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NOMENCLATURE

The notified substance is Succinivibrio dextrinosolvens ASCUSBF53 and is deposited in NRRL as B-67550.
The microbial strain may be encapsulated with hydrogenated glycerides for use in direct fed microbial

products for beef cattle which is referred to as ‘fat encapsulated S. dextrinosolvens ASCUSBF53 cell
concentrate,

The microbial strain S. dextrinosolvens ASCUSBF53 is often referred to in some appended reports as
‘Beef-53’, which is the internal research name for Succinivibrio dextrinosclvens ASCUSBF53.



GRAS Notice for Succinivibrio dextrinosolvens ASCUSBF53 for Use as a
Direct Fed Microbial in Beef Cattle

PART 1 — SIGNED STATEMENTS AND CERTIFICATION

In accordance with 21 CFR §570 Subpart £ consisting of §570.203 to 280, Native Microbials, Inc. hereby
informs the U.S. Food and Drug Administration (FDA) that they are submitting a Generally Recognized As
Safe {GRAS) notice for Succinivibrio dextrinosolvens ASCUSBFS53.

11 Name and Address of Organization

Native Microbials, inc.
10255 Science Center Dr, Suite C2
San Diego, CA 92121

1.2 Name of the Notified Substance

The notified substance is Succinivibrio dextrinosolvens ASCUSBF53 (microbial strain). It is manufactured
as a freeze-dried milled product which is further standardized and stabilized by encapsulation in fat for
use in direct fed microbial products for cattle. The standardized product is referred to as ‘fat
encapsulated Succinivibrio dextrinosolvens ASCUSBFS3’ or ‘Succinivibrio dextrinosolvens ASCUSBF53

encapsulated’. In addition, a number of the appended reports refer to Succinivibrio dextrinosolvens
ASCUSBF53 or the fat encapsulated product under the internal research name, Beef-53.

1.3 Intended Conditions of Use

S. dextrinosolvens ASCUSBF53 is intended for use as a supplemental source of viable microorganisms in
the feed of beef cattle. The intended purpose of supplementation of the microorganism is 1o augment
the digestion of feed in the rumen. The microbial strain will be delivered in the fat encapsulated form to
beef cattle either alone or in combination with other microbial strains. Examples of the conditions under
which direct fed microbial products containing fat encapsulated S. dextrinosofvens ASCUSBF53 may be
incorporated into the diet of cattle include as part of the total mixed ration (TMR), as top-dressing to
individual feeds or the daily ration, and as a component of a feed supplement. It is anticipated that S.
dextrincsolvens ASCUSBF53 will be incorporated into feed at a recommended level of 1x10°
CFU/head/day.

1.4 Statutory Basis for the Conclusion of GRAS Status

Pursuant to 21 CFR §570.30(a) and (b), S. dextrinosolvens ASCUSBFS53 manufactured by Native
Microbials, has been concluded to have GRAS status for use as a direct fed microbial in beef cattie, as
described in Part 1.3, on the basis of scientific procedures.

15 Premarket Exception Status

Native Microbials hereby informs the U.S. FDA of the view that 5. dextrinosolvens ASCUSBF53 is not
subject to the premarket approval requirements of the Federal Food, Drug and Cosmetic Act (FFDCA)
based on Native Microbials conclusion that the notified substance is GRAS under the conditions of
intended use as described in Part 1.3 above.






PART 2 — IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS AND PHYSICAL OR TECHNICAL EFFECT
2.1 identity
211 Taxonomic Classification

The current taxonomic classification of the microbial strain, S. dextrinosolvens ASCUSBES3, is provided in
Table 2.1. 5. dextrinosolvens is a prominent member of the rumen of both bovine and sheep and is
enriched in animals on high grain diets where it acts to degrade starch and produce volatile fatty acids
(VFAs) (Bryant and Small 1956; Wozny et al. 1977a; Hespell 1992; Hippe et al. 1999). Higher abundance
of S. dextrincsolvens has been associated with more efficient dairy and beef cattle {Elolimy et al. 2018;
Hailemariam, Zhao, and Wang 2020; Hernandez-Sanabria et al. 2012). Reduction of S. dextrinosolvens
has been associated with transportation stress in beef cattle and subsequent weight loss confirming the
species as a critical member of a healthy ruminal microbiome (Deng et al. 2017). Additionally,
supplementation of ginkgo to in vitro rumen models have demonstrated the ability to reduce methane
emissions, which also was correlated to the increase in abundance of 5. dextrinosolvens (Oh et al. 2017a;
Oh et al. 2017b).

Table 2.1: Taxonomic Classification of S. dextrinosolvens

Kingdom Bacteria
Phylum Protecbacteria
Class Gammaproteobacteria
Order Aeromonadales
Family Succinivibrionaceae
Genus Succinivibrio
Species dextrinosolvens

2.1.2 Source of the Microorganism

S. dextrinosolvens ASCUSBF53 was identified and isclated to axenicity from the rumen content of a
healthy steer by Native Microbials. The isolate was deposited in the NRRL, Agricultural Research Service
Culture Collection, and referenced as B-67550.

2,13 Description of the Microorganism

S. dextrinosolvens ASCUSBF53 is an anaerobic, non-spore forming bacterium composed of helically
twisted, curved rods with 1 to 3 cells per grouping {Figure 2.1). Cells are motile and stain gram-negative
{Figure 2.2). Our observations of S. dextrinosolvens ASCUSBFS3 are consistent with the original
description of the species by (Bryant and Small 1956).
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Table 2.2: Growth of 8. dextrinosoivens ASCUSBF53 on Different Carbon Sources
Carbon Source Growth Carbon Source Growth

No Carbon Control No Growth Inositol No Growth
Glycerol No Growth D-Mannitol No Growth
Erythritol No Growth D-Sorbitol Growth
D-Arabinose No Growth Methyl-aD-Mannopyranoside No Growth
L-Arabinose Growth Methyl-aD-Glucopyranoside No Growth
D-Ribose Growth N-AcetylGlucosamine No Growth
D-Xylose Growth Amygdalin No Growth
L-Xylose No Growth Arbutin No Growth
D-Adonitol No Growth Esculin/Ferric Citrate No Growth
Methyl-BD-xylopyranoside No Growth Salicin No Growth
D-Galactose Growth D-Cellobiose No Growth
D-Glucose Growth b-Maltose Growth
D-Fructose Growth D-Lactose Growth
D-Mannose No Growth D-Melibiose Growth
L-Sorbose No Growth D-Saccharose Growth
L-Rhamnose No Growth D-Trehalose No Growth
Dulcitol No Growth Inulin No Growth
D-Melezitose No Growth D-Tagatose No Growth
D-Raffinose No Growth D-Fucose No Growth
Starch Growth L-Fucose No Growth
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Glycogen No Growth D-Arabitol Growth
Xylitol No Growth L-Arabitol No Growth
Gentiobiose No Growth Potassium Gluconate No Growth
D-Turanose No Growth Potassium 2-KetoGluconate No Growth
D-Lyxose No Growth

Metabolite production of S. dextrinosoivens ASCUSBF53 was measured at 40 hours elapsed fermentation
time using an Agilent 1260 series HPLC with refractive index {R}) detector. The results are summarized in
Table 2.3 and Appendix 002. Major fermentation products include succinate, lactate, and acetate.

Table 2.3: Metabolite Production of S, dextrinosolvens ASCUSBF53 on Complex Media with Sorbitol
Metaholite Production {g/L)
Pyruvic acid 0.00
Succinic acid 144
Lactic acid 1.08
Glycerol 0.07
Acetic acid 0.73
Propionic acid 0.00
Butyric acid 0.00
Ethanol 0.00
1-Butanol 0.00
2.1.4 Identification of the Microorganism

2.1.4.1 165 rRNA Gene Sequencing

The 165 rRNA gene was amplified from the strain using 27F and 543R primers and paired end sequenced
[2x300 base pairs (bp)] using an lllumina Miseq {Schumann 1991; Muyzer, de Waal, and Uitterlinden
1993). The resulting sequence was quality trimmed and compared to National Center for Biotechnology
Information {NCBI) databases using the Basic Local Alignment Search Tool (BLAST} to establish the
identity of the strain. Details of the analysis including the BLAST ouiput are provided in Appendix 003A
and 003B. The results indicated that S. dextrinosolvens ASCUSBFS53 was most closely related to
Succinivibrio dextrinosolvens CA76 {99.8%), followed by Succinivibrio dextrinosolvens CG79 (99.8%), and
Succinivibrio dextrinosalvens 76 (99.2%). The closest match not from the Succinivibrio genus is
Anagerobiospiriflum thomasii DSM 11806 {92%).
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Table 2.6: Characteristics of Databases Used to Identify Plasmids
Number of Plasmid S. dextrinosolvens
Database Name Entries Features Evaluated Entries
PlasmidFinder No full Plasmids Origin of replication o
NCBI Plasmid DB 29,505 All plasmid proteins 0]
Origin of replication,
. 23,240 .
MOB-suite relaxases, mate-pair 0
formation genes
Table 2.7: S. dextrinosolvens ASCUSBF53 Hits to the NCBI Plasmid Database
Genbank Query
Source Organism Gene Accession # Function Coverage identity E-Value
Proteolipid
MULTISPECIES: WP 057393895 membrane
Enterobacterales YgaE/Pmp3 - potential 92 81.4 SE-28
family protein modulator

2.1.6 in-vitro and In-sifico Analysis of Antibiotic Susceptibility

Phenotypic testing was conducted on S. dextrinosolvens ASCUSBF53 to determine the minimum
inhibitory concentrations (MICs) against a selected group of antimicrobials with relevance to human and
veterinary medicine. The full study report is provided in Appendix 004. The results were evaluated
against the resistant breakpoints set by the European Committee on Antimicrobial Susceptibility Testing
(EUCAST]) for “gram negative anaerobes,” European Food Safety Authority (EFSA) for “gram negative
bacteria,” and the Clinical and Laboratory Standards Institute (CLS!) for “anaerobes” (where available).
Results for S. dexirinosolvens ASCUSBF53 can be found in Table 2.8. The MIC values reported for S.
dextrinosolvens ASCUSBF53 were equal, or lower than, the cut-off values and break-points established
by EFSA, EUCAST and/or CLSI for chloramphenicol, tetracycline, and ampicillin. MiC values reported for S.
dextrinosolvens ASCUSBF53 were higher than the cutoff values and break-points established by EFSA,
EUCAST and/or CLSI for gentamicin, kanamycin, clindamycin and streptomycin.

It should be noted that susceptibility to aminoglycosides and macrolides decrease significantly in
anaerobic conditions when compared to aerobic conditions (DeMars et al. 2016). As such, classifications
set forth by EFSA are for general gram-negative organisms and should not be applied to S
dextrinosolvens due to its anaerobic nature. CLSI and EUCAST refrain from providing a sensitivity for any
aminoglycoside or macrolide class drugs for anaerobes. Furthermore, since S. dextrinosolvens
ASCUSBF53 is considered to be a gram-negative bacteria, vancomycin will be ineffective against this
organism, as gram-negative bacteria are known to be unresponsive to vancomycin {Antonoplis et al.
2019).
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Table 2.8: S. dextrinosolvens ASCUSBF53 Antimicrobial Susceptibility in Relation to EUCAST, and CLSI
Breakpoints
Antibiotic Range Tested | MIC (ug/ml) of EFSA EUCAST CLSI
(ug/mit) S. Interpretation Interpretation Interpretation
dextrinosolvens
ASCUSBF53
Ampicillin 0.5-128 <0.5 S S S
Vancomycein 0.125-32 >32 N/A N/A N/A
Gentamicin 0.5-32 16 R - N/A
Kanamycin 05-64 16 R N/A N/A
Streptomycin 0.5-64 32 R N/A N/A
Erythromycin 0.5-16 16 N/A - N/A
Clindamycin 0.03-32 >32 N/A R R
Tetracycline 0.0625 - 64 0.25 S N/A s
Chloramphenicol 0.5-64 <05 N/A S

To evaluate the presence of antimicrobial resistance genes in the S. dextrinosofvens ASCUSBFS3 genome,
amino acid sequences from coding regions identified in Part 2.1.4.3 were aligned to the PATRIC database.
Included in the PATRIC database is the Comprehensive Antibiotics Resistance Database {CARD}and NCBI's
National Database of Antibiotic Resistant Organisms (NDARO) for assessing antimicrobial resistance. In
addition to the protein sequences from the databases, PATRIC has compiled protein hits toCARD and
NDARO from 331,756 bacterial genomes and included those as redundant gene entries as a means to
understand the global distribution of antimicrobial resistance proteins across diverse taxa isolated from a
wide range of environments and hosts. Antimicrobial resistance was further explored using the
ResFinder web server {Zankari et al. 2012) and BLASTp alignment to the NCBI AMR database as used by
AMRFinder (Note: this database differs from NARDO used by PATRIC) {Feldgarden et al. 2019). Between
these databases there are a total of 30,748 protein sequences, Characteristics of each database
Characteristics of each database can be found in Table 2.9.

Table 2.9; Characteristics of Databases Used to Assess Antimicrobial Resistance
Number of 5. dextrinosolvens Contains
Datahase Name Number of Entries | Succinivibrio Entries Entries Redundant Entries

CARD (PATRIC) 17,559 {2,227 non 0 0 Yes

redundant proteins
5,138 {4,004 non

NBARO (PATRIC) { . 0 0 Yes
redundant proteins)

ResFinder 3,105 0 0 No

AMRFinder Plus 6,946 0 No

To ensure no hits were missed due to codon bias or seguencing error, protein alignments were
considered a hit if they have greater than 80% identity over more than 70% query coverage. No hits were
identified by PATRIC or ResFinder. BLAST alignment to the AMRFinder database revealed one hit in the S.
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dextrinosolvens ASCUSBF53 genome. The hit corresponds to the tufA gene. This gene is ubiguitous and
encodes for a translation elongation factor in bacteria (Pramanik and Schwartz 1984; Filer and Furano
1980, 1981). Point mutations in the tufA gene in some cases have resulted in resistance to the
polyketides; kirromycin and pulvomycin (Kraal et al. 1995; Tubulekas, Buckingham, and Hughes 1991;
Zeef et al. 1994}. Results for the BLAST search to the AMRFinder database can be found in Table 2.10.

Table 2.10: S. dextrinosolvens ASCUSBF53 Antimicrobial Resistance by NCBI AMR BLASTp
Percent
Gene e-value Identity Query Coverage
tufA 0 82.9 99
2.1.6.1 Section Summary

In vitro testing demonstrated that S. dextrinosolvens ASCUSBF53 is resistant to gentamicin, kanamycin,
streptomycin, and clindamycin. Resistance to aminoglycosides and macrolides such as is reflective of S.
dextrinosoivens ASCUSBF53 being anaerobic rather than any specific resistance mechanism or genotype.
Furthermore, being unresponsive to vancomycin is a function of §. dextrinosoivens ASCUSBF53 being
gram-negative, rather than an organism-specific resistance. In silico analyses revealed the presence of
tufA, a gene that can have point mutations that could lead to resistance to kirromycin and pulvomycin. §.
dextrinosofvens ASCUSBF53 is susceptible to ampicillin, tetracycline, and chloramphenicol, suggesting
that should S. dextrinosolvens ASCUSBF53 cause an opportunistic infection in a human or animal, i can
be readily treated using standard antibiotics.

2.1.7 Antimicrobial Production

5. dextrinosolvens ASCUSBF53 supernatant was tested for inhibitory activity against reference strains
known to bhe susceptible to a range of antibiotics. No zones of inhibition were observed indicating that
the strain is not an antimicrobial producer. Further details of the study are provided in Appendix 005.

2.1.8 Toxigenicity and Pathogenicity

To assess the presence of virulent and pathogenic genes, amino acid sequences from coding regions
identified in Part 2.1.4.3 were aligned to several databases. All applicable, publicly available databases
were used to identify potential pathogenic genes. The characteristics of these databases are described in
Table 2.11. The PATRIC database has compiled relevant genes from external databases including Victors,
Virulence Factors Database (VFDB), and the PATRIC_VF database. These genes represent 331,756
bacterial genomes. Redundant gene entries (e.g. the same toxin showing up in multiple microbial
species} are included as a means to understand the global distribution of pathogenicity and virulence
associated proteins across diverse taxa isolated from a wide range of environments and hosts.
PathogenFinder and IslandViewer web servers {Cosentino et al. 2013; Bertelli et al. 2017} as well as
BLASTp alignment to the Pathogen-Host Interaction Database {Phi-BASE) {Urban et al. 2015) were also
utilized to assess the pathogenicity and virulence of 5. dextrinosolvens ASCUSBF53. The total number of
sequences in the PATRIC and Phi-BASE databases is 134,396 and contains 2 entries from S§.
dextrinosolvens, |slandViewer contains 4,065 pathogenicity islands including 1 from S. dextrinosclvens.
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The analysis in PathogenFinder is database independent and uses a model trained with protein
sequences from 886 whole genome segquences. The PathogenFinder model predicts pathogenicity based
on matches to proteins found differentially in pathogenic and non-pathogenic bacteria regardless of their
annotated function. Therefore, a single hit to a protein found in pathogenic species does not necessarily
suggest the guery organism is virulent or pathogenic, but a collection of hits to proteins uniquely found
in pathogens could be enough for PathogenFinder to deem the organism pathogenic, even if the
proteins are not traditionally implicated in virulence or pathogenicity. The program allows the organism
to be evaluated more holistically and enables the evaluation of proteins that are potentially involved in
virulence and pathogenicity beyond well annotated virulence factors such as toxins. Characteristics of
each database can be found in Table 2.11.

Table 2.11: Characteristics of Databases Used to Assess Virulence and Pathogenicity
Number of Contains
Succinivibrio S. dextrinosolvens Redundant Protein
Database Name Number of Entries Entries Entries ID entries
67,914 (4,950
Victors {PATRIC) non-redundant 1 1 Yes
proteins}
20,911 (2,595
VFDB (PATRIC} non-redundant 0] ] Yes
proteins)
38,791(1,570
PATRIC_VF non-redundant 1 1 Yes
proteins)
Phi-Base 6,780 0 0 No
IslandViewer4 4,065 ]:?athogenluty 1 1 No
istands
PathogenFinder N/A N/A N/A N/A

The alignment process compares all identified S. dextrinosolvens ASCUSBF53 genes against all known
pathogen-related genes that have been identified across the Bacterial and Fungal kingdoms. To ensure
no hits are missed due to codon bias or sequencing error, protein alignments are considered a hit if they
have greater than 80% identity over more than 70% query coverage. No genes involved in toxin
synthesis, pathogenicity, or virulence were identified in the VFDB database. No pathogenicity islands
were detected by IslandViewer. One hit was identified in each Victors, PATRIC_VF, and PhiBase to the
same gene, hfg. The hfg gene is found in approximately 50% of all bacteria where it acts as a post
transcriptional regulator of various metabolic processes (Sun 2002; Tsui, Leung, and Winkler 1994). It has
been implicated as a growth promoter and virulence factor regulator in some pathogens including
Listeria monocytogenes (Sun, Zhulin, and Wartell 2002), Yersinia pseudotuberculosis {Schiano, Bellows,
and Lathem 2010), Shigella sonnei (Mitobe et al. 2009) and Saolmonelia typhimurium (Sittka et al. 2007)
but is not solely responsible for pathogenicity or virulence. There were no other pathogenic or virulent
genes detected in the 5. dextrinosolvens ASCUSBF53 genome that would be reguiated by hfg.
Additionally, the match to the hfq gene from the PhiBase database was implicated with reduced
virulence in Yersinia pestis suggesting the variant encoded by the S. dextrinosolvens ASCUSBF53 genome

21



would not confer virulence or pathogenicity even if gther virulence or pathogenicity genes were present.
Full resuits can be found in Tables 2.12-2.17.

Table 2.12: Significant Alighments Between Virulence Databases and 5. dextrinosolvens ASCUSBF53
Protein Protein Protein Hits Protein Pathogenicity Hits to Proteins
Hits to Hits to to Hits to island Hits in from Pathogens in
Organism Victors VFDB PATRIC_VF Phi-Base IslandViewer PathogenFinder
S. dextrinosolvens
1
ASCUSBF53 ! 0 1 ! 0
Table 2.13: S. dextrinosolvens ASCUSBF53 Hits to Pathogenic Genes in Victors
Subject Query
Source Source Organism | Gene Product Function Coverage Coverage | identity E-Value
Yersinig .
! N RNA-binding Translational
Victors | pseudotuberculosis hfg N : 67 20 85 3.00E-25
31758 protein Hfg Regulation
Table 2.14: S. dextrinosolvens ASCUSBF53 Hits to Pathogenic Genes in PATRIC_VF
Sourte Subject Query
Source Organism Gene Product Function Coverage Coverage | identity E-Value
PATRIC | Shigeila flexneri RNA-binding Translational
_VF 20 hfq protein Hfg Regutation 66 80 83 4.008-25
Table 2.15: PathogenFinder Results $. dextrinosolvens ASCUSBF53

Proteins from Pathogens

Proteins from

Predicted as Human

Gene Matches Matched Non-Pathogens Matched Pathogen?
4 1 3 No
Table 2.16:  S. dextrinosolvens ASCUSBF53 Hits to Pathogenic Genes in PathogenFinder
Genbank Accession
Gene Number Source Organism Percent Identity
LSU ribosomal CPO00378 Burkholderia cenocepacia 79.5

protein L14P

AU 1054
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https://2.12-2.17

Table 2.17: S. dextrinosolvens ASCUSBF53 Hits to Pathogenic Genes in PhiBase

Source Query
Source Organism Gene Product Function Coverage | Identity E-Value Phenotype
. Yersinio RNA-binding Translational .
PhiBase pestis hfq protein Hfg Regulation 82 84.06 GE-38 Reduced Virulence
2.1.8.1 Section Summary

No genes directly involved in pathogenesis or toxin production were identified.

All publicly available pathogen and virulence-related databases were gueried to determine the
pathogenic potential of S. dextrinosofvens ASCUSBFS3. In total, these databases encompass 138,461
known pathogen-related genes spanning all microbial taxonomies. Comprehensive alignment of the §.
dextrinosolvens ASCUSBFS3 genome to these databases yielded one hit above the 80% identity, 70%
query coverage threshold across three databases. The single hit was to hfq, a post transcriptional
regulator. The hfg gene identified by alignment to the Victors, PATRIC_VF, and PhiBase databases is a
ubiquitous post transcriptional/transiational regulator found in approximately half of all bacteria. The
gene in gquestion regulates the expression of general metabolic genes as well as genes involved in
pathogenicity and virulence. S. dextrinosoivens ASCUSBFS53 contained nc other pathogenicity or
virulence factors that would be under the regulation of hfg. The analysis also included a search of 4,065
pathogenicity islands, 1 of which originated from 5. dextrinosolvens by the IslandViewer web interface.
IslandViewer did not identify any pathogenicity islands. Additionally, database independent analysis
using the PathogenFinder web interface was conducted. PathogenFinder identified one hit the S.
dextrinosolvens ASCUSBF53 however it was below the 80% identity cutoff. Ultimately, PathogenFinder
deemed that 5. dextrinosolvens ASCUSBF53 is not a human pathogen.

2.1.9 Summary of Organism Safety Based on Genomics

S. dextrinosolvens ASCUSBF53 was identified as a strain of S. dextrinosolvens by 165 rRNA and whole
genome analysis. Examination of the assembly graph of the S. dextrinosolvens ASCUSBF53 genome
revealed two chromosomes. The smaller of the two chromosomes was analyzed to determine its
standing as a chromid or plasmid. No plasmid based origin of replication, relaxases, or mate-pair
formation genes were encoded. The chromosome was deemed non-mobile and was thus classified as a
chromid. In vitro antimicrobial susceptibility testing revealed S. dextrinosofvens ASCUSBF53 was
susceptible to a broad range of antimicrobial compounds. One antimicrobial resistance gene was
identified in the genome, tufA, that contributes to resistance to polyketides. Phenotypic testing
confirmed that no antimicrobials were produced by S. dextrinosolvens ASCUSBF53 during fermentation.
Comparison of the S. dextrinosolvens ASCUSBF53 genome to several databases containing known
pathogenic-related genes revealed one protein hit, a translational regulator, hfg. Homologues of hfg are
found in half of all bacteria and in pathogens as well as non-pathogens. In pathogens, hfg may act to
modulate expression of pathogenicity and virulence factors, however no virulent or pathogenic genes
were identified in the S. dextrinosolvens ASCUSBFS3 genome that could come under the regulation of
hfq. Based on these analyses, S. dextrinosolvens ASCUSBF53 is safe for use as a direct fed microbial,
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2.2 Method of Manufacture

2.2.1 Raw Materials and Processing Aids

The raw materials and processing aids used in the manufacture of fat encapsulated Succinivibrio
dextrinosolvens ASCUSBF53 are listed in Appendix 009. All raw materials used in the manufacture of 5.
dextrinosolvens ASCUSBF53 have a history of use in the industrial food and feed fermentation processes,
and are considered by Native Microbials to be safe and suitable for use in the manufacture of feed
ingredients in the U.S.

2.2.2 Manufacturing Process

A schematic overview of the manufacturing process of S. dextrinosolvens ASCUSBF53 is provided in
Figure 2.4. S. dextrinosolvens ASCUSBF53 is produced through a standard anaerobic batch fermentation
process. A working cell culture stock is maintained by Native Microbials and used for the seed
fermentation. The initial working cell bank vial is propagated through use of anaerobic serum bottle
incubated cultures, followed by a series of fermentation steps to the main production fermentor. The
biomass is harvested by centrifugation and preserved by the addition of carbohydrates. S.
dextrinosolvens ASCUSBF53 is then subject to freeze-drying and milling, The notified substance is the
unstandardized freeze-dried cell concentrate after milling. In order to standardize and stabilize the
microbial strain, the freeze-dried cell concentrate is encapsulated using hydrogenated glycerides or other
fat. The resultant fat encapsulated S. dextrinosolvens ASCUSBF53 exhibits suitable stability for use as a
direct fed microbial in feed but will release under the conditions of the rumen. Details on the
manufacturing process are provided in Appendix 010.
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Table 2.18: S. dextrinosolvens ASCUSBF53 Concentrate Specifications

Botulinum toxins Negative/2 g FDA BAM

Abbreviations: BAM = Bacteriological Analytical Manual

2.3.2 Batch Analyses for the Cell Concentrate

Three batches of S. dextrinosolvens ASCUSBF53 cell concentrate representative of the commercial
material were analyzed to verify that the manufacturing process produces a consistent product that
complies with the proposed specification. The results are summarized in Table 2.19 a No botulinum
toxins were identified in any of the batches (Appendix 008).

Table 2.19: Analytical Results for 3 Batches of 5. dextrinosolvens ASCUSBF53 Concentrate
Parameter Unit Specification Analytical Results
Lot 2041 Lot 2042 Lot 2044
Botulinum toxins* Per2g Negative Negative Negative Negative

* Testing done at end of fermentation process

2.3.3 Proposed Product Specifications for the S. dextrinosolvens ASCUSBFS3 Freeze-dried Powder

Appropriate feed-grade specifications have been established for 5. dextrinosolvens ASCUSBF53
manufactured as a freeze-dried powder and are presented in Table 2.20. Copies of the methods of
analysis are provided in Appendix 012C.

Table 2.20: S. dextringsolvens ASCUSBF53 Product Specifications
Parameter Specification Limits Analytical Method
Viable cell count »>1x10° CFU/g Internal Method

Ahbreviations: CFU = colony forming units. Internal Method Appendix 012C

234 Batch Analyses for 5. dextrinosolvens ASCUSBFS53 Freeze-dried Powder

Three batches of S. dextrinosolvens ASCUSBF53 representative of the commercial material were analyzed
to verify that the manufacturing process produces a consistent product that complies with the proposed
specifications. The results are summarized in Tahle 2.21 and the Certificates of Analysis are provided in
Appendix 013.
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Table 2.21: Analytical Results for 3 Batches of S. dextrinasolvens ASCUSBF53

Analytical Results

Parameter Unit Specification Lot 2041 Lot 2042 Lot 2044

Viable cell count | CFU/g >1x10°CFU/g | 2.23x10° | 2.72x10° | 1.81x 10°

Abbreviations: CFU = colony forming units.

2.3.5 Proposed Product Specifications for the S. dextrinosolvens ASCUSBF5S3 Fat Encapsulate

Appropriate feed-grade specifications have been established for S. dextrinosclvens ASCUSBF53
manufactured as a fat encapsulate and are presented in Table 2.22. Copies of the methods of analysis
are provided in Appendices 007 and 012.

Table 2.22: 5. dextrinosolvens ASCUSBFS3 Fat Encapsulate Product Specifications
Parameter Specification Limits Analytical Method
Viable cell count > 2 x 107 CFU/g Internal Method
Coliform <10 CFU/g AOAC 2018.13

E. coli <10 CFU/g AOAC 2018.13
Salmonella Negative/25 g AOQAC 2013.01

Listeria Negative/25 g ADAC 2013.10

Abbreviations: CFU = colony forming units; AQAC = Assaciation of Official Analytical Chemists. internal Method Appendix 012C

2.3.6 Batch Analyses for S. dextrinosolvens ASCUSBFS3 Fat Encapsulate

Three batches of 5. dextrinosolvens ASCUSBF53 representative of the commercial material were analyzed
to verify that the manufacturing process produces a consistent product that complies with the proposed
specifications. The results are summarized in Table 2.23 and the Certificates of Analysis are provided in
Appendix 013.
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Table 2.23: Analytical Results for 3 Batches of S. dextrinosolvens ASCUSBF53 Fat Encapsulate
Analytical Results

Parameter Unit Specification Lot 2041 Lot 2042 Lot 2044
Viable cell count CFU/e >2x 107 CFU/g 8.02 x 107 8.18 x 10’ 7.30x 107
Coliform CrU/e <10 <10 <10 <10

E. coli CFU/g <10 <10 <10 <10
Salmonella Per2sg Negative Negative Negative Negative
Listeria Per25g Negative Negative Negative Negative

Abbreviations: CFU = colony forming units.
237 Additional Analytical Data

The levels of heavy metals are also routinely monitored in batches of S. dextrinosolvens ASCUSBF53.
Three batches of §. dextrinosolvens ASCUSBFS3 representative of the commercial material were analyzed

to verify that the levels of these contaminants fall within acceptable ranges. The results are summarized
in Table 2.24 and the Certificates of Analysis from analytical laboratories are provided in Appendix 014,
On the basis of the analytical data, no specifications for heavy metals are considered necessary. Based
on the level of use, there is no need to identify a specification on these heavy metals based on their

insignificant levels and a safety assessment as provided in Part 6.

