Ncol were included as controls. As expected, the
8.9 kb Ncol DNA fiiggmentt of plasmid @ lingtmiitivedi with probe Eiin the
positive control digestions.
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6.1.5.3 Chamacterization of the T-DNA chromosomal integration site
in Event FG239

The mplete nucleotide sequence of the T-DNA insertion and flanking maize
genomic DNA in Event FG259 was determined. Comparison of tthis sequence with
the sequence of the T-DNA in tihe tizansforming plasmid )@ determined that,
with the exception of a partial left border repeat of ) nucleotides, the coding
sequences of the ACI Gliwcamase and manA genes in tthe T-DNA were not altered

during 1t(lb1)e t)transformanon process and are identical to the sequences of these genes
in

The compete nucleotide sequence and a genetic map of the T-DNA locus affHEwvent
FG259 incuding the flanking maize gemomic DNA are presented in Appendix 1 and
Fignrre 4a, rwmnmﬂzlly Sequence analysis oftthe regions at the junction aftthe T-
DNA amd maize genomic DNA was conducted in order to identify novel putative
open reading frames that span the junctions between the Event FG259 T-DNA and
the flanking maize gemamic DNA. The nucleotide sequemce of tthe maize gemmmic
DNA adjacent to the RB flank of tthee T-DNA was seqjuermad] to a distance 1478 bp
from the imsertion amd the LB flank was sequenced to a distance of 1597 bp from the
insertion. The sequences of the T-DNA junction regions of Event FG259 were
analyzed at both ends of the T-DNA insertion in all six reading frames for any
putative new open reading frames (ORF). A minimum tramslation size of 30 amino
acids was used in this analysis as proposed by Harper et al (2012). Furthermore,
only new ORFs that were created between the T-DNA ends and the maize genomic
DNA flanking sequences as a result of the TIDNA insertiion were considered in the
analysis. The identified ORFs were subsequently analyzed for amino acid sequence
homology to kmown protein toxins.

At the right T-DNA border a novel 96 bp ORF emcoding @ putative peptide of 31

amino acids was created as a result of the T-DNA insertion. This O Dis
positioned on the minus DNA strand of the Event FG259 T-DNA and iits nucleotide
and deduced amino acid sequences are shown below. The W puwﬁve

peptide does not have any significant similarities to known proteins in the NCBI
database when it is used as a query in the BLASTP search under default program
settings. No movell OIRFs were identified at the left border junction of the T-DNA
with the maize genomic DNA flanking sequence in Event FG259.

(b) (4)
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The maize genomic DNA flanking the T-DNA insertion in Event FG259 was analyzed
in order to identify the genomic location of the insertion and endogenous maize
genes in the region of the insertion. The sequence of the maize genomic DNA at the
RB, including 1478 bp of sequemce extending from tihe site of the T-DNA insertion
was used as a query at the default settings in a BLASTN ssgarch of the publicly
available maize B-73 reference genome database (assembly B73 Ref(Gem v4).
Multiple areas of hjgh identity to this sequence from all 10 maize chromosomes
were identified, including 18 regions with 98% identity or greater. This result
indicates that the imsertion is located in an area of the genome tihatt cont&ins aHighly
repetitive sequence. Similarly, 1597 bp of nucleotide sequence derived from the LB
junction of the THDNA in Event FG259 was queried against the B73 maize genomic
seqeunce. The results of this query were simiikar tio thatt afftthe RB flanking sequence
returning 307 sequences with 95% or greater identity with multiple maize
chromosomes. These results confirm the findiimg from the query with the RB
flanking sequence that the T-DNA of Event FG259 is inserted in a region of the maize
genome that contains a highly repetitive sequence. The complete nucleotide
sequence of the T-DNA locus of Event FG259 is presented in Appendix 1.

In order to identify the T-DNA chromosomal insertion site of Event FG259, a study
using marker analysis was conducted. Marker analysis examines backcross progeny
to determine the chromosome and chromosomal segment biased for retained
markers associated with the segregating genetic background in which tthe original
transformation was conducted (maize line | ®®). In this analysis, backcrossed
progeny of Event FG259 were selected for the presence of the T-DNA locus
containing the AC1 Gluwcamase gene and these were analyzed for the presence of
known genetic markers from the maize genome. Those markers that are closely
linked to the chromosomal T-DNA integration site will be retained at a greater
frequency due to their proximity to the T-DNA integratiion site. To determine the
location and frequency of retained markers in selected tramsgenic progeny, nine
independent transgenic AC1 progeny that resulted from two rounds of backcrossing
(BC2) Event IRG259 with maize inlrell G as the recurrent parent were analyzed. A
total of 3017 single nucleotide polymorphisms (SNP) (1136 of which were
polymorphic between ©®® and inbred G) were analy2ed following use of the
llumina 55k chip and for which the maize Version 4 genome map annotation
(Illumina, 2018] was used. |

Analysis of the backcrossed progeny indicated that the T-DNA insertion is located in
a 6.6Mb segment of chromosome @ that mcludes SNP markers ®)® and

(correspondlng to chromosome @ positions )@ and ®@, |
respectively). The maize genomic database shows that there is a region witlhin this
segment that is homologous to the contiguous sequence identified to be the
insertion site according to the flanking sequence determined for the AC1 Event
FG259. There were no other polymurphic markers that showed this 100% bias for
the | ®® menatiic markers on any other chromosome or chromosomal segmentt
These observations confirm the location of the T-DNA insertion on chromosome @ im

event FG259.
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6.1.5.4 Gemetic stability of the insert over mulfiple generations

The stability of the T-DNA insertion in Event FG259 was determined using Sowthern
blots over multiple generations of prageny of maize Event FG259. Genomic DNA
from four backcross (BC) generations of am F1 hybrid of Eventt FG259 and maize
inbred E was digettell with BamH!] amd run on an agarose gel prior to blotting to
nylon membrane, Also included in the gel was 1 amil¥4 genome equivalents of EcoRI
restricted ®)® PNA and the mamA gene probe ﬁ'agment DNA as positive
controls. The backcross generations that were examined in this study are
designated BCIE, BC2E, BC3E, amdl BC4E (see the breeding diagram in Figure 1).
Hybridization of a TFIDNA PM] manA gene probe (probe D in Figure 4b) to BamHI
digested genomic DNA from the four Event FG259 BC generations demonstrated the
hybridization of an approximately 6000 bp fragment that contains the mamA gene
from the T-DNA insertion, the LB, and the LB maize flanking DNA (Figure 9), thereby
confirming the generational stability of the Event FG259 T-DNA insertion. As
expected, the DNA probe in this study failed to hybridize to fragments in the
nontransformed conventional maize DNA control, whereas the ®@hnd probe
DNAs demonstrated hybridization to the expected size fragments (Figure 9 and
Table 5).
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Figure 9. Southern blot of genomic DNA from four BC generations of Event RG259
(BCIE, BC2E, BC3E, BC4E), conventional maize gemomic DNA, 1 and ¥ genome
equivalents of EcoRI diigested ®)@ PNA and probe DNA Inybriidized with a T-

DNA PMI mamA gene probe.
(b) (4)
| 5 o
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Table 5. Predicted and observed DNA fragment sizes for a Southern blot of BamH]
‘ digested genomic DNA from four BC generations of Event FG259 with the T-DNA
o man} gene probe.

Sample Predicted Fragment Size Observed Frapment Size
FG289 (BamHi digested) 6,195 bp =6,000 bp

O @EcoRI digested) 8,748 bp =9000 bp
1 &44 copy

Wild type maize control - -
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6.1.5.5 Memdelian inheritance of he A1 gene in Event FG259

The Mendelian inheritance of the AC1 Glucanase gene in maize Event FG259 wias
confirmed wusing segregation analysis of genotyped plants. Event FG259 maize
plants of the F1 generation that were hemizygous for the ACI Glucanase gene were
backcrossed (BC) four times to maize inbred line E ((BC1E, BC2E, BC3E, and BC4E;
see breeding diagram (Figure 1, §6.1.3) that lacks the T-DNA insertiion. Seed firam
each backcross generation were germinated and DNA was iisslatell from tthe plant
tissues. DNA was genotyped using locus-specific genotyping primers and
segregation of the AC1 Glucamase gene was calculated. The results presented in
Table 6 demonstrate that inheritance of tthe AC1 Glucanase gene did not deviate
significantly from the expected segregation of a single lloaus ((83%9), ccortfirminggthee
inheritance of the T-DNA im Event FG259 over four generations in the expected
Mendelian pattern. These results provide further confimmation that there is a single
T-DNA that comttaims tive AC1 gene in the genome of Event FG259.

Table 6. Segregation of the FG259 genetic locus in four backcross generations.

Gemeration | Plants FG259 FG259 FG259 CHISquare
# Positive Negative Positive test
.| Plants Plants (%) (p-value)
BCIE 48 28 20 58.3 0.248
BC2E 54 27 27 50.0 1.000
BC3E 48 21 27 438 0.387
BCAE 68 28 40 41.2 0.146

6.2 Chuwagterization and safety of tihe AC1 Glucanase

6.2.1 Imtvoduction to p-glucamase enzymes

p-glucanase enzywmies are ubiquitous in nature. In most plants they play a role in the
opening of plasmodesmata channels that connect adjacent plant cells (Levy et al.,
2007; Leubner-Metzger, 2003) and they are produced in the germinating seeds of
plants (Vogeli-Lange et al, 1994), including tomato (Chun-Ta et al, 2001), barley
(Leah etal., 1995), peanut (Liang etall. 2005), wheat (Moraw@fkovi et al., 2016) and
many others. In addition, -1,3-glucanases attack eritical components of fungal cell
walls and are expressed in many plants as part of a broad generalized defense
mechanism against fungal pathogenesis (Boiler, 1987; Collinge and Slusarenko,
1987; Comnelissen and Melcthers, 1993). Therefore, it can be concluded that
glucanase enzymies are present in many different plant-derived food ingredients. -
glucanases from various sources are also widlely wsed as fovd processing aids in the
production of fermented beverages sudh as beer and wine, and in the production of
yeast extiract.
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Glucanase enzymes have been used for many years in amimal feed to increase the
digestibility of the feed for monogastric animals (Bedford and Classen, 1992;
Burnett, 1966). For the same purpose, glucanase enzymes are components of
digestive aids marketed to humans and they appear in many such products,
including Veganzyme® [Global Healing Cemter, 2017), Digestive Enzymes Ultra
[Pureformulas, 2017), and Beta-1,3D Glucan (LifeExtiension, 2017). Glmcamases and
other carbohydrase enzymes have been used for many years in the production of
food as precessing aids for clarifying fruit and vegetable juices and beer and other
alcoholic beverages (FDA, 2018; Table 7). As such, it can be concluded that there is
a long history of safe consumpition of glucanase @wzymes in monogastric animals,
including poultry, swine and humans.

Table 7. A patiidlllist of p-glucamases and related carbohydrases that have been
approved by FDA @s GRAS flor use in food production in the past 5 years (FDA,
2018).

GRAS No. | Enzyme Source Organism GRAS Use
592 B-glucanase Bacillus subtilis Beer processing
584 Cellulase Penicillium funiculosum Processing for beer and
baking
566 Mannanase Trichoderma reesei Oil, fiuit, vegetable
processing; coffee
production
535 B-glwcanase Streptomyces violaceoruber | Processing of yeast extractt
and alcoholic beverages
482 B-glmcanase Disporotrichum Production of beer and
and Xylamase | dimorphosporum fermented beverages
479 B-glucanase, | Talaromyces emersonii Production of beer and
cellulase and fermented beverages
Xylamase

6.2.2 AC1 Glmscamase product characterization

The AC1 Glucanase is a 37.7 kDa endo-lL#4iB-glucanase that possesses 96% identity -
to the Glycosyl Hyudirolase Family 5 CelSA alltaseffoom Thermotoga maritima,
originally isolated from geothermally heated marine sediments (Huber etall., 1999).
The gene encoding the AC1 Glucamase was isolated firmm an environmental DNA
library, where it was found to encode a protein that was identical to CelSA from T.
maritima. This sequence was further modified by GSSM for improved
thermostability to generate the A1 Glucanase gene.

For the purpose of characterizing the AC1 Glucamase product, protein extracts
prepared firom grain derived firom three representative AC1 Glimcamase product
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batches (Lot numbers AV_A( 0070, AV_ AL 0075, and AV.ACI_0077) were
assessed. The product batch numbers, location of planting and dates of planting and
harvest are shown in Table 8, and further details of the characterization of the AC1
Glucanase product are described in Appendix 2, Planting of AC1 Glucanase-
expressing maize Ewent FG259 and harvest of the grain were performed using
commonly used agronomic practices for maize, Cultivation of mmize Event FG259
utilized common agronomic practices for maize including the use of fertilizers,
herbicides and pesticides approved for use om maize. (b) (4)

AC1 protein extracts were prepared as follows. Twenty grams of AC1 maize flour
was suspended in 100 ml af 60°C extradtion buffer (100 mM sudlium phosphate,
0.01% Tween 20, pH ®35) and shaken at 60°C for 1 hour. Duplicate samples fram
each product batch were prepared. Aliquots of about 1.2 ml of the sample
suspension were transferred into 1.5 ml tubes and centrifuged at 16,000 g for 10
minutes. The supernatant was reserved for amalyses..

Table 8. Planting locations and dates for the production of three representative
Glhcamase AC1 product batches.

Product Batch No. AV_&@I_(%O AV_ A qw75 AV_M]l_(gl!(ig 7

(b) (6) ‘
Planting Location 1 I ]
Planting Date 11/28/2016 1/20/2016 11/28/2016
Havrvest Date 4/27/2017 5/16/2016 4/27/2017

6.2.3 Specific activity of AC1 Glwcamnase

AC] Glucanase activity was assayed according to an Agrivida, Inc. SOP described in
Appendix 3. Since B-glucanase activity is the primary activity of the AC1 Glucanase,
a colerimetric B-glucanase assay was used to determine AC1 @nzyme activity. The

colorimetric assay uses a commercial substrate consisting of an azurine-
cross linked barley p-glucan (AZCL-Bistta-Gllucan; Megazyane, 2012). Hydrolysis of
this sulbstrate by the AC1 Glwcamase produces water-soluble dye fragments that can
be measured by absorbance at 590 nm (A590), providing a measurement that
correlates directly with enzyme activity. The protein extracts produced from the
Event FG259 grain flour samples as described above were diluted 60- and 80-fold
and 50 pi of each dilution was mixed with 450 pil of AC1 Glucanase extraction buffer
containing the AZCIl-Bita-Glluean substrate. The mixtures were ineubated in a
water bath at 80®C ffor 1 hour and mixed with 1 ml of 266 (w/v) Tris base to
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terminate the reaction. The reaction was centrifuged at 3,000 x g fior 110 minutes,
and 100 pl of supernatant was removed to a microplate to measure the increase in
absorbance at 590nm (A390). AC1 Glucanase activity (A590/mg} was determined
for each batch by dividing tile A590 by the amount of flour (mg) imdwdsdl in the 1
protein extiractt The enzyme activity measured within one hour (A5%90/mg fllour) can |
also be converted to glucanase activity units (pmol of reducing sugar equivalents

released)/mim/g filtur) by multiplying by 9 (Appendix 3).

Quantification of AC1 Glucamase protein in flflaur extracts was determined
immunologically using an ELISA metthodl following the protocol from ®))

(b) (4) (b) (4) Wi
series of dilutions of AC1 Glucamase protein that had been purified from grain
derived from AC1 Glncanase-expressing maize Event FG259 was used to construct a
standard curve for calculation of AC1 Glucamase protein content in the aqueous
extracts from each product batch. For quantification of AC1 Glucanase proteim, flour
extracts prepared as described above were diluted 60,000- and 80,000-fold. The
specific activity of AC1 Glhcamase in thhe test substance material from each jediuxt ‘
batch was determined and is expressed in two forms (units f-14-glucanase
activity/mg AC1 protein and AS90/mg AC1 protein). The spevific activity odftbhe
A1 Glincamase from the three product bhatiches is presemted in Table 9.

Table 9. Specific activity determined for the AC1 Glmcanase in three representative
product batches.

A590/mg of AC1 Umitts/mg of AC1
protein protein
Product Batch | Awerage Stdev Average Stdev
AV AQ1L 0070 | 3251249 | 42.60 292.61 0.38
AV AC1L 0075 | 42685.91 | 2843.86 | 384.17 25.59
AV AC1L 0077 | 33486.58 | 894.77 301.38 8.05

6024 Assessment of the glycosylation status of the AC1 Glucanase

The glycosylation status of the AC1 Glucanase protein produced in maize Event
FG259 was examined using a protein deglycosylation kit obtained from ((b‘;)(i:;)
and following the protocol supplied with the kitt Briefly, the AC1 Glucanase protein
purified from a protein extract prepared from a typical GralNzym&® AC1 Glucanase
product batch along with a positive control consisting of fetuin, a bovine
glycoprotein possessing both N- amd 0-linked glycosyl moieties, was treated with
the deglycosylating enzymes PNGase F andl (Dgdlyevsitiase, whiibhaatt to remeve N-
and O-linked glycosyl groups, respectively. After treatment with these
deglycosylating enzymes, treated and untreated protein extracts were examined by
SDS-PAGE and the apparent size of the protein in eadh was compared. In the case of
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glycosylated proteins, removal of the glycosyl moieties results in an apparent
reduction in the size of tthe protein on SDS-PAGE gels. SDS-PAGE gels wartdining
enzyme-treated and untreated total protein extracts from grain of maize Event
FG259 are shown in Figure 10. The results show that there is no change in the
apparent size of the ACI pratein in response to enzyme treatment, demonstrating
that AC1 protein produced in the grain of maize is not glycosylated.

Figure 10. Evalmation of AC1 Glwcamase glycosylation status. The positive
control, bovine fetuin (lanes 1 amndi2}, is a glycoprotein bearing both N- and 0-linked
glycosyl moieties. Fetuin and AC1 ( lanes 3 and 4) were treated with
deglycosylating enzymes (+, lanes 2 aartl 4), and their molecular weights compared
to that of wntreated samples. The reduction in the apparent molecular weight of
fetuin after treatment demonstrates that the deglycosylation reaction was
functional. No difference in size was detected in response to treatment of AC1 with
deglycosylating enzymes, indicating that AC1 iis mot glycosylated whem produced in
maize. Proteins were separated on a 4-12% SDS-PAGE gradient gel.
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6.2.5 Cemfiwmation of tie AC1 Glucamase amino acid sequence

As notedl in §6.1.3 and Figure 2, tthe AC1 gene expression construct was designed
such that the AC1 Glucanase [pratein includes the 2 amino acid Zeammsy(b) (4)

(b) (4) The K

directs the AC1 Glucanase proteim to the endoplasmic reticulum ®) @
. The ®® has been successfully used to target
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numerous heterologous proteins to the endoplastic reticulum (de Virgilio et al,
2008; Harrison et al, 2011; Torrent et al, 2009]. The signal sequence is removed
from the expressed precursor protein by a signal peptidase during co-translational
transport into the endoplasmic reticulum, generating the mture protein. The signal
peptidase cleaves the signal peptide at a sequence proximal to its C-terminal
junction with the N-terminus of the mature amino acid sequence. However, the
fidelity wuith which the signal peptidase recognizes the target sequence and the
precision with wdhicih it cleaves the polyeptide at the predicted site may vary, with
actual cleavage products reported to vary up to two amimoacids N- or C-terminal to
the predicted cleavage site (Park etai] 2017].

AC1 Glucanase protein was purified from extracts of a typical GralNzyme® AC1
Glwcanase product batch. The N-terminal zmino amdimuence of 1ﬂhe protein was
determined by Edman degradatiiom by ®) ), ) The predicted
cleavage site from literature reports of other endoplasmic reticulum proteins in
maize is at Serl9, the C-erminus of the 19-amino acid sigoal sequence (Eemeatt al,
1982). Acoording to this, the signal peptide at the N-terminus of the AC1
protein should be cleaved at the ®) @)
(Figure 11). The N-terminal amino acid sequence of the ACl Glucanase protein
determined as described begins with the sequence of ), confirming this site as
the principal product of prasesssing. In adidiitiom, smaller amounts of mature ACI1
with difffierent N-termini were also detected that appear to result from imprecise
processing of the signal sequence. In one case, prasessiing occurs @ amino acid C-
termna] to the expected site resulting in an N-terminal sequence of ' and in the
other, ® amino acids N-terminal to the expected site resulting in an N-terminal
sequence of ®)® " These results confirm that the mature AC1 protein that is
produced in the grain of maize has the N-terminal amino acid sequence that is
expected from the coding sequence of the ACI Glucanase gene with the exoephon of
. Additional
confirmation of the amino acid sequence of the grain-expressed AC1 Glucanase was
provided by tryptic digestion and LC/MS peptide mapping (also performed by Lake
Pharma).

Figure 11. N-ierminal amino acid sequence of the mature AC1 Glmcamase
protein produced in maize Ewvent FG259. ®®)

(b) (@)

F 04
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6.2.6 pH optimum of the AC1 Glucanase

The AC1 Glucamase activity in aqueous extracts from three independent AC1
product batches (Lot numbers AV_A| (@70, AV_AC1 075, and AV_AC1] 0W77)
from grain of maize Event FG259, and from E. coli expressing the AC1 Glucanase
gene, was determined over a range of pH wallues to determine the enzyme's pH
optimum. The AC1 Glucanase enz¥ymmatic reactions were performed in 10x CCH
(0.22M citric acid, ©.44M CHES, 0.28M HEPES, pH 3) buffer that was diluted to 1x
with either IN HCl or I NaOH to adjust the pH from 2 to 10. Extiracts of flour from
the ACI Gllucamase product batches were diluted 60-fold in each Ibx CCH buffer. Fifty
microliters of difluttedl extract (the diluted purified AC1 Glucanase from grain or E.
colf) was mixed with 1 tablet of substrate g-glucaziymie ( I
and 450 1 each of the Ix CCH buffers with different pH. To ensure that the reaction
pH did not change upon mixing the enzyme solutions with the substrate, the
reaction pH was monitored with colorpHast il iindficatersteips ( ® @y - Act
enzyme reactions were carried out at 80°C for 1 hour before the addition of 2% Tris
base to terminate the reacttion.

The activity of AC1 Glweanase in protein extracts firom three AC1 Glucanase product
batches, and that of AC1 purified ffrom E. coli, performed similarly with each
preparation exhibiting maximal activity at pH 7.0 (Figure 12). Within the 3 batches
of AC1 Glucanase prepared from grain, the response to pH was nearly identical, with
greater than 60% activity retained at pH 6.0 to 8.0 and a rapid loss of activity at pH
values greater than 8.0. Nearly identizal activity profiles were generated for all
preparations of AC1 Glucanase over the range of pH 3.0-10.0.

The activity profile of AC1 Glucanase purified from AC1 Glucanase-expressing E. coli
and from the grain of one @f three representative AC1 Glucamase product batches
over a range of pH are similar except that the activity of the purified AC1 Glucanase
is more sensitive to lower pH than the AC1 Glucanase emzyme in the crude extract
from grain of the three representative product batches. Purified AC1 Glucamsse
exhibited omly 10% activity at pH 6 compared to greater than 80% activity of AC1
Glmcanase extracted from the grain (Fignwe 12).

45

BEST AVAILABLE COPY




Safety and Functionality of ACigllucanase in the Feed of Poultry Agrivida, Inc.

Figmre 12. pH optimum of the AC1 Glucamase. The glucanase activity from crude
protein extracts from three representative AC1 Glucamase product batches
(AV_ACL 070, AV_AC 0075, and AV_AQL00077] and of AC1 Glucamase purified
from ACI-glucanase expressing grain and E. coli over a range of pH. Relative activity
for each sample is normalized to maximal activity at pH 7.0.

-AV_AC1_0070

-AV_AC1_0075

-AV_AC1_0077

-AClI purified fromACI-expressing graii
*ACI from ACl-exressing E. coli

T Z q [ 5 1w 12

20 Reaction pH

6.2.7 Thermal tolerance of the AC1 Glucanase

The thermal tolerance of the ACI Glucamase was tested over a range of
temperatures. AC1 Glucamase activity was tested in flour extracts ficom three
representative AC1 Glucanase product batches (Lot numbers AV_AQI (W70,
AV_AQL 075, amd AV_AQL 00077), AC1-Glucanase puriified fioom ACliesppeessing E.
coli and grain, and a commercially available thermostable f- e ( O®
®)®), AC1 Glucanase samples and the commercial p-glucanase were

diluted using AC1 extraction buffer (I0Q mM sodiumn phosphiatss, D O1% Timesm 20,
pH 6.5). Four-hundred microliters of diluted protein was placed in a shaking
incubator at temperatures of 25,50,60,70,80,90,95 and 100°C. Incubation at each
temperature was carried out for 5 min with shaking at 1000 rpm. The temperature
of sample wells was checked using a Dual Channel Digital Thermometer @ ©
). The relative glucanase activity in each of the AC1 Glucanase product

batches and AC1 purified from ACI-expressing £. coli aimdl grain at the different
temperatures was determined and are presented in Figure 12. The AC1 Glucanase
in aqueous extracts from three representative product batches demonstrated 100%
activity after 5 minute incubation at temperatures from 50 - 100°C relative to its
activity at 25°C. The AC1 Glucanase purified from grain or £. coli maintained more
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than 82% activity between 60°C to 100°C. The commercial thermostable p-
glucanase maintained 100% activity at 70°C relative to itsactivity measured at 25°C,
but retained only 25.9% activity at 80°C, and then lost activity completely at
temperatures of 90°C and above (Figure 13).

Figure 13. Relative glucanase activities of three representative ACl Glucanase
product batches (AV_ACI1 0070, AV_AC1 0075.and AV_AC1 0077), ACl Glucanase
purified from ACl-expressing E.coli and grain, and a commercial therm ostable p-
glucanase after 5 minutes ofincubation at differenttemperatures.

-20%
Heat treatment temperature ("C)

6.2.8 Enzymatic activities of the ACI Glucanase

ACI Glucanase protein purified from e xtracts of the representative ACl Glucanase
product batch AV _AC1 0075 was tested for the presence of other significant
enzymatic activities. The enzymatic activities that were tested included p-1,4-
glucanase, p-1,3-glucanase, a-amylase, arabinofuranosidase, p-glucosidase, p-
xylanosidase, exocellulase, endocellulase, endomannanase, endoxylanase, and
pectinase. The detectible enzymatic activities of t he ACl Glucanase and a positive
control enzyme with the corresponding activity (commercial enzyme) were
compared for each enzymatic assay tested. The results show that the primary
activity of ACl protein is p-1,4-glucanase. ACI Glucanase also possesses significant
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endocellulase amdl exocellulase activities in addition to detectable levels of f-1,3-
~ glucanase, B-xylanosidase and endomannanase activities (Table 10).

Table 10. Enzymatic activities of protein extracts of grain derived AC1
Glucanase. The activities shown are the average of three measurements and are
expressed in arbitrary units with the standard deviation (SD) of the measurements.
Comtrol reactions incorporating commercially-available enzymes with the specified
activity were also run to demoenstrate the fiumctionality of each assay. Enzyme assays
were conducted at 37°C and 80°C at pH 6.5.

Emzyme ACY, 37C PC*, 375C AC1, 80°C PC, se°¢
activity Mean SD | Mean | SD Mean SD | Mean | SD
(U/mg protein)

g-1,4- 12.120 | 12.060 | 0.140 | 0.004 | 281.520 | 10.925 | 1.189 | 0.056
| glucanase

Ende-cellulase | 10.080 | 0.990 | 0.222 | 0.007 | 178.200 | 2.718 | 0.283 | 0.024
Cellobiohydro- | 0.192 | 0.004 | 0.001 | 0.000 | 0.907 | 0.015 | 0.000 | 0.000
lase (Exo-

cellulase)

Endo- 0468 | 0.190 | 0.762 | 0.015 | 17.406 | 0.108 | 25.341 | 4.237
mannanase

Endo-§-1,3- 0.005 | 0.000 83873 5.799 | 0.001 | 0.000 | 21.272 | 4.879
g!ucanase

p-xylosidase 0.001 | 0.000 | 0.223 | 0.022 | 0.001 | 0.000 | 0.038 | 0.005

*PC, Positive controls; p-L4-glucanase (Sigma G8673]; Endo-cellulase (Sigma 22178);
Celllobiolrydrolase [Exo-cellulase, CBH I] (Megazyme E-CBH); Endo-mamnamse (Megazyme E-
BMATM); Endo-B-1,3-glucanase (Megazymue E-LAMSE); Bxylosidase (Sigma X-3501).

6.2.9 Melecular weight and Imssssmereactivity of AC1 Glncanase

An SDS-PAGE gel containing protein extracts from grain flour of @adthdf the three
representative AC1 Glucanase product batches (AV_AQI 070, AV_AC1 075, and
AV_AQ1] 077) andl from a conventional maize variety not engineered to produce
the AC1 Gliwcanase were stained with Coomassie blue to enable visualization of the
proteins. Examination of the gel and comparison af tthe samples demonstrated that
there is a prominent protein band in the extracts from all three representative
product batches that is absent in the extract from the conventional maize flour and
that has the ssmemuoléouliarweight as the AC1l Gliucamase protein that was produced
and purified from the grain of AC1 Glucamase-producing maize (Figure 14).
Comparison of the jposition adftthese protein bands in the gel relative to the protein
molecular weight markers included om the gel shows that the prominent protein
band in the extracts of the representative product batches and the purified AC1
Glwcanase protezin are approximately 37 kilodaltons (kDa) in size. This estimation
of the size of the protein bands compares well with tthe predicted size of 37.7 iDa

(http: /iwedbexpasy.org/compute pi) for the mature AC1 Glucamase protein that
includes the endoplasmic reticulum retentiom sigmall from maize (SEKDEL).
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Figare 14. Coomassie-blue stained SDS-PAGE gel containing protein extracts from
three AC1 Glucanase product batches (AV_AC1 0070, #70; AV_AC1 0075, #75; and
AV_ACQ1L 0077, #77), extract from grain of a conventional nontransgenic maize
variety (WT, lane 2), and purified AC1 Gluwcanase protein from AC1 Glucanase-
expressing maize grain (PC, lane 1). Protein size markers ( ®)

EZ;) were run in the left lane and their sizes in kDa are indicated on the left side of
the gel. An asterisk indicates the position of AC1 Glmcamase protein present in
aqueous extract from each of the AC1 Glucanase product batches.

BEE 8 & g 83888

In order to assess tfve immunoreactivity and integrity of the AC1 Glucanase in Event
FG259, Western blot analysis of the proteins extracted from grains of the three
representative AC1 Glucanase product batches, from grains of @ conventional non-
transgenic corn (WT), andl AC1 Gllucanase protein purified fiiom AC1 producing
grain was performed using mouse monoclonal antibody generated against the AC1
Glucanase protein manufactured by )@ The results revealed the
presence of one immunoreactive protein corresponding to the predicted molecular
weight of the AC1 Glucanase protein [ca. 37.7 kDa; Figure 15) in all samples derived
from Event FG259. These results confirm the integrity, identity, and molecular
weight of the prominent AC1 Glucanase protein that is present in each of tthe three
representative product batches. This protein is absent in conventional maize.
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Figure 15. Western blot of protein extracts that was reacted with an AC1-specific
antibody. The samples on the Western blot include protein extracts of three
representative AC1 production batches (AV_AU 070, #70; AV_AQ (W75, #75;
and AV_AQ (W77, #77), the extract from grain of a conventional AC1 non-
expressing maize variety (WIF lane 2) and purified AC1 protein from AC1
expressing corn grain (PC, lane 1). Protein size markers VIEY
were run in the left lane and their sizes in KDmaxeimticateticon the left side of the
gel.
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6.2.10 Assessment of Amino Acid Homology of AC1 Gliscamase to Kmown
Protein Toxims

A global sequence similarity search of the AC1 Glucamase amino acid saquence
was conducted on January, 16, 2019 against the NCBI Protzin dlataset using the
BLASTP algorithm (Altschul et al., 2005). A sequence fiille comprising the
translation of the AC1 Glmcanase gene was queried using the BLASTP 2.6.1
algorithm against the "nr” dataset, which incorporates non-redundant entries
from all GenBank nucleotide translations along with protein sequences from
SWISS-PROT, PIR, PRF, and PDB.
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A cutoff expectation (E) score of 1.0 was used to generate biologically

meaningful similarity between the AC1 Glucanase protein and proteins in the 1
"nr’ dataset Although a statistically significant saguence similarity generally !
requires a match with an E score of less than 0.01 (femsom,2000), a cutoff of E < ‘
1.0 ensures that proteins with even limited similarity will not be overlooked im

the search. Low complexity filtering was turned off and the maximum number of

alignments returned was sett t SU00).

The top 5000 proteins with homology to the AC1 Glucanase protzin with am E
score of less than 1.0 were exammimed. A large number of the accessions returned
by the search displayed complete significance ((E = @) and represented nearly
identical or closely related glucanase proteins from various microbial species. |
Most of the remaining sequences represented a variety of proteins that were all !
functionally related bacterial glycoside hydrolase enzymes such as

endoglucanases and cellulases. None of the proteins were known toxins or

proteins with toxicity related activities. This demonstrates that the AC1

Glucanase protein is unlikely to share relevant sequence simmilkmnitfies witfih kmowm

protein toxins and is therefore unlikely to be toxic.

6.2.11 Evalhuation of the $afistly of the AC1 Glucanase

The AC1 Gliwcamase is @ well-characterized glucanase enzymie with waelHkmown
enzymatic activities. Very few enzymes in nature are orally toxic and those that
are toxic are so due to their specific biological mode of action. Glmcanase and
related cellobiohydrolase enzymes are known not to be orally toxic. This is
supported by the fact that humans have experienced oral exposure to glucanase
enzymes as they are naturally present in most plants, including mmize, weedt,
barley, peamuts, tomatoes and other food plants. Glucamase enzymes are also
expressed in microbes such as yeasts and bacteria that are used in the
production of comman ffowdls, and they are produced by many of the organisms |
comprising the human gastrointestinal microbiome. In addition, glucanases are |
marketed as human dietary supplements to improve digestion and there have

been no reports or imcidiemts of toxicity as a result of this exposure. As a result, it

can be concluded that humans and animals have had a long history of dietary

exposure to glcamase enzymes without amy indication of toxicity. The biological

activity of the AC1 Glucanase is restricted to degradation of NSP substrates, and

the only other dietary impact ofiits presence in food is the same as any other ‘
dietary protein that is digested to its constituent amino acids. A search of the |
nonredundant protein databases with the AC1 Glucanase amino acid sequence |
revealed that the AC1 Glucanase protein has no similarity to any known toxic

proteins.

With consideration of the above points, the decision tree for establishing the
safety of food processing enzymes as described by Pariza and Johnson (2001)
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was applied to the ACI Glucanase. The results of this analysis are presented in
Table 11. Since glucanases have a long history of safe use in animal feed and in
human dietary supplements and since the maize production host is known to be
safe, the decision tree determined that the ACl Glucanase is safe and that animal
toxicity studies are not required to demonstrate its safety as a food or feed
enzyme. In conclusion, there is sufficient information about the ACI Glucanase
to conclude that it issafe for its intended use asa feed additive for poultry.

Table 11. Application of the decision tree for determining the safety of food
processing enzymes that was developed by Pariza and Johnson (2001} to the ACIl
Glucanase.

Question?
1 Is the production strain genetically modified? If yes go to 2.
2 Is the production strain modified using rDNA? IfyesgotoSa.

3a Do the enzyme products have a history of safe use in food or feed? Ifyes go to Sc.

3c Is the test article freeof transferable antibiotic resistancegene DNA? If yes go to 3e. -

s all other introduced DNA well characterized and free of attributes that would ren” e’ it

3eli ynsafe? If yesgoto4.
Is the introduced DNA randomly integrated into the genome? If yes go to 5.
Is the production strain sufficiently well characterized so that one may reasonably
5 conclude that unintended pleiotropic effects which may result in the synthesis of toxins
.JTr" mndifirarion? If ves go to fi.

6 Is the production strain derived from a safe lineage? If yes the test article is ACCEPTED

6.2.12 Condusions on the Safetyof ACI Glucanase

Bioinformatic comparison of the amino acid sequence of ACl Glucanase to the
nonredundant protein database in NCBI using BLASTP algorithm demonstrated that
the ACI Glucanase does not have significant homology to known toxic proteins. In
addition, there is a long history of safe consumption of glucanase enzymes by
humans and animals since glucanases are ubiquitous in plants and since they are
consumed by humans and animals in the form of dietary supplements and feed
additives, respectively. Application of the decision tree developed by Pariza and
Johnson (2001} to determine the safety of food processing enzymes to the ACl
Glucanase demonstrated that the ACl Glucanase is considered to be safe.
Considering all of these factors, it is concluded that the ACI Glucanase has very low
potential to be a toxic protein.
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Based solely on the above described information and publicly available information
related to the safety of glucanase and other enzymmes, a conclusion tthat the AC1
Gliucanase is safe when consumed by animals is warranted. The conclusion that the
AC1 Glucamase is safe for inclusion in amimal feed at doses up to 5,000 U/kg of feed
is supported by publicly available information (Broomhead etl., 2019). Glucanase
enzymies and other feed enzymes have been added to animal feeds for decades and
to date there has never been a documented case of @l toxicity to a feed emzyme
(Olemska-Beer et al., 2006). The major consideration for the safety of enzyme
products is the safety of the production hostt The AC1 Glwcanase is produced by
maize that has been a key food for humans and a feed ingredient for animal feed for
millennia. As such, maize is considered to be a “Safe Production Host” according to
the decision tree of Pariza and Johmson (ZZ¥0))aand therefore safety studies for the
AC1 Glucamase are not warranted, as iit iss extremely unlikely to be toxic. Very few of
the millions of proteins found in nature are orally toxic. Those that are toxic are so
due to their unique biological modes of action. In a review of enzyme safety, Ladics
and Sewalt (2018) state "the weight-of-evidence indicates that there are no
concerns for oral toxicity of emzymes in general, nor genotoxicity." The potential
toxicity of many glucanase enzymes lvas bheenstullied and they have been found to
be safe for consumption by animals (EFSA, 2013a, 2013b, 2015, 2016, andl 2017).
Coenen et al. (1995) conducted a 90-day subchronic toxicity stady in rats with a
glucanase enzyme and found no signs of toxicity. In addition this same study
showed no toxicity after feeding poultry for 28 days with a feed that was
supplemented with 6,400 U/kg of a glucanase emzyme. Therefore, the collective
results of many studies with different glucanase enzymes demomstirate the safety of
these enzymes as a group. Since the AC1 Glucanase is primarily a glucanase that
demonstrates typical glucanase biological acftivity the conclusion that it is safe is
supported by all of the aforementioned studies that collectively demonstrate the
safety of glucanase enzymes. Although tthe publicly available information that is
currently available is sufficient to support a conclusion of the safety of the ACI
Glmcanase, Agrivida, Inc. condincted aantl published the results of a tolerance study
with poultry to further demonstrate the safety of this prodwet This study is
described below in § 6.2.13

6.2.13 Tolerance Stmdy with GraINzyme® AC1 Glucamase in Chickens

A 42-day tolerance feeding study was conducted with poultry that included a high
dose of GraINziime® AC1 Glmcanase equal to 5000 U/kg feed. The results and
conclusions of this study are diserithedlby Broomhead etal. (2019). All diets used in
this study conformed to the recommendations of the National Research Council
(NRC, 2012). Diets were formulated to meet the NRC meguirements for poultry
nutrition with the exception of changes noted in Appendix 4.

Briefly, 360 chicks were divided into two treatment groups of 180 birds each,
housed 15 birds to a pen. One treattment consisting of @ standard age appropriate

53

BEST AVAILABLE COPY



Jaime.Riera-Seivane
Typewritten Text
BEST AVAILABLE COPY


Safety and Functionality of AClglucanase in the Feed of Poultry Agrivida, Inc.

chicken diet without supplementation with AC1 Glucanase (treatment 1, Positive
control diet) and the other treatment (treatment 2) consisted of the standard diet
supplemented with 5000 U/kg GralNz3ane® AC1 Glucanase. A randomized complete
block design was used in the experimentt Measurements taken included:

* Mortality

* Starting weights

* Feed consumption

* Body weight gains

* Feed conversion efficiency
* Hematology analysis

Summary Results the Tolerance Stwdy

The safety of high doses of the AC1 Glucanase in broiler chickens was demonstrated
by feeding chickens a feed sygplemented with 5000 U glucanase/kg feed. Further
details of this study have been reported by Broomhead et al. (2019). The
ingredients and nutritional content of the feed wsedl in this study are presented in
Table 12. One batidh oif feed was prepared that lacked 2.78% of the feed as corn
meal. This feed batch was divided into two equal aliquots and conventional corn
meal was added equivalent to 2.78% af the feed (control feed) while com meal
derived from maize Event FG259 that contains the AC1 Glucanase was added to the
second aliquot equivalent to 2.78% af tthe fleedl (ACl-tixedted feed). The feeds were
pelleted in a California Pellet Mill and tthe pelleted feed wvwas wset in grower (15-28
days) and finisher (29-42 days) phases of the study. Birds in the starter phase (1-14
days) were fed a crumbled wersion of the feeds. The glucanase activity for the AC1
Glucanase supplemented starter, grower, and finisher diets was determined to be
4140,4786, and 5020 U/kg feed, respectively.

On day 42 of the study, blood was collected from the brachial vein of three randomly
selected birds per pen. A minimum of 1.0 ml of whole blood was collected in[EEDTA
tubes for hematological analysis at a commercial lab. An additional 2.0 ml of whole
blood was collected in red-ttoyp tubes and allowed to clot for 30 minutes. The tubes
with clotted blood were centrifuged for 10 - 115 min at 2500 rpm and the serum was
submitted to ®)®y for serum biochemistry analysis. The
same three birds selected for blood wollection wwere @uthanized and necropsied for
pathological or toxicological symptoms. If any pathological or toxicological
symptoms were noted, the tissues displaying abnormal characteristics were
sampled and placed into 10% buffered formalin. These tissue samples would have
been processed for histopathological evaluation, however, no pathological or
toxicological symptoms were observed in the birds fed AC1-treated feed and s0 no
histological samples were collected from the birds. The hematology andl serum
biochemistry results from blood samples taken on day 42 are presented in Table 13
and Table 14, respectively. No stitigtical differences in hematological or serum
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biochemistry results between the control and AC1-treated birds were observed (P >
0.05).

In addition to the hematology and serwm biochemistry evaluation described above,
animal performance parameters were assessed. All birds were weighed by pen on
days 1, 14, 28, and 42 and average body weight per pen was determined.

Cumulative average bird body weight gain (BWG) was calculated through the end of
each growth phase. Total pemifmﬂlmtdke (pFI1) was calculated for each cunnulztive
growth period by subtractimg the remaining feed in the feeder (summed for each
individual phase included within cumulative period; day 14, 28, and 42) from the
total feed added to each pen during thaif period]. Mortality corrected feed conversion
(FCR) was calculated for each cumulative growth period by dividing pFI by
mortality adjusted pen weight gain (mWG). Pen mWG was calculated by including
the weight of mortality amd culled hiriweegghisstforceabhcoumidaiveesgoowtith period.
Mortality corrected feed imtake per bird (FI) was calculated by multiplying BWG by
FCR. Birds consuming AC1 Glucamase-treated feed had higher cumulative FI
through day 14 and day 28 (P < 0.05), but no significant difference was observed in
Fl at day 42 (P > 0.05) (Table 15). No statistical differences were observed in FCR,
BWG or body weight between treatments during any cumulative period of the study
(P > 0.05). In this study the overall mortality of 33% for control and 5.0% for AC1
Glncamase-treated groups was not statistically significant andl is within expected
levels based on the study conditions.
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Table 12. Diatary formulations of feeds used in the tolerance studly ftorAC1
Glucanase.

Ingredient Starter Grower Fimisher
% % %
Corn’ 60.22 65.65 70.57
Soybean Meal 30.49 2494 20.50
Corn DDGS 3.00 3.00 3.00
Meat and Bone Meal 2.77 291 2.46
Limmestone 1.12 1.08 1.06
Soybean Oil 0.71 0.97 1.06
DL-Mbtthionine 0.39 0.34 0.30
Sailt 0.37 0.40 0.41
L-Lysine 0.24 0.25 0.24
Deflworinated Phosphate 0.22 - -
L-Thweonine 0.17 0.15 0.13
Trace Mimeral Premix? 0.10 0.10 0.10
Vittamin Premix3 0.10 0.10 0.10
Salinommyint® 0.04 0.04 -
Choline Chloride 0.04 0.04 0.04
Phytase$ : 0.02 0.02 0.02
] Calculated Nutrients
Metabolizable Energy, 3113
keal/kg 3,040 3,166
Crude Protein, % 2211 19.93 17.91
Calcium, % 0.96 0.88 0.82
Awailable Phosphorus, % 0.47 0.43 0.40
g:mtlble (Dig) Methionine, 0.68 0.61 0.54
Dig Lysine, % 1.21 1.08 0.95
tl;olg Methionine and Cysteine, 0.93 0.84 0.76
| Analyzed Nutrients
Cirude Protein, % 19.85 21.04 18.77
Cirude Fat, % 3.67 413 4.06
Moisture, % 9.35 9.29 9.42
Crude Fiber, % 2.2 2.2 21
Ash, % 497 457 413

1AC1 corn-expressed glucanase enzyme added in place of equal portion of com.

2Supplied per kilogram of feed: 88 mg of Fe (ferrous sulfate); 66 mg of Mn (manganese oxide); 44 mg
of Zn (zinc oxide); 10 mg Mg (magnesium oxide); 8.8 mg Cu (copper sulfate); 0.39 mg of |
(ethylenediamine dihydroiodine); 0.15 mg of Se (sodium selenite)

Supplied per kilogram feed: 9,261 1U of vitamin A; 4,190 [U of vitamin D3; 33 iU of vitamin E; 2.6 mg
of vitamin K; 48 mg of niacin, 13 mg of d-pantothenic acid; 8.7 mg of riboflavin 2.9 mg of pyridoxine;
2.1 mg of thiamine; 0.95 mg of folic acid; 0.12 mgofliotin; 14 pg of vitamin Bi3

Svon6Hl) 60g/1b

SSupplying 500 FTU Phytase/kg Diet
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Table 13. Hematology parameters! after feeding treatments for 42 d

. Treatment
Variable Control ACLZ SEM P Value
Hemoglobin, g/dL 12.11 12.14 0.20 0.92
Hematocrit, % 33.51 33.42 0.51 0.90
Red Blood CelllxX05uL 2.783 2.785 0.037 0.98
Mean Corpuscular volume, fL 120.4 120.1 0.6 0.71
MCHI.pg3 43.52 43.61 0.23 0.78
MCH concentration, g/dL 36.15 36.32 0.11 0.30
Red Cell Distribution Width, % 9.488 9.248 0.125 0.20
White Blood Cell x1(03 ul 16.95 21.43 2.62 0.25
Heterophils, % 42.31 35.56 3.01 0.14
Lymphocytes, % 43.75 48.94 2.71 0.20
Monocytes, % 4.666 4.277 0.320 0.41
Eosinophil, % 6.098 6.694 1.020 0.69
Basophil, % 4.500 4.624 0.354 0.81
Absolute Heterophils, x103 ul 6.169 7.203 0.729 0.34
Absolute Lymmphocytes, x103 ul 8.24 11.24 1.68 0.23
Absolute Monocytes, x103 ul 0.765 0.780 0.101 0.48
Absolute Eosinophil, x103 ul 1.178 1.280 0.257 0.78
Absolute Basophil, x103 ul 0.883 0.857 0.138 0.90

1Average of three birds per replicate pen and 12 pens per treatment.