Table 2.24; Further Analytical Results for 3 Batches of S, dextrinosoivens ASCUSBF53
Analytical Results

Parameter Unit Lot 2041 Lot 2042 Lot 2044 Analytical Method

Arsenic ppm ND ND ND AOAC 2015.01

Cadmium ppm ND ND ND AOAC 2015.01

Lead ppm ND ND ND AOAC 2015.01

Mercury ppm ND ND MD AQAC 2015.01

Abbreviations: AOAC = Assaciation of Official Analytical Chemists. ND= None Detected
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2.4 Stability

2.4.1 Shelf-Life Stability Data

Native Microbials guarantees conformity of fat encapsulated S. dextrinosolvens ASCUSBF53 to the
product specification (see Table 2.22} for a minimum of 12 months when stored in the original,
unopened packaging at refrigerated temperature (2 - 10°C}. The proposed shelf life is supported through
accelerated stability studies in which 3 batches of fat encapsulated S. dextrinosolvens ASCUSBF53
representative of the commercial material were stored at 40°C, 50°C, and 60°C, respectively and
analyzed through Arrhenius equation regression to represent real-time equivalents, using methods
similar to those previously described (Wirunpan, Savedboworn and Wanchaitanawong 2016; King, Lin
and Liu 1998) and generally accepted for accelerated shelf-life determination (Tang, 2016). Packaging
was done using the same materials as provided in Appendix 06.

2.4,1.1 Acceleroted Stability Study at 40°C

The results of the stability study conducted at 40°C for 21 days on S. dextrinosolvens ASCUSBF53 are
summarized in Table 2.25 and the report is provided in Appendix 15. Over the period evaluated, changes
in the viable cell count were observed representing a decay rate plotted in Figure 2.5 for the 3 batches of
S. dextrinosolvens ASCUSBF53.

Table 2.25: Resuits of a Stability Study on 3 Batches of S. dextrinosolvens ASCUSBF53 Stored at 40°C

Analytical Results

Lot 2041 Lot 2042 Lot 2044
Time Viable Cells Viable Cells Viable Cells
{Days) Unit Count sSD Count SD Count sSD
0 CrU/g 5.02 x 107 5.96 x 10° 8.18x 107 1.16 % 107 7.30 x 107 5.51x 10°
3 CFU/g 2.50 x 107 5.04 x 10° 2.48 x 107 5.15x 108 3.11x207 4.29 x 10°
7 CFU/fg 1.99x 107 3.40 x 108 2.60 x 107 2.44 x 10¢ 2.41x107 1.13 x 10°
14 CFU/g 2.64x 107 7.24 x 10¢ 1.85 x 107 3.78 x 10° 1.66 x 107 3.25x 108
21 CFU/g 1.08 x 107 8.00x 10° 8.97 x 108 1.53 x 10° 8.38 x 10° 1.68 x 10°

Abbreviations: CFU = coleny forming units; SO = standard deviation.
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2.4.1.4 Shelf Life Prediction

Rates of decay for each lot at each temperature were calculated from the slope of decay over time. As
described in the report (Appendix 015), the probabiity distributions of predicted rates of decay for the 3
lots at 40°C were not overlapping. Therefore, independent shelf-life analysis of each batch was required
and the rate data from all 3 lots were demonstrated independently, as they could not be pooled for a
combined analysis. The upper-tailed 95% confidence interval for a decay rate was calculated and used to
define the shelf life of each lot at 10°C. Lot 2042 had the highest extrapolated decay rate, with a value of
-10.9 for the In[decay rate {log CFU/hr)] which predicted a worst case of 4.31 x 10" Log CFU/day,
resulting in a minimum shelf life of 1,419 days among the 3 batches of S. dextrinosolvens ASCUSBF53.
Thus the data confirmed the assigned one year shelf life based on accelerated testing.

2.4.2 In-Feed Stability

As mentioned in Part 1, S. dextrinosofvens ASCUSBFS53 may be incorporated into the diet of beef cattie as
part of the TMR or as top-dressing to individual feeds or the daily ration. The strain is encapsulated with
fat to generate a stable product suitable for handling under practical commercial conditions in the U.S.
The dry matter intake of beef cattle is optimized by feeding fresh TMR on a twice daily basis. The forage
content is typically adjusted to meet the nutrient requirements of the animals on a pen basis. Under the
conditions of intended use, S. dextrinosofvens ASCUSBF53 may be mixed directly into the TMR or added
as a top-dressing at the point of use. On this basis, long-term stability is not relevant, and an in-feed
stability study was not canducted.

2.4.3 Homogeneity Data

Due to the highly similar manufacturing process and ensuing encapsulated cell size, the powder
attributes, formula, particle size and moisture content {see Appendix 011) of the commercial offering of
S. dextrinosolvens ASCUSBF53 was noted to be nearly identical to that described in a recent prior
submission {AGRN 38) and therefore a separate homogeneity study was deemed unnecessary. Hence we
are incorporating by reference the homogeneity study provided in AGRN 38.

2.4.4 Manufacturing Summary

Native Microbials will manufacture a safe stable product for beef cattle meeting cGMP and FSMA
compliance. This was demonstrated through batches of product meeting product specifications for
contaminants, heavy metals and potency. The product is packaged in moisture protected barrier bags.
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2.5 Effect of the Notified Substance

This portion of the notice addresses the requirements specified in 21 CFR 570.230(d):

{d) When necessary to demonstrate safety, relevant data and information bearing on the
physical or other technical effect the notified substance is intended to produce, including the
quantity of the notified substance required to produce such effect.

The GRAS Final Rule (81 FR 54960) provides interpretation of this regulation specific to animal feed
ingredients in response to comment 144: “We agree that data and information bearing on the physical
or other technical effect the notified substance is intended to produce are only necessary when they
bear on safety” A product like phytase would require data, however, the intended purpose of
supplementation of S. dextrinosolvens ASCUSBF53 is to augment normal rumen digestion. As described
below, Native Microbials has determined that the technical effect of 5. dextrinosolvens ASCUSBFS3 when
fed to beef cattle as a direct fed microbial under the conditions of intended use does not have a bearing
on safety. Thus, data and information demonstrating the intended effect of S. dextrinosolvens
ASCUSBF53 in the feed of beef cattle are not required as part of this GRAS notice.

5. dextrinosolvens is a prominent member of the rumen of both bovine and sheep and is enriched in
animals on high grain diets where it acts to degrade starch and produce volatile fatty acids {VFAs) (Bryant
and Small 1956; Wozny et al. 1977a; Hespell 1992; Hippe et al. 1999). Higher abundance of 5.
dextrinosolvens has been associated with more efficient dairy and beef cattle {Elolimy et al. 2018;
Hailemariam, Zhao, and Wang 2020; Hernandez-Sanabria et al. 2012). Reduction of S. dextrinosolvens
has been associated with transportation stress in beef cattle and subsequent weight loss confirming the
species as a critical member of a healthy ruminal microbiome [Deng et al. 2017).

The use of this organism is to facilitate the digestion of various carbohydrates of animal feed within the
rumen to volatile fatty acids such as succinic acid, lactic acid and acetic acid (see table 2.3). S
dextrinosolvens has been found in the rumen in a variety of animals globally (Bryant and Small 1956;
Bryant 1959; Wozny et al. 1977a; Wang et al. 2017; Hailemariam et al. 2020; Henderson et al. 2015) and
has been assessed as a DFM in both cattle and sheep {Rigobelo et al. 2016; Bello et al. 2019). The
contribution of DFMs to the fermentation characteristics of the rumen has been extensively evaluated
{Elghandour et ai., 2015}, and is further described below in context of technical effect and animal safety
{Part 6.4 of this notice).

The species has been reported to ferment xylan and starch derived from plant material (Hespell et al.
1987; Kozakai et al. 2007}, As a commensal microorganism, feeding S. dextrinosolvens would have no
impact on animal health. Should S. dextrinoselvens not act to ferment xylan and starch, there would be
no safety impact, as the other rumen microorganism will continue fermentation, and the feed was
formulated to assure nutrient requirements were met without consideration of the potential for
increased digestion of less soluble carbohydrates.

2.5.1 Rumen Microbiome

The most recent authoritative text on the nutrition of major ruminants {(NRC, 2016), states that the
rumen is a “complex dynamic anaercbic ecosystem.” The dynamics of the microbial community arises
from variability introduced by feed source, the environment, and physiological state impacts the
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microbiome (Xue et al, 2018). Experts (NRC, 2016) note that diurnal shifts of a full pH unit are not
uncommen, and this can significantly impact the microbial population. The rumen microbial population
is well adapted to these standard diurnal shifts in the rumen environment and continue to serve the
function of digestion of feed despite these changes (NRC, 2016)}. This ability to rapidly adapt is due in
part to the rumen microbiome’s ability to utilize specialized enzymes and enzyme complexes to convert
feed components to end products of digestion and microbial cells (NRC, 2016). It is this specific
understanding that Native Microbials uses in their identification of existing, commensal microorganisms
in the rumen of high producing ruminants. Particularly, understanding of their unique enzymatic
properties and physiology support the selection and use of them as DFMs.

Several studies have linked the rumen microbiome profile to animal performance and digestibility {Lima
et al., 2015; Jami et @l., 2013; Kumar ef al.,, 2015). The rumen microbiome is highly variable depending
on several factors including age, breed, diet composition, time after feeding, season, stage of lactation,
iocation, and farm management practices (Pitta et af., 2016; Furman et a/., 2020; Henderson et al., 2015;
Wallace et al., 2019). Additionally, there are groups of microorganisms that are unique to particular
breeds of cow (i.e., lersey or Holstein), regions, and individual animals that further increase the inherent
complexity of the microbial community native to the rumen. Diet, in particular, has been shown to be
the main driver of microbiome composition {Ghaffari et of., 2014). To better study the microbiome in
context of this variability, many studies have focused on identifying and characterizing the core rumen
microbiome (Petri et al., 2013; Xue et al.,, 2018; Henderson et al,, 2015; Wallace et ol,, 2019; Furman et
al., 2020; Kumar et ol., 2015; lami et af.,, 2013; Kittleman et al., 2013; Lima et al., 2015; Fouts et af,,
2012). The concept of core microbiome, a common assemblage of microorganisms that exists in or is
associated with a specific habitat, was first introduced and applied to differentiate human microbiomes
associated with healthy and diseased conditions {Turnbaugh et al., 2007; Turnbaugh and Gordon, 2009;
Turnbaugh et al.,, 2009). Since then, core microbiomes have been identified in a2 broad spectrum of
environments including agroecosystems, monogastric animals, and ruminants (Shade and Handeiman,
2012; Yeoh et al., 2017; Toju et al., 2018; Lowe et ¢/, 2012; Dougal et al., 2013).

For example, there is a core microbiome that appears in the majority of cattle that provides the basal
level of fermentation required for animal survival, Although the results are variable at times and defining
a “normal healthy" rumen is challenging, there are several phyla that tend to appear across all
ruminants. Henderson et al. {2015) reported 32 different species of ruminants globally shared a core
assembly of rumen bacteria. Xue et al. {2018) demonstrates that individual animals within a large cohort
of dairy cattle with similar genetics, diet, environment, and management can have significant differences
in their rumen microbiome species. The core microbiome identified included microorganisms from over
391 genera covering 26 phyla. The microorganisms unique to individual animals (termed “pan
microbiome”) along with the core microbiome dictated the variability in rumen fermentation and
production. Consistent with other studies (Jami and Mizrahi, 2012; Lima et al, 2015; Deusch, 2017;
Huws, 2018; Xue, 2018), members of Bacteroidetes, Firmicutes, Protecbacteria, and Fibrobacteres were
among the topmost abundant bacteria identified regardless of animal origin and diet.

As more rumen microbiomes were studied, it became clear that diet was the major determinant of
observed microbiome differences (Johnson and Johnson, 1995; Brulc et al., 2009; Carberry et ol., 2014;
Deusch ef al., 2017; Belanche et af., 2019; Kumar, 2015; Mizrahi and Jami 2018). This indicates the direct
impact of diet on rumen microbial populations. Hence, modifying either diet or microbiome could
influence the rumen fermentation process (Morais and Mizrah, 2019; Wallace et af., 2019; Furman et a!.,
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2020; Belanche et ¢, 2012). To better assess the impact of S. dextrinosolvens ASCUSBF53 on
deleteriously impacting the existing microbiome. If the abundances of core microbiome members are
within typically observed ranges, it is likely that rumen fermentation is also operating within normal
ranges as well. These studies cover a variety of diets, as diet has the most impact on microbiome
composition. In-house data corroborates that no large shifts in the core microbiome beyond observed
thresholds are anticipated through feeding a native microorganism, and thus, no detrimental effects of
rumen fermentation are expected (Appendix 018). The intent of feeding DFMs, particularly S.
dextrinosolvens ASCUSBFS3, is to improve the nutrient availability from feed. Feeding S. dextrinosolvens
ASCUSBF53 to beef cattle supplements the existing populations of S. dextrinosolvens ASCUSBFS3 in the
rumen, and ultimately provides additional nutrient availability to the animal. Should S. dextrinosolvens
ASCUSBF53 fail, other members of the existing rumen microbiome will continue to ferment feed, thus
supplying the animal with sufficient nutrients. This notice includes a more detailed discussion of the core
microbiome and microbiome safety in Part 6.4 of this GRAS notice.

2.5.2 Impact of Failure of the Notified Substance

If this product fails, that is, the product fails to enhance feed digestibility in the rumen, there would not
be a safety concern with respect to the animal’s health or nutrition. The notified substance increases the
digestion of carbohydrates by acting upon the existing feed within the rumen. The diet offered to the
animal would be formulated to meet the existing nutritional needs of the animal (NRC, 2016}, Should S.
dextrinosolvens ASCUSBFS3 fail, other members of the existing rumen microbiome will continue to
ferment feed, thus supplying the animal with sufficient nutrients.

Several published experiments have directly investigated the impacts of DFMs by comparing groups of
animals receiving a “dead” microbial against a variety of treatment conditions. Cunha, et al. (2019)
compared heifers fed a basal diet against heifers fed the same basal diet containing a live yeast or
inactive yeast supplement (2 different doses) in a 5x5 Latin square experimental design with 15-day
periods. Live and dead yeasts were administered to the appropriate animals after each feeding through
infusion directly into the rumen. No differences in digestibility were observed between the control, live
veast, or either of the inactive yeast doses. No differences were cbserved in feed intake nor animal
behavior. Hence the inactive yeast did not alter the overall digestion of the feed, nor impact the health
of the animals. Feeding inactive yeast did not decrease rumen function.

Muscato, et al. (2002) evaluated the feeding of fresh and inactivated rumen fluid to calves in a series of
four experiments. The animals were dosed daily with 8 mL of either fresh or inactivated rumen fluid
obtained from a cannulated Holstein cow from 0-6 weeks of age. In the first experiment, calves were
either fed a typical basal ration or the same basal ration supplemented with fresh rumen fluid. In the
second experiment, calves were fed the basal ration with either the cell pellet of fresh rumen fluid,
supernatant of fresh rumen fluid, or no addition. In the third experiment, calves were fed a basal raticn,
or a basal ration supplemented with autoclaved rumen fluid. Autoclaving rumen fluid ensures microbial
death, thus inactivating the biological component. The fourth experiment had a similar set-up to the
third experiment, but rumen fluid was only fed for 5 days rather than & weeks. In the studies that
evaluated autoclaved rumen fluid, the number of days of scouring were significantly decreased
compared to the control. Similarly, the calves receiving autoclaved rumen fluid experienced higher gains
in the first two weeks, but by the end of the experimental period there was no impact on growth. There
were no differences in the outcomes of calves receiving fresh rumen fluid as compared to calves
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receiving autoclaved rumen fluid. This study suggests that the feeding of inactivated microorganisms
does not decrease rumen function or create a safety concern when fed to animals.

Philippeau, et ol (2017) fed multiple DFM treatments to investigate the effects of DFM on rumen
fermentation characteristics and digestibility. Animals were assigned cone of four treatment groups:
control (CON), Propionibacterium P63 (P63}, Propionibacterium P63 and Lactobacillus plantarum 115
{P63+Lp), or Propionibacterium P63 and Loctobacilius rhamnosus 32 {P63+Lr}. Each strain was
administered at 10" cfu/d. No change in ruminal VFA concentration was observed, and only P63 was
found to impact the concentration of some milk fatty acids. pH increased on average 0.18 units in all
DFM groups as compared to the control. Although the study did not demonstrate the positive response
in performance as was expected, there was no negative change in the assessed parameters that may
suggest a decrease in health. Similar results were observed in studies feeding Lactobacillus acidophilus
(Raeth-Knight et al., 2007, Abu-Tarboush et af., 1996, Higginbotham and Bath., 1993, McGilliard and
Stallings, 1997). In Weiss et al. {2008), dairy cows were supplemented with Propionibacterium P169 2
weeks before anticipated calving to 119 days in milk. Cows fed Propionibacterium P169 had lower
concentrations of acetate and greater concentrations of propionate and butyrate compared to control
cows, Treatment cows also produced similar amounts of milk with similar composition as cows fed the
control diet and had similar body weights throughout the trial. Chiquette et al. (2008) fed Prevotelln
bryantii 25A to dairy cows in early lactation, and found that administration did not change milk yield, but
tended to increase milk fat. This is in alignment with the increased acetate and butyrate concentrations
observed in the rumen of treatment animals. In Chiquette et a/. (2007), Ruminococcus flavefaciens NJ
was fed to non-lactating dairy cows on either a high concentrate or a high forage diet daily. Cows fed R.
flavefaciens NJ exhibited improved in sacco digestibility of hay in the rumen when fed as part of a high
concentrate diet. Several experiments have fed Megasphaera elsdenii with various results on digestibility
and performance, but no deleterious impacts were observed (Aikman et af., 2011; Hagg et al., 2009,
Zebeli et al., 2012; Hagg , 2008, Kung and Hession, 1995). A Lactobacillus-based probiotic fed alone and
in combination with S. cerevisioe showed no change in milk production or efficiency in early-lactation
dairy cows (Boga and Gorgulu, 2007). In a meta-analysis conducted at INRA, 33 probiotic bacteria studies
with or without yeast were evaluated for their impact on the production and health of dairy and beef
cattle {Lettat et al., 2012). Variable performance and rument impacts were observed, however the study
indicated no negative health consequences were reported. In the studies summarized above, even
though the direct fed microbials did not achieve the performance response expected, there was no
indication of a safety concern.

In these examples, failure of DFM supplementation or the DFM itself did not cause any harm to the
fermentation characteristics of the rumen or animal well-being. In the case of 5. dextrinosolvens
ASCUSBF53, if the DFM failed to provide improved digestibility, rumen fermentation of treated cattle
would be identical to rumen fermentation of untreated cattle. Since no alterations are made to the
standard feeding regime when using this product, the value of the feed that would be digested and
utilized for the nutrients required to sustain life is identical between the control and treated group.
Animals would be fed rations that meet established nutrient requirements as recommended by the NRC
for beef cattle (NRC, 2016). Any non-performing 5. dextrinosolvens ASCUSBF53 or deceased §.
dextrinosolvens ASCUSBF53 would pass through the Gl tract with the normal flow of digesta, providing
nutrients for absorption by the animal {NRC, 20158).
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In this respect, based on the results of published comparative studies, $. dextrinosolfvens ASCUSBF53 will
act only to support normal ruminal function of digestion of animal feed. Like other DFMs, while S.
dextrinosofvens ASCUSBF53 may aid the digestion of feed, the effect is not required for the general
well-being and normal performance of beef cattle. Thus, the absence of the anticipated effect of S.
dextrinosolvens ASCUSBF53 on feed digestion by beef cattle would not have an impact on safety. Native
Microbials product labeling does not suggest a change in normal feeding regime, and its use would be
specific for gaining additional nutritional value from a typical balanced ration. Animais would continue to
be fed rations that meet established nutrient requirements as recommended by the NRC for beef cattle
{NRC, 2016).

2.5.3 Summary

[n summary it is Native Microbials” understanding that the regulatory hurdle provided in §570.230(d}, is
not applicable to the conclusion of the generally recognized as safe substance S. dextrinosolvens
ASCUSBF53, that is “failure” of the intended use will not raise a safety concern, as the intended use is to
provide increased nutritive value from nutritionally adequate feeds. As such, failure would result in
typical nutrient availability of the diets, as they have been formulated to meet the nutritional
requirements of the animal. Should S. dextrinosolvens ASCUSBF53 fail, other members of the existing
rumen microbiome will continue to ferment feed, thus supplying the animal with sufficient nutrients.
Therefore, there is no regulatory requirement to provide specific utility data to support the intended
use.
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PART 3 - TARGET ANIMAL AND HUMAN EXPOSURE
3.1 Target Animal Exposure

3.11 Exposure to the Direct Fed Microbial Strain

As mentioned in Part 1, S. dextrinosolvens ASCUSBF53 is intended for use as a source of viable
microorganisms in feed for beef cattle. The microbial strain will be delivered as a fat encapsulated direct
fed microbial to beef cattle either alone or in combination with other microbial strains. Examples of the
conditions under which direct fed microbial products containing S. dextrinosolvens ASCUSBF53 may be
incorporated into the diet of beef cattle include as part of the feedlot TMR, as top-dressing on feeds or
the daily ration, and as a component of a feed supplement. The product will be incorporated into beef
cattle feed at the recommended use level of 1x10° CFU of S. dextrinosolvens ASCUSBF53/hd/day. As
mentioned in Part 2.2, the fat encapsulated product is comprised of approximately 30% sodium suifate,
50% hydrogenated glycerides and 20% freeze-dried S. dextrinosolvens ASCUSBF53 powder. Thus, under
the conditions of intended use, beef cattle will be exposed to maximum 1 g of the S. dextrinosolvens
ASCUSBF53.

3.1.2 Exposure to the Other Components of the Fat Encapsulated Product

At the intended intake of 1x10°% CFU S. dextrinosolvens ASCUSBF53/hd/day, the animal will be exposed to
up to 5 g of the notified substance {min. 2x10° CFU/g). The product is comprised of approximately 30%
sodium sulfate, 50% hydrogenated glycerides and 20% freeze-dried S. dextrinosofvens ASCUSBF53
powder (see Appendix 010). As mentioned in Part 2, the amount of hydrogenated glycerides, sodium
sulfate, and freeze-dried 5. dextrinosolvens ASCUSBF53 powder is adjusted for each batch to standardize
the viable cell count. These encapsulation ingredients are acceptable for use in beef cattle feed and
comply with the corresponding ingredient definitions in the AAFCO Official Publication (AAFCO 2020;
ingredient definitions 33.19 and 57.106 - see Appendix 010). Under these conditions of use, the animal
will be exposed up to a maximum of 2.5 g of hydrogenated glycerides and 1.5 g of sodium sulfate.
Considering that the typical dry matter intake by the beef cattle will be about 20 kg/hd/day, the
contribution of hydrogenated glycerides to the beef ration is expected to be no more than 0.006% DM.
While the fat concentration of a typical beef diet is reported to be relatively low (approximately 2.5%
DM), supplemental fats can be added to achieve a total ration content of around 6% DM (MSD
Veterinary Manual, 2019). On this basis, the use of hydrogenated glycerides or similar acceptable fat
source as an encapsulating aid in the manufacture of fat encapsulated S. dextrinosolvens ASCUSBF53
will have a negligible impact on the total fat intake by beef cattle under the conditions of use. Similarly,
an intake of 1 g/hd/day of sodium sulfate will provide beef cattle with approximately 0.48 g of
sodium/hd/day, representing less than 0.004% of the DM intake. The maximum tolerable fevels of
sodium chloride set by the National Research Council (NRC) for beef cattle is 3% of DM intake, equivalent
to around 1% DM of sodium. Thus, the use of sodium sulfate as an encapsulating agent in the
manufacture of fat encapsulated S. dextrinosolvens ASCUSBF53 is not expected to have any significant
impact on the overall sodium intake by beef cattle under the intended conditions of use. Another
element of interest is sulfur. The use of S. dextrinosolvens ASCUSBF53 would provide approximately 1 g
of sodium sulfate or 0.34 g of sulfur per day. The NRC (2005) has suggested that Total Mixed rations
{grain based) of cattle diets should be at a maximum tolerable leve!l of 0.3% sulfur (60 g/hd/day), as such
this ingredient would provide an insignificant amount of the total sulfur in the diet of the beef cattle.
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3.1.3 Background Exposure to the Microorganism

As mentioned in Part 2, the strain was isolated from the rumen content of a healthy steer and in this
respect, the fat encapsulated S. dextrinosolvens ASCUSBF53 powder will contribute to the native
population of Succinivibrio species in the gut of the animal (see Part 6.4). 5. dextrinosolvens is part of
the rumen microflora (Seshadri 2018). Although it is routinely isolated from rumen content of cow and
sheep (Gomez-Alarcon 1982, Hespell 1992, Bryant 1956}, S. dextrinosolvens has been detected in feces
of swine, canine, and human (Tanner 2014; Xu 2019; Drasar and Roberts, 2020). Thus, while not present
to a significant or intentional degree in feedstocks, background exposure by feedlot cattle to S
dextrinosolvens from the environment is likely to be significant.

3.2 Human Exposure

5. dextrinosolvens ASCUSBF53 is intended for use as a supplemental source of viable microorganisms in
the feed of beef cattle. As mentioned in Part 2.1, the strain was isolated from the rumen content of a
healthy steer and in this respect, 5. dextrinosalvens ASCUSBF53 will contribute to the native ruminal
population of Suecinivibrio species (see Part 6). No transfer of viable S. dextrinosolvens ASCUSBF53 from
the rumen to edible tissues is anticipated.

The strain has been unambiguously characterized as 5. dextrinosolvens and whole genome sequence
analysis indicates the absence of any genetic element sequences that code for virulence factors or
protein toxins {see Part 2.1}. As a consequence, there should be no transfer of pathogenicity or
toxigenicity to edible tissues through the use of S. dextrinosolvens ASCUSBF53 as a source of viable
microorganisms in the feed of beef cattle.

No withdrawal period is considered necessary on the basis that S. dextrinosolvens ASCUSBF53 is native
to the rumen of beef cattle and as detailed in Part 6, and the strain has been shown to have no
pathogenic or toxigenic properties.

39



PART 4 — SELF-LIMITING LEVELS OF USE

No known self-limiting levels of use are associated with S. dextrinosolvens ASCUSBF53.
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PART 5 — EVIDENCE BASED ON CCMMON USE BEFORE 1958

Not applicable.
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PART 6 — NARRATIVE

The conclusion that . dextrinosolvens ASCUSBFS3 fat encapsulated powder, as described herein, is GRAS
under the conditions of intended use as a direct fed microbial in feed for cattle is based on scientific
procedures using product-specific characterization data on the microbial strain together with a body of
published information on the prevalence and potential pathogenicity and toxigenicity of the Succinivibrio
species.

As mentioned in Part 1.3, S. dextrinosolvens ASCUSBF53 will be provided to cattle either alone or in
combination with other direct fed microbials. The strain was isolated from the rumen content of a
healthy Angus steer and is intended as a source of commensal microorganisms. In this respect, S.
dextrinosolvens ASCUSBF53 will contribute to the native microbial population in the rumen and the
functionality of the direct fed microbial strain is considered in Part 6.1.

The safety of 5. dextrinosolvens ASCUSBF53 for use as a direct fed microbial for cattle is evaluated
according to the guidelines developed by (Pariza et af. 2015). These guidelines are widely accepted by
the scientific community and regulatory agencies as criteria for assessing the safety of microbial cultures
for consumption by humans and animals (AAFCO, 2020). In accordance with these guidelines, the safety
of a microorganism without an exiensive history of use in food or feed is primarily addressed by
evaluating the pathogenic and toxigenic potential. [n order ¢ understand the pathogenic and toxigenic
potential, the microbial strain must be fully characterized and the body of knowledge pertaining to
safety based on its taxonomic unit considered. Full details of the characterization of §. dextrinosolvens
ASCUSBF53 are detailed in Part 2. The microbial has been unambiguously characterized as S.
dextrinosolvens (see Part 2.1.4). Furthermore, whole genome sequence analysis indicates the absence of
any genetic element sequences that code for virulence factors or protein toxins {see Part 2.1.8). Whole
genome seqguence analysis together with phenotypic testing indicate that S. dextrinosolvens ASCUSBFS3
is susceptible to antimicrobials and should not increase the risk of transfer of resistance to other
microorganisms (see Part 2.1.5 and 2.1.6). Testing also confirms §. dextrinosofvens ASCUSBF53 does not
produce antimicrobial substances (see Part 2.1.7 and Appendix 005).

In addition to the characterization data, a body of information is available in the public domain
pertaining to (a) the identity of S. dextrinosolvens (see Part 6.2); {b) the history of exposure of the
species by animals and humans {see Parts 6.4 and 6.5); and (c) the potential for toxigenicity and
pathogenicity {see Part 6.6). Following the decision tree established by (Pariza et al. 2015}, these data
are pivotal to the safety evaluation of S. dextrinosolvens ASCUSBF53 and are summarized below, The
Pariza decision tree that outlines the safety evaluation is provided in Appendix 016.

6.1 Functionality

The microbial population of the rumen plays an important role in the utilization of feed by cattle.
Manipulation of rumen microbiota by dietary supplementation with sources of viable microorganisms is
common practice in the beef cattle industry in the U.S. in order to facilitate fermentation and contribute
to the general digestive health of the animal (Chaucheyras-Durand and Durand 2010; Abd El-Tawab et
al. 2016; Yoon and Stern 1995). The contribution of bacteria to the fermentation characteristics of the
rumen have been extensively evaluated in the published literature, with important functions reported
to be stabilization of the rumen pH, increase in volatile fatty acid production, reduction in ammonia
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concentrations, improved microbial protein synthesis and fiber digestibility (McAllister et al. 2011,
Nocek et al. 2002; Henning et al. 2010; Krehbiel et al. 2003; Qiao et al. 2010; Weinberg et al. 2007;
Jeyanathan et al. 2019; Yoon and Stern 1995). As mentioned in Part 2, S. dextrinosolvens ASCUSBF53
was isolated from the rumen content of a healthy steer and is expected to contribute in the same way
as other bacteria to digesticn and metabelism in the ruminal envirenment.

In particular, S. dextrinosolvens ASCUSBF53 was shown to utilize various carbon sources including simple
carbohydrates (e.g., glucose and fructose) as well as reducing sugars derived from plant materials such
as xylose and arabinose, sugar alcohols such as arabitol and sorbitol, and starch (see Part 2.1). Similar
phenotypes are reported in the published literature for other S. dextrinosolvens strains (Bryant 2015;
Bryant and Small 1956). Additionally, some strains of the species are known to assimilate nitrogen and
ferment pectin (Patterson and Hespell 1985; Dehority 1969; Hailemariam, Zhao, and Wang 2020; Bryant
2015). In vitro experiments have shown that S. dextrinosolvens is capable of degrading xylans derived
from wheat straw, larchwood, and oats {Hespell, Wolf, and Bothast 1987). The species has a
demonstrated ability to colonize and aid in the digestion of corn silage in vivo (Kozakai et al. 2007}. Thus,
the microorganism has the potential to support digestion by aiding fermentation of forages and partially
degraded digesta in the rumen.

Similar to other §. dextrinosolvens strains, S. dextrinosofvens ASCUSBF53 has been shown to utilize a
range of monosaccharides including glucose to produce relatively high levels of succinate, lactate, and
acetate (O'Herrin and Kenealy 1993; Bryant and Small 1956; Russell and Hespell 1981). Volatile fatty
acids (VFAs) are the main source of energy in ruminants and are produced predominantly through
microbial fermentation of feed in the rumen (Bergman 1990; Council and Others 2007}. The three major
VFAs produced by anaerobic microbial fermentation in the rumen are acetate, propionate and butyrate
with the relative ratios largely depending on the nature of the feed. The VFAs are readily absorbed and
utilized by ruminants accounting for up to 80% of their maintenance energy requirements. Butyrate in
particular acts as the major energy source for epithelial cells in ruminants and is recognized to play an
important role in maintaining colonic health in the animal. Studies have also linked butyrate to the
development of rumen papitlary and calf gastrointestinal tracts (Weigand, Young, and McGilliard 1975;
Gorka et al. 2018). A review of 8 studies that evaluated relationships between residual feed intake (RFI)
and VFA production concluded that there was no consistent relationship between more efficient cattle
and VFA concentration (Kenny et al. 2018}, Similarly, a number of other studies in the published
literature indicate that butyrate can support the general production performance of the animals {Rook
and Balch 1961; Huhtanen, Miettinen, and Ylinen 1993; Miettinen and Huhtanen 1996). The role of VFAs
as energy sources for cattle also is supported by the existing food additive listing for the ammonium or
calcium salts of isobutyric acid, iso-valeric acid, 2-methylbutyric acid and n-valeric acid as sources of
energy in cattle feeds under 21 CFR §573.914.

It is also worth noting that S. dextrinosolvens is a succinate producer (Bryant and Small 1956; Bryant
2015; Hespell 1992). Succinate is a precursor for propicnate, which is an important VFA for rumen
digestion and animal growth (Castiflo et al. 2004; O'Herrin and Kenealy 1993; Clemmons et al. 2020).
Clemmons {2020) found a significantly higher succinate concentration in rumen fiuid of more efficient
cattle than the less efficient cattle, suggesting that succinate may be an important metabolite in nutrient
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conversion. It has aiso been reported that a significantly greater abundance of succinate- and
propionate- producing bacteria were observed in more efficient cattle (Myer et al. 2015). Therefore,
supplementing S. dextrinosolvens ASCUSBF53 as a DFM has the potential to improve succinate
production.

Direct infusion of VFAs into the rumen has been shown to improve feed digestibility. For example,
{Ribeiro et al. 2009) directly infused propionate into the rumen of 7 months old young bulls daily for 16
days. The bulls were fed with a high forage (80:20 forage:concentrate) or an elevated concentrate (60:40
forage:concentrate) diet. Over the entire period, the bulls on the elevated concentrate diet with
propionate infusion had significantly less total digestible nutrient {TDN) intake compared to those on the
same diet without propionate infusion. On day 15, regardless of diet, a significantly higher rumen pH and
lower accumulation of ammonium in the rumen fluid were observed in propicnate infused animals
4-hours post feeding. While a higher rumen pH suggests a more stable rumen fermentation
environment, a lower accumulation of ammeonium and TDN intake reflects a more efficient utilization of
dietary nutrients (Ribeiro et al. 2009; Russell 2002). Microbial protein fermentation by rumen
microorganisms, positively correlated with TDN intake, leads to ammonium accumulation and can result
up to 25% dietary nitrogen loss (Russell 2002; Galyean and Tedeschi 2014; Bach, Caisamiglia, and Stern
2005). A consistent reduction in TDN intake and ruminal ammonium suggests that propionate infusion
improves nutrients, particularly nitrogen turn-over in ruminants.

Strain-specific degradation of nitrogen containing compounds and assimilation of the resulting
nitrogenous compounds and/or environmental ammonia has been observed in 5. dextrinosolvens
{(Hailemariam, Zhao, and Wang 2020; Patterson and Hespell 1985; Wozny et al. 1977b). Some members
of the species have both the ability to degrade urea through ureases and possess genes encoding for the
nitrogen assimilation enzymes glutamine synthetase and glutamine dehydrogenase, while others possess
only the genes encoding for the assimilation enzymes {Hailemariam, Zhao, and Wang 2020; Patterson
and Hespell 1985). Nitrogen assimilation in the rumen is important to sustain the protein requirements
of rumen microbiota, increase the amount of microbial derived protein available for the host, and has
the potential to reduce the environmental pollution that results from excreting urea and ammonia in
ruminant waste (Pengpeng and Tan 2013; Hobson and Stewart 2012; Walker, Newbold, and Wallace
2005). Estimates put 40-95% of the total nitrogen utilized by bacteria as ammonia derived, and since
ruminants can derive as much as 80% of their protein from their resident rumen microbiota, microbial
nitrogen assimilation is critical to fulfill host nutritional requirements {Clark, Klusmeyer, and Cameron
1992;: Storm and @rskov 1983; Walker, Newbold, Wallace 2005). Studies have demonstrated that high
ruminal concentrations of ammeonia and subsequent high plasma ammonia levels have a potentially
negative effect on feeding habits of ruminants resulting in the animals eating fewer meals and having
shorter feeding times { Sinclair, Sinclair, and Robinson 2000; Conrad, Baile, and Mayer 1977; Sinclair et al.
2012). In some cases the supplementation of slow release urea in ruminant diets has resulted in
improvements in milk yield, protein content, and/or milk fat in dairy cows, while meta analyses of
studies testing the effect of slow release urea supplemented to beef cattle demonstrated increases in
both feed efficiency and live weight gain (Highstreet et al. 2010; Sinclair et al. 2012; Salami et al. 2020).
This suggests that urea degradation and nitrogen assimilation by S. dextrinosolvens and other microbes
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may play a role in feed intake and efficiency.

Taken together, these examples of the potential functionality of S. dextrinosolvens in the rumen support
the proposed role of S. dextrinosolvens ASCUSBFS3 as a source of viable microorganisms in the diet to
support the production of VFAs and feed digestibility. While S. dextrinosolvens ASCUSBF53 may
contribute to the native population of Succinivibrionaceae species in the gut of the animal, the technical
function has no bearing on the safety when used as a direct fed microbizal in feed for beef cattle. Should
S. dextrinoseivens ASCUSBF53 fail, other members of the existing rumen microbiome will continue to
ferment feed, thus supplying the animal with sufficient nutrients. On this basis, no further
demonstration of the technical effect {utility) of S. dextrinosolvens ASCUSBF53 was required for the
safety evaluation (see Part 2.5).

6.2 Identity

The family Succinivibrionaceae includes the genera Anerobiospirilium, Ruminobacter, Succinatimonas,
Succinimonas, and Succinivibrio. The family clusters within the gamma-subclass of the class
Proteobacteria, also known as the gammaproteobacteria {Stackebrandt and Hespell 2006; Hippe et al.
1999). With the exception of Anerobiospiriflum, which was isolated from domesticated dogs,
Succinivibrionacece species are native to the gastrointestinal tract of ruminants {Hippe et al. 1999).
Succinivibrionaceae as a family shares 84.6-88.5% 165 rRNA similarity to species in neighboring families
within gammaproteobacteria. Amongst type strains of species within Succinivibrionaceae, a maximum
of 93% 165 rRNA similarity is ohserved and the species can be identified unambiguously by 165 rRNA
sequencing (Stackebrandt and Hespell 2006). The closest phylogenetic neighbor to the Succinivibrio in
the family is the genus Anerobiospiriium. 5. dextrinosolvens is currently the only species with standing
nomenclature in the genus Succinivibrio (Bryant 2015).

6.3 Literature Search

A comprehensive literature search was conducted in order to identify all publicly available information
pertaining to the safety of §. dextrinosolvens for the intended use as a source of viable cells for beef
cattle. Details of the search strategy are provided in Appendix Q17. Results from the literature search
form the basis of the safety assessment found in Parts 6.4, 6.5, 6.6.

6.4 Natural Occurrence
6.4.1 Prevalence in Animals

S. dextrinosolvens is routinely isolated from rumen of cattle and sheep (Bryant and Small 1956; Bryant
1959; Wozny et al. 1977b; Wang et al. 2017; Hailemariam, Zhao, and Wang 2020) and has been found in
swine colons (L et al. 2012). While there is little research to support this, it is speculated that S.
dextrinosolvens may be present at low levels in the human gut {(Hespell 1992). A single isolate of a
Succinivibrio species was found in a human during an astronaut dietary study {Holdeman, Good, and
Moore 1976). A Succinivibrio species was also identified in a study regarding advanced periodontitis and
oral bene loss, though no connection between the health condition and the isclate was drawn (Tanner et
al. 1979). A total of 4 different strains of 5. dextrinosolvens have been isolated, sequenced, and analyzed
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shifts observed (Kumar et al. 2015; Deusch et al, 2017; Mizrahi and Jami 2018; Belanche et al. 2019;
lohnson and Johnson 1985; Brulc et al. 2009; Carberry et al. 2014). Under the same diet, the addition of
DFMs does not change the rumen microbiome significantly but can improve rumen digestibility.
Westergaard (2015) fed a Bacillus pumifus DFM to 21 dairy cows and compared the composition of their
rumen microbiomes to 22 control animals. The study reported an insignificant increase in Firmicutes
from 14.1% to 15.8% and an insignificant decrease of Bacteroidetes from 64.1% to 62.3% in rumen fluid
of animals received the DFM. lts companion study reported that the animals receiving the DFM were
more efficient at feed conversion (ECM:DMI) than the control animals, although not significantly (p =
0.06) {Luan et al. 2015). Le and colleagues {2017} conducted a study comparing the growth performance
of 4 week-old dairy calves with and without DFM Bacillus amyioliquefaciens in feed. B. amyloliguefaciens
was administered daily for 9 weeks to 12 calves and another 12 calves were used as controls. The study
found that dairy calves administered B. amyloliquefaciens gained 20% more weight and suffered less
diarrhea than the control group. Notably, its companion study observed that B. amyloliquefaciens
supplementation did not change the dairy calf rumen microbiome significantly, despite confirmation of
colonization of the DFM strain in rumen (Schofield et al. 2018). In another study, Fomenky and
colleagues (2018) cormpared the rumen digesta microbiome of pre- (33 days old) and post-weaned calves
{96 days old)} fed with control diet alone and control diet supplemented with S. cerevisiae {SCB) or L.
acidophifus (LA) (8 per treatment). The study found that supplementing DFMs did not significantly
change the overall rumen microbial community structure, where the p-values for alpha diversity indices
ranged from 0.051 to 0.992 and the p-value for beta diversity (PERMANOVA} was 0.512. The study also
predicted that pathways involved in lipid and protein metaholism and cellular processes were more
abundant in pre-weaned rumen administered DFMs. Once weaned, no predicted pathways in rumen
digesta were significantly different between control and LA fed animals. These studies demonstrated that
DFMs could promote better microbial interactions and improve the overall rumen feed digestibility
without significantly changing microbial community structure.

S. dextrinosolvens is one of the representative species of the genus Succinivibrio (Hespell 1992; Bryant
2015). First isolated from cattle rumen fluid, 5. dextrinosolvens is particularly enriched in rumen fluid of
animals on a diet containing a large amount of starch or rapidly fermentable carbohydrates {Hespell
1992). This is consistent with the isolation pattern of 5. dextrinosolvens ASCUSBF53. Studies reported the
relative abundance of 5. dextrinosolvens in dairy cow rumen microbiome ranges from 0.5% to 1%
(Stevenson and Weimer 2007; Tajima et al. 2001). Similarly, the Hungatel000 project isolated 3 S.
dextrinosolvens strains
{(https://genome.jgi.doe.gov/portal/TheHunmicrobiome/TheHunmicrobiome.info.html),  representing
0.7% of the global ruminant rumen microbial community {Seshadri et al. 2018). However, S.
dextrinosolvens can proliferate in the rumen of cattle on a high concentrate diet and can comprise as
high as 18% of the total number of bacterial cells in the rumen microbiome {Bryant and Small 1956; Petri
et al. 2013). Thus, although it has not been used as a DFM in ruminants, S. dextrinosolvens is a common
commensal rumen microorganism.

Native Microbials conducted a series of experiments in order to better understand the rumen
composition of beef cattle as well as the impacts of administering native rumen microorganisms,
including S. detrinosolvens ASCUSBF53. In one survey experiment (Clemmons et al. 2019a, Clemmons et
al. 2019b}, cattle fed a high-grain diet were followed over 10 weeks to determine how the microbiome
changed and adapted in response to diet changes. Three follow-up studies were conducted to determine
the impacts of daily supplementation of S. dextrinosolvens ASCUSBFS3 in conjunction with other native
rumen microorganisms on rumen microbiome composition. In all of the experiments, the typical
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abundance of S. dextrinosolvens in the rumen of cattle was found to vary from 1.3% to 19.99% (average
8.84%) of the bacterial population. General observations indicated that all animals were in good health.
S, dextrinosolvens ASCUSBFS3 inoculation was not observed to have a significant impact on the ruminal
microbial community. Taken together, these studies provide corroborative experimental evidence that S.
destrinosoivens is naturally abundant in the rumen of feedlot cattle and not associated with any health
concerns.

6.4.3 Environmental Qccurrence

S. dextrinosolvens occurs extensively in the gastrointestinal tracts of animals, primarily in the rumens of
cows and sheep (Bryant and Small 1956; Bryant 1959; Wozny et al. 1977b; Wang et al. 2017;
Hailemariam, Zhao, and Wang 2020), as well as the colons of pigs {Li et al. 2012). Bacteria in the
Succinivibrio genus have also been isolated from manure sludge from a Korean swine farm (Han et al.
2011).

Occurrences of 5. dextrinosolvens being isolated in environmental samples that are not associated with
animals are not well documented. Furthermore, the entry regarding Succinivibrio in Bergey’s Manual of
Systematics of Archaea and Bacteria only reported isolations from mammalian samples {Bryant 2015).

6.4.4 Section Summary

S. dextrinosolvens is readily found in the rumens of cattle and sheep. It is a common, ruminant
commensal organism. Supplementation of the diet with S. dextrinosolvens ASCUSBF53 will not negatively
impact the function of the rumen nor negatively impact the well-being of the animal.

6.5 History of Use in Manufacture of Food and Feed Ingredients

S. dextrinosolvens has been previously used as an additive in feed. S. dextrinosolvens, in conjunction with
several other microbes, was administered to dairy cattle as a DFM (Bello et al. 2019). While no
improvements to milk production were reported, no ill effects of the microbial supplementation were
found in this study. It has also been used as a feed supplement for sheep, in efforts to reduce the
amount of £, coli present in their gastrointestinal tracts {Rigobelo et al. 2016). No adverse effects were
reported.

6.6 Toxigenicity and Pathogenicity

The family Succinivibrionaceae consists of 5 distinct genera, including Succinivivibrio. Members of the
Anaerobiospirilfum genus of the Succinivibrionaceae family have been identified in a number of clinical
reports, however, these bacteria are considered to be uncommon causative agents and nearly all cases
involving Anaerobiospiriflum species were reported in people with additional health problems,
suggesting that these infections are opportunistic (Tee et al. 1998; Kelesidis et al. 2010; Decroix et al.
2016; Epstein et al. 2017; Schaumburg et al. 2017; Madden et al. 2019}. There have been no reported
infections confirmed to be caused by other members of the Succinivibrionaceae family in the genera
Ruminobacter, Succinatimonas, and Succinimonas. Furthermore, no published data was found regarding
common pathogenic elements in the genomes across the genera in the Succinivibrionaceae family.
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for replacement in the event of animal iliness or deleterious contingencies related to the project.
Throughout the project, microbes/controls were administered via cannula. The control consisted of a
buffer solution, and the treatment consisted of the buffer solution containing a selection of
microorganisms including S. dextrinosoivens ASCUSBF53. Feed intake and gain were measured, ruminal
fermentation analyzed via volatile fatty acid (VFA} analysis, ruminal parameters were measured (pH,
temperature, and dissolved CO2}, and finally, blood analyses were completed (e.g. temperature, lactate,
C02). Weekly, ruminal samples were shipped to Native Microbials for microbiome analysis.

No adverse effects were reported for any of the variables measured over the duration of the study.
Overall, the findings of the study corroborate the safety of $. dextrinosolvens ASCUSBF53 for cattle.

6.7.2 Study BUS1901 (Unpublished Study Report — Appendix 020)

In the second study, 75 steers were blocked and allocated to 3 treatment groups (25 steers/treatment).
Cattle were administered test article containing either a low dose of product {treatment group 1), a high
dose of product (treatment group 2} or no product {treatment group 3; control) once daily via feed. The
microorganisms fed to the steers in treatment groups 1 and 2 included S. dextrinosolvens ASCUSBF53.
The study ran for 171 days, and observations included weight, feed intake, rumen pH, general health and
clinical evaluation.

Overall, general health was within normal limits across all treatment groups. There were no adverse
events attributable 1o or consistent with a specific test article. Health events were not outside of normal
limits for cattle transitioning to high concentrate diets in the feed yard. Overall, the findings of the study
corroborate the safety of 5. dextrinosoivens ASCUSBF53 for cattle.

6.8 Summary and Critical Evaluation of Target Animal Safety

S. dextrinosolvens is a commensal bacteria in the gut of humans and animals. It occurs widely in the
rumen of various ruminant species. No reports of toxigenicity or pathogenicity associated with §.
dextrinosolvens were identified in the published literature. Native Microbials has conducted an
assessment of 5. dextrinosolvens ASCUSBF53 and confirmed the absence of any genes encoding for toxin
production or other virulence factors known to be associated with pathogenicity (see Part 2.1.8).
Furthermore, the susceptibility of 5. dextrinosolvens ASCUSBF53 strains to antibiotics of veterinary and
pharmaceutical relevance, and the absence of antimicrobial production has been demonstrated (see
Parts 2.1.6 and 2.1.7, and Appendices 004 and 005). Collectively, these data indicate that S.
dextrinosolvens ASCUSBF53 should not be associated with any safety concerns for cattle under the
intended conditions of use as a direct fed microbiai.

6.9 Summary and Critical Evaluation of Human Food Safety

As mentioned in Part 3.2, no transfer of viable S. dextrinosolvens ASCUSBF53 from the rumen to edible
tissues is anticipated under the conditions of intended use as a direct fed microbial in the feed of cattle.
Furthermaore, the strain has been unambiguously characterized as . dextrinosolvens and whole genome
sequence analysis indicates the absence of any genetic element sequences that code for virulence
factors or protein toxins (see Part 2.1.8). The absence of pathogenicity or toxigenicity is supported by
the ubiguitous nature of 5. dextrinosolvens and its natural occurrence in the rumen of animals. Taken
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together, these data indicate that S. dextrinosolvens ASCUSBFS3 should not be associated with any

human foed safety concerns under the intended conditions of use as a direct fed microbial in the feed of
cattle.

In this safety assessment we identified, discussed and placed into context data and information that are,
or may appear to be inconsistent with the GRAS status (21 CFR 570.250{c}(1}). Based on the
preponderance of evidence, Native Microbials’ conclusion of safety is scientifically justified.

51



PART 7 — LIST OF SUPPORTING DATA AND INFORMATION IN YOUR GRAS NOTICE

10.

11,

12,

13.

14.

15.

16.

Abd El-Tawab, M. M., |. M. . Youssef, H. A. Bakr, G. C. Fthenakis, and N. D. Giadinis. 2016. “Role
of Probictics in Nutrition and Health of Small Ruminants.” Polish Journal of Veterinary Sciences
19 (4): 853-906.

Abu-Tarboush, Hamza M., Mohamed Y. Al-Saiady, and Ahmed H. Keir El-Din. 1996. “Evaluation of
Diet Containing Lactobacilli on Performance, Fecal Coliform, and Lactobacilli of Young Dairy
Calves” Animal Feed Science and Technolegy 57 (1): 39-49.

Aikman, P. C., P. H. Henning, D. 1. Humphries, and C. H. Horn. 2011. “Rumen pH and
Fermentation Characteristics in Dairy Cows Supplemented with Megasphaera Eisdenii NCIMB
41125 in Early Lactation.” Journal of Dairy Science 94 (6}: 2840—45.

Antonoplis, Alexandra, Xiaoyu Zang, Tristan Wegner, Paul A. Wender, and Lynette Cegelski. 2019,
"“Vancomycin—Arginine Conjugate inhibits Growth of Carbapenem-Resistant E. Coli and Targets
Cell-Wall Synthesis.” ACS Chemical Biology. https://doi.org/10.1021/acschembio.9b00565.

Aziz, Ramy K., Daniela Bartels, Aaron A, Best, Matthew Delongh, Terrence Disz, Robert A.
Edwards, Kevin Formsma, et al. 2008, “The RAST Server: Rapid Annotations Using Subsystems
Technology.” BMC Genomics. hitps://doi.org/10.1186/1471-2164-9-75.

Bach, A., S. Calsamiglia, and M. D. Stern. 2005. “Nitrogen Metabolism in the Rumen.” Journal of
Dairy Science 88 Suppl 1 (May): E9-21.

Baldwin, R. L., K. R. McLeod, J. L. Klotz, and R. N. Heitmann. 2004. “Rumen Development,
Intestinal Growth and Hepatic Metabolism in The Pre- and Postweaning Ruminant.” Journal of
Dairy Science. https://doi.org/10.3168/jds.s0022-0302(04)70061-2.

Beauchemin, K. A., and 5. M. McGinn. 2005. "Methane Emissions from Feedlot Cattle Fed Barley
or Corn diets1.” Journal of Animal Science. https://doi.org/10.2527/2005.833653x.

Becker, Scott A., and Bernhard @. Palsson. 2005. “Genome-Scale Reconstruction of the Metabolic
Network in Staphylococcus Aureus N315: An Initial Draft to the Two-Dimensional Annotation.”
BMC Microbiology 5 (March): 8.

Belanche, Alejandro, Alison H. Kingston-Smith, Gareth W. Griffith, and Charles J. Newbold. 2019.
“A Multi-Kingdom Study Reveals the Plasticity of the Rumen Microbiota in Response to a Shift
From Non-Grazing to Grazing Diets in Sheep.” Frontiers in Microbiology 10 (February): 122.
Bello, A.H.C.P, AHC,CFA, VMR, O. F. Zacaroni, M. N. Pereira, and R. B. Reis. 2019. “Usc de
Aditivos Microbianos de Inclusoc Direta Para Vacas Leiteiras No Terco Médio Da Lactacdo.”
Archivos de Zootecnia. https://doi.org/10.21071/az.v68i262.4143.

Benchaar, C., C. Pomar, and }. Chigquette. 2001. “Evaluation of Dietary Strategies to Reduce
Methane Production in Ruminants: A Modelling Approach.” Canadian Journal of Animal Science.
https://doi.org/10.4141/a00-118.

Bergman, E. N. 1990. “Energy Contributions of Volatile Fatty Acids from the Gastrointestinal Tract
in Various Species.” Physiological Reviews 70 (2): 567-90.

Bertelli, Claire, Matthew R. Laird, Kelly P. Williams, Britney Y. Lau, Gemma Hoad, Geoffrey L.
Winsor, Fiona S. L. Brinkman, and Simon Fraser University Research Computing Group. 2017,
“IslandViewer 4: Expanded Prediction of Genomic Islands for Larger-Scale Datasets.” Nucleic
Acids Research. https://doi.org/10.1093/nar/gkx343.

Boga, M., and M. Gorgulu. 2007. “Effects of Probiotics Based on Lactobacillus Sp and
Lactobacillus Sp plus Yeast {Sacchoromyces Cerevisioe) on Milk Yield and Milk Composition of
Dairy Cows.” Cuban Journal of Agricultural Science 41 (4): 305~8.

Brooks, Lauren, Mo Kaze, and Mark Sistrom. 2018, “A Curated, Comprehensive Database of
Plasmid Sequences.” Microbiology Resource Announcements 8 (1).

52


https://doi.org/10.1093/nar/gkx343
https://i.org/10.4141
https://doi.org/10.21071/az.v68i262.4143
https://doi.org/10.2527
https://doi.org/10.3168/jds.s0022-0302(04
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1021/acschembio.9b00565

17,

18.

18.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

32,

https://doi.org/10.1128/MRA.01325-18.

Broudiscou, L., and l. P. Jouany. 1995. “Reassessing the Manipulation of Protein Synthesis by
Rumen Microbes.” Reproduction, Nutrition, Development 35 (5): 517-35.

Brulc, Jennifer M., Dionysios A, Antonopoulos, Margret E. Berg Miller, Melissa K. Wiison,
Anthony C. Yannarel|, Elizabeth A. Dinsdale, Robert E. Edwards, et al. 2009. “Gene-Centric
Metagenomics of the Fiber-Adherent Bovine Rumen Microbiome Reveals Forage Specific
Giycoside Hydrolases.” Proceedings of the National Academy of Sciences of the United States of
America 106 (6): 1948-53.

Bryant, Marvin P. 1959, “BACTERIAL SPECIES OF THE RUMEN.” Bacteriological Reviews.
https://doi.org/10.1128/mmbr.23.3.125-153.1959.

Bryant, Marvin P.. 2015. “Succinivibrio.” Bergey’s Manual of Systematics of Archaea and
Bacteria. https://doi.org/10.1002/9781118960608.gbm01087.

Bryant, Marvin P, and Nola Small. 1956. “CHARACTERISTICS OF TWO NEW GENERA OF
ANAEROBIC CURVED RODS ISOLATED FROM THE RUMEN OF CATTLE.” Journal of Bacteriology.
https://dot.org/10.1128/jb.72.1.22-26.1956.

Bryant, M. P. 1970. “Normal Flora—Rumen Bacteria.” The American Journal of Clinical Nutrition.
https://doi.org/10.1093/ajcn/23.11.1440.

Bryant, M. P, and N. Small. 1956. “Characteristics of Two New Genera of Anaerobic Curved Rods
Isolated from the Rumen of Cattle.” Journal of Bacteriofogy 72 (1}: 2226,

Carattoli, Alessandra, Ea Zankari, Aurora Garcia-Fernandez, Mette Voldby Larsen, Ole Lund, Laura
Villa, Frank Megller Aarestrup, and Henrik Hasman. 2014. “In SilicoDetection and Typing of
Plasmids Using PlasmidFinder and Plasmid Multilocus Sequence Typing.” Antimicrobial Agents
and Chemotherapy. https://doi.org/10.1128/aac.02412-14.

Carberry, Ciara A., Sinéad M. Waters, David A, Kenny, and Christopher J. Creevey. 2014, "Rumen
Methanogenic Genotypes Differ in Abundance according to Host Residual Feed lntake Phenotype
and Diet Type.” Applied and Environmental Microbiology 80 (2): 586-94.

Castillo, C., J. L. Benedito, . Méndez, V. Pereira, M. Lopez-Alonso, M. Miranda, and J. Hernandez.
2004, “Organic Acids as a Substitute for Monensin in Diets for Beef Cattle.” Animal Feed Science
and Technology 115 (1): 101-16.

Chaucheyras-Durand, F, and H. Durand. 2010. “Probiotics in Animal Nutrition and Health.”
Beneficial Microbes 1 (1): 3-9.