2AC1 = AC] Glucanase added to Cantrol diet
3MCH = Mean cell hemoglobin

Table 14. Senumm biochemistry parameters! after feeding treatments for 42 d.

. Treatment

Variable Control ACT SEM P Value
Total Protein, g/dL 3.142 3.100 0.053 0.59
Albumin, g/dlL3 1.142 1.126 0.019 0.56
Globulin, g/dL 2.014 1.990 0.038 0.66
Albumin/Globulin ' 0.571 0.565 0.010 0.69
Creatine Kinase, W13 40,465 44,267 2761 0.35
Alanine Amimotransferase, U/L5 - = - =
Phosphorus, mg/dL 6.848 6.905 0.062 0.52*
Glwcose, mg/dL 245.3 249.9 1.7 0.09*

tAwerage of three birds per replicate pen and 12 pens per treatment,

#Pour out of 72 samples were below analizable limits (<1.0 g/dlL).

*Unofficial values; 63 out aof 72 samples were albove the accurately analyzable limits

(>22500 U/L) and were estimated by lab.

63 outt off 72 samples were below analyzable limits (<5 U/L) and non-estimable.

*Statistical significant blocking effect was observed (P < 0.05).
AC1 = AC1 Glucanase added to Comtrol diet
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Table 15. Intemmiitent and overall cumulative animal performamce?
T tl t Feed Intake, | Body Weight CmFeed. Body
reatmen kg Gain, kg k‘i:_;sgl on, Weight, kg2
1-114 d Performance
Control 0.297% 0.239 1.246 0.278
ACl1 0.3094 0.251 1.230 0.290
SEM 0.004 0.004 0.009 0.004
P Value 0.047 0.062 0.247 0.065
1-28 d Performance
Control 1.600¢ 1.192 1.343 1.231
AC1 1.6627 1.231 1.351 1.269
SEM 0.018 0.019 0.009 0.019
P Vallwe 0.037 0.183 0.568 0.185
1 —42 d Performance
Control 4120 2.669 1.545 2.708
AC1 4.200 2.712 1.549 2.751
SEM 0.042 0.038 0.009 0.038
P Valwe 0.204* 0.440 0.724 0.444

IMxtality corrected performance; average of 12 replicate pens with 15 birds per pen.
*Fmding period body weight.

“Statistically significant blocking effect was observed (P < 0.05).

AC1 = A€ Glucanase added to Control diet

Discussion of Rasullls of the Talkeramce Study'

The absence of significant changes in key hematological parameters and of
indicators of toxicity @r abnormalities in the tissues of the birds in the study that
received a diet treated with 5000 U/kg AC1 Glucamase support a conclusion tdhat
high doses of the AC1 Glucanase up to 5000 U/kg feed are well tolerated by broiler
chickens and are safe. This conclusion is further supported by the good
performance of the chickens im the ACT-treated group as demonstrated by body
weight gain and feed comversiom rates that are summarized above. These results
demonstrating the safety and tolerance of chickens to high doses of the AC1
Glucanase are consistent with results reported for a similar study in which tmailer
chickens were fed a diet supplemented with 6400 U/kg of a pgdiucanase enzyme for
28 days without any indications of toxicity or negative impacts on hematology
indicators or amimal performance (Coenen etai., 1995).

6.2.14 Condlusions of the Saffsty of GhalNayme® AC1 Glucanase

The biological activity of the GralNzyme® ACI Gluwcamase has been well
characterized (§6.2.8) and was demonwsltrated to be primarily a p-1-4 glucanase with
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minor levels of other carbohydrase activities. These activities are known to be safe,
and similar enzymes are present in commonly consumed food and in human
nutritional supplement products. A decision tree designed to assess the safety of
enzymies usadl in food preparation [Pariza and Johnson, 2001] was applied to the
AC1 Glucanase produced by Event FG259 amdl the results indicated that the AC1
Glwcanase should be considered safe for food use. A bioinformatic assessment of the
amino acid sequence of the AC1 Glucanase protein revealed that it does not share
significant homology with komwown protein toxins (§6.2.10). The tolerance study in
which chickens were grown for 42 days on diets containing 5000 U GralNzyme®
AC1 Glveamase/kg of feed described in §6.2.13 and Broomhead et al. (2019)
demonstrates that the growth and weight gain of the treated chickens was not
different from that of the control group whose feed did not contain glucanase.
Furthermore, the results of hematological analyses of the chickens at the end of the
study (42 days) confirms that there were no differences between the GralNzyme®
AC1 Glucanase treated and control groups that would indicate that the high dose of
GralNzyme® AC1 Glucanase im the treated group resulted in any negative safety
issues. Inthe course of the necropsies performed on the chickens from both the
GralNzyme® ACI Glucanase treated and control groups there were no indications of
health or safety issues in tissues of the treated group relative to the controls. The
results of studies conducted by Agrivida, Inc. described herein support a conclusion
that the inclusion of GralNzyme® AC1 Glucanase im the feed @f chickens at up to
5,000 U/kg is safe and effective and does not impede the growth or normal
development of the chickens.

6.3 Emzyme Famctionality in Poultry

Feed grains such as rye, barley, oats and wheat contain high amounts of soluble NSP
that result in increased viscosity of digesta in amimals that consume feeds based on
these grains. The increased viscosity of diigestta in the GI ttracts of monograstric
animals results in reduced nutrient digestibility and availability and negative
impacts on the gut microbiome (Burnett, 1966; Choct and Annison, 1992; Bedford
and Classen, 1992; Danicke @t al., 1999). Since the 1980s glucanase and other
carbohydrase enzymes that degrade soluble NSP and reduce the viscosity of digesta
in the GI tract have been added to the feed of monogastric animals to increase
performance of amimals fedl diets based om grains with a high soluble NSP content
(Hesselman and Aman, 1986; Campbell etazl,, 1989; Broz and Frigg, 1986; Newman
and Newman, 1987). The functionality oftthee AC1 Glucanase in poultry has been
demonstrated to cause a reduction in the viscosity of the digesta of broiler chickens
in a poultry feeding trial that was conducted at O)@ (Ajres et
al,, 2018). The AC1 Glucanase was also showmn to reduce the viscosity of feed tthat
included wheat and dried distiller's grain solids (DDGS) in vitro (Ayres etal., 2019).
The positive effects on the performance of broiler chickens provide further support
of the functionality of the AC1 Glucanase when it was included in the feed (Ayres et
al.,, 2018 and Jlkceietal., 2018).
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6.3.1 Digesta Viscosity: Summary of the results from a broiler
chicken study

A commercial breed of Hubbard xGobb 500 chickens were grown for 21 days on a
standard corn/soybean meal diet treated with four levels of AC1 Glucanase (0, SO,
100, 200 and 400 U/kg). The diet of the birds in these treatment groups included
10% wheat and DDGS (Table 16). A positive control group was fed a feed without
wheat or DDGS (Table 16). On day 14 of the study, four birds from each pen were
euthanized by cervical dislocation and the contents of the entire digestive tiractt weree
collected. The viscosity of the digesta was measured and is presented in Table17.

As illustrated in Table 17, birds fed a corn/soybean diet (PC) had the lowest digesta
viscosity, which was statistically significantly lower than those receiving the
negative control (NC) basal dliet that included wheat andl DDGS. This demonstrates
that the inclusion of wheat and DDGS in the diet results in increased viscosity of the
digesta. The viscosity of the digesta decreased with increasing dose of the ACI
Glucanase except for one treatment (NC1+{DO U/kg), where the viscosity was
numerically higher than NC treatment. These results demonstrate the functionality
of the AC1 Glimcamase by its ability to reduce the viscosity of the digesta in the
digestive tracts of birds fed @ diet treated with it A more dizttailedi report of tihis
study was published by Ayres et al. (2018)).

BEST AVAILABLE COPY %0



Jaime.Riera-Seivane
Typewritten Text
BEST AVAILABLE COPY


Safety and Functionality of AClglucanase in the Feed of Poultry

Agrivida, Inc.

Table 16. Diet formulations of a positive control (corn/soybean) diet and a

negative control diet amended with wheat and DDGS.
- Inclusion (%)

Ingredients Positive Negative

ControD Centrol
Corn 59.92 48.36
Soybean Meal 32.47 25.84

Wheat - 10
DDGS - 10
Dicalcium Phosphate 1.82 1.74
Limnestone 1.35 1.38
L-Lysime 0.29 0.43
DL-M&ttionine 0.35 0.34
Soybean Qil 2.93 1.11
Viit/Min Premix 0.25 0.25
L-Threonine 0.19 0.23
White Salk 0.33 0.21
Sodium Bigcarbonate 0.10 0.10
Calculated Nutrients?
ME:(kcal/kg) 3,000 2,900
Crude Protein (%) 20.00 20.00
Calcium %) 1.01 1.01
Available Phosphorus (%) 0.46 0.46
Dig Methionine (%) 0.63 0.62
Dig Lysine (%) 1.20 1.20
Dig Methionine and Cystine 0.90 0.90
(%)

The positive control diet contained 100 kcal/kg ME more than the negative control diets.
2 Metabolizable Energy and Availabie Phosphorus were based on Agriistat values as
suggested by M. Donohue. 2013. A 2.2 ratio was maintained for Ca to AP. A 4.4 Ca to AP
ratio was created for the negative contrel. Digestible amino acids were based on the
digestible lysine value (1.2%) suggested by Tiliman and Dezier (2014). Digestible amino
acid to digestible lysine ratios followed further recommendations of this communieation
(47 methionine, 77 TSAA, 68 threonine, 16 tryptophan).
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Table 17. Digesta viscosity of broilers at day 14 tihatt were fed a corn, soybean meal,
wheat, and DDGS diet supplemented with AC1 Glmcanase. The composition aftthe
diets is presented in Table I%. Values listed within each category that share the
same statistical letiter desigmattiiom ave noitsignificantly different at a P-value <0.05.

AC1 Glmcanase activi . . .
Diet Fermulation ocovered ,m:,ﬁ:f,y Digesta Viiscosity (cP)
(AC1 Glimcamase 10Xg
U/kgfeed o]
/kgfeed) U/kg | T s
NC+0 - 3584
NC + 50 : 294 +£7.7 3.36%
NC + 100 90.3£13.6 37
NC # 200 270.6 £ 26.6 3.2%5¢
NC + 400 609.9 £ 489 3. 20
Positive ComtroP - 2.86°
Treatment P-value 0.0056
Treatment SEM2 0.163
Fisher's LSD3 0.463

The positive control diet contained 100 kcall/kg ME more than the negative control diets.
2SEM= Standard Error of the Mean

3fisther’s least significant difference multiple comparison test (a, b, ¢)

#<NMdams with superscripts without a common letter difier significantly (P < 0.05).
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6.3.2 Reduction of the viscesity off fiaadl

An in vitro stutly afttieadbiltyydftbiee AC1 Glucamase to reduce the viscosity of feed
was also conducted at ®)® " Briefly, eight feeds based on
corn/soybean meal/wihat/DDGS were prepared that included positive and
negative controls and five levels of inclusion @f tthe ACI (Glucamase (Table 18). The
formulation of these feeds is representative of commercial diets that include wheat
and DDGS and is presented in Table 18. The diffierent feed treatments included the
following:

1. Positive contiroll1 (PC_1): corn/soybean, ME 3050 kcal/kg

2. Positive control.Z ([*C_2): corn/swybean mixed with 10% wheat and 10%
DDGS, ME 3050 kcal/kg

3. Negative control (NC): corn/soybean mixed with 10% wheat and 10%

DDGS, ME 2925 kcall/kg

NC + 50 U AC1 Glucamase/kg

NC + 100 U AC1 Glweaase/kg

NC + 200 U AC1 Glncamase/kg

NC + 400 U AC1 Glucanmase/kg

NC + 600 U AC1 Glucarase/kg

e Rl

A sample of each of the feed prgparations was ground with an air-assisted hammer
mill. The viscosity of the ground samples was assessed in gastric simulated
digestion solutions as described by Bedford and Classen (1993). Briefly, @6 g
ground sample was weighted in duplicate and mixed with @ @.1 N HCI solution (1.8
ml) containing 2,000 U pepsin/mg, and incubated for 45 min with occasional
vortexing at 40°C. To simulate pancreatic digestion, 0.6 ml of a 1 MNaCOssolution
containing 2 mg/ml pancreatin (8 x USP) was added to the mixture. The mixture
was incubated at 40°C for 120 min with occasional vorttesiing. The contents were
removed andl placed in microcentrifuge tubes and centrifiged at 12,700 x g for 2
min. About 1 ml of supernatant was transferred into a second microcentrifuge tube
and then placed in @ 25°C water bath for approximately 10 mimmtes. A total 0.5 mL
of supernatant was placed into a Brookfield come @nd plate viscometer utilizing a
CPE-40 cone amd CPE-44Y cup. Viscosity measurements were made at 30 s and 1
min at two speedis off 10 x g and 20 x g,

The effect of the inclusion of AC1 Glucanase in dietary viscosity at different rates is
presented in Table 19. The dietary viscosity produced with the PCI feed tthat did
not contain wheat or DDGS was lower (1.81 cP) compared to the PC2 feed (2.20 cP)
and the NC feed (1.87 cP) that contained 10% wheat and DDGS (Table 19). This
result confirms that the addition of wheat and DDGS to the feeds resulted an
increase in dietary viscosity. Feeds with AC1 Glucamase inclusion prepared by the
gastric simulated digestion had viscosities that were lower compared to those
prepared from the PC2 andl NC fieeds that included wheat and DDGS Ibutt did not
contain AC1 Glucanase (Table 19). There was a general trend in which feeds wiith
higher amounts of AC1 Glucanase tended to have lower viscosity. The NC feeds with
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50 and 100 U ACIl Gluzanase/kg feed generated viscosities that were generally
equivalent to each other (1.82 and 1.83 cP, respectively) but were lower than that of
the NC feed (1.87 cP) (Table 19). The higher level of AC1 Glucanase in the NC + 200
U feed resulted in a further decrease of viscosity to 1.74 cP. The digested feed with
the highest amounts of AC1 Glucamnase, 400 and 600 U/kg, generated the lowest
viscositties in the experiment (1.66 and 1.72 cP, respectively) (Table 19). These
results are consistent with those from the in vivo animal study described in §6.3.1
above in which it was demonstrated that the inclusion of AC1 Glucanase in the feed
of chickens results in a reduction of the viscosity of the intestinal digesta and
provides further confirmation of the intended functionality aff AC1 Glucanase in
feed. Details of this study hawe theen reported by Aynes etal (2019).

Table 18. Feed formulations used in the in vitro study of the impact of ACl
Glhcamase on dietary viscosity.

Inclusion (%)
Ingredients Positive Control Positive Control .
Com-Soy' Wheat and DDGS’ Negative Control
Com 53.02 37.83 4024
Soybean Meal 37.83 33.08 32.77
Wheat == 10 10
DDGS = 10 10
Dicalcium Phosphate 1.79 1.71 1.7
Limestone 1.32 1.36 1.37
L-Lysine 0.13 0.22 0.22
DL-Methionine 0.49 0.48 0.47
Soybean Qil 4.44 444 235
Vit/Min Premix 0.25 0.25 0.25
L-Threonine 0.30 0.31 031
White Sak 0.33 0.22 0.22
Sodium Bicarbonate 0.10 0.10 0.10
: Calculated Nutiions®
ME(kcalkg) 3,050 3,050 2,925
Crude Protein (%) 2225 22.86 22.86
Calcium (%) 1.01 1.01 1.01
Available Phosphorus (%) 0.46 0.46 0.46
Sodium (%) 0.17 0.17 0.17
Dig Lysine (%) 1.20 1.20 1.20
Dig Methionine (%) 0.79 0.78 0.77
Dig Methionine and Cysteine (%) 1.08 1.09 1.08
Threonine (%)) 1.01 1.01 101
Tryptophan (%) 0.24 0.24 0.24
Analyzed Nutrients
Crude Protein (%) 229 214 21.65
Crude Fax (%) 5.34 6.37 481

"The positive controi diets contained 123 keal/kg ME more than the negative eontrol diets.

2 Metabolizable Energy and Available Phospherus were based on Agristat values as suggested by Donohue (2013).

Digestible amino acids were based on the digestible lysine value (1.2%) sugﬁsted by Tillman and Dezier (2013).
amine aeid to digestible lysine ratios followed further recommendations of this communication (PR

of 0.54 methionine. 1.02 TSAA, 0.90 threonine, 0.21 tryptophan).
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Table 19. [n vitro viscosity test on feed contaiming diifferemt inclusion rates of the

AQ1 Glhicanase:.
. . Viscosity (cP)
Diet Formulation 10 xg- 30s

PC_1: Camn-SBMA 1.81
PC_2: Wieat and DDGS? 2.02
Negattive Conirol (NC)3 1.87
NC + SOUACT 1.82
NC + 180U AC1 1.83
NC + 200U AC1 1.74
NC + 400UAC1 1.66
NC + 600UAC1 1.72

"Positive control diet composed corn and soybean meal
*Pusitive control based diet including 10% wiheat and 10% DDGS
*Similar to PC_2 but with MIE mediued thy | D5Skkaalideg.

6.3.3 Positive impact of AC1 Glscamase on poultry performance

The functionality of the AC1 Glucamase in poultry feed is further supported by the
demonstration that its inclusion in feed liras @ positive impact on various aspects of
animal performance. Ayres ettal (2018) report that the inclusion of AC1 Glucanase
in a high-NSFP diet at 400 U/kg increased the weight gain after 14 days to be
equivalent to that of the animals that received the low-NSP BCdliet It was also
demonstrated in this study that the FCR @iftlee birds receiving the high-NSP diiett
with 400 U/kg AC1 Glucanase was equivalent to that of the contrel group receiving
the low-NSP diet witthout AC1 Glucanase.

In a similar study, Jacek et al. (2018) reported a positive impact on animal
performance criteria due to tive inclusion of AC1 Glucanase in the feed. In this study
728 Cobb 500 male broilers were randomly assigned to seven treatments with 13
replicates per treatment. The treatments consisted of a PC that received a standard
diet, a NC that was formulated to contain 132 kcal less energy than the PC diet, and
five treatments that received the NC diet amended with either 5, 50, 100, 250, or
500 U/kg AC1 Gluemase. After 16 days, mersurement of iody weight, FCR, and ileal
digestibility of energy (IDE) measurements were made. Jacek et al. (2018) reported
that inclusion of the AC1 Glueanase at 100 and 250 U/kg resulted in a significant
increase (p<0.01) in body weights compared to both the PC aimdl NC gioups. In
addition, the inclusion of AC1 Glwcanase to the NC diiets at more than 100 U/kg
resulted in a significant increase (p<0.01) in IDE and restored the IDE to be
equivalent to that of birds that received the PC diiet (p<0.05). These results are
consistent with those reported by Ayres et al. (2018) and they provide further
support of the fumctionality of the AC] Glucanase in poultry diets.
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6.3.4 Comimsions on the Funxtiissaliity of GralNzyme® AC1 Glimcanase

The ability of the AC1 Glmcamase to diecrease the viscosity of the digesta in the Gi
tract of poultry when included in feeds that contain wheat and DDGS lixas been
demonstrated by Ayres et al. (2018). This finding is supported by amother study
(Ayres et al., 2019) where the viscosity of wheat and DDGS contaiming fesd were
reduced by the addition of the AC1 Glmcanase. Additional support of the
functionality @f the AC1 Glucanse in poultry feeds comes from two studies, one
reported by Jacek et al. (2018) in which the inclusion of the AC1 Glwcanase iin
poultry feed was demonstrated to increase body weight and IDE and to 1mprove
FCR. A second study by Ayres et /. (2018) demonstrated improved weight gain and
FCR in broiler chickens rezziving a feed supplemented with AC1 Glucanase. Taken
together, these studies provide clear confirmation af the functionality of the AC1
GralNzyme® Gllucamase in the feed of poultry.

6.3.5 Safety of human consumption of meat produced by animals
treated with GralNz3me® AC1 Gllmcanase

The meat derived from amimals that consume feed treated with GralNzyme® AC1
Glmcanase is safe for human consumption and does not present any human safety
concerns. The GraINzyme® AC1 Glucanase is an enzyme and enzymes are proteins.
The dietary fate of the GrallNzZyme® AC1 Glucanase in animals that consume feed
treated with it is the same as that of alll other proteins in the animal’s diet that are
digested into the constituent amino acids of the dietary proteins (Metcalf et al.,
1996; Betz et al., 2000). As part of an Early Food Safety Ewaluation for the
GralNzyme® AC1 Glucanase that was submitted to the U.S. FDA Center for Food
Safety and Nutrition, Agrivida, Inc. demonstrated that the GralNzymz® AC1
Glwcamase enzymie is sensitive to digestion in a simulated gastrlc environment
(FDA/CFSAN, 2018). Therefore, the GralNzyme® AC1 Glucanase is expected to be
digested in the gastrointestinal tracts of animals and is not expected to be absorbed
intact into the blood of animals that consume it, nor to be deposited into the tissues
of the animals, including the meat. The safety of glucanase feed additives for
humans that consume meat from animals that consume feed treated with
glucanases is further supported by the fact that glucanases have been included in
the feed of poultry for decades without any adverse effects on human health or
nutrition.

6.4 JECFA Specifications

Each of the three representative AC1 Glucanase product batches that are described
in §22 were andlyzed to demonstrate that they meet the purity, chemical and
microbial specifications established for enzyme preparations, as outlined in the
specifications established for enz}anes used in ffoadlpoocessigg,ass proposed by the
Joint FAO/WHO Expert Committee on Food Additives (FAO/WHO, 2006). Physical,
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chemical, and microbial characteristics were determined for each of the ACI1

Glucanase product batches by ®) @) ®)®)
The results of these analyses are presented in Table 20.

Examination of the results of the analysis of key product characteristics as
presented in Table 20 demonstrate that all three AC1 Glucanase product batches
meet or exceed all JECFA spaiifications established for emzymie preparations that
are used in food and/or feed with the exception of tattdl bacterial count and the
number of coliform collomy fforming units (cfu). All three product batches had no
detectible presence of either Salmonella or E coli bacteria. Colifiorm bacteria are
defined as rod-shaped Gram megative, mongpaxe forming and motile or non-motile
bacteria that can ferment lactose with the production ofacidand gas when
incubated at 35-37°C (Brenner, 1992; Bettelheim, 1992). While coliforms
themselves are not normally causes of serious illness, their presence has been used
to indicate that etther patthogenmicorgarismssof fecal origin may be present (Kremtz ett
al., 2013). Ty piical gemera in the coliform group include: Citrobacter, Enterobacter,
Hafhia, Klebsiella, and Escherichia (Brenner, 1992; Bettelheim, 1992).

The JECFA sgpeciiications for food enzyme preparations have been traditionally
applied to enzymie products that are produced by axenic fermentation followed by
purification of the enzyme in a sanitary laboratory envirommentt Under these
conditions it is feasible to produce a purified enzyme product that meets the JECFA
specifications for the presence of microbes in the product However, the AC1
Glwcamase product is produced in the same mammer as tthe prodinctiiom of maize grain
that is widely used @as a major component of human food andl animal feed. It is
produced in agricultural fields in the environment where bacteria are present in the
soil, air and water and on the surfaces of plants, imcluding the maize that produces
the AC1 Glucanase-containing grain. Therefore, it is reasonable to expect that the
AC1 Glucanase product would contain levels of atttaridl presence that are typical
for maize grain produced by conventiamal agricultural practices. All af the three
AC1 Glwcanase product batches exceeded the JECFA specification of 30 cf/g
product for coliform bacteria with coliform numbers of 3,700 to 13,000 cfiu/g (Table
20). However, this range is consistent with studies of microbial presence in maize
grain and in animal feed. Tabib et al. (1981) surveyed feeds and feed imgredients,
including maize, in the feed of broilers, layers and turkeys and found that the
numbers of walliform bacteria ranged from 450 - 910,000 cfu/g. Similar stmdies
have also reported equivalent levels of coliform bactenial in cattle feed (Sanderson
et al., 2005) and tortillas made from corm meal (Gomez-Aldapa et al., 2013). From
these reports it is evident that the level of coliform bacteria in AC1 Glucamase
product batches is similar to those reported as normal for maize grain and other
commonly used feed ingredients. Since the numbers of coliform bacteria found to
be present in AC1 Glucamase product batches are typical for those found im maize
grain and other animal feed ingredients and since known pathagenic bacteria such
as Salmonella and E. coll were absent from the product batches, the higher level of
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coliforms in the AC1 product compared to the JECFA specifications for food enzyme
products is comsidiered to e safe.
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Table 20. Physical, chemical, and microbial characteristics of three independent AC1 product batches compared to JECFA

specifications for enzyme preparations used in food and feed.

Glucanase ACl Product Batch
JECFA Specifiication
_Characteristics Method Unit AV_ACI_0070 AV_ACI_0075 AV_AC1_0077 Lirwit
___ Physical
ACI Activity Agrrivida, inc. SIP U/g @ _ [ S NA
Agrivida, inc. STP U/mg protein (b) (4) NA
Ash AOAC 942.05 % 1.24 1.62 1.17 NA
Density USP 616 g/mi 0.5 0.5 0.6 NA
Micron particle size | MF-2051 Eualsting Ratiide Size, KSU 2002 Listed Listed Listed NA
Chemical
Cadmium J. AOAC vol. 90 (2007) 844-856 (Mod) mg/kg <0.010 <0.010 <0.010 30 max
Mevcury J. AOAC vol. 90 (2007) 844-856 (Mod) ‘mg/kg <0.010 <0.010 <0.010 30 max
Lead J. AOAC vol. 90 (2007) 844-856 (Mod) mg/kg <0.010 <0.010 <0.010 5 max
Arsenic J. AOAC vol. 90 (ZB07) 844-856 (Mod) M <0.010” 7 <0.010 <0.010 3 max
Microbial
Califorms AOAC 991.14 cfu/g 3700 11000 13000 30 max
Saimonelia AOAC 2003.09 #/25g Not Detected Not Detected Not Detected Absent
Aerabic Plate Count FDA BAM Chapter 3 cfu/g 16000 61,000 (est) 66,000 (est) 50,000 max
Escirerichia Coli U.S. Pharmacopeia Chapter 62 4/10g Not Detected Not Detected Not Detected Absent
Afiatoxin Commercial Test Kit (ELISA) ppb <5 <5 <5 ND*
T-2/HT-2 Toxin Commercial Test Kiit (ELISA) ppb <25 <25 <25 ND
Ochratoxin Commercial Test Kit (ELISA) ppb < €2 < ND
Sterigmatocystin (b) (4) Re/kg <10 <10 <10 ND
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6.5 Stability and Hemegerneity of the ACH Glucamase Product

The stability of AC1 activity in tihree representative AC1 product batches over time
and under different storage conditions was examined. Three representative AC1
product batches were produced (Batches AV_A(1 0070, AV_AC1 0074 and
AV_A(1] 0©77) and were characterized as dizscritbed im Appendix 2.

6.5.1 Product Stability

Four grams of dry product material from @adh product batch was put into small,
double paper pouches made from larger seed-type Ibags. The openings of the sample
bags were sewn closed. Sample packages were stored at three different
temperatures, i.e. refrigerated (5°C), ambient (25°C/60% RH) and accelerated
(40°C/75% RH). At the initiation of the study two sample packages of @adh batch
were opened and the contents of each were milled in a Cyclotech grinder to a
particle size of less than 0.5 mm. Two 0.5g aliquots from the milled material of each
sample were extracted in AC1 Gliucamase assay buffer amd amaBized fior glucanase
activity. The results of 4 analyses set the baseline of each batch for the ACI
Glucanase actiivity in the samples and were used as the starting activity for the
storage stability study. The remaining product sample packages of each batch were
separated into three groups and placed in storage under refrigerated, ambient, and
accelerated conditions. As a meference control, AC1 Glucanase protein was purified
from Event FG259 grain and diluted to S0 mg/ml in sterage buffer (40% glyceraol,
S50mM MES, 150mM sodium chloride, pH 6.3) and stored under refrigerated
conditions. When used as a positive comtrol to validite the assay, the AC1 Glucamase
control was diluted 100-fold and 50 pi of this dilution was added to assay buffer in a
final volume of @5 ml. At each sanyplingttinve,cone sample package of @ath batch
was removed from each of the three storage condittioms att 11 ,223,6,9, 12, 18, and 24
months after initiation of the studly, and three 0.5g aliquots from the milled material
of each sample were extracted in AC1 Glucanase assay buffer and analyzed for
glucanase activity to gemerate 27 analyses at each time poimtt The averages of the 3
analyses for each sample are presented in Table 21. The product stablllty study was
conducted by

The results of the product stability study that measured the glucanase activity of
three AC1 Glucanase product batches were reported as A590 absorbance units/mg
from ®)®. andl are presented in Table 21 as unit/g
after converting the AS31)/mg measurement as describbed im Agpendix 3. Refierence
activity is presented as unit/mg protein. These results demonstrate that the
glucanase activity of all three AC1 Glwcamase product batches stored under
refrigerated or ambient conditions maintained their original glucanase activity,
illustrating that the glucanase activity in the AC1 Glucamase product is stable for up
to 24 months under either refrigerated conditions and up to 9 months under
ambient storage conditions. The AC1 Glucanase maintained 65-85% of its activity .
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after 24 months of storage under ambient conditions. Likewise, the purified AC1
Gliicamase protein stored under refrigerated condition maintained activity for the
duration of the 24 month period. On tthe other hand, the AC1 product samples
stored under accelerated conditions demonstrated a reduction of glucanase activity
after 2 months and retained from 2 to 11% and only 2% of their initial activity after
18 amdl 24 mantlis offstorage, respectively (Figure 16).
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Table 21. Glucanase product stability study during 24 months of stora ge under
refrigerated C5°C),a mbient (25°C and 60% relative humidity], and accelerated
(40°C and 75% relative humidity) storage conditions. The results presented are in
units of glucanase activity/g of product and are averages of triplicate assays at each
storage condition and each sampling time point for each sample. The purified ACI
Glucanase protein stored under refrigerated condition is listed as Reference sample.

Storage Months
Sample conditions TO 1 2 3 6 9 12 18 24
Ay acy Refrigerated 2943 2898 3393 3231 2475 387.0 2475 3555 4167
0o74  Ambient 2943 2862 3132 307.8 198.9 269.1 180.0 221.4 222.3
Accelerated  294.3 162.0 109.8 729 21.6 108 144 63 2.7
Refrigerated  257.0  226.8 249.3 291.6 222.3 297.9 1827 279.9 289.8
A‘;B‘:?— Ambient 257.0 219.6 2457 2493 206.1 270.0 945 167.4 218.7
Accelerated  257.0 1449 143.1 117.9 495 342 153 279 4.5
Refrigerated  253.8 245.7 263.7 299.7 230.4 3069 166.5 297.9 324.9
A‘;B’;Sl— Ambient 253.8 2232 264.6 2592 216.0 2565 104.4 198.0 165.6
Accelerated  253.8 147.6 1629 117.0 39.6 261 135 63 1.8
?Ifizr' Refrigerated 236.4 198.0 254.6 273.5 221.1 2453 211.9 2735 226.2

igure 16. Percentageof ACI Glucanase activity in the samples of AC1 Glucanase
roduct at monthly intervals relative tothe initial activity at TO after storage under
ree different temperatures up to 24 months.

leoK -

140* - *AV_AC1 0074. refrigerated

12096 - -AV_AC1 _0074. ambient
o 10GK1 -AV_AC1.0074, accelerated
J WJX - oAV_ACl-0070, refrigerated

% . -AV_AC1.0070, ambient
§ 4056 : -AV_AC1.0070, accelerated
-AV_AC1.0077, refrigerated

2096 - -AV_AC1.0077, ambient
0% - -AV AC1.0077, accelerated

9 12 15 18
Time (months)
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6.5.2 Stability of the AC1 Glmcamase in feed mixtunes

In order to investigate the stability of AC1 Glincamase in fieedl mixtures at different
storage conditions, two studies of im-feed sstdbility were conducted. Both studies
(Study 1 & Study 2) used typical corn/soybean meal-based mmltny feed amd were
prepared and mixed with a target dose of 100 U/kg at ®)® and Agrivida, Inc.
(Study 1 and 2, respettivelv). Fe(gt(i4)in Study 1 containing AC1 Glucanase prothett
was pelleted at 80°C at ~ Feed in Study 2 containing AC1 Glucanase
product was pelleted at y0°C at Agrivida, Inc. One kilogram of manufactunced] feed
from each slmndy was put into double heavy paper pouches made from large seed
bags. The opening of the bags were sewn closed to seal. The packaged feed samples
were shipped to B ( ©),

The AC1 in-feed samples were divided into three groups that were stored under
refrigerated, ambient, or acce lted comditions im tie saume manner as described in
the AC1 product stability study. As @ reference control,the purified AC1 protein
reference described in the product stability study was used. At various time points
during the study one package of the feed mixture from each storage condition was
removed and 250g of the feed mixture was ground s desuribet] in the AC1 prodiuct
stability stady. Three 20 g aliquots of the ground feed sample from each package
were extracted with buffer amd were analyzed for AC1 acttivity to generate three
activity determinations per sample.

The average glucanase activity values from the triplicate assays of each sample

stored up to 12 weeks are shown in Table 22 and Figure 17. All feed samples

contained approximately 100 U/kg of AC1 Glucanase at the initiation of tthe study.
Afiter 12 weeks of storage the samples stored under refrigerated and ambient
conditions retained more than 84% of the original activity at the start of the study.
These results demonstrate that AC1 Glucanase in fieedl mixtures retains its activity
when stored for wp to 12 weeks under refrigerated or ambient conditions. Likewise,
the purified AC1 Glucanase protein stored under refrigerated conditions maintained
activity for the duration of the 12 weeks period. On the other hand, the glucanase
activity in feed mixtures stored under accelerated conditions demonstrated a steady
decline and retained approximately 43% and 51% of the original activity after 112
weeks of storage, respectively.
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Table 22. Glucanase activity in feed mixtures containing ACl Glucanase product
after 12 weeks of storage under refrigerated (5°C), ambient (25°C and 60% relative
humidity), and accelerated (40°C and 75% relative humidity) conditions. The
results presented are U/kg glucanase activity in feed and are averages of triplicate
assays at each storage condition and each sampling time point for each sample. The
data from two studies are included. The purified ACl Glucanase protein stored
under refrigerated condition is listed as Reference (Ref) sample and its activity is
present as U/mg protein.

Study Storage Weeks

ID Temp f°C) TO 1 2 4 6 8 10
Refrigerated 130.8 164.7 126.9 108.0 105.9 97.5
Ambient 90.7 118.5 135.9 102.6 114.3 109.5 87.0
1 Accelerated 78.6 67.5 92.7 86.4 84.0 69.0
Refrigerated 121.8 133.5 126.0 85.2 94.2 95.7
Ambient 105.1 104.4 89.1 135.6 117.0 78.6 83.7
2 Accelerated 88.8 107.7 76.8 62.4 62.7 50.4

Ref Refrigerated 2364 2093 2194 2164 2144 2221 2059

Figure 17. Percentageof ACl activity in feed mixtures containing Glucanase ACl at
weekly intervals after up to12 weeks of storage under three different temperatures
relative to the correspondingactivity of each sample at TO. Results from Study 1
and 2 are presented.
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6.%3 Homogeneity of AC1 Glucanase in feed mixtures

A study on the homogeneity of the AC1 Glucamase product in standard
corn/soybean meal based poultry diets was conducted at (b) (4)
and is reported by Ayres &t al. (2018). A 1,225 kg batch of feed was mixed in a
vertical mixer wiith 4.232 kg af ACIL(@lucanase product that had an activity of 145
unitt/g to make a diet with a target dose of 500 unit/kg diett Ten 0.5 kg samples
were collected randomly from the mixed feed and the B-glucanase activity was
measured. The results of tthe analyses of glucanase activity of tthe 10 samples of
mixed feed are presented in Table 23. The average glucanase activity of all samples
was 425 unit/kg with a coefficient of variation (CV) of approximately 6.22% (Table
23).

Table 23. Glmcamase activity of 10 randomly collected samples of feed produced to
include the AC1 Glucanase product with a target dose of 500 U/kg. The activity of
each replicate mash diet was the mean of two assays from the same protein extract
(from A3res etail, 2018).

Replicate Activity (U/kg)
411.95
394.10
471.05
401.30
433.70
428.15
448.85
392.00
451.85
420.20
425.32
26.44
6.22%

Qggoco\:o\m.hunu
=
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<

A second study on the homogeneity of AC1 Glucanase product in poultry diets made
with corn/soybean was conducted at Y and was reported by
Jacek et al. (2018). AC1 Glucanase product with an activity of 170 U/ig was mixed
into 1500 Ibs of fieadl to achieve a 100 U/kg target dose. Ten 500g samples were
collected randomly from the mixed feed and were subjected to glucanase activity
analysis. The results of the glucanase activity ardlysis afftthe 10 samples of mixed
feed with a target dose of 100 U/kg are presented in Table 24. The average
glucanase activity in tthe feed samples was 97.24 U/kg with a CV of approximately
9.98% (Table 24).
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Table 24. Results of Glucanase AC1 activity of i® randomly collected samples of
feed prodmoed wiithza target dose of HDQ unit/lkkg ACI. The activity of each replicate
mash diet was an average of two assays from the same protein extract (from Jacek et
al., 2018).

Replicates Activity (U/kg)

103.16
109.62
97.37
106.46
103.58
79.33
83.85
99.59
97.45
91.97
97.24
9.70
9.98

%g;\DW\lmmthH
=

Q
<

In summary, enzyme activity analysis of AC1 Glucamase product in two independent
studies has demonstrated that ACI Glucanase product is homogeneously distributed
in typical corn/soybean meal based feeds (Agres etal, 2018 and Jacek etal, 2018).

6.5.4 Stability of the A1 Glmcanase During Pelleting

The stability of the glucanase activity of the AC1 Glucamase product in feed mixtures
during pelleting was investigated and reported by Ayres et al. (2018). The AC1
Gliwcamase product was mixed into a batch of feed to prepare diets with a target dose
of 500 U/kg. This feed was pelleted using a conditioning temperature of either 80,
85, or 904 C for 10 s and exitruded through a 4 x 38 mm pellet die at approximately
0.91 metric ton/h using a 40-horsepower (b) (4) The steam used in
the mill had an incoming pressure of 262 kPa. Pellets were cooled using a
horizontal belt cooler and ambient air. Pellet conveyance post extrusion and cooling
was accomplished witth a series of flat bottom drag-chain conveyers and a bucket
elevator. Ten 500g samples of the mash feed prior to pelleting amd three 500g
samples of post-pelleting feeds from each temperature treatment were collected for
B-glwcamase activity analysis. The pB-glucanase activities after pelleting at the
different temperatures are presented in Table 25. The results demonstrate that ACI
Glucanase retains nearly 100% activity at 80°C and 65°C palletiing crontition;aadd
retains 90% acttivitly after pelleting at 90°C.
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Table 25. Glucamase activity in feed samples before (mash) and after (pelleted)
pelleting at difftnentt tempenatures (from Ayres et al, 2018).

Activity (unit/kg) | Recovery
Mean SD (%)

Mash 500.45 50.68 100.00%
80°C 551.56 45.31 110.21%

85°C 496.68 38.99 99.25%
906°¢ 451.58 30.70 90.23%

Treatment

Anotiher AC1 Glncamase pelleting stability study was conducted and has been
reported by Jacek ettal, (2018). About 0.4 kg and 1.2 kg of AC1 Glucanase produnct
was mixed into 1500 Ib batches of feed to achieve target doses of 100 U/kg and 300
U/keg. Approximately 500 Ib of feed was pelleted at either 80, 85, or 60°Ciin a

) Master mutie], wiith pelletlzer flow rate of 1 ton/hr. Feed
conditioning was for 15 seconds with 20 psi of steam pressure. Pellets with a
diameter of 11/64 mm were extruded and their temperature was measured upon
exit from the conditioner. The pellets were cooled and dried prior to bagging. The
conditioning temperature and hot pellet temperatures were recorded. Ten 500g
samples of post-pelleting feeds were collected fior glucamaseattivigyoand)ypsss. The
glucanase activities in the feed with a target dose of 100 U gllucanse/kg after
pelleting at the diffiarent temperatures are presented as a percentage of the original
activity in the respective mash diets in Table 26.

The results of the pelleting stability of AC1 Glucanase in the feed witth @ ttarget dose
of 100 U/kg were reported by Jacek etal. (2018) and those from the 300 U/kg feed
were not published. The results from both feed groups demonstrated that AC1
Glucamase retains 100% of its acttivity wiieen pelleted at 80°C for both target doses
and retains 83% (100 U/kg) and 92% (300 U/kg) when pelleted at 85°C. When
pelleted at 90°C, 82% of the activity was retained for target dose of 100 U/kg, and
79% activity retained for the target doseaff300 U/kg (Table 26).

In summary, the results of three independent pelleting stability studies with
com/soybean meal based feed treatted with AC1 Glucanase have demonstrated the
thermostability of AC1 Glucanase im high temperature pelleting processes. These
studies demonstrated that ACi Glucanase treated feed retins at least 80% activity
after pelleting at 90°C.
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Table 26. Glucamase activity in feeds mixed with AC1 Glucanase to a target dose of
100 and 300 U/kg before (mash) and after pelleting at different temperatures. The
glucanase activity measured in the mash feed prior to pelleting was used to
calculate the percent activity recovered from the feed after pelleting.

T;:E: t Pelleting No.of | Avg Actiivity Std Dev Recovery
fU/kg) Temp (°C) | Samples (U/kg) (%)
Mash 10 72.21 18.80 100
100 80°C 5 80.01 13.57 110.8
85°C 5 60.17 8.85 83.3
90°C 5 59.00 11.54 81.7
Mash 10 310.05 26.03 100
300 80°C 5 314.57 28.11 101
85°C 5 285.06 35.38 92
00°C 5 244.37 35.09 79
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6.6 GralNzyme® AC1 Glacanase Product Label
GralNzyme® AC1 Glucanase
Description: This product consists of corn meal produced from a genetically
engineered variety of corn that produces AC1 Glucamase in the grain. AC1 Glimcamase
is a thermostable enzyme that improves the diggstiibillity of feedstuffs through
reducing the viscosity of the fieed in the animal’s diigestive tract.
Lot Number:
Guaranteed Amalysis: This product contains a mimimum of -glucanase activity of
150 units/gram grain. Ohe unit is determined on p-glucan substrate at 80°C and pH
6.5.
Ingredients: Carn meal containing GralNzyme® AC1 Gluwcanase.
Directions for use in poultry: Add sufficient amount of GraINzyme® AC1
Gliwcanase per ton of complete feed to deliver 200 to 500 UJkg of feed; if pelleting
feed do not exceed 90°C. Store dry att roowm tempenature,
Expiration date: use witfhim 9 montths of date of manufacture
Produced by: Agrivida, Inc., 78E Olymipia Ave., Woburn, MA 01801, USA
Net weight: 50 ltss

See Material Safety Data Sheet for further information
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6.7 Mamufacturing Process

The GraINzZ3yme® AC1 Glimramase product is produced by maize genetically
engineered to contain a copy of the AC1 Glimcamase gene under the regulation of
monocot-derived, seed-specific promoters. This results in the production of AC1
Glmcanase protzin in the grain of maize wuith little or no production in the leaves,
stalks, or otfber tissues. Therefore, the method of production of the commercial AC1
Glimcanase product employs the same agromomic practices as is typically used for the
production of conventional maize grain. These include planting maize seed
containing the AC1 Glucanase gene into soil once the soil temperature has reached
the appropriate temperature for the germination of maize seed, management of the
crop using common agricultural practices for the cultivation of maize that may
include the application of chemical fertilizers and crop protection chemicals such as
herbicides and insecticides that are approved for use on maize, and harvesting by
mechanical maize harvesters with a sheller to produce whole maize grain.
Alternatively, AC1 Glucanase-producing maize cam be grown in a greenhouse with
controlled temperature using common practices for the cultivation af maize im a
greenhouse or other comtrolled environments. It is well recognized that using these
practices it is possible to produce maize grain ima greenhouse that is nutrnitiomally
equivalent to that produced im a field envirommentt

The whole grain containing AC1 Glucamase is dried to a moisture content of less
than 15% and is stored in dry, secure grain storage bins prior to being milled to a
course maize meal (~ 2 - 3 mm diameter). Once the AC1 Glucanase grain is milled it
is packaged imtto a sEnure, labeled container that may include for example a double
paper bag with sewn seams containing approximately 20 kg af product or a large
heavy plastic tote containing 1 ton of product. The amount of AC1 Glucanase
produced in the grain is in the range of 150 to 300 units of glucanase activity (U)y g.
It is expected that 0.7 to 3.3 kg of tthe AC1 Glucanase product is sufficient to treat
one ton of aminrdl feed in order to deliver an effective dose of AC1 Glmcamase to
improve feed digestibility.

Since the AC1 Glucanase product consists of milled maize grain containing the AC1
Glincanase protein, its nutrient composition is the same as that of typical maize
grain. The addition of relatively small quantities of AC1 Glucamase product to
typical corn/soy-based diets will replace an equally small amount of the maize that
is normally a component of the diet and this substitution will not alter the nutrient
composition of the fieeds.
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6.8 Data inconsistent with a conclusion of CRAS

In this GRAS notification, Agrivida, Inc. has presented all information in its
possession and of which it is aware that is relevant and pertinent to its conclusion
that the use of the GralNzyme® AC1 Glwcanase in poultry is GRAS. Agrivida, Inc. has
no information nor is it aware of any information that is inconsistent with, or
contradicts, this comclusion of GRAS status for the wse of GralNz3me® AC1 Glucanase
in the fieed of poultry.

6.9 Summary Comcdlmsions

The data and information described in §6.0 above that is the basis for the conclusion
by Agrivida, Inc. tttmat the GralNzyme® AC1 Glwcamase product is GRAS for use in
poultry includes the following:

1. The GralNzyme® AC1 Glucamase is an enzyme and enzymes generally are
known to be non-toxic. In all cases of proteins that are toxic, toxicity is
derived from the biological mode @f action of the protein. The biological
mode of action of glucanases is generally recognized to be safe.

2. The history of safe use of glucanases as animal feed adiditives andl in human
nutritional supplements is well established and generally recognized. In
addition, glucanase enzymes are present in many plant based foods that have
been consumed safely by humans for millennia.

3. The safety of the AC1 Glucamase was thoroughly assessed in an Early Food
Safety Evaluation conducted by Agrivida, Inc. for this product and this
evaluation was reviewed by the U.S. FDA Cemter for Food Safety and Applied
Nutrition. (FDA/ACFSAN, 2018).

4. The safety of GraINzyane® AC1 Glucanase is supported by results offa
tolerance study diescrilbed im §6.2.13 in which chickens were fled feed
supplemented with 5,000 U glucamase/kg feed without any indications of
toxicity (Broomhead etai., 2019).

5. The application of a well used decision tree for evaluatingthe safety of
enzymes used in food and feed (Pariza and Johnson, 2001) to the
GralNzyme® AC1 Glucamase product indicates that this prodluct is unlikely to
be toxic.