Chiguette, J., M. J. Allison, and M. A. Rasmussen. 2008. “Prevotella Bryantii 25A Used as a
Probiotic in Early-Lactation Dairy Cows: Effect on Ruminal Fermentation Characteristics, Milk
Production, and Milk Composition.” Journal of Dairy Science 91 (9): 3536-43.

Chiquette, J., G. Talbot, F. Markwell, N. Nili, and R. ). Forster. 2007. “Repeated Ruminal Dosing of
Ruminococcus Flavefaciens NJ along with a Probiotic Mixture in Forage or Concentrate-Fed Dairy
Cows: Effect on Ruminal Fermentation, Cellulolytic Populations and in Sacco Digestibility.”
Canadian Journal of Animal Science 87 (2): 237-49.

Clark, J. H., T H. Klusmeyer, and M. R. Cameron. 1992. “Microbial Protein Synthesis and Flows of
Nitrogen Fractions to the Duodenum of Dairy Cows.” Journal of Dairy Science.
https://doi.org/10.3168/jds.s0022-0302{92)77992-2.

Clemmeons, Brooke A., Joshua B. Powers, Shawn R. Campagna, Taylor B. Seay, Mallory M.
Embree, and Philfip R. Myer. 2020. “Rumen Fluid Metabolomics of Beef Steers Differing in Feed
Efficiency.” Metabolomics: Official Journal of the Metabolomic Society 16 (2): 23.

Clemmons, Brocke A., Cameron Martino, Joshua B. Powers, Shawn R. Campagna, Brynn H. Voy,
Dallas R. Donohoe, James Gaffney, Mallory M. Embree, and Phillip R. Myer. 201%a. “Rumen
Bacteria and Serum Metabolites Predictive of Feed Efficiency Phenotypes in Beef Cattle.”
Scientific Reports 9 {1): 19265.

53


https://doi.org/10.1128/aac.02412-14
https://doi.org/10.1093/ajcn/23.11.1440
https://doi.org/10.1128/jb
https://doi.org/10.1002/9781118960608.gbm01087
https://doi.org/10.1128/mmbr.23.3.125-153.1959
https://doi.org/10.1128/M

33,

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

48,

49,

50.

Clemmons, Brooke A., Cameron Martino, Liesel G. Schneider, Josh Lefler, Mallory M. Embree,
and Phillip R. Myer. 2019b. “Temporal Stability of the Ruminal Bacterial Communities in Beef
Steers.” Scientific Reports 9 (1}: 9522.

Conrad, H. R., C. A. Baile, and J. Mayer. 1977. “Changing Meal Patterns and Suppression of Feed
Intake with Increasing Amounts of Dietary Nonprotein Nitrogen in Ruminants.” Journal of Dairy
Science. hitps://doi.org/10.3168/jds.s0022-0302{77)84096-4.

Cosentino, Salvatore, Mette Voldby Larsen, Frank Megller Aarestrup, and Ole Lund. 2013,
“PathogenFinder--Distinguishing Friend from Foe Using Bacterial Whole Genome Sequence
Data.” PloS Cne 8 {10): e77302.

Cotta, M. A. 1988. “Amvylolytic Activity of Selected Species of Ruminal Bacteria.” Applied and
Environmental Microbiology 54 (3): 772-76.

Council, National Research, and Others. 2007. “NRC. 2001.” Nutrient Requirements of Dairy
Cottle 7: 381.

Cunha, Camila Soares, Marcos Inacio Marcondes, Alex Lopes da Silva, Tathyane Ramalho Santos
Gionbelli, and Cristina Mattos Veloso. 2018. “Do Live or Inactive Yeasts Improve Cattle Ruminal
Environment?” Revista Brasileira de Zootecnia 48 (Suppl).
https://doi.org/10.1590/rbz4820180259.

Danielsson, Rebecca, Johan Dicksved, Li Sun, Horacio Gonda, Bettina Miiller, Anna Schniirer, and
Jan Bertilsson. 2017. “Methane Production in Dairy Cows Correlates with Rumen Methanogenic
and Bacterial Community Structure.” Frentiers in Microbiology 8 (February): 226.

Decroix, V., E. Pluquet, M. Choquet, N. Ammenouche, S. Castelain, and R. Guiheneuf. 2016.
“Place of Diagnostic Tools in the Identification of Anaerobiospirillum Succiniciproducens
Bacteraemia.” Anaerobe. https://doi.org/10.1016/j.anaerobe.2016.02.005.

Dehority, B. A. 1969, “Pectin-Fermenting Bacteria Isolated from the Bovine Rumen.” Journal of
Bacteriology 99 (1): 189-96.

Delongh, Matthew, Kevin Formsma, Paul Boillot, John Gould, Matthew Rycenga, and Aaron Best.
2007. “Toward the Automated Generation of Genome-Scale Metabolic Networks in the SEED.”
BMC Biginformatics 8 (April): 139.

Delcher, A. 1999. “Improved Microbial Gene Identification with GLIMMER.” Nucleic Acids
Research. https://doi.org/10.1093/nar/27.23.4636.

DeMars, Zachary, Silpak Biswas, Raghavendra G. Amachawadi, David G. Renter, and Victoriya V.
Volkova. 2016. "Antimicrobial Susceptibility of Enteric Gram Negative Facultative Anaerobe Bacilli
in Aerobic versus Anaerobic Conditions.” PloS One 11 {5}: e0155559,

Deng, Lixin, Cong He, Yanwei Zhou, Lifan Xu, and Huijun Xiong. 2017. “Ground Transport Stress
Affects Bacteria in the Rumen of Beef Cattle: A Real-Time PCR Analysis.” Animal Science Journal =
Nihon Chikusan Gakkaiho 88 (5): 790-97.

Deusch, Simon, Amélia Camarinha-Silva, liirgen Conrad, Uwe Beifuss, Markus Rodehutscord, and
Jana Seifert. 2017. “A Structural and Functional Elucidation of the Rumen Microbiome Influenced
by Various Diets and Microenvirenments.” Frontiers in Microbiology 8 (August): 1605.

Dougal, Kirsty, Gabriel de la Fuente, Patricia A. Harris, Susan E. Girdwood, Eric Pinleche, and C.
Jamie Newbold. 2013. “Identification of a Core Bacterial Community within the Large Intestine of
the Horse.” PloS One 8 (10): e77660.

Drasar, Bohumil Sawdon, and April K. Roberts. 2020. “Control of the Large Bowel Microflora,”
July, 87-110,

Edwards, J. E., 5. A, Huws, E. J. Kim, M. R. F. Lee, A. H. Kingston-Smith, and N. D. Scollan. 2008.
“Advances in Microbial Ecosystem Concepts and Their Consequences for Ruminant Agriculture.”
Animal: An International Journal of Animal Bioscience 2 (5): 653—-60.

Elolimy, Ahmed A., José M. Arroyo, Fernanda Batistel, Michael A. lakiviak, and Juan J. Loor. 2018,

54


https://doi.org/10.1093/na
https://doi.org/10.1016/j.anaerobe.2016.02.005
https://doi.org/10.3168/jds.s0022-0302(77)84096-4

51

52.

53.

54,
55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

“Association of Residual Feed Intake with Abundance of Ruminal Bacteria and Biopolymer
Hydrolyzing Enzyme Activities during the Peripartal Period and Early Lactation in Holstein Dairy
Cows.” Journal of Animal Science and Biotechnology 9 (May): 43.

Epstein, David J., Kristina Ernst, Robert Rogers, Ellie Carmody, and Maria Aguero-Rosenfeld.
2017. “The Brief Case: Anaerobiospirillum Succiniciproducens Bacteremia and Pyomyositis.”
Journal of Clinical Microbiology 55 (3). 665-69.

Faichney, G. J. 1996. “Rumen Physiology: The Key to Understanding the Conversion of Plants into
Animal Products.” Australion Journal of Agricultural Research.
https://doi.org/10.1071/ar9960163.

Feldgarden, Michael, Vyacheslav Brover, Daniel H. Haft, Arjun B. Prasad, Douglas J. Slotta, Igor
Tolstay, Gregory H. Tyson, et al. 2019. “"Using the NCBI AMRFinder Tool to Determine
Antimicrobial Resistance Genotype-Phenotype Correlations Within a Collection of NARMS
Isolates.” Cold Spring Harbor Laboratory. https://dot.org/10.1101/550707.

Filer, D., and A. V. Furano. 1980. “Portions of the Gene Encoding Elongation Factor Tu Are Highly
Conserved in Prokaryotes.” The Journal of Biological Chemistry 255 (2): 728-34.

Filer, D. 1981. “Duplication of the Tuf Gene, Which Encodes Peptide Chain Elongation Factor Tu,
Is Widespread in Gram-Negative Bacteria.” Journal of Bacteriology 148 (3): 1006-11.

Fomenky, Bridget E., Duy N. Do, Guylaine Talbot, Johanne Chiquette, Nathalie Bissonnette, Yvan
P. Chouinard, Martin Lessard, and Eveline M. lbeagha-Awemu. 2018. “Direct-Fed Microbial
Supplementation Influences the Bacteria Community Composition of the Gastrointestinal Tract
of Pre- and Post-Weaned Calves.” Scientific Reports 8 {1): 14147.

Fouts, Derrick E., Sebastian Szpakowski, Janaki Purushe, Manolito Torralba, Richard C.
Waterman, Michael D. MacNeil, Leeson |. Alexander, and Karen E. Nelson. 2012. “Next
Generation Sequencing to Define Prokaryotic and Fungal Diversity in the Bovine Rumen.” Plo$
One 7 (11}: e482889.

Furman, Ori, Liat Shenhav, Goor Sasson, Fotini Kokou, Hen Honig, Shamay Jacoby, Tomer Hertz,
Otto X. Cordero, Eran Halperin, and Itzhak Mizrahi. 2020. “Stochasticity Constrained by
Deterministic Effects of Diet and Age Drive Rumen Microbiome Assembly Dynamics.” Nature
Communications 11 {1): 1904,

Galyean, M. L., and L. O. Tedeschi. 2014. “Predicting Microbial Protein Synthesis in Beef Cattle:
Relationship to Intakes of Total Digestible Nutrients and Crude Protein.” Journal of Animal
Science 92 {11): 5099-5111.

Ghaffari, M. H., A-M Tahmasbi, M. Khorvash, A-A Naserian, A. H. Ghaffari, and H. Valizadeh.
2014, “Effects of Pistachio by-Products in Replacement of Alfalfa Hay on Populations of Rumen
Bacteria Involved in Biohydrogenation and Fermentative Parameters in the Rumen of Sheep.”
Journal of Animal Physiology and Animal Nutrition 98 (3): 578-86.

Gomez-Alarcon, R. A., C. O'Dowd, J. A. Leedle, and M. P. Bryant. 1982, “1,4-Naphthoguinone and
Other Nutrient Requirements of Succinivibrio Dextrinosolvens.” Applied and Environmental
Microbiology 44 {2): 346-50.

Gorka, P, Z. M. Kowalski, R. Zabielski, and P. Guilloteau. 2018. “Invited Review: Use of Butyrate
to Promote Gastrointestinal Tract Development in Calves.” Journal of Dairy Science 101 (6):
4785-4800.

Hagg, F. M., L. J. Erasmus, P. H. Henning, and R. J. Coertze. 2009. “The Effect of a Direct Fed
Microbial (Megasphaera Elsdenii) on the Productivity and Health of Holstein Cows.” South
African Journal Of Animal Science 40 (2). https://doi.org/10.4314/sajas.v40i2.57276.

Hagg, F. M. 2007. “The Effect of Megasphaera Elsedenii, a Probiotic, on the Productivity and
Health of Holstein Cows.”

Hailerariam, Samson, Shengguo Zhao, and Jiagi Wang. 2020. “Complete Genome Sequencing

55


https://doi.org/10.4314/sajas.v40i2.57276
https://doi.org/10.1101/550707

67.

68.

69.

70.

71.

72,

73.

74.

75.

76.

77.

78.

79,

80.

81.

and Transcriptome Analysis of Nitrogen Metabolism of Succinivibrio Dextrinosolvens Strain Z6
isolated From Dairy Cow Rumen.” Frontiers in Microbiology.
https://doi.org/10.3389/fmich.2020.01826.

Han, I, Shankar Congeevaram, Dong-Won Ki, Byoung-Taek Oh, and Joonhong Park. 2011.
“Bacterial Community Analysis of Swine Manure Treated with Autothermal Thermophilic Aerobic
Digestion.” Applied Microbiology and Biotechnology 89 {3): 835-42.

Harrison, Peter W., Ryan P. I. Lower, Nayoung K. D. Kim, and J. Peter W. Young. 2010. “Introducing
the Bacterial ‘chromid’: Not a Chromosome, Not a Plasmid.” Trends in Microbiology.
https://doi.org/10.1016/].5im.2009.12.010.

Henderson, Gemma, Faith Cox, Siva Ganesh, Arjan Jonker, Wayne Young, Global Rumen Census
Collaborators, and Peter H. Janssen. 2015. “Rumen Microbial Community Composition Varies
with Diet and Host, but a Core Microbiome Is Found across a Wide Geographical Range.”
Scientific Reports 5 (October): 14567.

Henning, P. H., C. H. Horn, K- Leeuw, H. H. Meissner, and F. M. Hagg. 2010. “Effect of Ruminal
Administration of the Lactate-Utilizing Strain Megasphaera Elsdenii (Me) NCIMB 41125 on
Abrupt or Gradual Transition from Forage to Concentrate Diets.” Animol Feed Science and
Technology 157 {1): 20-29.

Hernandez-Sanabria, Emma, Laksiri A. Goonewardene, Zhiquan Wang, Obicha N. Durunna,
Stephen S. Moore, and Le Luo Guan. 2012, “Impact of Feed Efficiency and Diet on Adaptive
Variations in the Bacterial Community in the Rumen Fluid of Cattle.” Applied and Environmental
Microbiology 78 (4): 1203-14.

Hespell, R. B., R. Wolf, and R. J. Bothast. 1987. “Fermentation of Xylans by Butyrivibrio
Fibrisolvens and Other Ruminal Bacteria.” Applied and Environmental Microbiology 53 (12):
2849-53,

Hespell, Robert B. 1992. “The Genera Succinivibrio and Succinimonas.” The Prokaryotes.
https://doi.org/10.1007/978-1-4757-2191-1_60.

Higginbotham, G. E., and D. L. Bath. 1993. “Evaluation of Lactobacillus Fermentation Cultures in
Calf Feeding Systems.” Journal of Dairy Science 76 (2): 615~20.

Highstreet, A., P. H. Robinson, J. Robison, and J. G. Garrett. 2010. “Response of Holstein Cows to
Replacing Urea with with a Slowly Rumen Released Urea in a Diet High in Soluble Crude Protein.”
Livestock Science. https://doi.org/10.1016/].1ivsc.2010.01.022.

Hippe, H., A. Hagelstein, I. Kramer, J. Swiderski, and E. Stackebrandt. 1999. “Phylogenetic
Analysis of Formivibrio Citricus, Propionivibrio Dicarboxylicus, Anaerobiospirillum Thomasii,
Succinimonas Amylolytica and Succinivibrio Dextrinosolvens and Proposal of Succinivibrionaceae
Fam. Nov” International Journal of Systematic Bactericlogy 49 Pt 2 {April): 779-82.

Hobson, P. N., and C. S. Stewart. 2012. The Rumen Microbial Ecosystem. Springer Science &
Business Media.

Holdeman, L. V., I. J. Good, and W. E. Moore. 1976, “Human Fecal Flora: Variation in Bacterial
Composition within Individuals and a Possible Effect of Emotional Stress.” Applied and
Environmental Microbiology. https://doi.org/10.1128/aem.31.3.359-375.1976.

Hoogenraad, N. I., F. J. Hird, R. G. White, and R. A. Leng. 1970. “Utilization of 14C-Labelled
Bacillus Subtilis and Escherichia Coli by Sheep.” The British Journal of Nutrition 24 (1): 129-44,
Huhtanen, P, H. Miettinen, and M, Ylinen, 1993. “Effect of Increasing Ruminal Butyrate on Milk
Yield and Blood Constituents in Dairy Cows Fed a Grass Silage-Based Diet.” fournal of Dairy
Science 76 (4): 1114-24.

Huws, Sharon A., Christopher J. Creevey, Linda B. Oyama, Itzhak Mizrahi, Stuart E. Denman,
Milka Popova, Rafael Mufioz-Tamayo, et al. 2018, "Addressing Global Ruminant Agricultural
Challenges Through Understanding the Rumen Microbiome: Past, Present, and Future.” Frontiers

56


https://doi.org/10.1016/j.livsci.2010.01.022
https://doi.org/10.1007
https://oi.org/10.1016/j

82.

83.

84,

85.

86.

87.

88.

89,

30.

o1.

92.

93.

94,

95.

96.

in Microbiology 9: 2161.

Inada, Mayumi, Akihiro Ueda, Weiming Shi, and Tetsuko Takabe. 2005. “A Stress-Inducible
Plasma Membrane protein {AcPMP3) in a Monocotyledonous Halophyte, Aneurolepidium
Chinense, Regulates Cellular Na and K Accumulation under Salt Stress.” Planta.
https://doi.org/10.1007/s00425-004-1358-7.

Jain, Miten, Sergey Koren, Karen H. Miga, Josh Quick, Arthur C. Rand, Thomas A. Sasani, John R.
Tyson, et al. 2018. “Nanopore Sequencing and Assembly of a Human Genome with Ultra-Long
Reads.” Nature Biotechnology. https://doi.org/10.1038/nbt.4060.

lami, Elie, Adi Israel, Assaf Kotser, and Itzhak Mizrahi. 2013. “Exploring the Bovine Rumen
Bacterial Community from Birth to Adulthood.” The ISME Journal 7 {6): 1069-79.

leyanathan, Jeyamalar, Cécile Martin, Maguy Eugéne, Anne Ferlay, Milka Popova, and Diego P.
Morgavi. 2019. “Bacterial Direct-Fed Microbials Fail to Reduce Methane Emissicons in Primiparous
Lactating Dairy Cows.” Jfournal of Animal Science and Biotechnology 10 {May}: 41.

Johnson, K. A., and D. E. Johnson. 1995. “Methane Emissions from Cattle.” Journal of Animal
Science. https://doi.org/10.2527/1995.7382483x.

Kamke, lanine, Priva Soni, Yang Li, Siva Ganesh, William J. Kelly, Sinead C. Leahy, Weibing Shi, Jeff
Froula, Edward M. Rubin, and Graeme T. Attwood. 2017. “Gene and Transcript Abundances of
Bacterial Type Hll Secretion Systems from the Rumen Microbiome Are Correlated with Methane
Yield in Sheep.” BMC Research Notes 10 (1); 367.

Kelesidis, Theodores, Jennifer Dien Bard, Romney Humphries, Kevin Ward, Michaei A. Lewinski,
and Daniel Z. Uslan. 2010. “First Report of Treatment of Angerobiospiriflum Succiniciproducens
Bloodstream Infection with Levofloxacin.” Journal of Clinical Microbiology 48 (5): 1970-73.
Kenny, D. A., C. Fitzsimons, S. M. Waters, and M. McGee, 2018. “Invited Review: Improving Feed
Efficiency of Beef Cattle — the Current State of the Art and Future Challenges.” Animal.
https://doi.org/10.2017/s1751731118000576.

Kittelmann, Sandra, Cesar 5. Pinares-Patifio, Henning Seedorf, Michelle R. Kirk, Siva Ganesh, John
C. McEwan, and Peter H. Janssen. 2014. “Two Different Bacterial Community Types Are Linked
with the Low-Methane Emission Trait in Sheep.” PloS One 9 {7): 103171

Kozakai, K., T. Nakamura, Y. Kobayashi, T. Tanigawa, |. Osaka, 5. Kawamoto, and S. Hara. 2007.
“Effect of Mechanical Processing of Corn Silage on in Vitro Ruminal Fermentation, and in Situ
Bacterial Colonization and Dry Matter Degradation.” Canadian Journal of Animal Science.
https://doi.org/10.4141/a06-028.

Kraal, B., L. A. Zeef, . R. Mesters, K. Boon, F. L. Vorstenbosch, L. Bosch, P. H. Anborgh, A.
Parmeggiani, and R. Hilgenfeld. 1995, “Antibiotic Resistance Mechanisms of Mutant EF-Tu
Species in Escherichia Coli.” Biochemistry and Cell Biology = Biochimie et Biologie Cellulaire 73
(11-12): 1167-77.

Krehbiel, C. R., S. R. Rust, G. Zhang, and S. E. Gilliland. 2003. “Bacterial Direct-Fed Microbials in
Ruminant Diets: Performance Response and Mode of Action.”

Kristensen, N. B., and D. L. Harmon. 2004. “Effect of increasing Ruminal Butyrate Absorption on
Splanchnic Metabolism of Volatile Fatty Acids Absorbed from the Washed Reticulorumen of
steers1.” Journal of Animal Science. hitps://doi.org/10.2527/2004.82123549x.

Kumar, Sanjay, Nagaraju Indugu, Bonnie Vecchiarelli, and Dipti W. Pitta. 2015. “Associative
Patterns among Anaerobic Fungi, Methanogenic Archaea, and Bacterial Communities in
Response to Changes in Diet and Age in the Rumen of Dairy Cows.” Frontiers in Microbiclogy 6
(July): 781.

Kung, L., Jr, and A. O. Hession. 1995. “Preventing in Vitro Lactate Accumulation in Ruminal
Fermentations by Inoculation with Megasphaera Flsdenii.” Journal of Animal Science 73 (1):
250-56.

57


https://doi.org/10.2527
https://doi.org/10.4141/a06-028
https://doi.org/10.1017
https://doi.org/10.2527
https://doi.org/10.1038/nbt.4060
https://doi.org/10.1007

97.

98.

9s.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

Kurtz, Stefan, Adam Phillippy, Arthur L. Delcher, Michael Smoot, Martin Shumway, Corina
Antonescu, and Steven L. Salzberg. 2004. “Versatile and Open Software for Comparing Large
Genomes.” Genome Biology 5 (2): R12.

Kwak, Alvin C. M., Fang Zhang, Zhiyi Ma, Wai Sun Chan, Vivian C. Yu, Jimmy S. H. Tsang, and
Joseph T. Y. Wong. 2020. “Functional Responses hetween PMP3 Small Membrane Proteins and
Membrane Potential.” Environmental Microbiology 22 (8): 3066—80.

Le, Danh T., Peter ). Dart, Karen Harper, Dagong Zhang, Benjamin Schofield, Matthew J.
Callaghan, Allan T. Lisle, Athol V. Klieve, and David M. McNeill. 2017, “Effect of Probiotic Baciflus
Amyloliguefaciens Strain H57 on Productivity and the Incidence of Diarrhoea in Dairy Calves.”
Animal Production Science 57 (5): 912—19.

Leng, R. A., . W. Steel, and J. R. Luick. 1967. “Contribution of Propionate to Glucose Synthesis in
Sheep.” Biochemical Journal 103 (3): 785-90.

Lettat, A., C. Martin, C. Berger, and P. Noziére. 2012. “Analyse Quantitative de L'effet Des
Bactéries Probiotiques Sur Les Fermentations Dans Le Rumen et Les Performances Des Bovins En
Production.” INRAE Productions Animales 25 (4): 351-60.

Li, Robert W., Sitac Wu, Weizhong Li, Karl Navarro, Robin D. Couch, Dolores Hill, and Joseph F.
Urban Ir. 2012. “Alterations in the Porcine Colon Microbiota Induced by the Gastrointestinal
Nematode Trichuris Suis.” Infection and Immunity 80 (6): 2150-57.

Lima, Fabio S., Georgios QOikonomou, Svetlana F. Lima, Marcela L. S. Bicalho, Erika K. Ganda, Jose
C. de Oliveira Filho, Gustavo Lorenzo, Plamen Trojacanec, and Rodrigo C. Bicalhoa, 2015.
“Prepartum and Postpartum Rumen Fluid Microbiomes: Characterization and Correlation with
Production Traits in Dairy Cows.” Applied and Environmental Microbiology 81 {(4): 1327-37.
Lowe, Todd M., and Sean R. Eddy. 1997. “tRNAscan-SE: A Program for Improved Detection of
Transfer RNA Genes in Genomic Sequence.” Nucleic Acids Research.
https://doi.org/10.1093/nar/25.5.955.

Lowe, Beth A., Terence L. Marsh, Natasha Isaacs-Cosgrove, Roy N. Kirkwood, Matti Kiupel, and
Martha H. Mulks. 2012. “Defining the ‘Core Microbiome’ of the Microbial Communities in the
Tonsils of Healthy Pigs.” BMC Microbiology 12 {February): 20.

Luan, S., M. Duersteler, F. A. Galbraith, and F. C. Cardoso. 2015. “Effects of Direct-Fed Bacillus
Pumilus 8G-134 on Feed Intake, Milk Yield, Milk Composition, Feed Conversion, and Health
Condition of Pre- and Postpartum Holstein Cows.” Journal of Dairy Science 98 (9): 6423-32.
Madden, Gregory R., Melinda D. Poulter, Michael P. Crawford, Daniel S. Wilson, and Gerald R.
Donowitz, 2019. “Case Report: Anaerchiospirillum Prosthetic Joint Infection in a Heart
Transplant Recipient.” BMC Musculoskeletal Disorders.
https://doi.org/10.1186/512891-019-2684-z,

McAllister, T. A., K. A. Beauchemin, A. Y. Alazzeh, 1. Baah, R. M. Teather, and K. Stanford. 2011.
“Review: The Use of Direct Fed Microbials to Mitigate Pathogens and Enhance Production in
Cattle.” Canadian Journal of Animal Science 91 {2): 193-211.

McGilliard, M. L., and C. C. Stallings. 1998. “Increase in Milk Yield of Commercial Dairy Herds Fed
a Microbial and Enzyme Supplement.” Journal of Dairy Science 81 (5): 1353-57.

Mever, Folker, Ross Overbeek, and Alex Rodriguez. 2009. “FIGfams: Yet Another Set of Protein
Families.” Nucleic Acids Research. https://doi.org/10.1093/nar/gkp698.

Miettinen, H., and P. Huhtanen. 1996. “Effects of the Ratio of Ruminal Propionate to Butyrate on
Milk Yield and Blood Metabolites in Dairy Cows.” Journal of Dairy Science 79 (5): 851-61.
Mitobe, Jire, Tomoko Morita-Ishihara, Akira Ishihama, and Harue Watanabe. 2009. “Involvement
of RNA-Binding Protein Hfg in the Osmotic-Response Regulation of invE Gene Expression in
Shigella Sonnei.” BMC Microbiology 9 (May): 110.

Mizrahi, |., and E. Jami. 2018. “Review: The Compositional Vartation of the Rumen Microbiome

58


https://doi.org/10.1093/nar/gkp698
https://doi.org/10.1186/s12891-019-2684-z
https://doi.org/10.1093/nar/25.5.955

114,

115,

116.

117.

118.

118.

120.

121.

122.

123.

124,

125,

126.

127.

128.

128.

130.

and Its Effect on Host Performance and Methane Emission.” Animal: An International Journal of
Animal Bioscience 12 {s2}: s220-32,

Morais, Sarah, and ltzhak Mizrahi. 2019. “The Road Not Taken: The Rumen Microbiome,
Functional Groups, and Community States.” Trends in Microbiology 27 {6): 538-49.

MSD Veterinary Manual. 2019 “MSD Veterinary Manual.” Merck & Co.

Muscato, T. V., L. Q. Tedeschi, and J. B. Russell. 2002. “The Effect of Ruminal Fluid Preparations
on the Growth and Health of Newborn, Milk-Fed Dairy Calves.” Journal of Dairy Science 85 (3):
648-56.

Muyzer, G., E. C. de Waal, and A. G. Uitterlinden. 1993. “Profiling of Complex Microbial
Populations by Denaturing Gradient Gel Electrophoresis Analysis of Polymerase Chain
Reaction-Amplified Genes Coding for 165 rRNA.” Applied and Environmental Microbiology.
https://doi.org/10.1128/aem.59.3.685-700.1993,

Myer, Phillip R., Timothy P. L. Smith, James E. Wells, Larry A. Kuehn, and Harvey C. Freetly. 2015.
“Rumen Microbiome from Steers Differing in Feed Efficiency.” PloS One 10 (6): e0129174.
Navarre, C., and A. Goffeau. 2000. “Membrane Hyperpolarization and Salt Sensitivity Induced by
Deletion of PMP3, a Highly Conserved Small Protein of Yeast Plasma Membrane.” The EMBO
Journal 19 (11): 2515-24,

Nocek, J. E,, W. P. Kautz, ). A. Z. Leedle, and . G. Allman. 2002. “Ruminal Supplementation of
Direct-Fed Microbials on Diurnal pH Variation and in Situ Digestion in Dairy Cattle.” Journal of
Dairy Science 85; 429-33.

O’Herrin, S. M., and W. R. Kenealy. 1993. “Glucose and Carbon Dioxide Metabolism by
Succinivibrio Dextrinosolvens.” Applied and Environmental Microbiology 59 (3): 748-55.

Oh, Seongjin, Satoshi Koike, and Yasuo Kobayashi. 2017. “Effect of Ginkgo Extract
Supplementation on in Vitro Rumen Fermentation and Bacterial Profiles under Different Dietary
Conditions.” Animal Science Journal. hitps://doi.org/10.1111/asj.12877.

Oh, ., R. Shintani, S. Koike, and Y. Kobayashi. 2017, "Ginkgo Fruit Extract as an Additive to
Modify Rumen Microbiota and Fermentation and to Mitigate Methane Production.” fournal of
Dairy Science 100 {3): 192334,

Okuhira, Kana, Satoshi Koike, Shinji Ito, and Yasuo Kobayashi. 2020. “The Bio-Surfactant
Mannosylerythritol Lipid Acts as a Selective Antibacterial Agent to Modulate Rumen
Fermentation.” Animal Science Journal = Nihon Chikusan Gakkaiho 91 (1): el3464.

Pariza, Michael W., Kevin O. Gillies, Sarah F. Kraak-Ripple, Gregory Leyer, and Amy B. Smith. 2015.
“Determining the Safety of Microbial Cultures for Consumption by Humans and Animals.”
Regulatory Toxicology and Pharmacology: RTP 73 (1): 164-71.

Patterson, J. A., and R. B. Hespell. 1985. “Glutamine Synthetase Activity in the Ruminal
Bacterium Succinivibric Dextrinosolvens.” Applied and Environmental Microbiology 50 (4):
1014-20.

Pengpeng, Wang, and Zhiliang Tan. 2013. "Ammonia Assimilation in Rumen Bacteria: A Review.”
Animal Biotechnolagy 24 (2): 107-28.

Petri, Renee M., Tyler Schwaiger, Greg B. Penner, Karen A. Beauchemin, Robert J. Forster, John J.
McKinnon, and Tim A. McAllister. 2013. “Characterization of the Core Rumen Microbiome in
Cattle during Transition from Forage to Concentrate as Well as during and after an Acidotic
Challenge.” PloS One 8 (12): e83424.

Philippeau, C., A. Lettat, C. Martin, M. Silberberg, D. P. Morgavi, A. Ferlay, C. Berger, and P.
Noziére. 2017. “Effects of Bacterial Direct-Fed Microbials on Ruminal Characteristics, Methane
Emission, and Milk Fatty Acid Composition in Cows Fed High- or Low-Starch Diets.” Journal of
Dairy Science 100 (4): 2637-50.

Pickering, N. K., V. H. Oddy, J. Basarab, K. Cammack, B. Hayes, R. S. Hegarty, J. Lassen, et al. 2015.

59


https://doi.org/10.1111/asj.12877
https://doi.org/10.1128/aem.59.3

131.

132.

133.

134.

135.

13s6.

137.

138.

139.

140.

141,

142,

143,

144,

145.

“Animal Board Invited Review: Genetic Possibilities to Reduce Enteric Methane Emissions from
Ruminants.” Animal: An International Journal of Animual Bioscience 9 {9): 143140,

Pitta, Dipti W., Nagaraju Indugu, Sanjay Kumar, Bonnie Vecchiarelli, Rohini Sinhag, Linda D. Baker,
Bhima Bhukya, and James D. Ferguson. 2016. "Metagenomic Assessment of the Functional
Potential of the Rumen Microbiome in Holstein Dairy Cows.” Anaerobe 38 (April): 50-60,
Porschen, R, K., and P. Chan, 1977. “Anaerobic Vibrio-like Organisms Cultured from Blood:
Desulfovibrio Desulfuricans and Succinivibrio Species.” Journal of Clinical Microbiology 5 (4):
444-47.

Pramanik, Ajay, and ira Schwartz. 1984, “The Gene Encoding Translation Initiation Factor 3 Is
Highly Conserved in Gram-Negative Bacteria.” Archives of Biochemistry and Biophysics.
https://doi.org/10.1016/0003-9861(84)90276-5.

Qiao, G. H., A. S. Shan, N. Ma, Q. Q. Ma, and Z. W. Sun. 2010. “Effect of Supplemental Bacillus
Cultures on Rumen Fermentation and Milk Yield in Chinese Holstein Cows.” Journal of Animal
Physiology and Animal Nutrition 94 {4): 429-36.

Raeth-Knight, M. L., 1. G. Linn, and K. G. Jung. 2007. “Effect of Direct-Fed Microbials on
Performance, Diet Digestibility, and Rumen Characteristics of Holstein Dairy Cows.” Journal of
Dairy Science 90 (4): 18029,

Raivio, Tracy L., Shannon K. D. Leblanc, and Nancy L. Price. 2013. “The Escherichia Coli Cpx
Envelope Stress Response Regulates Genes of Diverse Function That Impact Antibiotic Resistance
and Membrane Integrity.” Journal of Bacteriology 195 (12): 2755-67.

Ribeiro, Marinaldo Divino, José Carlos Pereira, Augusto César de Queiroz, Vitor Pereira Bettero,
Hilario Cuquetto Mantovani, and Cassio José da Silva. 2009. “Influence of intraruminal Infusion
of Propionic Acid and Forage to Concentrate Levels on Intake, Digestibility and Rumen
Characteristics in Young Bulls.” Revista Brasileira de Zootecnia 38 (5); 94855,

Richter, Michael, and Ramon Rossellé-Mara, 2009. “Shifting the Genomic Gold Standard for the
Prokaryotic Species Definition.” Proceedings of the National Academy of Sciences of the United
States of America 106 {45): 19126-31.

Rigobelo, Everlon Cid, Vedovelli Cardozo Marita, Antonio de Avila Fernando, and Joseph Blackall
Patrick. 2016. “An Evaluation of the Use of Probiotics and Manure Composting as Strategies to
Reduce Levels of Shiga Toxin-Producing Escherichia Coli in Sheep.” African Journal of
Microbiology Research 10 (26): 1011-17.

Robertson, James, and John H. E. Nash. 2018. “MOB-Suite: Software Tools for Clustering,
Reconstruction and Typing of Plasmids from Draft Assemblies.” Microbial Genomics 4 (8).
https://doi.org/10.1095/mgen.0.000206.

Rook, J. a., and C. C. Balch. 1961. “The Effects of Intraruminal Infusions of Acetic, Propionic and
Butyric Acids on the Yield and Composition of the Milk of the Cow.” The British Journal of
Nutrition 15 {1961): 361-69.

Russell, Jarnes B. 2002. Rurnen Microbiclogy and Its Role in Ruminant Nutrition. Department of
Microbiology, Cornell University, 2002.

Russell, James B., and Robert B. Hespell. 1981. “Microbial Rumen Fermentation.” Journal of
Dairy Science. https://doi.org/10.3168/jds.s0022-0302{81)82694-x.

Salami, Saheed A., Colm A. Moran, Helen E. Warren, and Jules Taylor-Pickard. 2020. “A
Meta-Analysis of the Effects of Slow-Release Urea Supplementation on the Performance of Beef
Cattle.” Animals : An Open Access Journal from MDP! 10 {4).
https://doi.org/10.3390/ani10040657.

Schaumburg, F., R. Dieckmann, T. Schmidt-Brakling, K. Becker, and E. A. Idelevich. 2017, “First
Description of an Anaerobiospirilum Succiniciproducens Prosthetic Joint Infection.” New
Microbes and New Infections. https://doi.org/10.1016/j.nmni.2017.03.001.

60


https://doi.org/10.1016/j.nmni.2017.03.001
https://doi.org/10.3390/an
https://doi.org/10.3168/jds.s0022-0302(81)82694-x
https://doi.org/10.1099/mgen.0.000206
https://i.org/10.1016/0003-9861

146.

147,

148.

149.

150.

151.

152.

153.

154,

155,

156.

157.

158.

158.

160.

161.

162.

Schiano, Chelsea A., Lauren E. Bellows, and Wyndham W. Lathem. 2010. “The Smail RNA
Chaperone Hfg Is Required for the Virulence of Yersinia Pseudotuberculosis.” Infection and
Immunity 78 (5}): 2034~44,

Schofield, B. J., N. Lachner, 0. T. Le, D. M. McNeili, P. Dart, D. Quwerkerk, P. Hugenholtz, and A. V.
Klieve. 2018, “Beneficial Changes in Rumen Bacterial Community Profile in Sheep and Dairy
Calves as a Result of Feeding the Probiotic Bacilius Amyicliquefaciens H57.” Journal of Applied
Microbiology 124 (3): 855-66.

Schumann, Peter. 1991. “E. Stackebrandt and M. Goodfellow (Editors), Nucleic Acid Techniques
in Bacterial Systematics (Modern Microbiological Methods). XXiX 329 S., 46 Abb., 28 Tab.
Chichester - New York — Brishane — Toronto — Singapore 1991. John Wiley & Sons. $ 55.00.
ISBN: 0-471-92906-9" Journal of Basic Microbiology.
https://doi.org/10.1002/jobm.3620310616.

Seshadri, Rekha, Sinead C. Leahy, Graeme T. Attwood, Koon Hoong Teh, Suzanne C. Lambie,
Adrian L. Cookson, Emiley A. Elce-Fadrosh, et al. 2018. “Cultivation and Sequencing of Rumen
Microbiome Members from the Hungate1000 Collection.” Nature Biotechnology 36 (4}: 359-67.
Shade, Ashley, and }o Handelsman. 2012. “Beyond the Venn Diagram: The Hunt for a Core
Microbiome.” Environmental Microbiology 14 (1): 4-12.

Shinkai, ., O. Enishi, M. Mitsumori, K. Higuchi, Y. Kobayashi, A. Takenaka, K. Nagashima, M.
Mochizuki, and Y. Kobayashi. 2012. “Mitigation of Methane Production from Cattle by Feeding
Cashew Nut Shell Liquid.” Journal of Dairy Science 95 (9): 530816,

Sinclair, K. D., L. A. Sinclair, and J. J. Robinson. 2000, “Nitrogen Metabolism and Fertility in Cattle:
l. Adaptive Changes in Intake and Metabolism to Diets Differing in Their Rate of Energy and
Nitrogen Release in the Rumen.” Journal of Animal Science 78 (10): 2659-69.

Sinclair, L. A., C. W. Blake, P. Griffin, and G. H. Jones. 2012. “The Partial Replacement of Soyabean
Meal and Rapeseed Meal with Feed Grade Urea or a Slow-Release Urea and its Effect on the
Performance, Metabolism and Digestibility in Dairy Cows.” Animal: An International Journal of
Animal Bioscience 6 (6): 920-27.

Sittka, Alexandra, Verena Pfeiffer, Karsten Tedin, and J6rg Vogel. 2007. “The RNA Chaperone Hfg
Is Essential for the Virulence of Salmonella Typhimurium.” Molecular Microbiology 63 (1):
193-217.

Southern, P. M., Jr. 1975. “Bacteremia due to Succinivibrio Dextrinosofvens. Report of a Case.”
American Journal of Clinical Pathology 64 {4): 540~43,

Stackebrandt, Erko, and Robert B. Hespell. 2006. “The Family Succinivibrionaceae.” The
Prokaryotes, https://doi.org/10.1007/0-387-30743-5_20,

Steele, Michael A., lim Croom, Melissa Kahler, Ousama AlZahal, Sarah E. Hook, Kees Plaizier, and
Brian W. McBride. 2011. “Bovine Rumen Epithelium Undergoes Rapid Structural Adaptations
during Grain-Induced Subacute Ruminal Acidosis.” American Journal of Physiclogy. Regulatory,
Integrative and Comparative Physiology 300 (6): R1515-23.

Stevenson, David M., and Paul J. Weimer. 2007. "Dominance of Prevotella and Low Abundance
of Classical Ruminal Bacterial Species in the Bovine Rumen Revealed by Relative Quantification
Real-Time PCR.” Applied Microbiology and Biotechnology 75 (1): 165-74.

Storm, E., and E. R. @rskov. 1983. "The Nutritive Value of Rumen Micro-Organisms in
Ruminants.” British Journal of Nutrition. https://doi.org/10.1079/bjn19830114,

Sun, X. 2002. “Predicted Structure and Phyletic Distribution of the RNA-Binding Protein Hfg.”
Nucleic Acids Research. hitps://doi.org/10.1093/nar/gkf508.

Sun, Xueguang, Igor Zhulin, and Roger M. Wartell. 2002. “Predicted Structure and Phyletic
Distribution of the RNA-Binding Protein Hfgq.” Nucleic Acids Research 30 {17): 3662-71.

Tajima, K., R. 1. Aminov, T. Nagamine, H. Matsui, M. Nakamura, and Y. Benno. 2001.

61


https://doi.org/10.1093/nar/gkf508
https://doi.org/10.1079/bjn19830114
https://doi.org/10.1007
https://doi.org/10.1002/jobm.3620310616

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174,

175.

176.

177.

178.

179.

“Diet-Dependent Shifts in the Bacterial Population of the Rumen Revealed with Real-Time PCR.”
Applied and Environmental Microbiology 67 (6): 2766~74.

Tanner, A. C, C. Haffer, G. T. Bratthall, R. A, Visconti, and S. S. Socransky. 1979. “A Study of the
Bacteria Associated with Advancing Periodontitis in Man.” Journal of Clinical Periodontology 6
{5): 278-307.

Tee, W., T. M. Korman, M. J. Waters, A. Macphee, A. lenney, L. Joyce, and M. L. Dyall-Smith.
1998. “Three Cases of Anaerobiospirillum Succiniciproducens Bacteremia Confirmed by 165
rRNA Gene Sequencing.” Journal of Clinical Microbiology 36 (5): 1209-13.

Toju, Hirokazu, Kabir G. Peay, Masato Yamamichi, Kazuhiko Narisawa, Kei Hiruma, Ken Naito,
Shinji Fukuda, et al. 2018. “Core Microbiomes for Sustainable Agroecosystems.” Nature Plants 4
(5): 247-57.

Tsui, H. C,, H. C. Leung, and M. E. Winkler. 1994, “Characterization of Broadly Pleiotropic
Phenotypes Caused by an Hfg Insertion Mutation in Escherichia Coli K-12." Molecular
Microbiology 13 (1): 35-49.

Tubulekas, 1., R. H. Buckingham, and D. Hughes. 1991. “Mutant Rihosomes Can Generate
Dominant Kirromycin Resistance.” fournal of Bacteriology 173 {12): 3635-43.

Turnbaugh, Peter )., and leffrey I. Gordon. 2008. “The Core Gut Microbiome, Energy Balance and
Obesity.” The Journal of Physiciogy 587 (Pt 17): 4153-58.

Turnbaugh, Peter }., Micah Hamady, Tanya Yatsunenko, Brandi L. Cantarel, Alexis Duncan, Ruth E.
Ley, Mitchell L. Sogin, et al. 2009. “A Core Gut Microbiome in Obese and Lean Twins.” Nature 457
(7228}: 480-84.

Turnbaugh, Peter J., Ruth E. Ley, Micah Hamady, Claire M. Fraser-Liggett, Rob Knight, and Jeffrey
l. Gordon. 2007. “The Human Microbiome Project.” Nature 449 {7164): 804~10.

Urban, Martin, Rashmi Pant, Arathi Raghunath, Alistair G. Irvine, Helder Pedro, and Kim E.
Hammond-Kosack. 2015. “The Pathogen-Host Interactions Database {PHI-Base): Additions and
Future Developments.” Nucleic Acids Research. hitps://doi.org/10.1093/nar/gku1165.

Walker, N. b., C. ). Newbold, and R. ). Wallace. 2005. “Nitrogen Metabolism in the Rumen.” In,
71-115.

Walker, N. D., Newbold, C. J., Wallace, R. }. 2005. Quantitative Aspects of Ruminant Digestion and
Metabolism.

Wallace, R. John, lohn A. Rooke, Nest McKain, Carol-Anne Duthie, Jimmy J. Hyslop, David W.
Ross, Anthony Waterhouse, Mick Watson, and Rainer Roehe, 2015, “The Rumen Microbial
Metagenome Associated with High Methane Production in Cattle.” BMC Genomics 16 (October):
839,

Wallace, R. J,, R. Onodera, and M. A. Cotta. 1997. “Metabolism of Nitrogen-Containing
Compounds.” In The Rumen Microbial Ecosystem, edited by P. N. Hobson and C. S. Stewart,
283-328. Dordrecht: Springer Netherlands.

Wallace, R. John, Goor Sasson, Philip C. Garnsworthy, llma Tapio, Emma Gregson, Paclo Banj,
Pekka Huhtanen, et al. 2019. “A Heritable Subset of the Core Rumen Microbiome Dictates Dairy
Cow Productivity and Emissions.” Science Advances 5 (7): eaav8391.

Wang, Yaoyue, Pinghua Cao, Lei Wang, Zhaoyan Zhao, Yulin Chen, and Yuxin Yang, 2017,
“Bacterial Community Diversity Associated with Different Levels of Dietary Nutrition in the
Rurmen of Sheep.” Applied Microbiology and Biotechnology 101 (9): 3717-28.

Watanabe, Y., R. Suzuki, S. Koike, K. Nagashima, M. Mochizuki, R. J. Forster, and Y. Kobayashi.
2010. “In Vitro Evaluation of Cashew Nut Shell Liguid as a Methane-Inhibiting and
Propionate-Enhancing Agent for Ruminants.” Journal of Dairy Science 93 (11): 5258-67.

Wick, Ryan R., Mark B. Schultz, Justin Zobel, and Kathryn E. Holt. 2015. “Bandage: Interactive
Visualization of de Novo Genome Assemblies.” Bioinformatics 31 (20): 3350-52.

62


https://doi.org/10.1093/nar/gku1165

180.

181.

182.

183.

184,

185.

186.

187.

188.

189.

190.

191.

192,

193.

194.

Weigand, E., J. W. Young, and A. D. McGilliard. 1975. “Volatile Fatty Acid Metabolism by Rumen
Mucosa from Cattle Fed Hay or Grain.” Journal of Dairy Science 58 (9): 1294-1300.

Weimer, P. l., L. Da Silva Cabral, and F. Cacite, 2015. “Effects of Ruminal Dosing of Holstein Cows
with Megasphaera Elsdenii on Milk Fat Production, Ruminal Chemistry, and Bacterial Strain
Persistence.” Journal of Dairy Science 98 {11): 8078-92.

Weinberg, 2. G., ©. Shatz, Y. Chen, E. Yosef, M. Nikbahat, D. Ben-Ghedalia, and J. Miron. 2007.
“Effect of Lactic Acid Bacteria Inoculants on in Vitro Digestibility of Wheat and Corn Silages.”
Journal of Dairy Science 90 (10): 4754-62.

Weiss, W. P, D. J. Wyatt, and T. R. McKelvey. 2008. “Effect of Feeding Propionibacteria on Milk
Production by Early Lactation Dairy Cows.” Journal of Dairy Science 91 {2): 646-52.
Westergaard, Sara. 2015. “Effects of Direct-Fed Bacilfus Pumilus 8G-134 (NRRL B-50174) on
Ruminal and Fecal Microbial Populations of Pre- and Postpartum Holstein Cows.”

Wozny, M. A,, M. P. Bryant, L. V. Holdeman, and W. £. Mocre. 1977a. "Urease Assay and
Urease-Producing Species of Anaerobes in the Bovine Rumen and Human Feces.” Applied and
Environmental Microbiology. https://doi.org/10.1128/3aem.33.5.1097-1104.1977.

Wonzy, M. A, 1977b. “Urease Assay and Urease-Producing Species of Anaerobes in the Bovine
Rumen and Human Feces.” Applied and Environmental Microbiology 33 (5): 1097—1104.

Xu, Halyan, Weigiang Huang, Qiangchuan Hou, Lai-Yu Kwok, Wuri Laga, Yanjie Wang, Huimin Ma,
Zhihong Sun, and Heping Zhang. 2019. “Oral Administration of Compound Probiotics Improved
Canine Feed Intake, Weight Gain, Immunity and Intestinal Microbiota.” Frontiers in Immunology
10 (April): 666.

Xue, Mingyuan, Huizeng Sun, Xuehui Wu, Le Luo Guan, and Jianxin Liu. 2018. “Assessment of
Rumen Microbiota from a Large Dairy Cattle Cohort Reveals the Pan and Core Bacteriomes
Contributing to Varied Phenotypes.” Applied and Environmental Microbiology 84 (19}).
https://doi.org/10.1128/AEM.00970-18.

Yeoh, Yun Kit, Paul G, Dennis, Chanyarat Paungfoo-Lonhienne, Lui Weber, Richard Brackin, Mark
A. Ragan, Susanne Schmidt, and Philip Hugenholtz. 2017, “Evolutionary Conservation of a Core
Root Microbiome across Plant Phyla along a Tropical Soil Chronoseguence.” Nature
Communications 8 (1): 215.

Yoon, I. K., and M. D. Stern, 1995, “Influence of Direct-Fed Microbials on Ruminat Microbial
Fermentation and Performance of Ruminants - A Review -." Asian-Australasian Journal of Animal
Sciences 8 (6): 533-55.

Young, J. W. 1977. “Gluconeogenesis in Cattle: Significance and Methodology.” Journal of Dairy
Science 60 (1): 1-15.

Zankari, Ea, Henrik Hasman, Salvatore Cosentino, Martin Vestergaard, Simon Rasmussen, Ole
Lund, Frank M. Aarestrup, and Mette Voldby Larsen. 2012. “ldentification of Acquired
Antimicrobial Resistance Genes.” The Journal of Antimicrobial Chemotherapy 67 (11}: 2640-44,
Zebeli, Qendrim, Sarah . Terrill, Alberto Mazzolari, Suzanna M. Dunn, Wen Z. Yang, and Burim N,
Ametaj. 2012, “Intraruminal Administration of Megasphaera Elsdenii Modulated Rumen
Fermentation Profile in Mid-Lactation Dairy Cows.” The Journal of Dairy Research 79 (1): 16-25.
Zeef, L. A., L. Bosch, P. H, Anborgh, R. Cetin, A. Parmeggiani, and R. Hilgenfeld. 1994,
“Pulvomycin-Resistant Mutants of £. coli Elongation Factor Tu.” The EMBO Journal 13 (21):
5113-20.

63


https://doi.org/10.1128/AEM.00970-18
https://doi.org/10.1128/aem.33.5.1097-1104.1977










L-Xylose No Growth (b ) (4 ) No Growth
D-Adonitol No Growth No Growth
Methyl-BD-xylopyranoside No Growth No Growth
D-Galactose Growth No Growth
D-Glucose Growth Growth
D-Fructose Growth Growth
D-Mannose No Growth Growth
L-Sorbose No Growth Growth
L-Rhamnose No Growth No Growth
Dulcitol No Growth No Growth
D-Melezitose No Growth No Growth
D-Raffinose No Growth No Growth
Starch Growth No Growth
Glycogen No Growth Growth
Xylitol No Growth No Growth
Gentiobiose No Growth No Growth
D-Turanose No Growth No Growth
D-Lyxose No Growth




Table 2. Metabolite Production by S. dextrinosolvens ASCUSBF53 on Complex Media with (b) (4)

(b) (4)
Fermentation g/L g/L g/L g/L g/L g/L g/L g/L g/L
| Time (hrs)
Conclusions:

In vitro assays demonstrate that S. dextrinosolvens ASCUSBF53 grows on a variety of monosaccharides,

disaccharides, and sugar alcohols including (b) (4)
When grown on (b) (4) s.

dextrinosolvens ASCUSBF53 produces succinate, lactate, and acetate as major fermentation products.

(b)) (6)

Signed: Date:
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Objectives

The objective of this work was to determine the identity of S. dextrinosolvens ASCUSBF53 using genomic
methods.

Methods

For 16S sequence analysis, the 16S gene was amplified from S. dextrinosolvens ASCUSBF53 the 27F/534R
primers and sequenced using an (b) (4) (Stackebrandt and Goodfellow 1991; Muyzer, de Waal,
and Uitterlinden 1993; LANE and J 1991). The resulting sequence was quality trimmed and compared to
NCBI databases (excluding “uncultured” and environmental samples) to establish the identity of the
strain. The NCBI databases were queried on January 6, 2021.

Genomic DNA was isolated from a pure culture of S. dextrinosolvens ASCUSBF53 by a modified
Sambrook phenol-chloroform extraction/purification protocol (Jain et al. 2018). Short read sequencing
libraries were prepared using the (b) (4)) by manufacturer’s
recommended protocol and the resulting libraries were sequenced (b) (4).n
parallel, long read libraries were prepared from the same extracted DNA using the (b) @)

(b) (4)) using a modified version of the protocol outlined by (Jain
etal. 2018) and (b) (4). Full details of the
genome assembly can be found in appendix 003c. (b) (4) was used to generate the alignments for
whole genome average nucleotide identity (ANI) (Kurtz et al., 2004).

Results

Table 1: 16S Matches with Standing Nomenclature to S. dextrinosolvens ASCUSBF53

Genus species (GenBank accession #) Percent Match | Percent Coverage
—— - B
Succinivibrio dextrinosolvens CA76 (AB849336) 99.8% 99%
Succinivibrio dextrinosolvens CG79 (AB849335) 99.8% 99%
Succinivibrio dextrinosolvens Z6 (CP047056) 99.2% 100%
Succinivibrio dextrinosolvens CA79 (AB849334) 100% 97%
Succinivibrio dextrinosolvens 0554 (NR_026476) 100% 97%

Whole genome average nucleotide identity (ANI) was used to confirm the 16S identification. Genomes
for ANI comparison were selected based on 16S similarity to S. dextrinosolvens ASCUSBF53. As shown in
Table 2, the S. dextrinosolvens ASCUSBF53 genome most closely matched Succinivibrio dextrinosolvens
DSM 3072. The top 2 matches S. dextrinosolvens ASCUSBF53 meet the 95% identity cutoff for defining a
species (Yoon et al. 2017; Goris et al. 2007; Richter and Rossell6-Mdra 2009).



Table 2. Average Nucleotide Identity (ANI) by (b) (4)

Genus species (assembly) ANI (%) | Coverage (%)
Succinivibrio dextrinosolvens DSM 3072 (GCA_900167015) 97.9 74.9
Succinivibrio dextrinosolvens H5 (GCA_000702045) 96.8 72.9
Succinivibrio dextrinosolvens ACV-10 (GCA_900116345) 88.3 43.0
Succinivibrio dextrinosolvens 22B (GCA_900114195) 87.9 35.0
Succinivibrio dextrinosolvens Z6 (GCA_011065405) 87.9 31.7
Anaerobiospirillum succiniciproducens DSM 6400 (GCA_000482845) 82.4 0.64
Anaerobiospirillum thomasii NCTC13093 (GCA_900445225) 82.3 0.62
Succinatimonas hippei Y1T12066 (GCA_000188195) 82 0.22

Conclusions

Whole genome ANI and 16s comparisons suggest that S. dextrinosolvens ASCUSBF53 represents a strain
of S. dextrinosolvens. The genomic data in this Appendix should be used along with the phenotypic data

from Appendix 002 to confirm this assessment.

Documentation

The full list of 16S hits and alignments can be found on the Native Microbials drive under:

(b) (4)

The details of the ANI analysis can be found on the Ascus drive under:

s (D) (6)

(b) (4)

References

Date:




Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, et al. (2012). SPAdes: a new genome
assembly algorithm and its applications to single-cell sequencing. ] Comput Biol 19: 455-477.

Goris, Johan, Konstantinos T. Konstantinidis, Joel A. Klappenbach, Tom Coenye, Peter Vandamme, and
James M. Tiedje. 2007. “DNA-DNA Hybridization Values and Their Relationship to Whole-Genome
Sequence Similarities.” International Journal of Systematic and Evolutionary Microbiology 57 (1):
81-91.

Jain, Miten, Sergey Koren, Karen H. Miga, Josh Quick, Arthur C. Rand, Thomas A. Sasani, John R. Tyson,
et al. 2018. “Nanopore Sequencing and Assembly of a Human Genome with Ultra-Long Reads.”
Nature Biotechnology 36 (4): 338-45.

Kurtz, Stefan, Adam Phillippy, Arthur L. Delcher, Michael Smoot, Martin Shumway, Corina Antonescu,
and Steven L. Salzberg. 2004. “Versatile and Open Software for Comparing Large Genomes.”
Genome Biology 5 (2): R12.

LANE, and D. J. 1991. “165/23S rRNA Sequencing.” Nucleic Acid Techniques in Bacterial Systematics.
https://ci.nii.ac.jp/naid/10005795102.

Muyzer, G., E. C. de Waal, and A. G. Uitterlinden. 1993. “Profiling of Complex Microbial Populations by
Denaturing Gradient Gel Electrophoresis Analysis of Polymerase Chain Reaction-Amplified Genes Coding
for 16S rRNA.” Applied and Environmental Microbiology 59 (3): 695-700.

Richter, Michael, and Ramon Rosselld-Méra. 2009. “Shifting the Genomic Gold Standard for the
Prokaryotic Species Definition.” Proceedings of the National Academy of Sciences of the United
States of America 106 (45): 19126-31.

Stackebrandt, Erko, and M. Goodfellow. 1991. Nucleic Acid Techniques in Bacterial Systematics. John
Wiley & Son Ltd.

Yarza, Pablo, Pelin Yilmaz, Elmar Pruesse, Frank Oliver Gléckner, Wolfgang Ludwig, Karl-Heinz Schleifer,
William B. Whitman, Jean Euzéby, Rudolf Amann, and Ramon Rossell6-Méra. 2014. “Uniting the
Classification of Cultured and Uncultured Bacteria and Archaea Using 16S rRNA Gene Sequences.”
Nature Reviews. Microbiology 12 (9): 635—-45.

Yoon, Seok-Hwan, Sung-Min Ha, Jeongmin Lim, Soonjae Kwon, and Jongsik Chun. 2017. “A Large-
Scale Evaluation of Algorithms to Calculate Average Nucleotide Identity.” Antonie van
Leeuwenhoek 110


https://ci.nii.ac.jp/naid/10005795102

BLASTN 2.11.0+

Reference: Zheng Zhang, Scott Schwartz, Lukas Wagner, and
Webb Miller (2000), "A greedy algorithm for aligning DNA
sequences", J Comput Biol 2000; 7(1-2):203-14.