6. The results of poultry feeding trials in which the GraINzyme® AC1 Gllucanase
was included in the feed at a ramge of doses and in witro dietary viscosity
assays support a conclusion that the GraiNzyme® AC1 Gliwcanase product is
safe and fumctional when included in poultry feed at the dioses diesenitbed
(Aytes et all, 2018; Jacek et al., 2018; Ayres et all, 2019).
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Based on the publicly and generally available information described above, Agrivida,
Inc. believes that experts in the fiellds of animal nutrition, toxicology or related fielldis
would agree with the conclusion of Agrivida, Inc. that the GrallNz3me® ACi
Glucanase is safe and effective when included in the feed of poultry in the dose
ranges described herein.
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8.2 Appendix 1

The Ammitated Nutleotide Sequence of the T-DNA Locus of Event FG259

Table 1A. Ammatation of the (b)), Ahreviations are as listed in Table 1
(Sec 6.1.4)

Nucleotide Position

(b) (4)

Figure 1A. Nudleotide sequence of the T-DNA insertion locus including nraize
genomic flanking DNA in Event FG259. Nhize genomic DNA sequence is presented
in lower case letters while the sequence of the T-DNA insert is presented in upper

case letters. -
(b) (4)
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STATEMENT OF NO DATA CONFIDENTIALITY CLAIMS

No claim of confidentiality is made for any information contained in this study on the
basis of its falling within the scope of FIFRA §10(d) (1) (A), (B), or (C).

Company: Agrivida, Inc.
Company Agent: James Ligon Date: November 27,2018
Title: Vice President, Regulatory Affairs and Stewardship

Signature: Nk\% )
o 7

These data are the property of Agrivida, Inc. and, as such, are considered to be

confidential for all purposes other than compliance with FIFRA §10. Submission of these
data in compliance with FIFRA does not constitute a waiver of any right to confidentiality
that may exist under any other statute in any other country.
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AGRIVIDA, INC.
200 BOSTON AVENUE
MEDFORD, MA 02155

CHARACTERIZATION OF AC1 GLUCANASE TEST SUBSTANCES
AV_AC1_0070,
AV_AC1_0075, AND AV_AC1_0077

TEST SUBSTANCE CHARACTERIZATION REPORT AND
CERTIFICATE OF ANALYSIS '

Test Substance: Ground grain from maize producing the GraINzyme® AC] enzyme.
Test substances are derived from three separate and represemtative AC1 product batches.

Sample Lot Nos.: AV_AC1_0070
AV_AC1 0075
AV_AC1_0077

SUMMARY

AClI is produced in the grain of maize through the application of recomisimentt DNA
technologies. Three separate and representative AC1 product batches (designated
AV_ACI1_0070, AV_AC1_0075,and AV_AC1_0077) were produced using standard
agronomic practices for the production of maize. The grain was dried and ground to a
coarse meal. The enzymatic activity and characteristics of e AC1 Glucanase produced
in the three representative batches were determimed. The AC1 Glucanase protein was
demonstrated to be a prominent protein in the total protein of all three product batches.
Western blot analysis of all three samplks; rewealled @ singleband] effimminoreantive
material of the predicted molecular weight of approximately 37.7 kDa.

INTRODUCTION

The purpose of this study was to characterize test substances, AV_AC1_0070,
AV_AC1_0075,and AV_ACI_0077, containing the AC1 produced in the grain of maize.
Carbohydrases such as AC1 are enzymes that catalyze the depolymerization of nonstarch
polysaccharides and, when incorporated into animal feed, increasing the digestibility of
nonstarch polysaccharides and reducing the viscosity of digesta. The test substances
were prepared firom the grain of recombinant maize and are intended for use in animal
safety and functionality studies with the AC1 product. Various biochemical parameters

102

BEST AVAILABLE COPY



Jaime.Riera-Seivane
Typewritten Text
BEST AVAILABLE COPY


Safety and Fxmotiomality of AClgincanase in the Feed of Poultry Agrivida, Inc.

were evaluated to confirm the identity of ACI in the test substance, as well as its activity !
and integrity. |

MATERIALS AND METHODS

Production of test substances. Three separatie nepresemtative AL product batches were
produced from ACl-expressing maize. The product batch numbers, location of planting
and dates of plamting and harvest are sthowm im Tabik 11.. Plhnting the seed] andi Hamvest of
the grain were performed using commonly used agronomic practices for maize.
Cultivation of the ACl4producing maize utilized commonly used agronomic practices for
maize including the use of fertilizers, herbicides amd pesticidies approved fior use em
maize. After harvest, the graim was dhizd] om the cotb fortHreecddys suntidi ithiecgpainn
moisture was below 15% at which time it was shelled amd placed im labeled contaimens..
The grain was shipped to Agrivida, Inc.. (Medfiond], MIAY) and] stored]im separatecstoragee
bins prior to being milled in a knife mill (Retch SMI100) and sieved through a steell miesth
sieve in the mill to produce grain particles less than 1 mm in diameter.

Table 1. Planting locations and dates for the production of tlinse representative AC1 |
Glucanase product batches. :

Product Batch _ !
No. AV AC1 0070 AV ACI1 0075 AV ACI 007(3) - |

|
Planting |
Location \
Planting Date 11/28/2016 1/20/2016 11/28/2016 J
Harvest Date 4/27/2017 5/16/2016 4/27/2017

Preparation of extracts. Test substance from each of the three product batches was
ground to flour in the knife mill. Protein extracts were prepared as follows. Incubate
ACI extraction buffer (100 mM sodium phosphate, 0.01% Tween 20, pH 6.5)) im & waterr
bath at 50°C umntil the buffer reaches a temperature off G0?C and mix 100 mL warm buffer
with 20 g of flour fiom each batich in a 250 ml. plastic flask. Duplicate samples from
each product batch were prepared for extraction. Samples were shaken at 60°C for 1
hour. About 1.2 mL sample suspension was transferred into 2 1.5 miL. tuife and
centrifuged at 16,000 g for 10 minutes. The supernatant was reserved for amallyses:.

Enzymatic activity. The AC1 enzyme activity in each of the product batches was
assayed according to an Agriviida, Inc. SOP that s descriibed im Appendix 3. Since p-
glucanase activity is the primary activity of AC1 protein, a f-gludamase assay was used to
determine the AC1 enzyme activity. The glucanase collorimetric assay described in detail
in Appendix 3 uses a commercial substate;, azunne-cnoss linked barley B-glocan (AZCL-
Beta-Glucan), from @@ O® Hydrolysis of this substrate
by ACI enzyme produces water-soluble dye-labeled fragments whose release can be
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directly correlated to enzyme activity by measurement of absorbance at 590 nm (A590).
The protein extracts produced from the ACI1 grain flour samples as described above wene
diluted 60- and 80-fold and 50 pi of ¢ach dilution was mixed with 450 pl of AC1
extraction buffer containing the AZCL-Beta-Glucan substrate. The mixtures were
incubated in a water bath at 80°C for 1 hour and mixed with 1 mlL of 2% Tiis base to
terminate the reaction. The reaction was centrifuged at 3,000 g for 110) mimutess, amd! 100)
pl of supernatant was removed to a microplate to measune atbsontbance att 530hmm. AC1
enzyme activity (A590/mg) was determined for each batch by dividing the A590 by the
amount of flour included in the protein extract (mg). The enzyme activity (A590/mg) cam
also be converted to the activity units (unit/gram) by multiplying by 9 (Appendix 3
GralNzyme Glucanase AC1 Enzyme Colorimetric Assay Validation).

Specific activity. The specific activity (unit/mg AC1 protein) of ACI in the test
substance material from each product batch was determined. AC1 protein in the aqueous
extracts was quantified by ELISA following the protocol from ® @)

An aqueous extract of each product batch was diluted 60,000~ and 80,000-folld. A series
of dilutions off AC1 protein that had been purified from AC1- expressing com grains were
used as protein calibrators to calcuibte e contentt off A1 in each product batch.

Molecular weight determination. SDS-PAGE of the sample extracts wass penfionmed] s
follows. Each extract was diluted 4-fold by mixing 10pl of extract with 30pl of AC1
extraction buffer. A positive control consisting of ACI1 purified from AC1- expressing
grain was diluted to 50 pg/mL. 15pl of each dilution was mixed with 5pl of Novex
NuPAGE 4x LDS sample loading buffer and heated for 10 minutes at 85°C. The heat-
treated samples were centrifuged briefly and loaded onto a Nowex NulPAGIE 4+12% Bis-
Tris gel and im in NuPAGE MOPS buffer for about 90 minutes at 100V. In order to
visualize the protein bands in the extracts, the gel was placed into 100 mL of 0.1%
Coomassie Blue in 10% acetic acid/10% methanol, heated in a microwave oven for 30
seconds, and then shaken for 20 minutes. The gel was rinsed with water and then
destained with 10% acetic acid/10% methanol.

Immunoreactivity. To assess the integrity of the AC protein in the three
ACI product batches, Western blot analysis was performed. Each extract was diluted 15-
fold by mixing 10pl of extract with 140pl of AC1 extraction buffer. A positive control
consisting of purified AC1 protein from ACl - expressing graimwassdilutediteo20W0yggmil. .
15pl of each dilution was mixed with Spl of Novex NuPAGE 4x LDS sample loadimg
buffer and heated for 10 minutes at 83°C.. The heat treated samples were centrifuged
briefly and the supemnatants were loaded onto a gell and] elbcthoptienesed as dbsonibed]
above. The gel was rinsed in 10 mM CAPS/10% methanol transfer buffer for 10
minutes and then electrophoretically transferred to a PVDF membrane for 1 hour at 15 V.
The membrane was blocked for 1 hour at room temperatmre with 5% nonfat milk im
TBST (tris-buffered saline with Tween 20). The membrane was then shaken in primary
antibody (mouse monoclonal antibody raised against AC1 Glucanase by b))

.; 25 mL of a 1:2000 dilwtiom im TBSI/ 5% nonfhtt millk) ovenmiglittatt4PC, followed by
three 15 minute washes in TBST. The secondary antibody (25 mL of goat anti-
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moiise/HRP, ®®- 1:5000 dilution in
TBST) was applied with shakimg for ene Hour, fod Howezd] by thnexe 11D minuitee wastiess im
TBST. The blot was developed with )Y@ substrate | ®@
®@ The blot image was captured on ® @ with
® @) image acquisition software.

RESULTS
Enzymatic activity. The AC1 Glucanase enzyme activity of each off the testt sulbstance

materials and of com flour from a mom-tramsgemic control lybrid was determined (Table
2). There was no detectable AC1 activity in the nontransgenic control.

Table 2. AC1 Glucanase activity of three representative AC1 product batches compared
to that of grain from nontransgenic control (WT). The enzyme activity is presented as B-
glucanase activity units/gram flour.

Units/g flour
Product Batch Mean SD
AV AC1 0070 200.20 1.63
AV AC1 0075 206.75 2.57
AV AC1 0077 198.11 15.82
WT 0.08 0.09

Specific activity. The quantity of AC1 protein in each of the test substances was
determined by ELISA method. The specific activities of each AC] test substance
expressed in units of activity/mg protein are shown im Tabilk 3.

Table 3. AC1 specific activity of three representative AC1 product batches. The enzyme
activity was converted to unit/mg of ACI protein

Units/mg of AC1

protein
Product Batch Mean SD
AV AC1 0070 292.61 0.38
AV AC1 0075 | 384.17 25.60
AV AC1 0077 | 301.38 8.05

Determination of the molecular weight of the AC1 Glucanase protein. An SDS-
PAGE gel containing protein extracts from each off the thinee testt subistances, protein
extracts of comn flour derived from non-transgenic maize, and AC1 purified from AC1-
expressing maize grain were stained with Coomassie Blue to enable visualization off tihe
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proteins. Examination of the gel and comparison of tie samplks dmensinated et thene
iS 2 promimentt protzim band in the extracts fHiom alll fhree test substamces thaftis alisenttim
the extract from the comventional com flour, and that has the same molecular weight as
the ACI purified from AC1-producing maize grain (Figure 1). Comparison of the
position of these protein bands in the gel relative to the molecular weight markers
included on the gel shows that the prominent protein band in the extracts of the tiesit
substances and the pumified AC1 protein are approximately 37 kilodaltons (kDa) in size.
This estimation of the size of the pnattim bemdis compenes wealll wiith the prediicted
molecular weight of 37.7 kDa (http://web.expasv.org/compute pi) for the mature ACI
protein bearing the SEKDEL endopiasmic reticulum retention signal from maize.

Figure 1. CoomassieBlue-stained SDS-PAGE analysis of ACI.
Lane 1: Positive control (PC) composed of ACI1 purified from ACI- expressing maize

grain. Lane 2: Negative control commposed off protein extracted from grain of non-
transgenic maize (WT). Lanes 3.4, 5: Protieim extzctts fiem thnee AC1 product batches
(AV_AC1 0070, #70; AV_AC1 0075. #75: and AV ACl 0077, #717, respectively).
Molecular weight markers % were run in the left lane and
their sizes im kDa are indicated on the left side off tihe gell. Am astensk indicates the
position of ACI1 protein present in the AC1 product batches and positive control (PC).

1 2 3 4 5

k(ta KL W1 «/U Wib #77

220
160

120
100
90
80

70

SSSSk

ek &8 & & 8

Immunoreactivity, Western blot analysis of the proteins in extracts from the three test
substances was performed using mouse monoclonal anti-AC1 ( ®)® ), The
results revealed the presence of one itmmunoreactive protein eorresponding to the
predicted molecular weight of the AC1 protein (eca. 37.7 kDa; Fig. 2). Similarly, the
antibody also reacted with the purified AC1 protein control. These results confirm the
integrity and identity of AC1 as the prominent protein species present in each of the three

106

BEST AVAILABLE COPY



Jaime.Riera-Seivane
Typewritten Text
BEST AVAILABLE COPY


Safety and Functionality of AClglucanase in the Feed of Poultry Agrivida, Inc.

test substances but absent in non-transgenic maize, and confirm its expected molecular
weight of approximately 37.7 kDa.

Figure 2. Western blot of protein extracts that were probed with an AC1- specific
sutibdy. (b) (@)
Protein size markers wienee mum iim tHee | fft e aandittiedrss zessim
kDa are indicated on the lefit sidie off e gl . [Lame 1L : Resitieccoontod (RO )ooenppesddod t
AC]1 purified from ACI1- expressing maize graim. Lane 2:: Negaime oomtiml compesal] of
protein extracted from grain of non-transgenic maize (WT). Lanes 3,4.5: Protein extracts
from three AC1 product batches (AV_ACI1_0070, #70; AV_AC1_0075,, #75;; adl
AV_AC1_0077, #77, respectively). Molecular weiglht muanikers ®) @

®) @were run in the left lane and theiir sizes i kDa are imdicated on the left side of the
gel. ACI protein present in the ACI product batches and in the positive control (PC) is
indicated.

kDa 1 2 3 4 s
PC WT #70 #75 #77
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RECORDS RETENTION: Raw data, the original copy of this report, and other relevant
records are archived at Agrivida, Inc., 200 Boston Avenue, Medford, MA, USA 02155.

STUDY PERSONNEL: Analytical work reported herein was conducted by Xuemei Li,
Ph.D., Agrivida, Inc., 200 Boston Avenue, Medford, MA, USA 02155.
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84 Appendix 3

ACl1 Glucanase Activity Colorimetric Assay and Validation

Glucanase Colorimetric Assay

The procedure for measuring the autivity of glucanase enzymes, including 8-glucanase
using an az-barley-glucan as a subsiirate has been described by McClieary and Stiameer
(1987). This in vitro assay produces a blue-colored solution by hydrolyzing the sulistrate,
changing the color of the reaction supematant, which cam the necomdiatiassa change in
absorbance at 590 mm.. The rate of the culior change is correlated directly to emayme
activity.

This in vitro colorimetric glucanase enzyme activity assay has proven to e asimpleandd
reliable method. The enzyme actiivity data obtained from this method correlated well
with the in—vivo response to enzyme suppiementation of barley-based diets wien fed to
young chicks (Rotter et al., 1990).

The glucanase colorimetric assay described herein uses a similar commercial sulbstirate,
azurine-cross linked barley fglucam (AZCL-Betta-Glucan) from Megazyme (Wickiow,
Ireland). Hydrolysis of this sulistrate by Agrivida GrraiNzyme’ AC] Glucanase enzyme
produces water soluble dyed fragments, amd thherste of release afftthessedyeed
fragments, which increases in absorbance att S8®mm) iscorrelated directly to enzyme
activity (Megazyme, 2012).

References
McCleary B.V. and |. Shameer (1987). Assay of malt B-Glucanase using azw-tharley glucan:
An improved precipitant. Il |. Brewimg 93:87-90.

Ratiter, B.A., R.R Marquardt, W. Guenter andiGH. Crow (1990). Evallation off three
enzymic methods as predictors of in-vivo response to enzyme supplementation of
barley-based diets when fed to young chicks.. J. Sci. Food Agric. 50:19-27.

Megazyme (2012). Assay of endo- B-glucanases using beta-glucazyme tablets.
Megazyme International Lidi, Wickiww, Ireland. Available at:

httpsy/fsecusemmeggazyme.comy/fites fRaddie{f TRRGZ DATA.pdf
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1. Limit of Detection (LOD)

The limit of dietection for the AZTL:baredy-beta glucan assay was determined by
calculating the meam ASSHD antistimdadiddeiationnod the mean fior multiple negative
samples, each of which was derived from corn that does mot produce ACI Glucanase
enzyme ("WT corn”). The LOD for the assay can be defined as the meam AS30 of these
negative samples plus three stamdiand deviations.

Table 1. Data from assays of WT com samples and calculations for LOD (mean AS90

plus 3 standard deviations)

Negative Seed AS90 Readings
0144 | 0097 | 0115 | 0094 | 0091 | 0093 | 0099 | 0.097 | 0.093 | 0087 | 0086 | o088
0095 | 0101 | 0111 | 0087 | 0095 | 008 | 0.091 | 0.08 | 0088 | 0084 | 0085 | 0089
0085 | 0084 | o.o8s | 0.09 0083 | 0085 | 0097 | 0087 | 0089 | 0.09 0.08 0.077
0087 | 0099 | 0084 | 0087 | 0087 | 0087 | 0105 | 0103 | 0094 | 0092 | 0084 | 0078
0078 | o085 | 0081 | 0116 | 0097 | o009 0108 | 0092 | 0094 | 0088 | 0083 | 0.104
0.086 | 0.09 0083 | 0087 | 0096 | 0095 | 000 | 008 | 0098 | 0084 | 0.076 | 0.094

0.099 0.163 0.125 0.092 0.08 0.079 0.084 0.077

Mean OD| Std dev |3stddev] LOD
0.092263 | 0.013513 | 0.040539 | 0.132801

=
N

By comparing the A530 affttreell0INto a standard curve of ACY Glucanase calibrators, it iiss
possible to express the LOD in terms of namograms aff ALl Glucanase protein. A12

series dilutions of ACI Glucanase were used im nexditzte assays involving AZCY-trarley-
beta-glucan (as described in Pratiocall 1)), amutt HecAS 90/ ahles from eacth samylie wene
recorded (Table 2). Applying a quadratic best-fit curve tottie data arestied & sttardiand
curve that can be used to infer the currelation between A590 and ng of AC1l Glucanase
protein (Figure 1).

Table 2. A590 data for calculating the standard curve.

Activity of the calibrators (A530)
AClin
activity
assay
(ng) 0 0.3 0.5 1.0 1.6 3.1 63 12.5 25.0 50.0 | 100.0 | 150.0 200.0
0.09 Plateaue
Rep 1 0.077 | 0.08 | 0.088 8 0.11 | 0.142 | 0.212 0.348 | 0.709 | 1.48 | 2325 | 3.961 d
0.09 Plteaue
Rep 2 0.077 | 0.076 | 0.084 4 0.105 | 0.133 | 0.195 0.331 | 0.641 | 1.364 | 2.725 | 3.91 d
0. 09
Average | -3E-08 | 0.078 | 0.086 0.108 | 0.138 | 0.204 0.340 | 0.675 | 1.422 | 2.775 | 3.936

*Plateaued: these values were above the maximum detection threshold of the spectrophotometer.
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Figure 1. Standard curve of ACI Glucanase activity vs the anount of ACI
Glucanase in the assay.The quadratic equation is used to calalate the amount
of AClin the sample.

4.5

y = -1E-05x2+0.028X +0.0496
R*=0.99921

Ne2n OQ5

20 40 60 80 100 120 140 160
ACI in activity assay (ng)

Using the quadratic equation for the best-fit standard curve, the LOD value of 0.132801
AS590 canbe converted to 2.97 ng of ACI protein.

From these results, we infer ttat the LOD for the GralNzyme* Glucanase ACI activity
detection is about 3 ng.

2. Assay Sensitivity and Matrix Effects

To determine whether the beta-glucanase activity cdorimetric assay is affected by the
matrix when ACl-expressing corn product is mixed with animal feed, ACI Glucanase
protein was assayed in the presence of either WT (non-ACl) corn flour, or the
formulated animal feed.

2.1Mixing and Recovery of ACI Glucanase activity from WT corn product

Extraction buffer was spiked with ACI Glucanase protein at concentrations of 5,10, 25,
50,70,125, 250, 500,1000, 2000 and 3000ppb. 2.5ml of each spiked extractian buffer
was mixed with 0.5g of groind non-AClI Glucanase corn in triplicate. The remaining
spiked buffer and the bufer/corn mixes were placed on a tempeature-controlled
shaker, shaking for 1 hour &50rpm and SOC. After 1 bur shaking, the buffers and
the buffer/corn mixes were removed from the shaker, and the bufer/corn mixes were
subjected to centrifugation. 50 pi of eachbuffer in tiplicate or each supernatant
(protein extract) from buffer/corn mixes was used for glucanase colorimetric assay. The
amount of ACI Glucanase protein used in enzyme assay was 0.25,0.5, 1.25, 2.5,3.5,
6.25,12.5, 25, 50,100 and 150 ng. The sample extraction and activity assay was carried
out according to the standard protocol in Protoml I. ACI Glucanase enzyme recovery is
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the average of triplicate assay activities from the product matrix relative to that from

ACl Glucanase spiked buffer.
Table 3. Data from assay of ACl Glucanase in the gresence of ground WT canm.
ALl sPiked in AL In activity % Awerage
extraction buffer assay Extraction Buffer (AS90) Product Matrix (AS90) Recovery
ppb ng qul'nae:l Replicate_2 Reniit:at«f= 3 | Replicate =1 Replicate=2 Replicate=3 (Matrix/fBuffer)
0 0 0 0.002 0 0 0 0 0.00%
25 0.25 0 0.003 000 0 0 0 0.00%
5 0.5 0.003 0.003 0.004 0.009 0.01 0.013 300.00%
125 1.25 0.02 0.023 0.017 0.026 0.036 0.023 138.33%
25 2.5 0.029 0.03 0.027 0.045 0.047 0.047 161.63%
35 3.5 0.064 0.067 0.06 0.078 0.082 0.073 122.15%
62.6 6.25 0.102 0.109 0.11 0.115 0.138 0.147 125.09%
125 12.5 0.26 0269 0267 0.309 0.284 0.29 110.95%
250 25 0.527 0.599 0575 0.655 0.63 0.591 109.30%
500 50 1.276 1.341 1311 1.406 1.423 1.391 107.58%
1000 100 23525 2.724 2.499 2.793 2.666 2.454 102.27%
1500 150 3.888 Pliateaued { Plateaued Plateaued | Plateaued 3.682 94.70%

*Plateaued: these values were above the maximum detection threshold of the
spectrophotometer.

The recoveries ranged between 125% and 95% for samples with ACl Gllucanase protein

between 3.5 and 150ng. At 3.5ng, which was close to the LOD), the average recovery

was about 122% suggested that very little product matrix effect was present.. Samples
with 1.25 ngezyyme or lower resulted in recovernies ranging between 138% and 300%,,

suggestiing the assay is less sensitive at such low enzyme inclusiion.