RID: ZEFFU9N7016

Database: Nucleotide collection (nt)

65,805,532 sequences; 356,481,781,104 total letters
Query=
Length=490

Score E  Max
Sequences producing significant alignments: (Bits) Value Ident



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(b) (4) Protocol as Provided by the Manufacturer

(b) (4)

arasea(D) (4)

Quality Metrics of (b) (4) Reads as Generated by (b) (4)

(b) (4)



Read distribution as related to quality score




Metrics for S. dextrinosolvens ASCUSBF53 Oxford Nanopore reads as generated by NanoStat

(b) (4)

Number, Percentage, and Megabases of Reads Above Quality Cutoffs

(b) (4)

Longest Reads in Base Pairs (bp)

(b) (4)




Assembly Statistics as reported by (b) (4)




Assembly Graph as Visualized by|  (b) (4)
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Title: Characterization of Native Microbials Succinivibrio dextrinosolvens
ASCUSBF53 (Beef-53) Production Strain: Antibiotic Susceptibility Profile

1 OBJECTIVE

To determine the Susceptibility Profile of Succinivibrio dextrinosolvens (Beef-53) production
strain to European Food Safety Authority recommended antimicrobials.

2 STANDARDS OF COMPLIANCE

This study was conducted in a GSP-like (Good Scientific Practice) manner in accordance with
testing facility SOPs and to CLSI documents VETO01 and M11 to the extent to which it is
applicable as detailed in the protocol. European Committee on Antimicrobial Susceptibility
Testing (EUCAST) breakpoints or epidemiological cutoff values (ECOFFs) may be referenced
for determining non-wildtype minimal inhibitory concentration (MIC) values. Procedures for the
susceptibility were designed to follow those in European Food Safety Authority (EFSA)
Guidance on the characterization of microorganisms used as feed additives or as production
organisms (EFSA Panel on Additives and Products or Substances used in Animal Feed
[FEEDAP] Rychen et al., 2018) as applicable and as detailed in the protocol.

3 STUDY SITE
Antimicrobial susceptibility testing was performed at Native Microbials Inc.

4 MATERIALS AND METHODS

4.1 Isolate

A production strain of Succinivibrio dextrinosolvens ASCUSBF53 (Beef-53) was procured from
the 20Sep20 Commerical Working Cell Bank. The culture was streaked onto both Brucella agar
and Mueller Hinton agar to verify that the organism is viable, pure, and morphologically typical
of the purported species and to verify growth on the selected media.

4.2 Susceptibility Profile

4.2.1 Procedure

The procedures listed in the protocol “Agar-Dilution Susceptibility Testing of Anaerobes”
(Appendix A) were written to comply with CLSI document VETO1 entitled Performance
Standards for Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated from
Animals and CLSI Document M11 entitled Methods of Antimicrobial Susceptibility Testing of
Anaerobic Bacteria.

Version: Final Page 4 of 55



Succinivibrio dextrinosolvens ASCUSBF53 -
Antibiotic Susceptibility Profile

4.3 Media

MIC agar plates for use in an agar dilution method were prepared by Native Microbials with
antimicrobials and doubling dilution concentrations. The media for MIC testing was Brucella
Broth. Stock solution concentrations and media recipes are captured in Appendix B.

4.4 Incubation and Interpretation of Susceptibility Tests

MIC agar plates were incubated and interpreted according to Native Microbials internal protocol
“Agar-Dilution Susceptibility Testing of Anaerobes” (Appendix A).

(b) (4

Reference Strain Escherichia coli (ATCC 25922) was tested on each agar dilution plate to ensure
proper quality control (QC) of the MIC tests. Available CLSI (CLSI, 2020) and EUCAST
(“Routine and Extended Internal Quality Control for MIC Determination and Disk Diffusion as
Recommended by EUCAST, Version 10.0”’; EUCAST, 2020) acceptable QC ranges for each
antimicrobial were referenced (Table 3).

4.5 Quality Control

With each test, all growth was verified to be of one morphology and of the correct colony
morphological features as considered typical of the strain.

Table 1. EFSA Gram Positive Breakpoints, EUCAST Gram-Positive Anaerobic
Breakpoints and CLSI Anaerobes Breakpoints.

5 DISPOSITIONS

All agar dilution plates were discarded after their expiration. The isolate and all subcultures
were discarded after autoclaving. No retention cultures were created or maintained from this
study.

Version: Final Page 5 of 55



DocuSign Envelope ID: 21483 1-BBA6-48FD-8A95-64FB5298400C

Succinivibrio dextrinosolvens ASCUSBF53 -
Antibiotic Susceptibility Profile

6 RESULTS

MIC results of the Succinivibrio dextrinosolvens ASCUSBF53 (Beef-53) 1solate and breakpoints
mterpretations are presented in Table 2. Photographs of agar dilution plates are shown in
Appendix C. The isolate would be considered wild-type or susceptible according to all three
criteria (EFSA, EUCAST, and CLSI) to Ampicillin. The isolate would be considered susceptible
to Tetracycline according to EFSA and CLSI breakpoints. The isolate would be considered
sensitive to Chloramphenicol according to EUCAST and CLSI. The isolate would be considered
non-wildtype or non-susceptible, against Gentamicin, Kanamycin and Streptomycin according to
EFSA. The isolate 1s considered non-susceptible to Clindamycin per EUCAST and CLSI.

However, consideration must be given that some classifications set forth by EFSA are for typical
Gram-Negative organisms and are not applicable to Succinivibrio dextrinosolvens due to its
anaerobic nature. EUCAST provides a breakpoint of “-” for Gentamicin and Erythromycin
(Table 1) indicating that the species is a poor target for therapy with these antibiotics. CLSI
refrains from providing a sensitivity for any aminoglycoside or macrolide class drugs for
anaerobes. It 1s well documented that aminoglycosides are hindered by anaerobic growth. Active
electron transport is required for aminoglycoside uptake into cells, so the class inherently lacks
activity against anaerobic bacteria (Kislak, 1973; Martin, Gardner, and Washington, 1972;
Ramirez and Tolmasky, 2010). Susceptibility to aminoglycosides and macrolides decreases
significantly in anaerobic conditions when compared to aerobic conditions (DeMars et al., 2016).
EFSA, EUCAST and CSI refrain from providing breakpoints for gram-negative organisms to
Vancomycin. Gram-negative organisins’ outer membranes are impermeable to large
glycopeptide molecules, conferring an intrinsic resistance to the entire class of glycopeptide
antibiotics, including Vancomyein (Antonoplis et al., 2019).

Table 2. Minimal Inhibitory Concentrations for Succinivibrio dextrinosolvens
ASCUSBF53 and Sensitivity Interpretation
Interpretation
Range Tested Succinivibrio
Antibiotic (ug/mL) dextrinosolvens EFSA EUCAST cLsl
Ampicillin (b) (4) <05 s s S
Vancomycin >32
Gentamicin 16 R =
Kanamycin 16 R
Streptomycin 32 R
Erythromycin 16 -
Clindamycin >32 R R
Tetracycline 0.25 S S
Chloramphenicol <0.5 S S

MIC results of the QC strain ATCC 25922 Escherichia coli are presented in Table 3. ATCC
25922 perforined within the expected range for Ampicillin, Tetracycline and Chloramphenicol.
When compared to QC ranges for the aminoglycosides, Gentamicin, Kanamycin and
Streptomycin, 1t appears to be out of specification. However, ATCC 25922 is a facultative
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Agar Dilution Antibiotic Susceptibility Photos: Ampicillin

0 pg/mL Ampicillin 0.5 pg/mL Ampicillin

1 pg/mL Ampicillin 2 pg/mL Ampicillin
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4 ng/mL Ampicillin 8 ng/mL Ampicillin

16 pg/mL Ampicillin 32 pg/mL Ampicillin
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64 ng/ml Ampicillin 128 pg/ml Ampicillin
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Agar Dilution Antibiotic Susceptibility Photos: Chloramphenicol

0 pg/mL Chloramphenicol 0.5 pg/mL Chloramphenicol

1 pg/mL Chloramphenicol 2 pg/mL Chloramphenicol
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4 ng/mL Chloramphenicol 8 ng/mL Chloramphenicol

16 pg/mL Chloramphenicol 32 pg/mL Chloramphenicol
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Agar Dilution Antibiotic Susceptibility Photos: Clindamycin

0 pg/mL Clindamycin 0.03125 pg/mL Clindamycin

0.0625 pg/mL Clindamycin 0.125 pg/mL Clindamycin
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0.25 pg/mL Clindamycin 0.5 pg/mL Clindamycin

1 pg/mL Clindamycin 2 pg/mL Clindamycin
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4 pg/mL Clindamycin 8 ng/mL Clindamycin

16 pg/mL Clindamycin 32 pg/mL Clindamycin
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Agar Dilution Antibiotic Susceptibility Photos: Erythromycin

0 pg/mL Erythromycin 0.125 pg/mL Erythromycin

0.25 pg/mL Erythromycin 0.5 pg/mL Erythromycin
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1 pg/mL Erythromycin 2 pg/mL Erythromycin

4 ng/mL Erythromycin 8 ng/mL Erythromycin
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16 pg/ml Erythromycin
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Agar Dilution Antibiotic Susceptibility Photos: Gentamicin

0 pg/mL Gentamicin 0.125 pg/mL Gentamicin

0.25 pg/mL Gentamicin 0.5 pg/mL Gentamicin
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1 pg/mL Gentamicin 2 pg/mL Gentamicin

4 ng/mL Gentamicin 8 ng/mL Gentamicin
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16 pg/mL Gentamicin 32 pg/mL Gentamicin
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Agar Dilution Antibiotic Susceptibility Photos: Kanamycin

0 pg/mL Kanamycin 0.5 pg/mL Kanamycin

1 pg/mL Kanamycin 2 pg/mL Kanamycin
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4 ng/mL Kanamycin 8 ng/mL Kanamycin

16 pg/mL Kanamycin 32 pg/mL Kanamycin
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64 ng/mL Kanamycin
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Agar Dilution Antibiotic Susceptibility Photos: Streptomycin

0 pg/mL Streptomycin 0.5 pg/mL Streptomycin

1 pg/mL Streptomycin 2 pg/mL Streptomycin
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Agar Dilution Antibiotic Susceptibility Photos: Tetracycline

0 pg/mL Tetracycline 0.0625 pg/mL Tetracycline

0.125 pg/mL Tetracycline 0.25 pg/mL Tetracycline
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Agar Dilution Antibiotic Susceptibility Photos: Vancomycin

0 pg/mL Vancomycin 0.125 pg/mL Vancomycin
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Version: Final Page 53 of 55



.93;2658 /8<479:4 1.* "I$H#IA, +&AS$(0.A(+)%A&$0,%")($ -

Succinivibrio dextrinosolvens ASCUSBF53 -
Antibiotic Susceptibility Profile

1 pg/mL Vancomycin 2 pg/mL Vancomycin

4 ng/mL Vancomycin 8 ng/mL Vancomycin

Version: Final Page 54 of 55



93,2658 /8<479:4 1.* "$HIA, +&AS(0.A(+)%A&S0,%")($ -

Succinivibrio dextrinosolvens ASCUSBF53 -
Antibiotic Susceptibility Profile

16 pg/mL Vancomycin 32 pg/mL Vancomycin

Version: Final Page 55 of 55






FINAL REPORT: (b) (4) Version FINAL
Characterization of Ascus Biosciences Succinivibrio dextrinosolvens ASCUSBF53 (Beef-53):
Absence of Antimicrobial Activity Page 2 of 16

TABLE OF CONTENTS

TABLE OF CONTENTS ..ottt sttt ettt et be et s 2
OBJECTIVES ...ttt ettt ettt et e bt e e e st e st e enseeneenbeenteentenseensesneenseensesneenes 4
STANDARDS OF COMPLIANCE ......ooiiiiiiiiieteeee ettt sttt 4
STUDY SITE ... ettt ettt ettt e et e st e et e eseesae e seentesaeensesneesseenseeneesneenes 4
IMATERIALS ...ttt ettt et b et eat e s bt et satesbeebeeaeesbeetesanens 4
ANTIMICROBIAL PROPERTIES .......ooiiteiiiieiete ettt st 4
1.1. Preparation of Culture PLates..........cccoociieiiiiiiiiiiiiic e 4
| P DI TS @ 5 (<) o 215 10 ) o USRS 5
L.3. TICUDALION ...ttt ettt b et ettt ettt e bt et e bt e naeeae e 5
L B3 (5§ o) (] 13 10 ) A PSSR 5
1.5, QUALILY CONLIOL......iiiiiiiieeii ettt ettt ettt et e bt e b e et eeabeesbeesaseenseesnseenseennns 6
DISPOSITIONS ...ttt ettt ettt ettt et et et e s at e seeste s st enseeneesseenseentasseenseeneesseensesnnans 6
RESULTS ettt ettt et s b et e a e s bt et eatesbe e beeatesbeebeestesbeentesanens 6

CONCLUSION ...ttt sttt e s e et et e saeeeaneeeae 6




FINAL REPORT: (b) (4) Version FINAL
Characterization of Ascus Biosciences Succinivibrio dextrinosolvens ASCUSBF53 (Beef-53):
Absence of Antimicrobial Activity Page 3 of 16

LIST OF TABLES AND APPENDICES

Table
No. Description Page
1 Zone Diameters from Beef-53 Supernatant and Controls...........ccccceeeeiieeriieenciieenieeeeen. 6
Appendix
A Protocol 7

Protocol

B Photos 14










FINAL REPORT: (b) (4) Version FINAL
Characterization of Ascus Biosciences Succinivibrio dextrinosolvens ASCUSBF53 (Beef-53):
Absence of Antimicrobial Activity Page 6 of 16

(b) (4

The supernatant was discarded after autoclaving and issue of the final report. No retention
sample was maintained.

RESULTS
No zones of inhibition were observed for the Beef-53 supernatant lot, or the sterile
distilled water control. A zone of inhibition was observed for the enrofloxacin positive

control for each organism as indicated in the table below:

Table 1. Zone Diameters from Beef-53 Supernatant and Controls

(b) ( 4) Zone Diameter for the indicated solution (mm)
ATCC Beef-53 Sterile Distilled

Organism number code Supernatant water Enrofloxacin
Staphylococcus aureus 6538 Stall

Escherichia coli 11229 EC 96
Bacillus cereus 2 BCS5
Bacillus circulans 4516 Bil

Streptococcus pyogenes 12344 Str 59

Serratia marcescens 14041 SM 4

Following incubation, pictures were taken of each organism seeded into the agar onto
which a saturated disk of supernatant and controls were placed according to the protocol.
These pictures are included in Appendix B. No zones of inhibition are observed in these
pictures.

CONCLUSION

The Beef-53 supernatant exhibited no antibacterial activity against the 6 strains
representative of Gram positive and Gram negative bacteria.
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Method: Determination of Heavy Metals by ICP-MS

Reference: AOAC Method 2015.01

Approved: (b) ( 6 ) Date: 4/25/19



(b) (4) Method Identifier (b) (4)
Method Folder Issue Date 2/28/19
Revision No.2

1. Purpose
This method is to describe the steps for preparation of samples and standards to perform
quantitative determination of metal impurities by microwave digestion and analysis by ICP-MS.

2. Scope
This method is applicable for the detection of metal impurities by ICP-MS. This method is
suitable for a range of elements to be quantified; however, the elements of primary concern are
arsenic, cadmium, lead and mercury.

3. Background
This method should be used by analysts familiar with trace element analysis and ICP-MS.

4. Responsibilities
4.1 Laboratory Co-Director authorized to assign and approve subject analysis is responsible for

e Approving Method Folder content
e Assuring the sample is fit for use
e Resolving analytical issues and deficiencies with subject analysis

4.2 Section Supervisor authorized to conduct subject analysis is responsible for

e Approving assigned analyst work
e Assuring the Method Folder is up to date including content and appendices
e Discussing any deviations with the Laboratory Co-Director

4.3 Analyst authorized to conduct this analysis is responsible for

e Reviewing Method Folder instructions prior to initiating analysis, especially for matrix
applicability

Analyzing the sample according to documented instructions

Assessing method and instrument performance both real time and at reporting

Addressing any deviation from instructions or specifications with the Section Supervisor
Updating Method Folder performance data

5.0 References
5.1 Method

e AOAC INTERNATIONAL. Official Methods of Analysis, 20th ed., Method 2015.01 — Heavy
Metals in Food — Inductively Coupled Plasma-Mass Spectrometry.

e FDA EAM (Elemental Analysis Manual) 4.7 Vesrion 1.1 (March 2015), P. Gray, W. Midak, J.
Cheng — “Inductively Coupled Plasma-Mass Spectrometric Determination of Arsenic,
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Reagent Blank (RB) — solution that is prepared using the same labware, acids, and dilution as
calibration standards, prepare a solution as if it were a calibration standard without added sample.

Reference material (RM) — food related materials developed for analytical quality control, which
have reference value concentration for the element of interest.

Independent calibration verification (ICV) — solution of method analytes of known
concentration obtained from a source external to the laboratory and different from the source used
for instrument standardization. The ICV is used to ensure a valid standardization and to check
laboratory performance.

Continuous calibration verification (CCV) — verification of one of the calibration standard
points. It is used to verify the calibration accuracy during the analysis of the analytical batch.

Matrix Spike (SP) — analytical portion fortified (spiking) with the analyte before digestion.
Measurement of the final concentration of the analyte is made according to the analytical method.
The purpose of the spike is to determine if the preparation procedure or sample matrix contribute
bias to the results.

Blank Spike (BS) — solution that is spiked with known concentration analytes and prepared using
the same labware, acids, dilutions and exposed to the same digestion process as the Method Blank.
The purpose is to determine the spiked analyte recoveries to determine the accuracy.

Internal Standards Solution (ISS) — non analyte solution that is added to all calibration standards,
quality control and analyzed samples, which uses the isotope ratio to correct for the instrument drift
and matrix interferences.

Stock standard solution — a solution containing a high concentration of the analyte purchased
from a reputable commercial source. Stock standard solutions are used to prepare standard
solutions and other needed analyte solutions.

Intermediate standard solution — a solution containing one or more analytes prepared in the
laboratory by diluting an aliquot of stock solution.

Standard solution — a solution prepared from the dilution of stock standard or intermediate
standard solutions. Standard solutions are used to standardize instrument response (absorbance) to
analyte concentration.

Analytical solution detection limit (ASDL) — an estimate of the lowest concentration of the
analyte element in a MBK according to the statistics of hypothesis with a 95% confidence.

Limit of detection (LOD) — an estimate of the element concentration a method can detect in an
analytical portion according to the statistics of hypothesis testing with a 95% confidence.

Limit of Quantitation (LOQ) — the minimum concentration of an analyte in a specific matrix that
can be reliably quantified while also meeting predefined goals for bias and imprecision.
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7.3 Test Sample Treatment




Method Identifier
Method Folder Issue Date 2/28/19

Revision No.2




Method Identifier
Method Folder Issue Date 2/28/19

Revision No.2







Method Identifier
Method Folder Issue Date 2/28/19

Revision No.2

endix B - Solutions Guide




Name: Native Microbials, Inc.

Customer:

Address: 10255 Science Center Dr., Suite C2

(b) (4)

Order ID

(b)(6) Report ID

(b) (4)

(b) (4)

Date Received: 1/8/2021 10:00:51

San Diego, CA Reported: 1/13/2021 15:28:35
92121 P.O. #: N/A
USA Page: 1 of 1

877-696-8945

Report of Results

Description:

Test:

C.botulinum Toxin

Description:

Test:

C.botulinum Toxin

Description:

Test:

Description:

Test:

C.botulinum Toxin

Description:

Test:

C.botulinum Toxin

Description:

Test:

C.botulinum Toxin

(b) (4)Analysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-53 Lot: 1801.2041 (says 2040)

Method:
FDA BAM

Result: Units: Reference:
Negative /29 ed. 8, ch. 17

(b) (4)Analysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-53 Lot: 1801.2042

Result: Units: Method: Reference:
Negative /2g FDA BAM ed. 8, ch. 17

(b) (4) nalysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-53 Lot: 1801.2044

Result: Units: Method: Reference:
Negative /29 FDA BAM ed. 8, ch. 17

(b) (4)nalysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-65 Lot: 1801.2039

Result: Units: Method: Reference:
Negative /2g FDA BAM ed. 8, ch. 17
(b) (4) nalysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-65 Lot: 1801.2043

Result: Units: Method: Reference:
Negative /29 FDA BAM ed. 8, ch. 17

(b) (4) nalysis Date:2021/01/08 Receiving Temperature: 2.0C
Beef-65 Lot: 1801.2045

Method:
FDA BAM

Reference:
ed. 8, ch. 17

Result: Units:
Negative /2g

(b) (4), (b)(6)

Sample Condition:

Comment:

Sample Condition:

Comment:

Sample Condition:

Comment:

Sample Condition:

Comment:

Sample Condition:

Comment:

Sample Condition:

Comment:

Okay

Okay

Okay

Okay

Okay

Okay
















































(b) (4) Certificate Of Analysis

P1382 1J10296

Potassium Phosphate Monobasic, FCC

7778-77-0
KH,PO, 136.09

| |

ASSAY (KH.PO,: DRIED BASIS) 98.0 % b 4

ARSENIC (As) 3 me/ke ( ) ( )

FLUORIDE 10 mg/kg

INSOLUBLE SUBSTANCES 02%

LEAD (Pb) 2 mg/ke

LOSS ON DRYING 1%

IDENTIFICATION TO PASS TEST PASSES TEST

CERTIFIED KOSHER nggggg)

CERTIFIED HALAL CERTIFIED HALAL

EXPIRATION DATE 30-APR-2023

DATE OF MANUFACTURE 01-APR-2020

WHITE

APPEARANCE CRYSTALLINE
POWDER

MONOGRAPH EDITION (FCC) 11

(b) (4), (b)(6)



(b) (4) Certificate Of Analysis

SO104 1JH0059
Sodium Acetate, Anhydrous, USP 4350064-A
127-09-3 14941
C,H;NaO, 82.03

ASSAY (DRIED BASIS) 99.0 101.0 %
pH OF A 3% SOLUTION @ 25°C 7.5 9.2
LOSS ON DRYING 1.0 %
INSOLUBLE MATTER 0.05 %
CHLORIDE (Cl) 350 ppm
SULFATES (SO, 50 ppm
CALCIUM AND MAGNESIUM NO TURBIDITY NO TURBIDITY
POTASSIUM (K) NO PRECIPITATE NO PRECIPITATE
COMPLIES WITH
ELEMENTAL IMPURITIES AS REPORTED STANDARD
POSITIVE FOR POSITIVE FOR
IDENTIFICATION (A) SODIUM SODIUM
POSITIVE FOR POSITIVE FOR
IDENTIFICATION (B) ACETATE ACETATE
EXPIRATION DATE 30-NOV-2021
DATE OF MANUFACTURE 01-MAY-2020
APPEARANCE WHITE GRANULAR
NO RESIDUAL
RESIDUAL SOLVENTS AS REPORTED SOLVENTS USED
MONOGRAPH EDITION (USP) 42

(b) (4), (b)(6)









(b) (4)

Specifications for Sodium Sulfate

Ingredient: Sodium Sulfate
Chemical Nomenclature: NaSO,
Specifications: Feed Grade
Moisture: < 1% by LOD
Purity: > 98%










Specification for Ammonium Chloride, Granular, FCC
(A1167)

Item Number All167

Item Ammonium Chloride, Granular, FCC

CAS Number 12125-02-9

Molecular Formula NH,CI
Molecular Weight 53.49
MDL Number

Synonyms

Specification
ASSAY (DRIED BASIS) 99.0 %
LEAD (Pb) 4 mg/kg
LOSS ON DRYING 0.5 %
IDENTIFICATION TO PASS TEST
RETEST DATE

(b) (4)












(b) (4) Certificate Of Analysis

Cl1454 1HE1065

Vitamin B12, FCC

68-19-9
CogHggCON,,0,,P 1355.37

ASSAY (DRIED BASIS) 96.0 100.5 % (b) (4)

LOSS ON DRYING 12.0 %

PSEUDO CYANOCOBALAMIN TO PASS TEST PASSES TEST

IDENTIFICATION TO PASS TEST PASSES TEST
CERTIFIED

CERTIFIED KOSHER COSHER

CERTIFIED HALAL CERTIFIED HALAL

EXPIRATION DATE 09-MAY-2022

DATE OF MANUFACTURE 10-MAY-2017
DARK RED

APPEARANCE o

(b) (4), (b)(6)



(b) (4) Certificate Of Analysis

Cl1454 1HE1065

Vitamin B12, FCC

68-19-9
CeaHggCON,0,,P 1355.37

ASSAY (DRIED BASIS) 96.0 100.5 % (b) (4)

LOSS ON DRYING 12.0 %

PSEUDO CYANOCOBALAMIN TO PASS TEST PASSES TEST

IDENTIFICATION TO PASS TEST PASSES TEST
CERTIFIED

CERTIFIED KOSHER KOSHER

CERTIFIED HALAL CERTIFIED HALAL

EXPIRATION DATE 09-MAY-2022

DATE OF MANUFACTURE 10-MAY-2017
DARK RED

APPEARANCE POWDER

(b) (4), (b)(6)









(b) (4) Certificate Of Analysis

F1000 11G0330

Ferric Ammonium Citrate, Brown, Powder, FCC

1185-57-5
| |
ASSAY (Fe) 16.5-18.5 % (b) (4)
FERRIC CITRATE TO PASS TEST PASSES TEST
OXALATE (C.0,) TO PASS TEST PASSES TEST
LEAD (Pb) 2 mg/kg 0.01 mg/kg
MERCURY 1 mg/kg <1 mg/kg
SULFATE 0.3 % <0.3 %
IDENTIFICATION TO PASS TEST PASSES TEST
RETEST DATE 04-JUN-2022
DATE OF MANUFACTURE 04-JUN-2019
APPEARANCE BROWN POWDER

(b) (4), (b)(6)









(D) (&)  covemcormane

FE110 2IA0400
Ferrous Sulfate, Heptahydrate, Granular, USP
7782-63-0
FeSO,.7H,O 278.02
ASSAY (as HEPTAHYDRATE) 99.5 104.5 % 4
ARSENIC 3 ppm
LEAD 10 ppm
MERCURY 3 ug/g
COMPLIES WITH
ELEMENTAL IMPURITIES AS REPORTED STANDARD
POSITIVE FOR POSITIVE FOR
IRON, FERROUS IRON, FERROUS
IDENTIFICATION SALTS AND SALTS AND
SULFATE SULFATE
EXPIRATION DATE 01-JUN-2021
DATE OF MANUFACTURE 01-JUN-2018
PALE BLUE GREEN
APPEARANCE CRYSTALS
NO RESIDUAL
RESIDUAL SOLVENTS AS REPORTED SOLVENTS USED

(b) (4), (b)(6)






(b) (4) Certificate Of Analysis

MA164 2FF0011
Manganese Sulfate, Monohydrate, Powder, FCC, BP
10034-96-5
MnSO,.H,0 169.02
|
ASSAY (MnSO,.H.0) 98.0 102.0% _
ASSAY (IGNITED) 99.0 101.0% (b) (4)
LOSS ON HEATING 10.0 12.0% _
APPEARANCE OF SOLUTION TO PASS TEST
ARSENIC (As) 3 mg/kg
LEAD (Pb) 4 mg/kg
SELENIUM (Se) 0.003%
HEAVY METALS 20 ppm |
ELEMENTAL IMPURITIES AS REPORTED COSI\%PA%\}Ei%TH
IRON 10 ppm b 4
ZINC (Zn) 50 ppm
CHLORIDE (Cl) 100 ppm
IDENTIFICATION TO PASS TEST PASSES TEST
RETEST DATE 15-APR-2021
DATE OF MANUFACTURE 16-APR-2016
PINK
APPEARANCE CRYSTALLINE
POWDER
RESIDUAL SOLVENTS TO PASS TEST OIS VS

(b) (4), (b)(6)




(D) (4) covicacornnaes

NI100 1JD0426
Niacin, Powder, USP
59-67-6
C,H:NO, 123.11
| |
ASSAY (DRIED BASIS) 98.0% 102.0%
LOSS ON DRYING 1.0 % (b) (4)
RESIDUE ON IGNITION 0.1 %
CHLORIDE (Cl) 0.02 %
SULFATES (SO,) 0.02 %
ELEMENTAL IMPURITIES:
CADMIUM (Cd) AS REPORTED
LEAD (Pb) AS REPORTED
ARSENIC (As) AS REPORTED
MERCURY (Hg) AS REPORTED
RELATED COMPOUNDS TO PASS TEST PASSES TEST
IDENTIFICATION TO PASS TEST PASSES TEST
CERTIFIED KOSHER ngggé%])
CERTIFIED HALAL CERTIFIED HALAL
APPEARANCE WHITE PWDER
EXPIRATION DATE 20-JUN-2022
DATE OF MANUFACTURE 21-JUN-2019
RESIDUAL SOLVENTS AS REPORTED SOLVENTS USED
MONOGRAPH EDITION (USP) 42

(b) (4), (b)(6)
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Confidential Native Microbials Appendix 009Y2

Safety Evaluation of Phytonadione (Natural Vitamin K1) for Use in the
Production of Direct-Fed Microbials for Use in Animal Feed

1. INTRODUCTION

Native Microbials, Inc. develops direct-fed microbial (DFM) products for use as supplementary feeds for
poultry and cattle in the United States (U.S.). (b) (4)

(b) (4)
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(b) (4)



(b) (4) Certificate Of Analysis

RI103 1JE0551

Riboﬂavin’ USP

83-88-5
C,H,0N,Oq 376.36
| |
ASSAY (C,H..N,O,) 98.0% 102.0 %
SPECIFIC ROTATION [a],, -115° t0 -135° (b) (4)
LOSS ON DRYING 1.5 %
RESIDUE ON IGNITION 03 %
LUMIFLAVIN 0.025
ELEMENTAL IMPURITIES:
CADMIUM (Cd) AS REPORTED
LEAD (Pb) AS REPORTED
ARSENIC (As) AS REPORTED
MERCURY (Hg) AS REPORTED
PALE GREENISH PALE GREENISH
YELLOW WITH YELLOW WITH
IDENTIFICATION YELLOWISH- YELLOWISH-
GREEN GREEN
FLUORESCENCE FLUORESCENCE
CERTIFIED KOSHER OSHER
CERTIFIED HALAL CERTIFIED HALAL
APPEARANCE ORANGE POWDER
EXPIRATION DATE 01-MAR-2022
DATE OF MANUFACTURE 02-MAR-2019
RESIDUAL SOLVENTS AS REPORTED SOLSIOVAL
MONOGRAPH EDITION (USP) 42

(b) (4), (b)(6)
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Fat Encapsulated Succinivibrio dextrinosolvens ASCUSBF65
Confidential Detailed Manufacturing Summary

Table 1. Raw Materials and Processing Aids Used in the Manufacture of
S. dextrinosolvens ASCUSBF53

Table Continued on next page.