2.2 Spiking and Recovery of ACl activity from feed
To determine whether a complex feed miixture, such as that used im maEmy goultry diets,
might interfere with the semsitivity of the ACIl Glucanase assay, serial dilutions of the
enzyme were again prepared in extiraction buffer and mixed with samples off fized] then
assayed for recoverable enzyme activity. For the feed ssanplie;, acorn/soybean feed (mo
AC1 Glucanase addition)was milled to less than 1.0 mmnpgaaticle size. For the senit|
dilutions, extractiion buffer was spiked with AC1 Glucanase protein at concentrations of
2.5, 5,10, 25,50, 70, 125, 250,500, 1000, and 15000ty avdiZ2Smi loffeashtbbffée was
mixed with 0.5g offfeetisaapbécintripfitate. The remaining spiked kuffier and the
buffer/feed mixes were placed ematemperature-controlled shaker, siaking for 11hdur
at 250rpm and 80°C. IDOul of supernatant (“extract”) was removed from each samplie
and was used in the standard assay as described in Frotoeallll. The amount of ACI
Glucanase protein used im enzyymeassay was 0.25,0.5,1.25, 2.5, 3.5, 625, ,12.5, 25,50,
100 and 150ng, respectively. ACI Glucanase enzyme recovery is the average of
triplicate assay activities from the feed matrix relative to that from ACl Glucanase

spiked buffer.
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Table 4. Data from assay of ACl Glucanase in the presence of poultry feed.

AL spiked in A1 im activity % Average
sstraction buffer assay Exthaction Buffer (A590) Feed Matrix (A590) Recovery
_ ppb ng Bopplietee ] | Repllicate_2| Rupiiicate_3 | Repilivates 1 | Repllicate_2| Regilicate_3 | (Matrix/Buffer)
0 0 0 0 0 0 0 0 0.00%
2.5 0.25 0.001 0.006 0.003 0 0 0 0.00%
5 0.5 0.007 0.01 0.007 0 0 0 0.00%
12.5 1.25 0.02 0.022 0.019 0.006 0 0 9.84%
25 25 0.051 0.053 0.05 0.05 0.053 0.051 100.00%
35 3.5 0.116 0.112 0.115 0.117 0.109 0.104 96.21%
62,6 6.26 0.278 0.284 0.264 0.26 0.28 0.268 97.82%
125 12.5 0.287 0.265 0.264 0.334 0.308 0.312 146 91%
250 25 0.521 0.504 0.496 0.552 0.568 0.58 11L.77%
500 50 1,313 1.259 1.168 1.408 1.327 1.259 106.7%%
1000 100 2.395 2.418 2.401 2.793 2.642 2.59 111.24%
1500 150 ‘Plateaued | Plateaued 3.762 Piateaued | Plateaued| Plateaued| Plateaued

*Plateaued: these values were above the maximum detection threshold of the

spedirophotometer.

From these obsenvations, recovenies offALT Glucanase from samples that included
between 2.5 and 100hg enzyme ranged between 96%and 117% in the presence off
ground feed. When the emzyme was imctidtiatt22%5ngg the average recovery was 100%
suggesting that presence of the feed matrix had very liiftle effect on the sensitivity of the
assay. Samples that contained 1.25ng off emeymeor less resulted in poarnecovery,
suggesting the assay is less sensitive at such low levels of AC1 Glucanase inclusion.
Based on the data from experiments in which ACl Glucanase activity was measured
after mixing the enzyme with milled com or fieed, the LOMof 3.5 mgisconfirmed.

2.3 ALll emzymre activity recovery from the fiormmuiistiedifeed diets

To test whether the glucanase colorimetric assay can reliably detect ACl Glucanase
enzyme activity from industrial-type diets formulated with ground AC1l Glucanase-
expressing corn meal, the AC1 Glucanase activity in tihe diets was fiirstt coongared with
that from a standard curve affACll Glucanase protein (Table $ amd Figure 2) to
determine the amuaunt of ACY Glucanase protein presented in escth diett (Tale7]). Then
the AQ Glucanase content in the aqueous extracts from these diets was quantified with
a proprietary ELISA plate (Taible 6). The amount of ACl Glucanase protein detected by
these two methods was compared to distermine the reliability of the gluranase
colorimetric assay method (Table 7).

To generate the stenrdindicunves assstated in sstion 2.2, AC1 Glucanase protein was
mixed with extraction buffer at 2.5, 5, 12.5, 25, 35, 62.5,125,250,500, 1000 and
I500ppb, and 2.5ml of eactn buffer was mixed with 0.5g offttie control diet (no ACI
Glucanase addition). The amount of ACl Glucanase protein used im egxth emzymeassay
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was 0.25, 0.5,1.25, 2.5,3.5, 6.25,12.5, 25, 50,100 or 150ng iim 1001 of protein extract
from control diet. The sample extraction and actiivity assay was carried out according to
the standard protocol in Fhotioosli 11.

A standard curve of Af80Dvalues reflecting emayme activity recoveries from the spiked

feed vs. the nanograms off #Cll Gllucanase used in the enzyme adfiivity assay is shown
beiow (Tabe 5 and Figure 2).
Table 5. Dt fiom ACI Gllucanase Standard Curve
The amount of 43|
protein iimttieceaxteatis
from the syilketicoontod|
diet was adided tw
enzyme assay
(ng) 0 |o025] 05 125 ] 25 | 35 5 | 125 25 50 | 100 150
AS90 0 0 | o0.004] 0021|0046 | 0.065|0.136 | 0.281 | 0.624 1.391 | 2.861 Plateauedl

Figure 2. Plot of ACl Glucanase Standard Curve and Quardiratic equation for Besti-Fiit
Curve

35
3y =3E-05x2 +0.026X - 0.0146
=0.99948
2.5
a 2
)
< 15
1
0.5
0
0 20 40 60 80 100 120
AC1 in colorimetric assay (ng)

L

The diet samples used for these testtwere an indusiiry type sttarter diet formulated with
0, 5, 50, k0Q, 200 and 400 units corn-expressed ACl Glucanase /kilogram of diet (see
below for the definition of wmiits). After preparing the diietts each was ground by a knife
mill, protein was extracted, and AQ Glucanase enzyme adiivity was assayed according
the standard protocol in FRutterol 1.

The amount of ACI Gllucanase protein in the extract was quantified with a proprietary
ELISA plate as listed in the Talble 6 below. The ELISA assay protocol is presented in
Protocol 2.
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Table 6. AC2 Glucanase Detection via ELISA

Agrivida, Inc.

ELISA Detected AClin protein extract
Formulated Target Dose _ng/mlL
Diets Unit/kg Ave Std
Diet 1 0 1.89 0.34
Diet 2 5 2.61 0.78
Diet 3 50 45.14 7.23
Diet 4 (3 8] 103.88 15.66
Diet 5 250 220.50 41.26
Diet_6 500 475.90 158.53

ALl Glucanase activities measurred viia the coliorimetric {A590) assay in extracts from the
formulated diets off feeding trial #43 are shown in Tatile 7below. For example, in

‘ Diet_3, which was fonmulated with a target dose of S0 unittACl Glucanase/kg, the

‘ activity of 0.1+0.006 A5HD was detected. This AS90 value is converted to 4. 38nhg based
on the sttandard curve, amd! thismumbeerissveey\clisedo the ACI protein that was

detected by ELISA (4.51ng). In Diet_4, which was formulated with a target dose of ¥0Q
unit ACI Gliwcamass’kg, an AS90 value of 0.2440.033 was obtained which can be

converted to 9.68hg from the standard curve, amd! this mumber is very close to the ACl
Glucanase protein detected by ELISA study (10.39ng).
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Table 7. Detection of ALY Glucanase In the fornmulated feed

Target Dose A590 ng of ACllimassay
Converted
Formulated from the Std Based on
Diets Unit/kg Ave Std Curve ELISA Assay
Diet 1 0 0.002 0.002 0.64 0.19
Diet_2 5 0.002 0.000 0.64 0.26
Diet 3 50 0.100 ' 0.006 4.39 4.51
Diet_4 100 0.240 0.033 9.68 10.39
Diet_5 250 0.644 0.071 24.63 22.05
Diet_6 500 1.308 0.037 48.19 47.59

From these resuilts. it is concluded that the ACH Glucanase activity can be dietiectied!
reliably im flommulated poultry diets via the cullorimetric assay and that the results
correlate well with those of am X031 Glucanase-specific ELISA assay.

Converting colorimetric absorbance values to activity units

One Unit of AC1l Glucanase actiivity is defined asthe amount of enzyme required to
release one micromole of reducing swgarequivalents such as glucose from 1% barley-p-
glucan, at pH&.5 and 80°C.

The B-glucanase unit (BG unit) activity assay involves multiple steps (as described in
Protocol 3) amdlis less accurate with feed samples, especially when the tanget dose is
lower than 300 unitikg. This is probably due tothe presence of emdiogemous emzyme
activities and reduciimg sugars in feed, which can interfere with the unit assay. As the
colorimetric assay is relatively simple, sensitive @mdi reliable, we use colorimetric
absorbance values to imfier unit values, and will market the AC1l Glucanase product using
the BG unit as a descriptor of activity. To determine the mathematical relationship
between values from the colorimetric and unit assays for ACll Glucanase, we prepared a
serial dilution of AC1 Glucanase protein, and measured the activity via both assays. The
amount of ACl Glucanase protein was also measured via ELISA so that both activities
could be comrefated as a function of amount of ACY Glucanase protein.

AC1 Glucanase protein dilutions were first measured im ttree A Glucanase colorimetric
assay and then via ELISA (Table 8), and the amuunt of enzyme activitly was catuli el
per mg ACl Glucanase protein. Averaging all 10 messunemETtsstiowel AT Glucanase
activity was about 50,461 + 11,347 ASB0)img ACL.
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Table 8. Enzyme activities of a serial dilution of ACll Glucanase protein from
colorimetric assay and the protein concentrations in the dilkents measured by
ELISA.

ng of AC1 in
colorimetric AC1 Activity mg of ACY im thie assay
assay (A590) based on ELISA data ASS0)mg ACY
0.5 0.011 3.06102E-07 35,935.77
1 0.024 6.74523E-07 35,580.68
2 0.049 9.69415E-07 50,545.93
3 0.066 1.42217E-06 46,407.94
4 0.1175 2.21927E-06 52,945.22
5 0.1385 3.15029E-06 43,964.17
10 0.3 6.72132E-06 44,634.09
20 0.668 1.0013E-05 66,713.31
25 0.9355 1.46043E-05 64,056.41
40 1.5875 2.4871E-05 63,829.31

When these same dilutions of ACI Glucanase protein were used im ttineagtivity unit
assay (Protocol 3), AQ Glucanase activity was calculizted asthe values of ol of
glucose released per minute per gramm off A1 Glucanase, and the average activity is
about 456,461 + 109,990BG unit/g AC1.

Table 9. Enzyme activities of a series diluted ALl ®&ucanase protein from BG
unit assay and the protein concentrations in the diluents measured by ELISA.

Comparing the resultis firum the two ACll Glucanase assays, on average 1 A590/mg ACI

g of AC1 in
ngof AC1 im AS590 assay
colorimetric Activity based on
assay (umol/min) ELISA unit/g AC3
0.5 5.49891E-06 | 3.06102E-10 431,143.62
1 1.39237€-05 | 6.74523E-10 495,415.12
2 2.92756E-05 | 9.69415E-10 724,781.00
3 2.81523E-05 | 1.42217E-09 475,086.76
4 3.75132€-05 | 2.21927€-09 405,680.16
5 4.63124E-05 | 3.15029E-09 352,823.56
10 9.22432E-05 | 6.72132E-09 329,375.19
20 0.00020888 1.0013E-08 500,661.15
25 0.000271785 | 1.46043E-08 446,637.97
40 0.000417628 2.4871E-08 403,001.83 -

Glucanase corresponds to athout 9 umits/g ACI Glucanase.
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Directly comparing the resuls from the colorimetric and unit assays of purified proteins
shows that these two assays are well-correlated, as shown in Figure 3.

Figure 3. Correlation between colorimetric and unit assays of purified ACI Giucanase
protein.

y =-4E-05xZ + 0.0003x + 5E-06
=0.9989

=h

- Q) OKDO

J

02 04 06 08 1 1.2 14 16 138
ACl activity (A590)

To test whether the reationship between the colorimetric and unit assays was
preserved in more complex samples, both assays were used to measure AQ Gucanase
activity in grains wih different levels of AQ Giucanase protein expression. Table 10
illustrates giucanase activity data from 49 different samples of ACI Giucanase corn
products usingboth the colorimetric assay and the unit assay. The average ratio
between unit/g value and A590/mg value isabout 9, i.e. 9 unit/g activity value equalsto
1A590/mg activity value.
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Table 10: AC1 Glucanase activity in grain samples measured by both colorimetric and

unit assays

Conversion
AC1 activity rate
umity/g::
Sample ID unit/g AS90/mg ASS0/m
1 134.59 21.29 6
2 128.88 2142 6
3 161.14 21.32 8
4 160.44 23.02 7
5 99.39 9.95 10
6 173.13 17.44 10
7 134.32 10.40 13
8 113.12 9.92 11
9 291.55 24,93 12
10 165.07 14.42 11
11 59.31 7.30 8
12 48.68 6.89 7
13 48.87 8.48 6
14 458.95 52.03 9
15 72.09 10.24 7
16 70.41 12.68 6
17 68.54 12.60 5
18 73.77 11.92 6
19 81.53 10.87 8
20 72.37 12.25 6
21 68.26 11.42 6
22 66.77 9.92 7
23 87.88 11.76 7
24 263.85 25.66 10
25 208.72 19.14 11
26 169.21 15.38 11
27 57.20 3.96 14
28 618.18 64.95 10
29 569.66 66.54 9
30 170.82 18.54 9
31 164.15 16.44 10
32 172.93 16.43 11
33 181.24 17.20 11
34 180.54 16.89 11
35 176.32 16.14 11
36 194.35 18.00 11
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37 188.97 16.88 11
38 149.32 19.83 8
39 131.41 17.76 7
40 130.86 18.12 7
41 152.23 21.30 7
42 144.66 20.38 7
43 145.23 20.90 7
44 129.65 17.20 8
45 133.33 17.56 8
46 140.26 17.82 8
47 307.88 41.38 7
48 300.17 42.42 7
49 338.94 43.90 8

Average 9

From these obsenvations, we conttiudiettat the use aff e cdorimetric assay (A590/mg)
to calculate the number of units (BG unit/g) present im tlire ACll Glucanase product or in
formulated diets is sxmunatee amdijustified. Table 11 provides an examylie affcomvesting
the colorimetric assay values (A590/g) from formulated pouitry diets to adtivity units
(unit/kg). The actiivity recovery is equallttocomverted units relative to the target units.

Table 11: Estimates of BG units in formulated diets

Target AC] Glucanase Actiivity in the Diet

Trial # Converted to % Activity

86 unit/kg | A590/g unit/kg recovery
Diet_1 0 0 0 0.00%
Diet_2 0 0 0 0.00%
Diet_3 50 5.27 47.45 94.90%
Diet_4 100 9.06 81.50 81.50%
Diet_5 200 18.63 167.70 83.85%
Diet_6 400 48.88 439.95 109.99%
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The glucanase colorimetric assay can also detect activities from commercial enzyme

products

To demonsirate that the glucanase colorimetric assay described herein does not have
limited application only on Agrivida AC1 Glucanase, we tested three digestive enzymes
(commercially available as human nutrition supplements) usimg the collorimetric assay
protocol. The enzyme comtent in & capsulie of each product was hydrated in 2 mtl watier,
and then was diluted 10®-fold before using S0 pii fr glucanase colorimetric assay at
I7C and 8OE. B-glucanase activity was detected im these gnadlicts, and the activity was
higher at 80°C assay temperature than that at 37°C (Table 12).

Table 12. Glucanase colorimetric assay detected activities in cooamercial enzyme

products
Super Digestive ) Digestive
Product Brand Enzymes Enzymatrix | Enzymes Ultra
Pure
Manufacturer GNC [0Onaturals | encapsulations
Labeled B-glucanase unit
(BGU) N/A 65 20
AS590 (37°C) 0.102 2.321 0.517
AS90 (B0°C) 0.2665 Plateaued 1.1035

The glucanase colorimetric assay was also applied to acammencial thenmostable B-
®)® A590 absorbance of BG2 correlates

glucanase enzyme

well with the amount of enzyme im tireasssyyas shown in Figune4t.

These observations confirm that the colorimetric assay correlates well with the unit
assay for B-glucanases, and that A590 can be used to measure enzyme activity in graim,

feed, and other samples.
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Figure 4. Correlation between colorimetric assay activity (A590) and the amount
of BG2 protein inthe assay

y =0.0001x-0.1603
R2=0.99198

0 5000 1000015000200002500030000

Amount of the BG2 in the assay (ng)
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Protocol 1. Glszyme* ACl1 Glucanase Colorimetric Assay

1. Required Materials and Equipment

1.1. Apparatus
1.1.1. Roller mill (Roskamp Champion, Model:TP650-9)
1.1.2. Knife mill with 1mm screen (Retsch, Model #5100)
1.1.3. IKA® Tube Mill 100 Qi ®) @
1.1.4. Temperature comtrol sinaler: New Bunswicks, Model: Innova 43
1.1.5. Eppendorf benchtop dinical cemtirifuge Model 5810 or equivalent
1.1.6. Lalboratory gloves
1.1.7. Pipette tips WIS
(b) (4) _
Cdlibration date: BExiration Date: _
1.1.8. Pipetman (10-300uL multichannel, 100-1200uwil multtichannel, 20gi, 100}l
and 200pl)
Calibration Date: Expiration Date:
1.1.9. 4.5 ml TllFrep Tubes ®) ()
1.1.10. 50mL Reagent Reservoirs ®) @)
1.1.11. 96-well Plate Covers ®)@)
1.1.12.96 well block, 2mi L
1.1.13. Flat bottom 96 well plate @
1.1.14. Water bath
Manufacturer: Bemchivmark
Model number: B2100-12
Serial number: MBG6120U-148
1.1.15 QL gisssbottles
1.1.16 500ml glass bottlles
1.1.17 Aluminum foil
1.1.18 Timer
1.1.19 Bench top centrifuges
Manufacturer: Speatrafuge
Model number: C2400-B
Serial number: D812826 awd|D812827
1.1.20 Permanent markers for labeling
1.1.21 Vortex mixer
Manufacturer: Saientific lindustiries
Model: G560
Serial number: 2-319492
1.1.22 Metal spatula
1.1.23 pH 4.0 CHlibiratiom Sbitioom: ®) @)
1.1.24 pH 7.0 CHibiratiom Sdditicm:
1.1.25 pH 10.0 CHibratiom Soditior
1.1.26 Balance
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Manufacturer: Mettler
Model number: PIM4000
Serial number: F80835
1.1.27 Micro plate reader
Manufacturer: Bio-Tek
Model numbier: Symergy HT
Serial number: 191338
1.1.28 pH meter
Manufacturer: Thermo Sciientiific
Model number: Orion 3 Sttar
Serial number: B10839

1.1.29 Faloon 50 mll camizadicentrifuge tube ®®)
1.1.30 Micro centrifuge tubes, 2.0 mtl B
1.1.31 PETG Flasks, 250 mil W) )

1.2 Reagents
1.2.1 200mM Phosphate Stock Buffer, pH 6.5 (2L)
1.2.1.1 M monosodium phosphate, monohydrate (ACROS Organics,
AC389870000, MW 119.98g/mol)
Weigh out 119.98 giamdbdissedve in distilled water to a final volume off
III.L.'
1.2.1.2 1M disodium phosphate (Sigma, $5136, MW 141.96g/mol).
Weigh out 141.96 gand dissolved in distilled water to a final volume
offiL.
1.2.1.3 Mix 170mi monosodium phosphatie, monchydrate with 230ml
disodium phosphate, making pii6.5. Adjust volume to 2L
1.2.1.4 Flter buffier and stiore the buffer at 4C.
1.2.2 Extraction Buffer: KDOwiM NaPi, pH 6.5, 8.01% Tweem 20 (1L)
1.2.2_1 Mix S00mi Phospitate stock buffer with 500ml deionized water
1.2.2.2 Add 0.Imil aff concentrated Tween-20
1.2.3 2%Trissasc(iL)
1.2.3.120gTris base
1.2.3.2 Adjust volume to Il with deionized water
1.2.4 Beta-Glucazyme tablets (Megazyme, Cat# T-BGZ10D0)

2 Experimental Procedures
2.1 S3mple Preparation, Protiein Extraction and Extiract Dilution
2.1.1 Sample Preparation
2.1.1.1 Grind negative com seeds for LOD detection in IKA Tube Mill,
130,000 rpm for 11 miniate, which produces 94% product with <0.6 mwm
grind size
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2.1.1.2 Grind corn grains and feed in the Knife mill to less than 1.0 mm
grind size for protein extraction and activity test

2.1.2 Protein extraction
2.1.2.1 Extract protein by adding 5 volumes Extraction Buffer which has
been pre-warmed at 60°C (e.g. 10 mil Extraction Buffer to 2 gram flour or
ground feed) in sample containers. Vortex the containers vigorously for
30 seconds, and then shake the containers at 8B0°C, 250 rpm for 1 Hoausr
After one hour extraction, vortex container for 10 seconds before
centrifuging the aqueous extraction at 16,000 g for 10 min. The
supematant is saved for the enzyme activity colorimetric assay
2.1.2.2 Purified protein as calibrator; GralNzyme® AC1 Glucanase protein
was purified from ACl-@xpressing corn grains, and was stored in SQmi
MIEES, ISOmM sodium chloride, 40% glycerol, pH 6.3 buffer at -20°C.

2.1.3 Protein dilution for activity assay
2.1.3.1 Mrotein extract from the negative samples is directly used for
activity detection without further dilution
2.1.3.2 Protein extract from ACI Glucanase -expressing corn product is
diluted from 60-fold to 240-fold
2.1.3.3 Protein extract from mash or pellet feed is either not diluted or
diluted from 2-fold to 24-fold in the Extraction Buffer
2.1.3.4 The purified ACH protein is diluted to 5,10, 20, 31.3,62.5,125,
250, 500,1000, 2000,3001, and 4000 ng/mlL or ppb in the Extraction
Buffer

2.2 Colorimetric Activity Assay

Pre-heat the water bath to 80°C. For the ACll Glucanase product activity
assay, mix 1 ttddiéetof Beta-Glucazyme substirate with S0ul of the protein
extract from product or purified protein (calibrator) or buffer blank, and
450ul extraction buffer in a 96 well block. For the ALl actiivity assay in
feed, mix 1 thidddeiodBeta-Glucazyme substirate with IDOul of the protein
extract from feed or buffer blank, and 400ul extraction buffer in a 96 well
block. Incubate the block at 80°C for 1 Hour. After the incubation, add
Il of Tris Base to stop the reaction. Centrifuge the mixture at 4000g for
KDmin, then remove BOul supematant to a flat bottom microplate to
record AS90 using a microplate reader.