Confidential Page 2 of 9
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Confidential Detailed Manufacturing Summary

Table 1. Raw Materials and Processing Aids Used in the Manufacture of
S. dextrinosolvens ASCUSBFS53

U
(b) (4)
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Confidential Detailed Manufacturing Summary
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DY21-POE Microbe Enumeration
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DocuSign Envelope ID: AC07777E-7B49-4679-B928-9D1A735919FB

(b) (4)
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Appendix 016 Pariza Decision Tree

Appendix 016

Suggested Decision Tree for determining the safety of microbial cultures for consumption
by humans and animals (Pariza et al, 2015)

1. Has the strain been characterized for the purpose of assigning an unambiguous genus and species name using
currently accepted methodology?
(If YES, go to 2. If NO, the strain must be characterized and unambiguously identified before proceeding).

2. Has the strain genome been sequenced?
(If YES, go to 3. If NO, the genome must be sequenced before proceeding to 3.)

3. Is the strain genome free of genetic elements encoding virulence factors and/or toxins associated with
pathogenicity?
(If YES, go to 4. If NO, go to 15.)

4. Is the strain genome free of functional and transferable antibiotic resistance gene DNA?
(If YES, go to 5. If NO, go to 15.)

5. Does the strain produce antimicrobial substances?
(If NO, go to 6. If YES, go to 15.)

6. Has the strain been genetically modified using rDNA techniques?
(If YES, go to 7a or 7b. If NO, go to 8a or 8b.)

7a For strains to be used in human food: Do the expressed product(s) that are encoded by the introduced DNA have
a history of safe use in food?
(If YES, go to 8a. If NO, the expressed product(s) must be shown to be safe before proceeding to 8a.)

7b For strains to be used in animal feed: Do the expressed product(s) that are encoded by the introduced DNA have
a history of safe use in feed for the target animal species?

(If YES, go to 8b. If NO, the expressed product(s) must be shown to be safe for the target animal species before
proceeding to 8b.)

8a For strains to be used in human food: Was the strain isolated from a food that has a history of safe consumption
for which the species, to which the strain belongs, is a substantial and characterizing component (not simply an
'incidental isolate")?

(If YES, go to 9a. If NO, go to 13a.)

8b For strains to be used in animal feeds: Was the strain isolated from a feed (for example, silage) that has a history
of safe consumption by target animals, for which the species, to which the strain belongs, is a substantial and
characterizing component (not simply an 'incidental isolate')?

(If YES, go to 9b. If NO, go to 13b.)

9a For strains to be used in human food: Has the species, to which the strain belongs, undergone a comprehensive
peer-reviewed safety evaluation and been affirmed to be safe for food use by an authoritative group of qualified
scientific experts?

(If YES, go to 10a. If NO, go to 13a.)

9b For strains to be used in animal feeds: Has the species, to which the strain belongs, undergone a comprehensive
peer-reviewed safety evaluation and been affirmed to be safe for feed use by an authoritative group of qualified
scientific experts?

(If YES, go to 10b. If NO, go to 13b.)



Appendix 016 Pariza Decision Tree

10a For strains to be used in human food: Do scientific findings published since completion of the comprehensive
peer-reviewed safety evaluation cited in question 9a continue to support the conclusion that the species, to which the
strain belongs, is safe for use in food?

(If YES, go to 11a. If NO, go to 13a.)

10b For strains to be used in animal feeds: Do scientific findings published since completion of the comprehensive
peer-reviewed safety evaluation cited in question 9b continue to support the conclusion that the species, to which the
strain belongs, is safe for use in feed?

(If YES, go to 11b. If NO, go to 13b.)

11a For strains to be used in human food: Will the intended use of the strain expand exposure to the species beyond
the group(s) that typically consume the species in “traditional” food(s) in which it is typically found (for example,
will a strain that was isolated from a fermented food typically consumed by healthy adults be used in food intended
for an 'at risk' group)?

(If NO, go to 12a. If YES, go to 13a.)

11b For strains to be used in animal feeds: Will the intended use of the strain expand exposure to the species beyond
the target animals that typically consume the species in “traditional” feed(s) in which it is typically found (for
example, will a strain that was isolated from silage be used in swine feed)?

(If NO, go to 12b. If YES, go to 13b.)

12a For strains to be used in human food: Will the intended use of the strain expand intake of the species (for
example, increasing the number of foods beyond the traditional foods in which the species typically found, or using
the strain as a probiotic rather than as a fermented food starter culture, which may significantly increase the single
dose and/or chronic exposure)?

(If NO, go to 14a. If YES, go to 13a.)

12b For strains to be used in animal feeds: Will the intended use of the strain expand intake of the species (for
example, increasing the number of feeds beyond the traditional feeds in which the species is typically found, or
using the strain as a probiotic rather than as a silage starter culture)?

(If NO, go to 14b. If YES, go to 13b.)

13a For strains to be used in human food: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?
(If yes, go to 15. If no, go to 14a.)

13b For strains to be used in animal feeds: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?

(If yes, go to 15. If no, go to 14b.)

14a The strain is deemed to be safe for use in the manufacture of food, probiotics, and dietary supplements for
human consumption.

14b The strain is deemed to be safe for use in the manufacture of feeds, probiotics, and dietary supplements for
animal consumption.

15. The strain is NOT APPROPRIATE for human or animal consumption.



Appendix 016 Pariza Decision Tree

Pariza Decision Tree as applied to Succinivibrio dextrinosolvens ASCUSBF53

1. Has the strain been characterized for the purpose of assigning an unambiguous genus and species name using
currently accepted methodology?

Yes, go to 2.

2. Has the strain genome been sequenced?

Yes, go to 3.

3. Is the strain free of genetic elements encoding virulence factors and/or toxins associated with pathogenicity?
Yes, go to 4.

4. Is the strain genome free of functional transferable antibiotic resistance gene DNA?

Yes, go to 5.

5. Does the strain produce antimicrobial substances?

No, go to 6.

6. Has the strain been genetically modified using rDNA techniques?

No, go to 8b.

8b. For strains to be used in animal feeds: Was the strain isolated from a feed (for example, silage) that has a history
of safe consumption by target animals, for which the species, to which the strain belongs, is a substantial and
characterizing component (not simply an 'incidental isolate')?

No, go to 13b.

13b For strains to be used in animal feeds: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?

No, go to 14b.

14b The strain is deemed to be safe for use in the manufacture of feeds, probiotics, and dietary supplements
for animal consumption.

Safety is based on (a) natural occurrence and prevalence of S. dextrinosolvens ASCUSBF53 in the rumen of ruminants;
and (b) characterization of the strain to indicate absence of any anticipated virulence factors for pathogenicity or anti-
microbial resistance of concern.
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Microbiome Safety for Succinivibrio dextrinosolvens
ASCUSBF53

Objectives

The objective of this review is to:

a) Demonstrate that the typical microbial composition and diversity of the rumen
microbial community of beef cattle is robust and stable across various diets and
regions. We will demonstrate this by:

i) Showing internal datasets (e.g. data and analyses created by Native Microbials)

ii) Presenting data via external datasets (e.g. data published in peer reviewed
manuscripts).

b) Present data that shows the feeding of native microorganisms does not negatively alter
the microbiome composition. Specifically, that daily administration of Succinivibrio
dextrinosolvens ASCUSBF53 does not increase its own abundance nor the overall
composition of the microbiome beyond typically observed ranges.

Robust Nature of the Dairy Rumen Microbiome

Native Microbials Animal Experiments: A series of experiments were conducted in order to
obtain a representative sampling of the rumen microbiome composition. These samples were
used to determine the typical ranges of abundances of rumen microorganisms under normal,
farm-like conditions.

Microbiome Survey : A survey experiment was conducted to identify the rumen composition
of 50 Angus steers over a period of 70 days in (b)(6). The animals were fed a
typical local diet for measuring feed efficiency (see Attachment 1). Rumen samples were taken
every 7 days throughout the study to analyze and characterize the rumen microbiome. The
study has been peer reviewed and published (Clemmons, Martino, Powers, et al. 2019;
Clemmons, Martino, Schneider, et al. 2019).

Findings: The results of the survey experiment are summarized in Table 1, showing the
average rumen bacterial phyla abundances. In all of these experiments, the abundances
of the most predominant phyla were comparable to the ranges observed in the
independent literature studies (presented below). The typical abundance of S.
dextrinosolvens, specifically, in the rumen of an Angus steer based on Native Microbials
survey was found to be 8.84% on average (ranged from 1.3% to 19.99%) of the rumen
bacterial population.
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Table 1. Abundance of Rumen Bacterial Phyla from Native Microbials Survey
Experiment, Reported as a Percent

Phylum| Average Abundance (%) Abundance Range (%)

Bacteroidetes 48.02 29.91 - 60.71
Proteobacteria 26.86 8.70 - 46.13
Firmicutes 21.99 8.86 - 40.70

Cyanobacteria/Chloroplast 1.60 0.44 - 7.94

Actinobacteria 1.16 0.55 - 2.65
Spirochaetes 0.8871 0.1866 - 2.2603
Lentisphaerae 0.3829 0.0098 - 1.0838
Tenericutes 0.3032 0.0307 - 1.0240
Fibrobacteres 0.1736 0.0050 - 0.7579
TM7 (Candidatus Saccharibacteria) 0.1663 0.0034 - 2.2466
Verrucomicrobia 0.1382 0.0007 - 1.0695
Chloroflexi 0.1212 0.0061 - 0.3732
Acidobacteria 0.0920 0.0150 - 0.5587
Planctomycetes 0.0781 0.0039 - 0.5447
Synergistetes 0.0739 0.0109 - 0.3845
Elusimicrobia 0.0662 0.0001 - 1.7201
Armatimonadetes 0.0450 0.0007 - 0.2095
Fusobacteria 0.0426 0.0004 - 1.4855
Deinococcus-Thermus 0.0214 0.0008 - 0.1972
Thermotogae 0.0162 0.0014 - 0.0914
SR1 0.0058 0.0004 - 0.0258
Chrysiogenetes 0.0053 0.0005 - 0.0297
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Cloacimonetes 0.0047 0.0012 - 0.0195
Aquificae 0.0044 0.0007 - 0.0216
Chlorobi 0.0030 0.0030 - 0.0030
Chlamydiae 0.0021 0.0005 - 0.0043
Parcubacteria 0.0007 0.0005 - 0.0008

Product Study:

Study 1: In this study, six native rumen microorganisms were administered directly to the rumen of 16
cannulated Angus heifers daily to determine the effect of microorganism supplementation on the native
rumen microbial community. The animals were located in (b)(6) and were fed a typical feedlot
diet (see Attachment 2) over 110 days. Eight control animals received a saline buffer solution, while eight
experimental animals received the same buffer solution containing multiple rumen microorganisms. The
microbial blend consisted of S. dextrinosolvens ASCUSBF53, Chordacoccus ruminofurens ASCUSBF65,
Prevotella albensis ASCUSBF41, Bacteroides xylanisolvens ASCUSBF52, and Clostridium sp. ASCUSBF26.
The animals were transitioned from a low-grain diet (<50% concentrate) to a high-grain diet (250%
concentrate) (see Attachment 2) over 21 days following a standard step-up procedure. The animals were
also challenged with a more fermentable diet to induce acidosis. Rumen samples were taken periodically
throughout the study to analyze and characterize the rumen microbiome.

Findings: In this administration experiment, it can be seen that addition of S. dextrinosolvens
ASCUSBF53, C. ruminofurens ASCUSBF65, P. albensis ASCUSBF41, B. xylanisolvens
ASCUSBF52, Clostridium sp. ASCUSBF26 to Angus heifers did not significantly alter the rumen
bacteria microbiome composition when compared to the control group within each diet
condition (Table 2). Abundances of all bacterial phyla are within standard ranges observed
in animals not fed native rumen microbes. The average abundance of each phylum tended
to be similar across experimental groups.
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Table 2. Abundance of Rumen Bacterial Phyla in the Rumen from Native
Microbials Product Study 1, Reported as a Percent

Low-grain Diet High-grain Diet Acidosis Challenge
No Six No Six No Six
Phylum| Microbes | Microbes | Microbes | Microbes | Microbes | Microbes
Bacteroidetes|  32-90 (b) (4) 40.69 (b) (4) 37.86 (b) (4)
Firmicutes| ~ 40-32 24.23 - 28.07 |
Proteobacteria| 420 20.11 - 17.22 |
Actinobacteria| ~ 0-54 0.96 - 2.34 |
Synergistetes] ~ 0-10 1.52 - 1.04 |
Spirochaetes|  0-7° 0.27 - 0.11 |
Fibrobacteres| ~ 1-29 0.23 - 0.07 |
Tenericutes| ~ 0-30 0.08 - 0.03 |
TM?7 (Candidatus Saccharibacteria)| ~ 0-21 0.08 - 0.02 |
Cyanobacteria/Chloroplast| ~ 0-00 0.03 - 0.02 |
Armatimonadetes|  0-05 0.04 - 0.01 |
Lentisphaerae| ~ 0-00 0.00 - 0.01 |
Fusobacteria] 003 0.61 - 0.00 |
sr1| 033 004 | 0.00 |
I -

Study 2: In the second experiment, three native rumen microorganisms were added to diet and fed to
75 Angus steers daily over 168 days to determine the effect of microorganism supplementation on the
native rumen microbial community. The study took place in (b)(6). The animals were transitioned
from a low-grain diet (<50% concentrate) to a high-grain diet (250% concentrate) (see Attachment 3).
The study consisted of two study groups with 50 animals receiving a microbial blend (S. dextrinosolvens
ASCUSBF53, C. ruminofurens ASCUSBF65, and P. albensis ASCUSBF41) and 25 animals receiving no
microbes (control). Rumen samples were taken periodically throughout the study to analyze and
characterize the rumen microbiome.
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Findings: In this administration experiment, it can be seen that addition of S. dextrinosolvens
ASCUSBF53, C. ruminofurens ASCUSBF65, and P. albensis ASCUSBF41 to Angus steers did not
significantly alter the rumen bacteria composition when compared to the control group
(Table 3). Abundances of all bacterial phyla are within standard ranges observed in animals
not fed native rumen microbes. The average abundance of each phylum did not differ
significantly across experimental groups.

Table 3. Abundance of Rumen Bacterial Phyla in the Rumen from Native
Microbials Product Study 2, Reported as a Percent.

Low-grain Diet

High-grain Diet

Phylum Control

Bacteroidetes 71.43

Firmicutes 14.29

Proteobacteria 11.51
Cyanobacteria/Chloroplast 0.6596
Synergistetes 0.4559
Actinobacteria 0.3855
Spirochaetes 0.3725

TM7 (Candidatus Saccharibacteria) 0.3661
Tenericutes 0.2262
Lentisphaerae 0.0716
Planctomycetes 0.0461
Fibrobacteres 0.0395

Chloroflexi 0.0368
Verrucomicrobia 0.0298
Elusimicrobia 0.0285
Acidobacteria 0.0245

Three
Microbes

(b) (4)

Control

Three
Microbes

39.52

14.96

44.40

0.3146

0.2401

0.1982

0.1654

0.0347

0.0670

0.0141

0.0131

0.0573

0.0102

0.0130

0.0120

0.0133

(b) (4)
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Armatimonadetes 0.0190 (b) (4) 0.0167 (b) (4)
Fusobacteria 0.0190 0.0136
Deinococcus-Thermus 0.0188 0.0093
Candidate Division WPS-2 0.0134 0.0046
SR1 0.0092 0.0066

Study 3: In the third experiment, three native rumen microorganisms were added to the ration and fed
to Angus steers daily over 109 days. This study took place in (b)(6). The animals were fed
typical local farm diets and transitioned from a low-grain diet (<50% concentrate) to a high-grain diet
(250% concentrate)(see Attachment 4). A blend of microbes (S. dextrinosolvens ASCUSBF53, C.
ruminofurens ASCUSBF65, and P. albensis ASCUSBF41) were administered to 100 animals, while the other
100 animals received none and served as controls. Rumen samples were taken periodically from a subset
of animals throughout the study to analyze and characterize the rumen microbiome.

Findings: In this administration experiment, it can be seen that addition of S. dextrinosolvens
ASCUSBF53, C. ruminofurens ASCUSBF65, and P. albensis ASCUSBF41 to Angus steers did not
significantly alter the rumen bacteria composition when compared to the control group
(Table 4). Abundances of all bacterial phyla are within standard ranges observed in animals
not fed native rumen microbes. The average abundance of each phylum tended to be similar
across experimental groups.

Table 4. Abundance of Rumen Bacterial Phyla in the Rumen from Native
Microbials Product Study 3, Reported as a Percent.

Low-grain Diet High-grain Diet
Three Three
Phylum Control Microbes Control Microbes
Firmicutes 48.05 (b) (4) 37.67 _(b) (4)
Bacteroidetes 43.82 28.56 I
Proteobacteria 3.26 30.81 I
Actinobacteria 1.0844 0.9479 I
Spirochaetes 0.6173 0.2481 I
Lentisphaerae 0.4313 0.0188 I
Tenericutes 0.3916 0.1768 I
1
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TM?7 (Candidatus Saccharibacteria) 0.3542 (b) (4) 0.1278 (b) (4)
Chloroflexi 0.3519 0.0211 I
Fibrobacteres 0.3474 0.1324 i
Cyanobacteria/Chloroplast 0.2635 0.7363 i
Synergistetes 0.2120 0.4497 i
SR1 0.1686 0.0184 i
Elusimicrobia 0.1158 0.0149 i
Fusobacteria 0.1122 0.0450 i
Acidobacteria 0.1104 0.0514 i
Planctomycetes 0.0944 0.0000 i
Verrucomicrobia 0.0825 0.1003 i
Armatimonadetes 0.0484 0.0220 i
Deferribacteres 0.0374 0.0019 i
Candidate Division WPS-2 0.0316 0.0000 i
Dictyoglomi 0.0102 0.0000 i
Thermodesulfobacteria 0.0087 0.0000 i
Deinococcus-Thermus 0.0050 0.0159 i
Poribacteria 0.0049 0.0000 i
Aquificae 0.0045 0.0245 i
Thermotogae 0.0039 0.0000 i
Chrysiogenetes 0.0024 0.1505 i

Animal Experiments from Peer-Reviewed Literature: Peer reviewed manuscripts describing the
bacterial rumen community using high-throughput, comprehensive bacterial community analyses were
collected for further comparative analysis to establish the composition of the “typical” rumen and
prevalence of S. dextrinosolvens. Several bacterial analyses conducted by academic institutions were
found for beef cattle including: R. M. Petri et al. 2013; Myer et al. 2016; Ribeiro et al. 2017; Khafipour et
al. 2009; Stewart et al. 2019, 2018; Kocherginskaya, Aminov, and White 2001). These manuscripts were
selected based on the marker selected for microbiome analysis (e.g. to maintain compatibility and
consistency to internal analyses) and the breadth of diets represented in the analyses:



e)

f)

g)

h)
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Ribeiro et al. (2017)) transferred the rumen content of bison to 16 Angus x Hereford heifers to
determine if the rumen microbiome could be altered. Heifers were fed a barley straw diet
consisting of 70:30 forage-to-concentrate. Although both pre- and post-rumen transfer
microbiome composition are reported in the manuscript, only the pre-transfer results are
presented here.

Petri et al. (2013) studied the rumen microbiome of 8 Angus heifers undergoing an acidosis
challenge. Animals were fed a forage diet, a mixed forage diet, a high grain diet, a challenge diet,
and a recovery diet. The microbiome was profiled for each diet.

Seshadri et al. (2018) reported an effort on culturing rumen representative microorganisms from
global ruminants. The collection represents ~75% of the rumen microbiome at genus level.

Myer et al. (2016) studied the rumen microbiome of 3 steers. The animals were cross-breeds of a
variety of feedlot cattle on a high-grain diet. The animals were selected based on their similar feed
efficiency phenotype and minimal deviation among each other.

Stewart et al. (2018) sequenced the rumen samples from 42 Scottish beef cattle and identified
913 representative microorganisms. The cattle were fed a high-concentrate diet. The microbiome
was profiled on all samples based on the representative microorganisms.

Stewart et al. (2019) sequenced the rumen samples from 283 Scottish beef cattle. The animals
were on a high-concentrate diet. The study identified 4,941 representative microorganisms. The
microbiome was profiled on all samples based on the representative microorganisms.

Auffret et al. (2017) studied the rumen microbiome from 50 beef cattle. The animals were either
on a high-concentrate diet or a forage-based diet. The microbiome was profiled for each diet.

Myer et al. (2016), R. M. Petri et al. (2013), Ribeiro et al. (2017), and Stewart et al. (2019) have
also identified the abundance of Succinivibrio in the rumen microbiome. Succinivibrio was
particularly abundant in animals fed with a high-grain diet, ranging from 0% to 1.6%,

Kocherginskaya, Aminov, and White (2001) and Khafipour et al. (2009) also evaluated the rumen
microbiome of cattle fed with a high-grain diet. Although their microbiome analysis was not
robust enough to include in the analysis here, their results are consistent with others’ and Native
Microbials’ findings.

Findings:

i) The rumen microbial community composition is constantly in flux. The microbial population
has been shown to change over time in response to a variety of factors, including diet
composition, time after feeding, and season. Additionally, there are groups of microorganisms
that are unique to particular breeds of cattle, regions, and individual animals that further
increase the inherent complexity of the microbial community native to the rumen. Despite
this variability, there is a core microbiome that appears in the majority of animals. This core
has been investigated at Native Microbials, as well as in independent academic studies.
Although the results are variable at times, there are several phyla that tend to appear across
all cattle (see Table 5).
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Table 5. Abundance of bacterial phyla in the rumen from independent studies, reported as a percent.
Empty cells indicate that data was not reported.

Ribeiro | Stewart | Stewart
Seshadriet |Petrietal.| Myeret etal. et al. etal.
al. 2018 2013a al. 2016 Petri et al. 2013 2017 2019 2018 |Auffret et al. 2017
(Global
Rumen
Representati| (Rumen (High (High (Recov| (Barley (High (High (High-
Phylum ves) Core?) grain) | (Forage)| grain) [(Acidotic)| ery) | straw) grain) grain) |(Forage)| grain)
Bacteroidetes 12.78 32.8 68.64 | 25.7 | 40.3 40 31.5| 20.29 | 49.85 36 |31-61( 46-61
Firmicutes 68.06 43.2 21.58 | 55.2 37 33.6 |43.7|40.53 | 33.73 50 |20-55( 24-76
Proteobacteria 6.19 14.3 0.51 4.7 17.9 16.5 [(15.2| 1.64 7.21 3.1 3-11 | 3-11
Fibrobacteres 0.4 <1 7.1 25.04 | 0.59 0-7 0-2
Spirochaetes 1.2 <1 2.8 6.13 | 0.43 1 0-2 0-2
Tenericutes <1 0.14
Actinobacteria 6.59 <1 1.6 1.78 1.8 3.5 2-21 | 2-12
Genus
Succinivibrio 0.60° 0.26 0 0.39 | 0.56 0 1.6

i)

a. “Rumen core” values reported in Petri et al. (2013a) were sourced from Jouany (1991).

b. The abundance of S. dextrinosolvens

The rumen microbiome is very plastic and highly responsive to external variables. Because
of this, defining a “normal healthy” rumen is challenging. High-throughput bacterial
community analyses and global ruminant microbiome effort were found for cattle fed a
variety of diets (Seshadri et al. 2018; Ribeiro et al. 2017; Petri et al. 2013; Petri et al. 20133;
Myer et al. 2016; Stewart et al. 2019, 2018; Auffret et al. 2017). These manuscripts were
further investigated to determine prevalence of the overall bacterial taxonomic composition
of the typical rumen microbiome. These studies showed that diet formulation has the
greatest impact on microbiome composition.

Cumulatively, these independent studies investigated the microbial community across a
variety of breeds, diets, and feed management regimes. Table 5 (above) summarizes the
findings from Seshadri et al. (2018), Ribeiro et al. (2017), Petri et al. (2013), Petri et al.
(2013a), Myer et al. (2016), Stewart et al. (2019), Stewart et al. (2018), and Auffret et al.
(2017) at the phylum level. Overall, Bacteroidetes and Firmicutes tended to dominate the
rumen bacterial community, with the exception of the Ribeiro study in which Fibrobacteres




Succinivibrio dextrinosolvens ASCUSBF53

also represented a substantial portion of the community. Proteobacteria is the third most
prevalent phylum in ruminants and its abundance is directly positively correlated with the
amount of corn in diet (Kocherginskaya, Aminov, and White 2001). As can be seen from this
data, there is a broad range of abundances. S. dextrinosolvens ASCUSBF53 falls into the
Proteobacteria phylum, which was found to comprise 0.51% - 17.9% of the rumen microbial
community. Kocherginskaya, Aminov, and White (2001) found the abundance of ruminal
Proteobacteria is enriched in animals on a corn based high-grain diet. The study reported
that Proteobacteria can comprise up to 27% of the rumen microbiome.

iv) Based on the global rumen microbiome effort, S. dextrinosolvens represents 0.6% of the
rumen microbial populations. The abundance of genus Succinivibrio ranged from 0.26% to
1.6% in rumen content of animals fed a high-grain diet but few were detected in animals on
a forage based diet (Table 5). This is consistent with the findings of Khafipour et al. (2009) that
the abundance of S. dextrinosolvens is associated with a high-grain diet.

v) Despite the high variability in abundance, there does seem to be a typical range for the most
predominant phyla. Overall, the observed abundance of Bacteroides within this group of
healthy animals ranged from 12.78%-68.64%, while the observed abundance of Firmicutes
ranged from 20%-76%. Proteobacteria ranged from 3%-27% and could be higher, depending
on the corn content in the diet. Other phyla did appear, but often represented less than 10%
of the total bacterial population. These ranges were utilized to describe the “average” rumen
in comparative analyses.

Conclusion

This summary covers the Native Microbial studies as well as published data to assess the potential
microorganisms shift in microbiome that may raise safety concerns. Information presented
demonstrated that the normal microbial community in the rumen is robust and not adversely affected
by the addition of native external microbes, including S. dextrinosolvens. Hence, it is clear that the dietary
addition of S. dextrinosolvens will not cause a safety concern based on changes in the microbiome.

_(b)(6) .
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Attachment 1: Knoxville, TN Survey details

Diet: The survey took place in (b)(6) and utilized the following diet:
As-fed Ingredients %
Corn Silage 80
Cracked Corn 10
Protein Supplement 10
DM %
Crude Protein 11.57
Total Digestible Nutrients 76.93

Rumen samples were collected every 7 days via oro-gastric tubes. Steers were observed daily for
overall clinical health throughout the study.
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Attachment 2: (b) (4) Product Study details

Diet: The study took place in (b)(6) and utilized the following diet:
Low-grain High-grain Acidosis Challenge
As-fed Ingredients (%)
Hay 60.8 2.3-40.6 2.38-2.54
Corn Silage 17.6 14.8-17.1 7.02-7.87
Dry Rolled Corn 13 25.5-50.9 53.12-54.19
MDGS 7.2 14.1-25.3 --
Reconstituted DDGS - - 18.43-19.48
DDGS -- 10.99-11.04 11.01-11.06
Vitamin and Mineral Premix 1.4 2.7-5 5
water -- 14.38-15.85 11.28-21.16
Roughage Dry Matter (%) 92.31 1.97-42.61 0.9-2.05
Concentrate Dry Matter (%) 7.69 57.39-98.03 97.95-99.1

Animals were transitioned from a low-grain diet to a high-grain diet. Rumen acidosis was induced twice
by increasing the amount of grain in the diet. Although this report focuses on the microbial composition
of healthy animals, this information has been included since independent research has also studied the
bacterial composition of acidotic animals.

All animals were cannulated, and rumen samples were a composite sample comprised of rumen content
collected from the dorsal, ventral, central, anterior, and posterior regions of the rumen. Samples were
collected every 3 to 4 days. Heifers were observed daily for overall clinical health throughout the study.



Attachment 3: Parma, ID product study

Succinivibrio dextrinosolvens ASCUSBF53

Diet: The survey took place in. (b)(6) and utilized the following diet:

As-fed Ingredients (%)

Low-grain Diet

High-grain Diet

Alfalfa Hay -- 2.5-33.8
Corn (Rolled) -- 10.2-12
Corn Syrup 15 14.6-21
Distillers -- 0-7
Earlage - 22-44.2
Grass Hay 77.5 0
Vitamin and Mineral Mix 25 3-4.6
Tallow -- 0-1.8
Wheat - 10-27
Wheat Straw - 0-4
Water| 5 0
Roughage Dry Matter (%) 91.42 10.23-44.63
Concentrate Dry Matter (%) 8.58 55.37-89.77

Rumen samples were collected via oro-gastrictubing on days 0, 13, 28, 56, 88, 127, 153, and 168.