3. Results Calculation
3.1 Sample activity calculation

3.1.1 Average A590 readings of the buffer blanks

3.1.2 Subtract the average blank A590 reading from each sample (AS90’)

3.1.3 Multiply ASB( by dilution factors (A590")
AS590" = ASBIF x Extract dilution x Assay dilution
Where:
Extract dilution = 60 to 240 {product assay); 1 tto224({éed assay)
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Assay dilution for product = Volume of buffer used for sample extraction
(mL)/Volume of protein extract used in enzyme reaction (mil), where 0.05
mL protein extract was used in product activity assay
Assay dilution for feed s Volume of buffer used for sample extraction
{mL)/Volume of protein extract used in enzyme reaction (mL), where 0.1
mill grotein extract was used in feed activity assay

3.1.4 Divide AS90” by the sample dry weight (mg)

3.1.5 AL activity of the samples is defined as AS90"7migflour(feed)

3.1.6 Calculate the average and standard deviation

3.2 Positive control activity calculation
3.2.1 Calculate the average of the AS90 readings of three positive controls

3.2.2 Subtract the average blank AS90 reading from the average positive
AS90(pcAS90)

3.2.3 Divide pcAS90 by the amount of positive protein added in the reaction

Where:
0.05mL of S00ng/mL (500 ppb) was added in the reaction, 0.05 x 500 =
25ng = 0.000025mg

3.2.4 Enzyme activity of the positive control (A590/mg protein) equals to
PEHSE)0.000025
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Protocol 2. GralNzyme® ACI Glucanase ELISA Assay
1. Required Materials and Equipment

1.1. Apparatus
1.1.1. Roller mill (Roskamp Champion, Model:TP650-9)

1.1.2. Knife mill with 1mm screen (Retsch, Model #SMIIOO)

1.1.3. IKA® Tube Mill 100 Coontul U

1.1.4. Temperature comtrol shaker: New Bhamswitks, Noadid: Innova 43
1.1.5. Eppendorf benchtop clinical centrifuge Mode! 5810 or equiivalentt
1.1.6. Laboratory gloves

1.1.7. Pipette tips (b) (4)
Calibration date: Expiration Datie:

1.1.8. Pipetman (10-300uL multichannel, 100-1200uil multichannel, 20pl, X0}l

and 200pl)

Calibration Date: Expiration Date:

1.1.9. 4.5 ml TallFrep Tubes ®®

1.1.10.50mL Reagent Reservoirs (b) (4)

1.1.11. 96-well Platie Cavers ®) (4)

(b) (4

1.1.12. 96 well block, Zmil
1.1.13. Fiat bottom 96 welllglixte (b) (4)
1.1.14. Water bath
Manufacturer: Bemciwmark
Model number: B2100-12
Serial number: MBG6120U-148
1.1.15 NlL glass bottles
1.1.16 500ml glass bottles
1.1.17 Aluminum foil
1.1.18 Timer
1.1.19 Bench top cemtrifuges
Manufacturer: Sipectirafuge
Model number: C2400-B
Serial number: D812826 amd D812827
1.1.20 Permanent markers for labeling
1.1.21 Vortex mixer
Manufacturer: Stientific Industries
Model: G-560
Serial number: 2-319492
1.1.22 Metal spatula
1.1.23 pH 4.0 Calitwation Salution
1.1.24 pH 7.0 Calibration Salintion
1.1.25 pH 10.0 Cdilinatiion Stibutios
1.1.26 Balance

(b) (4)

(b) (4
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Manufacturer: Mettler
Model number: PM4000
Serial number: F80835
1.1.27 Micro plate reader
Manufacturer: Bio-Tek
Model numiber: Symergy HT
Serial number: 191338
1.1.28 pH meter
Manufacturer: Thermo Sciientific
Model number: Criom BStar
Serial number: B10839

b) (4
1.1.29 Falcon 50 mil canitallcentrifuge tube Oe

1.1.30 Micro cemtrifuge tubes. 2.0 il ) ()

(b) (4)
1.1.31 PETG Flasks, 250 mL

1.1.32 Anthos Fluido 2 Microplate Washer (b) (4)

1.1.33 Titer plate shaker (0) (4)

1.2 Reagents

1.2.1 200mM Pinusptiate Stock Buffer, pH 6.5 (21)

1.2.1.1 M monosodium phosphate, monohydrate (ACROS Organics,

AC389870000, MW 119.98g/mol)
Weigh out 119.98 ggamdidissolve in distilled water to a final
volume of 1L

1.2.1.2 M disodium phosphate (Siggma, S5136, MW 141.96g/mol).
Weigh out 141.96 g and dissolved in distilled water to a final
volume of 1L.

1.2.1.3 Mix 170m| monosadium phosphate, monochydrate with 230ml

disodium phosphate, makiimg piti6.5. Adjust volume to 2L.
1.2.1.4 Filter buffer and store the tuffer at 4C.
1.2.2 Extraction Buffer: KDOmM NaPi, pH 6.5,0.01% Tween 20 (1L)

1.2.2.1 Mix 500ml Phospihate stock buffer with 500ml deionized water

1.2.2.2 Add 0.1ml off comventrated Tween-20

1.2.3 QuantiPilake™ Kit for Beta-Glucanase (b) (4)
including Enzyme Conjugate, Substrate, Stop Solution

1.2.4 Phosphate buffered saline (PBS), pH 7.4

Dissolve 1 pagklobPBS8 in 1IL deionized water as protein diluent and plate

wash buffer

2. Experimental Procedures

2.1 Sample Preparation, Protein Extiraction and Betiract Dilution
2.1.1 Sample Preparation
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2.1.1.1 Grind negative corn seeds for LOD detection in IKA Tube Mill,
130,000 rpwm for 1 minutes, which produces 94% product with <0.6 mm
grind size

2.1.1.2 Grind corn grains in the Knife Mill to less than 1.0 mm grind size
for feed preparation

2.1.1.3 Grind feed samples in the Kmife mill to less than 1.0 mm grind size
for protein extraction and activity test

2.1.2 Protein extraction

2.1.3 Protein dilution for ELISA assay

2.2 ELISA Assay @
GralNzyme A protein ELISA assay procedure refers to
3 for GralNzyme® Beta-Glucanase” protocol. (b)(4)
2.2.1 Allow ELISA plate/strips to warm up to ambient temperature before

2.2.2

223

224

2.2.5

2.1.2.1 tdract protein by adding 5 volumes Extdraction Buffer which is
pre-warmed at 60°C (e.g. 100 mill tw ZDgram flour or ground feed) in
sample containers. Vortex the containers vigorously for 30 seconds, and
then shake the containers at 60°C, 250 rpm for 1 hioour After one hour
extraction, vortex containers for 10 seconds before centrifuging the
aqueous extract at 16,000 gfor 10 min. The supematant is saved for the
ELISA assay.

2.1.3.1 Dilute purified ACI protein to make a standard curve.

The purified protein is diluted to 0.12,0.23, 0.45, 0.90),1.24,1.40,1.60,
and 1.80 ng/mL or ppb in PBS buffer.

2.1.3.4 Protein extract was diluted with PBS diluent to allow sample ODs
to fall on the standard curve.

removing the plate/strips from bag with desiccant, it takes about 30
minutes.

Calculate the buffer needed for each step, and dispense the buffer into
a sample tray 20 minutes before usage. For example, 100 ul of each
buffer (i.e. Enzyme Conjugate Buffer, Substrate, and Stop Solution) is
required for one sample well at each step. If a test including 80 protein
extracts and 16 (2x8) protein standards, at least 10 mL bufferis
required. Make sure to keep the Substrate buffer in dark by covering
the buffer tray with aluminum foil.

Organize all protein standards, sample extracts, and pipettes so that
the next step (2.2.4) can be performed in 5 minutes or less. Multi-
channel pipettes are used for all samples and reagents additions.

Add I0ul of non-diluted or diluted protein extract to an ELISA plate. ‘
Record the sample IDs. \
Add 100 ul of protein standards on the ELISA plate. Mix thoroughly for

30 seconds.
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2.2.6 Seal wells with a plastic wrap to revent evaporation and incubatte fior
15 minutes at ambient temperature.

2.2.7 After incubation, remove the plastic wrap. Place the plate on the
microplate washer. Renfimnm four washes (300 pL/well). Afiter the wasth,
aspirate the liquid.

2.2.8 Add 100ul Emzyme Conjugate to allwells. Mixttioroughly for 30
seconds.

2.2.9 Seal wells with the plastic wrap and inculbbatie fior 45 minutes at ambient
temperature.

2.2.10 Wash the plate as in Step 2.2.7..

2.2.11 Add 100ul Substrate to all wells. Mix thoroughly 30 seconds.

2.2.12 Seal wells with the plastic wrap and incubate for 15 minutes & ambient
temperature.

2.2.13 Add 100ul Stop Salution to estthwell and mix thoroughly by pipette up
and down a few times.. Uisimpgnew pipette tips fior each row of sanples.
Need to finish this stiep for all the sanpdiesin as short time as possible
(about one minute).

2.2.14 Read absorbance of thegikte within 5 minutes after addition of the
Stop Salutiion. Read absorbance at 450 nanometers (A450) with a
reference wavelength of 640 mnammmeters (X6311)).

. Results Calculation

3.1 Subtract A640 value of each sample argnatiein standard from their
corresponding A450 value (A450").
3.2 Make average of A450" from two buffer blank (blank_A450").
3.3 Sulfitract blank A4S0’ firom A450" of each sample or protein standard (A4S0").
3.4 Make averageof A450" from two standards affttiessaanecconoentration.
3.5 Graph the concemtration (ng/mL) vs the average A450" of escth gratiein standard
on linear scalles. Apply a quadratic curve fiit.
3.6 Caltuliste the comcemtration of eacih protein extract from the quadratic equation:
Y = ax’+bx+c
Where,
Y is the A4SV of a sample protein extract
a, b, cis numerical coefficent of the quadratic curve
X is the comuentiration of ACl detected imttie sample extract
3.7 Multiply each comuemntiration (X) by dilutions.
3.8 Multiply sample comeentration (ng/mlL) by the extraction volume to alitain ACI
protein comttent in the extract (ng).

3.9 Divide samiplle Q1 camtent (ng) by the sample diry wueiightt (pmg)).
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3.10

AC1 content in the sample is expressed as ug per gram of dry weight.
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Protocol 3. WW*AC]I Glucanase Activity Unit Assay Protocol

Introduction: To define actiivity units for AC1, a two-step approach will be agpliied.

Step one: enzymatic hydrolysis of barley-B-glucan by ACI att 80°Cto release rediuciing
sugars such as glucose. When protein extract is appropriately diluted, the imitial
velocity will be distiectied within 40min of the reactiion. It is impartant to test
units from multiple dilutions of protein extract at 40min for a sample whose
activity is unkmowm, If tihe ativities from different dilutions are cormparable,
subsequent tests can be done at one mrtwo dilutions.

Step two: detiection of reducing sugars from the enzymatiic hydrolysis @mdi firom asettoff
glucose standards with BCA reagent at 80°C.

One unit (U) of AC1l activity equals 1 ymol/min glucose reducing equivalents released

from 1% barley-B-glucan at 80°C, pH6.5

1. Required Materials and Equipment

1.1. Apparatus
1.1.1. Roller mill (Roskamp Champion, Model:TP650-9)
1.1.2. Knife mill with Inmm scresm (ftsch, Model #5V100)
1.1.3. IKA® Tube Mill 100 Coortiol (0)(4)
1.1.4. Temperature control shaker; New Brumswiick, Modisl: Innova 43
1.1.5. Eppendorf benchtop dlinical centirifuge Model 5810 or exguiiadtat
1.1.6. Laboratory gloves

1.1.7. Pipette tips ! (b) 4)
(b) (4)

Calibration date: Expiration Date:

1.1.8. Pipetman (10-300uL multichannel, 100-1200ui muitichannel, 20y, 100}yl
and 200pl)

Cdlibration Datte: Expiration Datie:
1.1.9. 4.5 mi Tallfreep Tubes | W (0) @)
1.1.10.50mL Reagent Reservoirs (b)(4)
1.1.11. 98)—&/)ell Plste Covers (b) (4)

1.1.12. 96 well block, 2mi @
1.1.13. Fiat bottom 96 wlliplate )@
1.1.14. Water bath

Manufacturer: Bemchmark

Model number: B2100-12

.Serial number: MBG6120U-148
1.1.15 WL glass bottles
1.1.16 500ml glass botties
1.1.17 Aluminum foil
1.1.18 Timer
1.1.19 Bench top centrifuges

Manufacturer: Spextirafuge
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Model number: C2400-B
Serial number: D812826 amdi D812827
1.1.20 Permanent markers for labeling
1.1.21 Vortex mixer
Manufacturer: Siantific Industries
Model: G560
Serial number: 2-319492
1.1.22 Metal spatula
1.1.23 pH 4.0 Calibration Salltion
1.1.24 pH 7.0 Calibration Swilution
1.1.25 pH 10.0 Cdlitbration Sallutiior
1.1.26 Balance
Manufacturer: Mettler
Model number: PIM4000
Serial number: F80835
1.1.27 Micro plate reader
Manufacturer: Bio-Tek
Model numiber: Symergy HT
Serial number: 191338
1.1.28 pH meter
Manufacturer: Thermo Scientific
Model number: Orion 3 Sttar
Serial number: B10839

(b) (@)

1.1.29 Falcon 50 mil comiczs icentrifuge tube (©) (4)
1.1.30 Micro cemtrifuge tubes, 2.0 mll (b) (4)
1.1.31 PETG Flasks, 250 ml () (4)

1.1.32 Heat Block
Manufaturer: VWR Sciemtific
Model number: 12621-084 o egpiadent
Serial number: 2174

1.2 Reagents
1.2.1 200mM Plospivate Stock Buffer, pH 6.5 (2L)

1.2.1.1 I'M monosodium phosphate, monohydrate (ACROS Organics,
AC389870000, MW 119.98g/mol)
Weigh out 119.98 ggamdidissolve in distilled water to afinal
volume of 1L

1.2.1.2 1M disodium phosphate (Sigma, S5136, MW 141.96g/mol).
Weigh out 141.96 ggambdissebreedin distilled water to a final
volume of 1L.

1.2.1.3 Mix 170ml monosodium phosphate, monohydrate with 230ml
disodium phosphate, malking gt 65 Adjliist tvoddumesto2pl .
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1.2.1.4 Filter buffer and store the buffer at 4C.
Protein extraction Bufffer: 100mM sodium phosphate, pH 65,0.01%
Tween 20 (1000mil)
1.2.2.1 Mix 500m| Phosphate stock buffer with 500ml deionized water
1.2.2.2 Add 0.1ml of comeentrated Tween 20
Barley-B-glucan, low viscosity ( () (4))
0.5M Hiydirochloride (b) (4)
1.2.4.1 Take 4.132ml of comcentrated HCI (12.1N) to a beaker
1.2.4.2 Add 95.868ml of diitiiled water to adjust volume to 1@0mI
Pierce BCA Protein Assay Kit
(b) (4)
ogluzose standard (Acros Organics, 170080010) ‘
1.2.6.1 DOmM glucose stock: 180.2mg/10mL prepared im extraction
buffer (100mM sodium phosphate, pH 6.5, 0.01% Tween 20)
1.2.6.2 Dilute 100tV glucose to IOmM, imM, Q. Fnie] 0.6mM, 0.4miM,
0.2mM, ®1mM, and 0.0BmM in the extraction buffer
1.2.6.3 Stiore glucose standard in S00ul aliquots at -20C

Glc stock used for Glc stock Extraction Buffer
dilution added added Final Glc Final vol
(mM) (ul) (ul) (mM) {ul)

100 200 1800 10 2000
10 200 1800 1 2000
10 160 1840 0.8 2000
10 120 1880 0.6 2000
10 80 1920 0.4 2000
10 40 1960 0.2 2000
10 20 1980 0.1 2000

1 100 1900 0.05 2000

Experimental Procedures
2.1 Mill graim e fised to lessthan 1mm grimd| size

2.2 Btract protein from samples by adiding % wallumes BxtiaaticonBEdféerwitich is pre-
warmed at @DC (e.g. 100 mil Ecttamtiom BRifféarto 20 gramfisur or ground feed)
in sample containers. Varntiex tie containers vigorously for 30 secands, and then
shake the containers at &00F 250 rpm for 1 hbur. After one hour extraction,
vortex container for 10 seconds before centrifuging the aqueous extiract att
16,000 g for 10 min. THesupernatant is saved for the activity unit assay

2.3 Protein extract dilution
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2.3.1 Milute the extracts by 40-, 160-, 240-, 320 or 360- fold as needed (feed
sample might need dilution at 2- to 10- fold)
2.3.2 Dilute purified protein 100-fold as a positive control for assay validation

2.3.2.1 Purified AC1 protein (200,000ppb) was stored in 50mM MES, .
ES0OmM sodium chloride, pH6.3 buffer plus 40% glycerol at -20C
2.3.2.2 Make 100-fold dilution to 2000ppb
2.4 Barley-B-glucan digestion by AC1

2.4.1Turn on a water bath before beginning procedure to allow it to come up to
80C.

2.4.2 Turn on the heat block to 80C.

2.4.3 Weigh out Barley-B-glucan based on the number of reactions, e.g. 10
samples, 4 dilutions for each sample will need total 40 reactions. Each
reaction needs 5mg subsiirate, therefore, 40*5=200 mg of Barley-B-glucan
is required. Need to weigh out at least 220mg to prevent the loss of
subsitrate solution during pipetting. Dissolve the subsirate with the
extraction buffer (XDOmM NaPi pH 6.5, 0.01% Tween 20) at 80C. Substirate
must be prepared before the test.

Barley-B-glucan weighed mg

Extraction buffer added mill

Extraction buffer (mil) = (0.45 * weighed mg of barley-B-glucam))/S = 0.09 *
weighed mg of barley- B-glucan

2.4.4 Dissolve subsiirate by incubating at 80C in the water bath, occasionally
vortexing until the substrate is fully dissolved.

2.4.5 Cluster tubes are used for 40min endpoint activity unit assay.

2.4.6 Test up to 9 s=mples, a negative control, and two positive controls in one
cluster tube block.
2.4.6.1 Imthe block of cluster tubes : dispense 450ul of the substrate into

tubes of A2 to D12. Record the name of samples and their dilutions
which will be dispensed into the corresponding well in Table 1.
These rows will serve as the reaction.
2.4.6.2 Add 450u! of the extraction buffer (no substrate added) to each

control tubes from rows E2 to H12 corresponding to each sample
tube. This will serve as the blank to correct protein content
detected by BCA method for each reaction. Record the name of
the sample in the corresponding tube on Table 1

2.4.7 Add 50ul of diluted sample extract including the negative control to

each blank tube first, E2 to H12 excluding E12 and F12.
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2.4.8 Add 50ul of diluted protein extract including the negative control to each
tube containing subsitrate (reaction), A2 to D12 excluding A12 and B12.

2.4.9 Add 50ul of 2000ppb purified protein into E12 and F12, then A12 and B12

2.4.10 Cover the tubes with Corning™ Storage Mat lil, use the Corning Storage Mat
Applicator to seal tubes tightly. Shake the plate at a low speed to mix well.

2.4.11 Place the block in the water bath. Add a weight on the top of the cluster
tube to prevent the mat from popping up during BO’C incubation period.

2.4.12 Start timer for the 40min enzyme hydrolysis

2.4.13 Pool enough G.5N HCL to a sample tray

2.4.14 At 40 min of incubation, take the cluster tube block out from the water
bath, remove the mat, and add @Oul 0.5N HCL to each well, starting from
wells A2 to H12 using a multichannel pipette. Pipette up and down three
times. Keep the block on ice.
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Table 1 ({i2ep-well plate)

1 2 3 4 5 |6 7 |8 9 |10 11 12 | Dilutions

A Saninglee_1 Neg. Ctr Pos. Ctr 160

B Sampile 1 Neg. Ctr Pas. Ctr 240

C Samplie 1 Neg. Ctr 320

D _ Sampite 1 Neg. Ctr 360 Reaction
E Sammte 1 Neg. Ctr Pos. Ctr 160

F Sampite 1 Neg. Ctr Pos. Ctr 240

G Sample_1 Neg. Ctr 320

H Sample_3 Neg. Ctr 360 Blank

2.5 Using BCA method to quantify glucose reducing equivalents

26.1
2.6.2

2.63

264

2.6.5
2.6.6
2.6.7
2.6.8

Prepare BCA reagent: mixing reagent A with reagent B by 50:1 (i.e. 50ml reagent A mixed with 1ml reagent B)

In a microplate, to make a glucose standard curve, dispense 75ul of the extraction buffer in the first well of column 1 (44))
75ul of each glucose standard in the remaining wells of column 1 (¢éme set of glucose standards). Refer to Table 2.

To detect reducing sugars in sample reactlons, add 50ul of extraction buffer to the plate (A2 to H12) using multichannel
pipette, and then remove 25ul of each reaction and blank from the tubes on Table 1 téclibanicroplate, starting from A2,
until all reactions and blanks were added to the microplate. Record the sample ID in each well in Table 2.

Add 175ul BCA reagent to each well with samples or standards using a multichannel pipette, pipetted up and down to
mix.

Place the plastic sealed plate to an 8C®°C heat block for 10 minutes

After 10 minutes incubation, cool the plate on ice for 10 minutes

Spin the plate for 5 minutes to bring down the condensate

Record absorbance at 560nm (A560) for all the samples and controls in the microplate
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Reaction/Ctr (ul) 25
Extraction buffer
(ul) 50
BCA{ui) 175
Total {ul) 250

Glucose
Std (ul)

75

BCA (ul)

175

Total (ul)

250

Agrivida, Inc.
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Table 2 Hutt-thottom microplate sample layout (BCA test)
1 2 5 6 7 8 9 10 11 12 Dilutions
Extt

A buffer Samypite 1 Neg. Ctr Pos. Ctr 160

B 0.05 Sample_1 Neg. Ctr Pos. Ctr 240

c 0.1 Sampite 1 Neg. Ctr 320

D 0.2 Sampiee 1 Neg. Ctr 360 Reaction

E 04 Samite 1 Neg. Ctr Pos. Ctr 160

F 0.6 Sample 1 Neg. Ctr Pos. Ctr 240

G 0.8 Samglie 1 Neg. Ctr 320

H Sampie 1 Neg. Cr 360 Blank
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3. Adtivity unit caliculiation

Agrivida, Inc.

One unit (V) off AC actinilty equals 1 imol/min glucose reducing equivalents
released from 1% Barley-B-glucan at 8CC, pHi6.5 using the BCA method.

3.1 Glucose standard curve:

3.1.1 Caomrect absorbance glucose standard (A560) by sulbtiracting the
absorbance values from the reagentt blank (Gzllumnn 1: AL) for each of the

standards

3.1.2 Pliot the absorbance at S60mm versus the concentrations of glucose
3.1.3 Calulate the “best fit" line through the dattasest usimg) limesar negpessiom.

Y=aX+b
Where:

Y is the average corrected absorbance for each glucose concentration

standard

X is concentiration of each glucose standard

ais the sope
b is the intiencept

3.1.4 Determine glucose reducing equivalents in eact AC1/barley-P-glucan

reaction:

3.1.4.1 Suibtract the aiveorbance #tt S50nm of the sample blank from the

absorbance of each correspomding ssanyl e reatiom

3.1.4.2 Use the regressiom eguiation from the glucose standiandi twcaidaldbe

the glucose content (umol) in the sample

3.1.4.3 Divide the ammount of glucose (umol) released from basley-P-glucam
at 40min reactiion by 40to determine the amount of reducing umits

produced per minute.

A/40 umol/min
Where:

A is the amaunt of glucose (umol) released frownstibstrate at 40min

Unit = Dilltion x (A/40)/gram of flour used for protein extraction

Where
Dilution =E80*D » 1* 24
Velume
(ul) Dilution
Sample was extracted in E ul buffer E
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Protein extract was diluted by D-fiolid! D

50 ul offttre protein extract was added to the
reaction with Barley-beta-glucan (final vol.
500ul) 50 sE/50

Total volume of hydirolysate (ul) 500

500ul hydrolysate were mixed with XO0ud
acid (600ul) 500 1

Total volume of themixture with acid (600ul) 600

25 ul of the aimwereaation (600ul) was added
to the BCA test (final 250ul) 25 24

3.1.5 The final samiplie axtiiitly will be adjustied tyy sublbtacting the activity units of
the negatiive control (protein extracts from the non-ACl-expressing grains)
at the same dilution
3.1.6 Validate the assay using positive controls
3.1.6.1 Subtract the blank absorbance at 560nm (average alssorbance of 1
E12 and F12)firom the atisorivence offeaathreaction test (A12 or ‘
B12)

3.1.6.2 Use the regression equation from the glucose standard to calculate
the glucose content (umol)

3.1.6.3 Divide the amount of glucose (umol) released from barley-B-glucan
at 40 minutes reaction by 40to determine the amount of reduciing f
units produced per mimute.

A/40 umol/minute
Where:
A is the aamount of glucose (i) nelessetiffoomsabstrate at 40 minutes by
purified protein

Unit = Dilution x (A/40)/mg aff grotein in the assay

Where
Dilution = 24
mg off grotein in the assay = 2000*(50/1000)/1000000
where
2000ngyml was the contentration of the posiiive comtrol used for
the test
S0ul of 2000ng/ml positive comtrol was included in the reaction and
blank
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Volume
(ul) Dilution

50 ull affpasiftiie control was adidied i thes
reaction with Banley-heta-glucam (fimal vol. S00ul) 50

Tatal volume of hydirolysatte (i) 500
S500Qul hydrolysate were mixed with I®Qul acid
(600ul) 500
Total mix with acid (G00ul) 600
25 ull affttrecabiovecreaation (600ul) was adidied to
the BCA test (final 250ul) 25 600/25 =24
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From: jim.ligon rivida.com

To: Tang, Lei

Cc: Wong, Geoffrey K

Subject: Re: Publication of AC1 poultry tolerance study
Date: Tuesday, August 27, 2019 1:04:35 PM

Hi Dr. Tang,

This paper was first published online in JAPR in February this year as you say. It took some
time until it was published in the print version of JAPR as this was just released in the Sept.
2019 issue. It is the same paper as before but now it is also in the print version of the journal.
Sorry for the confusion, I should have explained this to you before.

Many thanks,
Jjim

Jim Ligon, Ph.D.
VP, Regulatory Affairs and Stewardship
Agrivida, Inc.

.vid

o 1 T
919-675-6666

1023 Christopher Drive
Chapel Hill, NC 27517

On Aug 27, 2019, at 10:54 AM, Tang, Lei <Lei.Tang@fda.hhs.gov> wrote:

Dear Dr. Ligon,

Just to follow up with your email below. This paper was published online in the
Journal of Applied Poultry Research on February 20, 2019, which was before the
date of your submission (May 28, 2019). Thank you for letting us know that this
paper is now in the September issue of the paper publication. Is there any
changes in the content of the paper compared to the online publication in
February? Please let me know.

Best regards,

Lei Tang, Ph.D.
Chemist

Center for Veterinary Medicine
Office of Surveillance and Compliance
Division of Animal feeds


mailto:Lei.Tang@fda.hhs.gov

U.S. Food and Drug Administration

Tel: 240-402-5922

lei.tang@fda.hhs.gov
<i >

The opinions and information in this message are those of the author and do not necessarily reflect the
views and policies of the U.S. Food and Drug Administration. Because of the nature of electronically
transferred information, the integrity or security of this message cannot be guaranteed. This e-mail message
is intended for the exclusive use of the recipient(s) named above. It may contain information that is
protected, privileged, or confidential, and it should not be disseminated, distributed, or copied to persons not
authorized to receive such information. If you are not the intended recipient, any dissemination, distribution
or copying is strictly prohibited. If you think you have received this e-mail message in error, please e-mail the
sender immediately at Lei. Tang@fda.hhs.gov.

From: jim.ligon@agrivida.com <jim.ligon@agrivida.com>
Sent: Monday, August 26, 2019 3:33 PM

To: Wong, Geoffrey K <Geoffrey.Wong@fda.hhs.gov>
Subject: Publication of AC1 poultry tolerance study

Hello Mr. Wong,

In our recent GRAS notice for the use of the AC1 Glucanase product in poultry (AGRN
#31), we cited Broomhead et al. (2019) that describes the 10X tolerance study with
poultry. This publication was in press at the time we submitted our notice but it has
since published and | want to make you aware of this. It appears in the Journal of
Applied Poultry Research, volume 28, pages 631-637. | have attached a copy of this
publication for your information and use.

Best regards,

Jim Ligon, Ph.D.
VP, Regulatory Affairs and Stewardship
Agrivida, Inc.

www.agrivida.com

o Raaiol
919-675-6666

1023 Christopher Drive
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Chapel Hill, NC 27517
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From: jim.li rivida.com

To: Tang, Lei

Cc: Wong, Geoffrey K; Michael . Ph.D.; Phil Lessard

Subject: Amendment to AGRN 0031

Date: Wednesday, February 5, 2020 2:32:52 PM

Attachments: AGRN31 Amendment S5Feb20.pdf
Harper 2012 Bioinformatic analysis of T-DNAs.pdf
m@mmwﬂ%mﬂm&mmm
Sani ngyg 2010 g;m; an, sngsgn nggr FG259 insertion site.pdf

Dear Dr. Tang,

We have completed an amendment to our GRAS Notice for the use of the Agrivida Glucanase
(AC1) in poultry feed. This amendment contains responses to the issues and questions that
were presented by CVM in our teleconference of 24 January, 2020. I have attached a copy of
the amendment in PDF for your information. There are four new literature reports that are
cited in the amendment and so I am also attaching copies of these to facilitate your further
review. None of the information contained in this amendment is considered by Agrivida, Inc.
to be confidential business information.

If you or others on the review team have further questions related to AGRN 0031, please feel
free to contact me.

Best regards,

Jim Ligon, Ph.D. n) [ ERIRVIREIN
VP, Regulatory Affairs and Stewardship IHv)= ' - i |

Agrivida, Inc. Ul FEB 0T 2020
WWW agﬂ!ﬂda com u

jim.ligon@agrivida.com = —
919-675-6666

1023 Christopher Drive
Chapel Hill, NC 27517



Agrivida

A thermotolerant B-glucanase feed enzyme expressed in Zea mays

AMMENDMENT TO GRAS NOTICE No. AGRN 000-031

Submitting Company:
Agrivida, Inc.

78E Olympia Avenue
Woburn, MA 01801

Please address correspondence related to this submission to:

James M. Ligon, Ph.D.

VP, Regulatory Affairs and Stewardship
Agrivida, Inc.

1023 Christopher Drive

Chapel Hill, NC 27517

Tel: 919-675-6666
Email: jim.ligon@agrivida.com

February 4, 2020



Introduction

The FDA Center for Veterinary Medicine (CVM) is reviewing GRAS Notice No. AGRN
000-031, submitted by Agrivida, Inc. for its GraINzyme® Glucanase product in May
2019. During the review, CVM has developed questions related to the GRAS notice.
These questions were presented to Agrivida at a teleconference on January 24, 2020
and are contained in the minutes of the meeting. Agrivida has carefully considered
each of the questions from CVM and has formulated responses to address each
question. These responses are contained in this amendment to the GRAS Notice No.
AGRN 000-031. In this amendment, the issue raised by CVM is stated, followed by
Agrivida’s response.

1. Claims on the intended utility of the GraINzyme® Glucanase

Issue/question from CVM:

CVM noted that in Section 1.4 “Conditions of use of the notified substance”, the
intended utility of the GraINzyme® Glucanase is to “...increase the digestibility of
feed containing soluble NSP.” CVM informed Agrivida, Inc. that this claim for the
utility of the enzyme is too broad and that it should be narrowed. Therefore,
Agrivida, Inc. is amending the utility claim in Section 1.4 of the GRAS Notice to read
as follows:

1.4 Conditions of use of the notified substance

This GRAS notice establishes the GRAS status of GraINzyme® AC1 Glucanase for
use in the feed of poultry in order to decrease the viscosity of digesta in the
intestinal tracts of poultry consuming feeds containing high amounts of soluble
NSP. The recommended inclusion rate of the GraINzyme® AC1 Glucanase in
poultry feed is 200 to 500 glucanase activity units (U) per kg of feed.

Related to the above issue, CVM requested that the discussion in the GRAS Notice
about the positive impact on animal performance such as body weight, feed
conversion ratio, etc. from the addition of the GraINzyme® AC1 Glucanase to poultry
feeds containing high amounts of NSP should be cited as support for the safety of the
AC1 Glucanase rather than its functionality or utility. The poultry feeding studies
from which this data were generated are discussed in Sections 6.3.3 and 6.3.4 of the
Notice. In this amendment we are providing a modified version of Sections 6.3.3
and 6.3.4 in which the word “functionality” that appeared in these sections in the
original Notice have been replaced with the word “safety”. The amended version of
Sections 6.3.3 and 6.3.4 are included below:

6.3.3 Positive impact of AC1 Glucanase on poultry performance

The safety of the AC1 Glucanase in poultry feed is supported by the
demonstration that its inclusion in feed has a positive impact on various



aspects of animal performance. Ayres et al. (2018) report that the inclusion
of AC1 Glucanase in a high-NSP diet at 400 U/kg increased the weight gain
after 14 days to be equivalent to that of the animals that received the low-
NSP PC diet. It was also demonstrated in this study that the FCR of the birds
receiving the high-NSP diet with 400 U/kg AC1 Glucanase was equivalent to
that of the control group receiving the low-NSP diet without AC1 Glucanase.

In a similar study, Jacek et al. (2018) reported a positive impact on animal
performance criteria due to the inclusion of AC1 Glucanase in the feed. In
this study 728 Cobb 500 male broilers were randomly assigned to seven
treatments with 13 replicates per treatment. The treatments consisted of a
PC that received a standard diet, a NC that was formulated to contain 132
kcal less energy than the PC diet, and five treatments that received the NC
diet amended with either 5, 50, 100, 250, or 500 U/kg AC1 Glucanase. After
16 days, measurement of body weight, FCR, and ileal digestibility of energy
(IDE) measurements were made. Jacek et al. (2018) reported that inclusion
of the AC1 Glucanase at 100 and 250 U/kg resulted in a significant increase
(p<0.01) in body weights compared to both the PC and NC groups. In
addition, the inclusion of AC1 Glucanase to the NC diets at more than 100
U/kg resulted in a significant increase (p<0.01) in IDE and restored the IDE
to be equivalent to that of birds that received the PC diet (p<0.05). These
results are consistent with those reported by Ayres et al. (2018) and they
provide further support of the safety of the AC1 Glucanase in poultry diets.

6.3.4 Conclusions on the Functionality of GraINzyme® AC1
Glucanase

The ability of the AC1 Glucanase to decrease the viscosity of the digesta in the
GI tract of poultry when included in feeds that contain wheat and DDGS has
been demonstrated by Ayres et al. (2018). This finding is supported by
another study (Ayres et al., 2019) where the viscosity of wheat and DDGS
containing feed were reduced by the addition of the AC1 Glucanase.
Additional support of the safety of the AC1 Glucanse in poultry feeds comes
from two studies, one reported by Jacek et al. (2018) in which the inclusion
of the AC1 Glucanase in poultry feed was demonstrated to increase body
weight and IDE and to improve FCR. Another study by Jacek et al. (2018)
demonstrated improved weight gain and IDE in broiler chickens receiving a
feed supplemented with AC1 Glucanase. Taken together, these studies
provide clear confirmation of the safety of the AC1 GraINzyme® Glucanase in
the feed of poultry.




2. Question regarding maize genomic sequence surrounding the T-DNA locus
in Event FG259

Question #1:

CVM identified that the furthest upstream part of the right T-DNA border flanking
sequence in Event FG259 does not map to the same genetic location as the more
proximal sequence in the right border flank. CVM requested Agrivida, Inc. to explain
this situation.

Agrivida response:
The right border (RB) T-DNA flank in event FG259 that was isolated and sequence
characterized by Agrivida consists of ®® bp maize genomic DNA. Two regions of
distinct sequence identity to unrelated genomic regions in the maize genome can be
identified within this DNA fragment. The g’& nucleotides of the RB flank that are
most proximal to the T-DNA right border are 98.39% identical to nucleotides
®®) of maize chromosome @ according to the BLAST analysis

performed with that sequence on B73 maize reference genome
(https://www.maizegdb.org/, RefGen_v4). This RB flank specific Egg bp sequence is
positioned ;! bp upstream of nucleotides )@ that have 99.56%
identity to ®® bp sequence isolated as the left border (LB) flank in FG259. The
missing ®) bp of the maize genomic DNA (chromosome @, nucleotides ® @

were displaced by T-DNA during its integration process. The ®)@ne RB
flanking sequence that is more distal to the T-DNA has no sequence homology to the
region of the B73 genome sequence that is immediately upstream of the Egg bp
sequence (nucleotides () (4)) on maize chromosome . This part
of the RB flanking sequence is highly repetitive in the maize genome and is 95.78% |
identical to a part of a predicted sequence that encodes exon-2 of a copia-type pol
polyprotein ( ®@ nycleotides ® @) The copia-
type pol polyprotein is one of the functional genetic elements characteristic to LTR
retrotransposons (Sandmeyer and Clemens, 2010). The presence of a retroelement-
specific sequence in the RB flank upstream of the (2) bp RB flanking sequence
(nucleotides (®) (4)) in FG259 is indicative of an earlier
transposon activity event at this genetic location, which could have occurred in
either the. ® @ variety that was used for transforming ®)@ into maize to
generate FG259. Itis known that many homologous chromosomal regions can
differ significantly between maize varieties in their sequence or gene content and
that transposable elements play an important role in creating intraspecific genome
sequence diversity in maize (Lai et al., 2005; Llaca et al.,, 2011). Therefore, it is not
unexpected that the reference genome (B73) and the variety that we transformed
( ©® (giffer at this location.

Question #2:

CVM proposed that Agrivida, Inc. should evaluate the sequence relationship
between the T-DNA in FG259 event and the sequence in LB flank that is identical to
the annotated gene ®® in the maize genome. CVM asked us to address




potential concerns of T-DNA disrupting this predicted gene sequence and whether it
might express problematic novel fusion proteins.

Agrivida response:
The uncharacterized gene sequence annotated as ® @ represents an
mRNA transcrlpt and is assigned to nucleotides ®@ of
chromosome @ in the B73 maize genome (RefGen_v4). The (b))
sequence is deposited to the NCBI sequence database as accession No. @),
The T-DNA msertlon in FG259 dlsplaced () bn of the maize genomic DNA on
chromosome @ with nucleotide coordmates ®@ Thys, it
appears that the T-DNA integration in FG259 has occurred W1th1n the predlcted
®® mRNA transcript sequence truncating it by @ nucleotides at its @
end. The predicted mRNA transcript in ®)@ codes for a cDNA W) @)
® @)y with its ATG start codon beginning at nucleotide
®® and terminating in stop codon TAA at the nucleotide ®@ on
maize chromosome @, Based on these  sequence data, we conclude that the T-DNA

insertion on the maize chromosome @ in FG259 has occurred (4) bp downstream of

the cDNA stop codon in the @ untranslated region of the (b)(4) transcript.
The T-DNA insertion in FG259 does not disrupt the transcription from the cDNA
open reading frame (ORF) in the predicted gene ®®, Based on our

sequence analysis, we conclude that there are no apparent potential safety concerns
that the T-DNA insertion would lead to a truncation of predicted protein encoded by
this cDNA, affect the protein function, or form a new fusion nrotem Furthermore,
our analysis of ORFs of the length equal or greater than (b)(4) (as recommended by
Harper et. al, 2012) on both DNA strands around the left T-DNA border junction site
in FG259 did not reveal any inadvertently formed ORFs spanning the sequence
junction between the left T-DNA border and the LB flanking maize genomic DNA
sequence.

Sequences relevant to Agrivida’s response:

(b) (4)
5

(b) (4

catcataaggcgtgatgaattcatagcgrcatggaatattatgaaatcacatge




Using the sequence (highlighted in blue text, above) as a query in BLASTN
search of Zea mays sequences in the NCBI database reveals sequence identity to a
retroelement: '




on maize chromosome

LB bp flanking seiuence homologous to nucleotides




Overview of the wild-type locus: Maize B73 chromosome I wild-type sequence
(nucleotides *) that is homologous to the T-DNA locus site in
FG259:

* Sequences presented in non-highlighted black text were derived from the
B73 reference genome. Due to the presence of a copia-like pol element (at
the point marked by the beginning of the gray shaded text), the non-
highlighted sequences were not directly isolated from the RB flank of Event

FG259.

* The right border . bp flanking sequence (nucleotides --
ﬁ) is highlighted in gray . This region is homologous to the
sequences that were directly isolated from the RB flank of Event FG259.

* The . nucleotides that were displaced by insertion of the T-DNA in FG259
are underlined.

* The left borde bp flanking sequence is presented by green colored
letters, and are homologous to the LB - sequence that was directly
isolated from the LB flank of Event FG259 (see above).

* The cDNA part of the predicted gene _ is italicized and its stop

codon is highlighted in i@l color. This sequence is also shown in

ith corresponding highlighting (further below),

followed by the sequence of the predicted mRNA (cDNA) from this gene.

Note that the mRNA would be transcribed from the opposite strand, and

transcription would proceed from right to left, with translation ending at the

highlighted stop codon, before reaching the position where the T-DNA has
inserted.




sequences deposited to GenBank:
Note the sequences highlighted in green text or red shading are as described above.

Zea mays cultivar B73 chromosome B73 RefGen_v4, whole genome shotgun sequence
NCBI Reference Sequence:
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3. Differences in incubation times between the colorimetric and reducing
sugar assays.

Issue/question from CVM:

Two protocols are presented for measuring the amount of glucanase activity in a
given sample of grain or feed, a colorimetric and a reducing sugar (unit) assay. The
colorimetric assay involves a 60-minute incubation in the presence of substrate,
whereas the reducing sugar (unit) assay involves a 40 minute incubation in the
presence of substrate. CVM inquired as to why the two assays have different
incubation times. The shorter time used in the unit assay reflects the fact that the
assay response becomes less linear, and therefore less reliable, with incubation
times longer than 40 minutes. These differences in incubation times are normalized
in the final calculations, as activity is expressed on a per-minute basis. To clarify the
rationale for this difference, the introduction to Protocol 3 (page 132) is amended as
follows:

Protocol 3. GraINzyme® AC1 Glucanase Activity Unit Assay Protocol
Introduction: To define activity units for AC1, a two-step approach will be
applied.

Step one: enzymatic hydrolysis of barley-f-glucan by AC1 at 80°C to release
reducing sugars such as glucose. When protein extract is appropriately
diluted, the initial velocity will be detected within 40 min of the reaction. It is
important to test units from multiple dilutions of protein extract at 40 min
for a sample whose activity is unknown. If the activities from different
dilutions are comparable, subsequent tests can be done at one or two
dilutions. Note: Incubation of the sample for longer than 40 minutes will
give less reliable responses.

4. Enzyme assay validation table (Table 3) in Appendix 3.

Issue/question from CVM:

During the review of the glucanase assay validation that is presented in Appendix 3
of the Notice, CVM noted what appeared to be an error in the values for the
concentration of the AC1 Glucanase enzyme that were used in the spiking and




recovery experiments with conventional corn that are presented in Table 3 on page
112. Indeed, upon close inspection of the table Agrivida, Inc. has confirmed that
values in the table are incorrect. The correct values are presented in a revised Table
3 that appears below:

Table 3. Data from assay of AC1 Glucanase in the presence of ground WT corn.

AC1 spiked in AC1in activity % Average
extraction buffer assay Extraction Buffer (A590) Product Matrix (A590) Recovery
ppb ng Replicate_1 | Replicate 2 | Replicate 3 | Replicate 1 | Replicate 2 | Replicate 3 (Matrix/Buffer)
0 0 0 0.002 0 0 0 0 0.00%
5 0.25 0 0.003 0.001 0 0 0 0.00%
10 0.5 0.003 0.003 0.004 0.009 0.01 0.011 300.00%
25 1.25 0.02 0.023 0.017 0.026 0.036 0.021 138.33%
50 2.5 0.029 0.03 0.027 0.045 0.047 0.047 161.63%
70 3.5 0.064 0.067 0.06 0.078 0.082 0.073 122.15%
125 6.25 0.102 0.109 0.11 0.115 0.138 0.147 125.09%
250 12.5 0.26 0.269 0.267 0.309 0.284 0.29 110.95%
500 25 0.527 0.599 0.575 0.655 0.61 0.591 109.30%
1000 50 1.276 1.341 1311 1.406 1.428 1.391 107.58%
2000 100 2.525 2.724 2.499 2.793 2.666 2.454 102.27%
3000 150 3.888 Plateaued Plateaued Plateaued Plateaued 3.682 94.70%

*Plateaued: these values were above the maximum detection threshold of the
spectrophotometer.

5. Incorrect temperature for the extraction of AC1 Glucanase from ground
maize grain and feed samples.

Issue/question from CVM:

In Sections 2.1 and 2.2 of Appendix 3 (page 111 of the Notice), the conditions that
are used for extracting AC1 Glucanase from ground maize grain or feed were listed
as “1 hour at 250 rpm and 80°C”. CVM noted that since the protocol for extracting
AC1 Glucanase from grain or feed samples (Protocol 1, section 2.1.2) calls for
extraction at 60°C the reference to a temperature of 80°C in Appendix 3 seemed
inaccurate. Agrivida, Inc. confirmed that the correct extraction temperature is
indeed 60°C and so the citations of 80°C in Sections 2.1 and 2.2 of the original Notice
are inaccurate. Therefore in Sections 2.1 and 2.2 of Appendix 3 the correct
incubation is “1 hour at 250 rpm and 60°C.”

The revised version of the first paragraph from section 2.1 is as follows:

2.1 Mixing and Recovery of AC1 Glucanase activity from WT corn product

Extraction buffer was spiked with AC1 Glucanase protein at concentrations of
5, 10, 25, 50, 70, 125, 250, 500, 1000, 2000 and 3000ppb. 2.5ml of each
spiked extraction buffer was mixed with 0.5g of ground non-AC1 Glucanase
corn in triplicate. The remaining spiked buffer and the buffer/corn mixes
were placed on a temperature-controlled shaker, shaking for 1 hour at
250rpm and 60°C. After 1 hour shaking, the buffers and the buffer/corn
mixes were removed from the shaker, and the buffer/corn mixes were




subjected to centrifugation. 50 ul of each buffer in triplicate or each
supernatant (protein extract) from buffer/corn mixes was used for glucanase
colorimetric assay. The amount of AC1 Glucanase protein used in enzyme
assay was 0.25, 0.5, 1.25, 2.5, 3.5, 6.25, 12.5, 25, 50, 100 and 150 ng. The
sample extraction and activity assay was carried out according to the
standard protocol in Protocol I. AC1 Glucanase enzyme recovery is the
average of triplicate assay activities from the product matrix relative to that
from AC1 Glucanase spiked buffer.

The revised version of the first paragraph from section 2.2 is as follows:

2.2 Spiking and Recovery of AC1 activity from feed

To determine whether a complex feed mixture, such as that used in many
poultry diets, might interfere with the sensitivity of the AC1 Glucanase assay,
serial dilutions of the enzyme were again prepared in extraction buffer and
mixed with samples of feed, then assayed for recoverable enzyme activity.
For the feed sample, a corn/soybean feed (no AC1 Glucanase addition) was
milled to less than 1.0 mm particle size. For the serial dilutions, extraction
buffer was spiked with AC1 Glucanase protein at concentrations of 2.5, 5, 10,
25, 50, 70, 125, 250, 500, 1000, and 1500ppb, and 2.5ml of each buffer was
mixed with 0.5g of feed sample in triplicate. The remaining spiked buffer and
the buffer/feed mixes were placed on a temperature-controlled shaker,
shaking for 1 hour at 250rpm and 60°C. 100ul of supernatant (“extract”) was
removed from each sample and was used in the standard assay as described
in Protocol I. The amount of AC1 Glucanase protein used in enzyme assay
was 0.25, 0.5, 1.25, 2.5, 3.5, 6.25, 12.5, 25, 50, 100 and 150ng, respectively.
AC1 Glucanase enzyme recovery is the average of triplicate assay activities
from the feed matrix relative to that from AC1 Glucanase spiked buffer.





















































































