Animals were observed daily for overall clinical health throughout the study.
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Attachment 4: Native Microbial’s third product study experiment

Diet: The survey took place in (b)(6) and utilized the following diet:

Ingredients (% DM)| Low-grain Diet High-grain Diet
100 6-35
Alfalfa hay
- 54-81
Dry rolled corn
- 6
Molasses (cane 64)
- 5-9.04
CA23.00 Early Pel
Roughage Dry Matter (%) 100 6-35
Concentrate Dry Matter (%) 0 65-94

Rumen samples were collected via oro-gastrics tubing on days 7, 15, 29, 57, 83, and 109. Animals were
observed daily for overall clinical health throughout the study.



Succinivibrio dextrinosolvens ASCUSBF53

Sample Collection

Samples were collected by tube or fistula from each cow. Samples were added to a 15-mL conical
containing 3 mL stop solution consisting of 95% molecular grade 200 proof ethyl alcohol ((b) (4), (b)(6)

and 5% (b) (4), (b)(6), USA) and shaken to mix. Samples
were stored on site at -80°C and shipped the following Monday overnight on ice to Native Microbials.
Upon arrival, 0.5 g of each sample was aliquoted for DNA and RNA extraction and the remaining sample
was stored at -80°C.

DNA/RNA Extraction and Amplification

Rumen samples were centrifuged at 4,000 x g for 15 min, the supernatant was decanted and removed.
Approximately 0.5 mL of resultant pellet was aliquoted for DNA extraction using the (b) (4)
Environmental RNA/DNA Isolation Kit (b) (4), (b)(6), USA). The 16S rRNA gene
was amplified using 27F and 534R (LANE and J 1991; Muyzer, de Waal, and Uitterlinden 1993) primers
modified for (b) (4) sequencing, following standard protocols (b) (4), (b)(6)
USA). Following amplification, PCR products were verified with a

standard 2% agarose gel electrophoresis and purified using (b) (4), (b)(6),
USA). The purified amplicon library was quantified and sequenced on the (b) (4), (b)(6)
USA) according to standard protocols using a 2x300 v3, 600-cycle kit. Raw fastq reads were
de-multiplexed on the (b) (4), (b)(6), USA). All samples were sequenced at a
depth such that each sample file contained at least 10,000 sequences after processing.

Analysis Method

All raw sequencing data was trimmed of adapter sequences and phred33 quality filtered at a cutoff of 20
using Trim Galore (Krueger and Others 2015). All remaining sequences were then filtered for PhiX, low
complexity reads, and cross-talk. 16S rRNA taxonomic sequence clustering and classification was
performed with the USEARCH’s UNOISE and SINTAX (v10.0.240) (Edgar 2016; Edgar and Flyvbjerg 2015;
Edgar, 2016a) with the RDA 16S rRNA database (Cole et al. 2014). Relative abundance was calculated by
taking the number sequences matched and the total sequences in each file and dividing them.
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Sex and
Physiological Status

Steers

Species / Breed

Bovine; Crossbred beef

implants

Existing implants removed

Initial Body Weight

~769 lbs

Identification

Duplicate ear tags (one in each ear) with an individualized numerical identifier

Method for each animal with a separate tag with color that corresponded to pen.
Revalor X8/ Lot:AZ10A01 [ Exp date: Mar2020
Pre-Study Cydfactlfa/ Lot: AHO2LLH / 07-20
. Bovi-Shield Gold 5/ Lot:331442 [ 14lan20
Processing

Cavalry 9/ Lot: 302 / 20Aug2021
Safeguard/ Lot: E772A01/12-2020

4 STUDY FACILITIES AND ANIMAL MANAGEMENT
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Table 5, Study Focilities and Animal Management

STUDY FACILITIES AND ANiMAL VIANAGEMENT

Housing

S57ft by 9.0 ft. (bunk variation from 8-9 ft) =513 ft* per animal in individual pen
study.
75ft by 25.0 ft. = 2025 ft*total in group pen study.

Diet and feeding
method

(b) (4)

Water analysis

Cattle were housed in individual pens and fed a transition ration as follows until
165epl9:

FIESI, PULEDIE, NIONHITEUICI IR Water was avalanle od #bittim. A copy of the
most recent water analysis was included in the study notebook. Water analysis
included total celiforms, arsenic, lead, mercury, nitrates, and suiphate fevels
and results were included in the study records. Water testing results indicated
water was acceptable for livestock.

C it
onc.oml. ant Animal Medication Route Diagnosis
Medications - -
1861 Oxytetracycline | Subcutaneous Pink-eye
1807 Tildipirosin Subcutaneous BRD

Two instances of concomitant medication intervention were required on
trial.
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Glycerides requires that vegetable oils used to produce the hydrogenated glycerides must meet the
requirements listed in AAFCO OP 33.2. It is the notifier’s responsibility to ensure that their hydrogenated
glycerides meet the current requirement.

3. Specifications of the Notified Substance

4.

The notifier states that three batches of S. dextrinosolvens ASCUSBF53 cell concentrate were analyzed for
botulinum toxins. The notifier needs to clarify why the batches were being tested for botulinum toxins. In
addition, the footnote of the Table 2.19 indicates that the testing was conducted in the samples collected at the
end of fermentation, not in the cell concentrate. The notifier needs to justify why the botulinum toxins are
tested at the end of fermentation. It is recommended that botulinum toxins are analyzed at the manufacturing
step where the highest concentration of botulinum toxins are expected.

The notifier states that the batches tested to establish specifications are representative of the commercial
materials. Same batches were also used in the stability study. However, necessary information is not provided
to justify how the tested batches can represent the expected quality of the commercial products.

The same batch IDs are used for S. dextrinosolvens ASCUSBF53 cell concentrate, freeze dried powder and final
fat encapsulated product as listed in the table below:_

Batch # (Lot #) Manufacturing date
Cell Freeze dried powder Fat encapsulated
concentrate
1801.2041 (2041) unknown 11/27/2020 12/09/2020
1801.2042 (2042) unknown 11/27/2020 12/09/2020
1801.2044 (2044) unknown 11/27/2020 12/10/2020

The notifier needs to clarify the relationship among these products bearing the same batch ID, e.g. whether
fermentation batch 1801.2041 was processed to produce only freeze dried and fat encapsulated batch
1801.2041. The notifier also needs to clarify whether batches 1801.2041, 1801.2042, and 1801.2044 were
three independent fermentation batches.

The notifier needs to describe the fermentation size, conditions, and post fermentation processes including
harvesting, preservation, freeze drying, and fat encapsulating of each batch of presented S. dextrinosolvens
ASCUSBF53 cell concentrate, freeze dried powder and final fat encapsulated product. Considering that the size
of a commercial fermenter could be thousands of gallons, the notifier needs to explain how the process used to
produce the presented batches is representative of the commercial manufacturing process, so the provided
analytical results can be used to support the specifications (anticipated viable cell count, microbial contaminants
and heavy metal contents) and stability of the commercial products of S. dextrinosolvens ASCUSBF53.

Stability

The submitted data collected at 40°C, 50°C and 60°C are not adequate to demonstrate/estimate the stability of Fat

Encapsulated S. dextrinosolvens ASCUSBF53 at 2-10°C. Using the Arrhenius equation to predict the stability or
viability of microorganisms at different temperatures have been explored but presented different

conclusions. Several factors could impact the accuracy of the shelf life estimated from Arrhenius equation, including

the manufacturing process, intrinsic resistance of the microorganism strain, the protective agents used in the
formulation, potential changes in the microorganism’s physical state at accelerated temperature, and lipid
3



oxidation. Therefore, accelerated storage testing was found to be a simple technique but with only limited degree
of correctness and predictability for long-term storage at 2-10°C.

To support the claimed shelf life for the Fat Encapsulated S. dextrinosolvens ASCUSBF53 at 2-10°C, the notifier
should provide real time stability data under the recommended storage conditions using representative pilot or
commercial batches.

5. Analytical Methods

e The in-house enumeration method approach is acceptable to determine the viable cell counts of solid and liquid
intermediates of S. dextrinosolvens ASCUSBF53 in freeze-dried and fat encapsulated product. However, | note
that Appendix 012B summarizes a microbe enumeration validation report for BF65 solid intermediate and not
for S. dextrinosolvens ASCUSBF53. The notifier should provide a justification or the summary of BF53 solid
enumeration method validation results. Appendix 012E is titled “BF52 Liquid Intermediate Microbe
Enumeration Validation Summary Report” instead of BF53 and Table 1 in the appendix 012E is titled as
“Summary table of DY19 liquid enumeration method validation results”. The notifier should address these
discrepancies and provide a justification or the summary of BF53 liquid enumeration validation results.

e The notifier refers to the FDA-BAM method for the determination of the botulinum toxins. The referenced FDA-
BAM method includes mouse bioassay, amplified ELISA assay, an approach using digoxigenin-labeled IgGs and
DIG-ELISA, and PCR method. The notifier needs to clarify which testing approach is used and what type of
toxins are tested.

Microbial Safety

Genome safety

1. The notifier’s cut-off setting for database searches is too stringent and would not allow identification of homologs
for toxins and virulence factors with reasonable similarities. The notifier should apply the cut-off setting commonly
used in the published literature, e.g., e-values, when conducting its database searches and revise its narrative as
appropriate. If an alternative cut-off setting is used, the notifier needs to provide a narrative and literature reference
to support the selected cut-off setting.

2. Regarding the databases used by the notifier, the notifier should search the original databases, including VFDB and
Victors for toxins and virulence factors, instead of solely relying on the data integrated in the PATRIC database, e.g.,
VFDB (PATRIC) and Victors (PATRIC), because pertinent data/entries in the original databases may not have been
completely integrated into the PATRIC database.

3. Clarification is needed about the notifier’s conclusion that IslandViewer 4 web server did not identify any
pathogenicity islands in Succinivibrio dextrinosolvens ASCUSBF53, e.g., how many genomic islands are predicted for
the S. dextrinosolvens ASCUSBF53 genome using IslandViewer 4? Were some genomic islands excluded by the
notifier in its analysis for pathogenicity islands? If so, what were the criteria for exclusion? How did the notifier
determine those excluded genomic islands in S. dextrinosolvens ASCUSBF53 did not raise safety concerns, e.g., being
associated with pathogenicity? The firm should address all these points in a revised narrative.

Microbial safety

1. Inthe case any potential toxins or virulence factors are identified using appropriate databases and cut-off setting,
the notifier should revise its narrative and address how those toxins or virulence factors will not raise safety
concerns.



2. It has been reported in the scientific literature that, under certain conditions, increased abundance of lactate
producing bacteria including S. dextrinosolvens may be associated with metabolic/digestive disorders, including
ruminal acidosis and frothy bloat. (PMID: 31811042, PMID: 23584771, PMID: 30862851). However, none of the
above-mentioned articles are included and discussed in the notice. For microbial safety, the notifier is responsible to
provide a balanced view of the scientific literature, including both positive and negative information. Thus, the
notifier should include those articles and address any associated safety concerns in its revised narrative.

Utility

1. Native Microbials states in Section 1.3 and Section 2.5 of its GRAS notice (page 9) that the intended purpose of
Succinivibrio dextrinosolvens ASCUSBF53 supplementation is to “augment the digestion of feed in the
rumen”. However, it also states in Section 2.5 (page 37) that S. dextrinosolvens ASCUSBF53 will act only to
support normal ruminal function of digestion of animal feed. This conclusion is also supported by the statement
in Section 6 (page 43) of its notice, “the microorganism [referring to S. dextrinosolvens] has the potential to
support digestion by aiding fermentation of forages and partially degraded digesta in the rumen.” Thus, the
description of the intended conditions of use of the additive is not consistent and the intended technical effect
may be acceptable if as described elsewhere in the notice, the notifier indicates that the use is to support rumen
fermentation. CVM notes that the terms “support” and “augment” have different meanings.

2. Native Microbials describes in Section 2.5 that “the technical effect of S. dextrinosolvens ASCUSBF53 when fed
to beef cattle as a direct fed microbial under the conditions of intended use does not have a bearing on
safety.” However, the notifier incorporates numerous statements in Section 2.5 that describe how modifying
the microbiome could influence rumen fermentation processes and provides examples of ways that S.
dextrinosolvens might alter end-products of digestion and subsequently these end-products have altered
composition of animal products or animal productivity. Further, there are claims made in this section that are
not consistent with use as an animal food product. The notifier needs to address how supplementing S.
dextrinosolvens ASCUSBF53 would not have a “bearing on safety” if the intended purpose is to augment rumen
fermentation and alter the composition of animal products or animal productivity. The notifier should recognize
that it is contradictory to argue that safety does not relate to utility, but then to include a discussion outlining
expected benefits associated with feeding the viable microorganism, such as increased digestion, improved
animal productivity. Some of these do relate to safety. This issue could be addressed by removal of this type of
information from this section.

Target Animal Safety

Based on the information contained in the notice submitted by Native Microbials, Inc., CVM has questions on the target
animal safety of the notified substance, S. dextrinosolvens ASCUSBF53 strain, and its intended use as a direct-fed
microbial for beef cattle at a use rate of 1x108 CFU/head/day.

The firm should provide a robust narrative describing how reasonable certainty of no harm for target animal safety can
be derived from data and information included in the sections on genomic and microbial safety and discuss how this
conclusion is corroborated by publicly available and other target animal data. In addition, the firm should ensure it
addresses the following:
1. Thefirm includes a proposed specification for botulinum toxins in the cell concentrate (Table 2.18; Pages 28-29
of M-000106-N-0001_sub_001.pdf). The firm should clarify why botulinum toxins are tested.
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microbe enumeration validation summary report and the newest version has been attached
(Attachment 9).

e The notifier refers to the FDA-BAM method for the determination of the botulinum toxins. The
referenced FDA-BAM method includes mouse bioassay, amplified ELISA assay, an approach using
digoxigenin-labeled IgGs and DIG-ELISA, and PCR method. The notifier needs to clarify which
testing approach is used and what type of toxins are tested.

Response: The testing approach used for botulinum toxin testing is the mouse bioassay, which
does not differentiate between toxin types. Official documentation from the accredited testing
laboratory is appended to this document as Attachment 6

Microbial Safety

Genome safety

The notifier’s cut-off setting for database searches is too stringent and would not allow
identification of homologs for toxins and virulence factors with reasonable similarities. The notifier
should apply the cut-off setting commonly used in the published literature, e.g., e-values, when
conducting its database searches and revise its narrative as appropriate. If an alternative cut-off
setting is used, the notifier needs to provide a narrative and literature reference to support the
selected cut-off setting.

Response: We have re-evaluated our thresholds for amino acid alignment and edited the narrative
in Section 2.1.6 and 2.1.8 to provide justification (see Attachment 5).

Per comments from the FDA, the thresholds used for querying databases at the amino acid level
were re-evaluated. This re-evaluation has led to two different analyses (both presented below):

At the whole genome level, the 80% identity and 70% coverage initially presented in the dossier
is appropriate for identifying virulence factors and antimicrobial genes. Additional sources
supporting this threshold are provided in the Section 2.1.6 and 2.1.8 narrative.

For toxins (specifically known toxins), smaller curated databases are utilized with identity
cutoffs between 30-50% or E-value cutoffs ranging from 1E-04 to 1E-05. An additional analysis
was performed using a Gammaproteobacteria specific toxin database with an e-value cutoff of
1E-04. The results are presented in the revised Section 2.1.8 narrative. No features in the S.

dextrinosolvens ASCUSBF53 genome aligned to protein toxins from Gammaproteobacteria at the
1E-04 threshold.

Regarding the databases used by the notifier, the notifier should search the original databases,
including VFDB and Victors for toxins and virulence factors, instead of solely relying on the data
integrated in the PATRIC database, e.g., VFDB (PATRIC) and Victors (PATRIC), because pertinent

data/entries in the original databases may not have been completely integrated into the PATRIC
database.



Response: We acknowledge that entries from VFDB and Victors are not fully integrated into

PATRIC. We have evaluated these databases by downloading the complete original databases from
source and aligning them to amino acid sequences from S. dextrinosolvens ASCUSBF53. We have
amended section 2.1.8 in the dossier (Attachment 5) to reflect these changes. Two features not
presented in the original dossier aligned to S. dextrinosolvens ASCUSBF53. This included a
translational elongation protein, EF-TU, and a flagellar regulation protein, cheY. Both proteins are
commonly found in pathogenic and non-pathogenic species and do not directly impart pathogenicity
or virulence.

Clarification is needed about the notifier’s conclusion that IslandViewer 4 web server did not
identify any pathogenicity islands in Succinivibrio dextrinosolvens ASCUSBF53, e.g., how many
genomic islands are predicted for the S. dextrinosolvens ASCUSBF53 genome using IslandViewer 47?
Were some genomic islands excluded by the notifier in its analysis for pathogenicity islands? If so,
what were the criteria for exclusion? How did the notifier determine those excluded genomic islands
in S. dextrinosolvens ASCUSBF53 did not raise safety concerns, e.g., being associated with
pathogenicity? The firm should address all these points in a revised narrative.

Response: We have amended section 2.1.8 (Attachment 5) to contain more detailed information
about the method and results generated by IslandViewer4. In short, IslandViewer4 Identified 9
genomic islands, none of which contain any virulence, pathogenicity, or antimicrobial resistance
genes. Therefore, the conclusion remains that there are no pathogenicity islands in the S.
dextrinosolvens ASCUSBF53 genome.

Microbial safety

In the case any potential toxins or virulence factors are identified using appropriate databases and
cut-off setting, the notifier should revise its narrative and address how those toxins or virulence
factors will not raise safety concerns.

Response: We have amended the narrative in section 6 (Attachment 12) to reflect the revised
analysis done in Dossier section 2.1.8 (Attachment 5).

It has been reported in the scientific literature that, under certain conditions, increased abundance
of lactate producing bacteria including S. dextrinosolvens may be associated with
metabolic/digestive disorders, including ruminal acidosis and frothy bloat. (PMID: 31811042, PMID:
23584771, PMID: 30862851). However, none of the above-mentioned articles are included and
discussed in the notice. For microbial safety, the notifier is responsible to provide a balanced view of
the scientific literature, including both positive and negative information. Thus, the notifier should
include those articles and address any associated safety concerns in its revised narrative.



Response: We have amended the narrative in section 6.7.3 (Attachment 12) to include additional
literature review and discussed S. dextrinosolvens in context of high grain diets and rumen acidosis.

Utility

1. Native Microbials states in Section 1.3 and Section 2.5 of its GRAS notice (page 9) that the intended
purpose of Succinivibrio dextrinosolvens ASCUSBF53 supplementation is to “augment the digestion
of feed in the rumen”. However, it also states in Section 2.5 (page 37) that S. dextrinosolvens
ASCUSBF53 will act only to support normal ruminal function of digestion of animal feed. This
conclusion is also supported by the statement in Section 6 (page 43) of its notice, “the
microorganism [referring to S. dextrinosolvens] has the potential to support digestion by aiding
fermentation of forages and partially degraded digesta in the rumen.” Thus, the description of the
intended conditions of use of the additive is not consistent and the intended technical effect may be
acceptable if as described elsewhere in the notice, the notifier indicates that the use is to support
rumen fermentation. CVM notes that the terms “support” and “augment” have different meanings.

Response: Everywhere the terms “augment” or “augments” appears, it has been replaced by
“support” or “supports” when referring to supporting rumen function and fermentation. These
changes are reflected in Attachment 5, which includes revised dossier sections, 1.3, 2.1 and 2.5.

Native Microbials describes in Section 2.5 that “the technical effect of S. dextrinosolvens ASCUSBF53
when fed to beef cattle as a direct fed microbial under the conditions of intended use does not have
a bearing on safety.” However, the notifier incorporates numerous statements in Section 2.5 that
describe how modifying the microbiome could influence rumen fermentation processes and
provides examples of ways that S. dextrinosolvens might alter end-products of digestion and
subsequently these end-products have altered composition of animal products or animal
productivity. Further, there are claims made in this section that are not consistent with use as an
animal food product. The notifier needs to address how supplementing S. dextrinosolvens
ASCUSBF53 would not have a “bearing on safety” if the intended purpose is to augment rumen
fermentation and alter the composition of animal products or animal productivity. The notifier
should recognize that it is contradictory to argue that safety does not relate to utility, but then to
include a discussion outlining expected benefits associated with feeding the viable microorganism,
such as increased digestion, improved animal productivity. Some of these do relate to safety. This
issue could be addressed by removal of this type of information from this section.

Response: Dossier Section 2.5 (Attachment 5) has been revised to remove claims inconsistent
with an animal food products.

Target Animal Safety

Based on the information contained in the notice submitted by Native Microbials, Inc., CVM has
guestions on the target animal safety of the notified substance, S. dextrinosolvens ASCUSBF53 strain,
and its intended use as a direct-fed microbial for beef cattle at a use rate of 1x10® CFU/head/day.
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Corn Steep Liquor

Crop Production

Identification of Petitioned Substance

Chemical Name:

Corn Steep Liquor CAS Number:
66071-94-1
Other Names: 17
(Corn steepwater, light steepwater, heavy Other Codes:
steepwater, condensed fermented corn European Inventory of Existing Commercial
extractives Chemical Substances (EINECS) No. 266-113-4
18
19
Trade Names: 20
21
22

Characterization of Petitioned Substance

Composition of the Substance:

Steeping is a procedure used during wet corn milling. The major objectives for corn steeping are to induce
chemical and physical changes in the kernel by leaching the soluble components from the corn. Cleaned
shelled corn is soaked for 30-48 hours at 120 - 130° F in a dilute sulfur dioxide solution. The steeped liquid
is then separated from the non-soluble corn solids, which are further separated into germ, bran, starch, and
gluten protein. The steeped liquor is concentrated by evaporation into Condensed Corn Fermented
Extractives or Corn Steep Liquor (CSL). Corn steep liquor is a mixture of soluble protein, amino acids,
carbohydrates, organic acids (e.g., lactic acid), vitamins, and minerals.

Wet corn milling is used to produce numerous corn based products that are subsequently used as biofuel,
ingredients in food, and for livestock feed. These products include starch, high fructose corn syrup, oil,
ethanol, bran, gluten feed, and meal. Corn steep liquor is one of the byproducts of corn wet milling
directed to the production of animal feed. It is also used as a nutrient for microorganisms in the
production of enzymes, antibiotics, and other fermentation products.

Properties of the Substance:

Product Chemistry
Physical State Liquid
Melting Point Not applicable, corn steep liquor is a liquid
Boiling Point 100 - 104 degrees Centigrade
Density 12to1.4 g/cm?
Vapor Pressure 17.5 mm, 20 degrees Centigrade
Flammability/Flame Extension not flammable
Explodability not explosive
Solubility Soluble in water
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98  particular molecular identity, including - (i) any combination of such substances occurring in whole or in
99  partas aresult of a chemical reaction or occurring in nature, and (ii) any element or uncombined radical."
100 TSCA does not include chemical substances subject to other US statutes such as foods and food additives,
101 pesticides, drugs, cosmetics, tobacco, nuclear material, or munitions.”
102
103 U.S. Food and Drug Administration
104
105  Corn steep liquor is not listed as Generally Recognized as Safe by the FDA (FDA, 2004), but is listed as a
106  component of a color additive allowed in chicken feed.
107
108  The following is directly quoted from 21 CFR Sec. 73.275.
109
110  “§73.275 Dried algae meal.
111 (a) Identity. The color additive dried algae meal is a dried mixture of algae cells (genus Spongiococcum,
112 separated from its culture broth), molasses, cornsteep liquor, and a maximum of 0.3 percent ethoxyquin.
113 The algae cells are produced by suitable fermentation, under controlled conditions, from a pure culture of
114 the genus Spongiococcum.
115 (b) Uses and restrictions. The color additive dried algae meal may be safely used in chicken feed in
116  accordance with the following prescribed conditions: (1) The color additive is used to enhance
117 the yellow color of chicken skin and eggs. (2) The quantity of the color additive incorporated in the feed is
118  such that the finished feed: (i) Is supplemented sufficiently with xanthophyll and associated carotenoids
119  soas to accomplish the intended effect described in paragraph (b)(1) of this section; and (ii) Meets the
120 tolerance limitation for ethoxyquin in animal feed prescribed in § 573.380 of this chapter.”
121
122 Association of American Feed Control Officials, Inc.
123
124 The Association of American Feed Control Officials, Inc has listed corn steep liquor as a livestock feed ingredient.
125
126  International:
127
128  The European Union permits the use of stillage and stillage extracts as fertilizers and soil conditioners in
129 organic crop production, however, corn steep liquor is not mentioned specifically (European Union, 2008).
130  Stillage is defined as the mash from the fermentation of grains after the removal of alcohol by distillation
131 (Association of American Feed Control Officials, 2005). Maize bran and gluten from wet corn milling are
132 permitted as feed materials used in livestock production (European Union, 2008). European manufacturers
133 refer to corn wet milling as maize processing. The processes are the same, which includes the use of sulfur
134 dioxide.
135
136  The Codex Alimentarius permits the use of stillage and stillage extracts as fertilizers and soil conditioners
137 in organic crop production, however, corn steep liquor is not mentioned specifically (Codex Alimentarius,
138 2008).
139
140  Corn steep liquor is included on the chemical inventory of the Domestic Substances List by the Canadian
141 government.
142

143 Evaluation Questions for Substances to be used in Organic Crop or Livestock Production

144

145  Evaluation Question #1: Is the petitioned substance formulated or manufactured by a chemical process?
146 (From 7 U.S.C. § 6502 (21).)

147

148 Corn steep liquor is produced by steeping corn grain in water for up to 48 hours. The soluble components
149 in the corn are removed because a natural lactic fermentation is taking place during steeping. Sulfur

150  dioxide is added at rates of 0.1 to 0.2 percent and is used to cleave disulfide linkages, resulting in the

151  degradation of the corn protein that encapsulates the starch granules. The starch is then released from the
152 encapsulating material. The steep water containing the corn solubles are concentrated with evaporators to
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form corn steep liquor. Corn steep liquor is a mixture of soluble protein, amino acids, carbohydrates,
organic acids (e.g., lactic acid), vitamins, and minerals. The nitrogen fraction is high in free amino acids
and small peptides. In four samples of corn steep water, Hull et al., (1996) found a number of small poly-
peptides present. Concentrations of poly-peptides generally increased during steeping. In the same study,
Hull et al., (1996) found the amino acids glutamine, leucine, proline, and asparagine at the highest
concentrations. Lower concentrations of lysine, cysteine, and methionine were reported. Concentrations of
amino acids generally increased during steeping. The composition of amino acids in the four corn steep
liquor samples compared characteristically similar to corn albumin, globulin, glutelin, and zein proteins
(Wilson, 1987). Hull et al., (1996) found various non-protein nitrogenous compounds in corn steep water.
Enzymatic activities provided no evidence for proteases during steeping, however, the length of steeping
time (up to 30 hours), coupled with the higher temperature (50 to 55 degrees Centigrade) and the presence
of micro-organisms could contribute to the enhancement of proteolytic activity during steeping (Hull et al.,
1996). Corn steep liquor is very high in phosphorus, potassium, and sulfur (Kalscheur, et al., 2008).

Therefore, the chemical composition of corn steep liquor will probably vary and is reflective of the
processing strategy used by a particular manufacturer, depending on which corn component they are
interested in isolating. Factors affecting the composition of CSL are corn hybrid, steeping time,
temperature, and the presence of micro-organisms.

Evaluation Question #2: Is the petitioned substance formulated or manufactured by a process that
chemically changes the substance extracted from naturally occurring plant, animal, or mineral sources?
(From 7 U.S.C. § 6502 (21).)

Corn steep liquor is derived from corn which is a naturally occurring plant. Clean corn is steeped in warm
water containing small amounts of sulfur dioxide. Soaking softens the kernels and the dilute sulfurous
acid formed when the sulfur dioxide reacts with water prevents excessive bacterial growth and loosens the
gluten bonds within the corn and releases the starch. The steep water absorbs the soluble components and
is later evaporated and concentrated to a solid content of about 50%. As mentioned in the response to
Question 1, the chemical composition of corn steep liquor will probably vary and is reflective of the
processing strategy used by a particular manufacturer, depending on which corn component they are
interested in isolating. This is affected by steeping time, temperature reached during the lactic acid
fermentation, and the microbial environment of the fermentation (Hull et al., 1996). These factors will also
likely affect the quality of the fermentation end-products.

Evaluation Question #3: Is the petitioned substance created by naturally occurring biological
processes? (From 7 U.S.C. § 6502 (21).)

Corn steep liquor is not created by a naturally occurring biological process. It is created as a result of a
process designed to separate corn into its four basic components, starch, germ, fiber, and protein in an
aqueous medium. It is a complicated process of chemical and biochemical reactions that, despite the long
history of the wet-milling industry, are still not fully understood. A summary of the process is provided in
evaluation question #1.

Evaluation Question #4: Is there environmental contamination during the petitioned substance’s
manufacture, use, misuse, or disposal? (From 7 U.S.C. § 6518 (m) (3).)

Manufacture

Corn steep liquor, itself, should not cause any environmental contamination, because the material is
approximately 50% water and the soluble proteins, amino acids, carbohydrates, organic acids (e.g., lactic
acid), vitamins, and minerals would be readily metabolized and utilized by micro-organisms. The sulfur
dioxide added to the fermented material to cleave the disulfide linkages may need to be vented to the
atmosphere. However, the wet corn milling process that generates corn steep liquor may have some issues
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form. However, the manufacturing of corn steep liquor is a controlled process and given the current uses
of corn steep liquor, one would not expect large quantities of corn steep liquor being released to bodies of
water.

Hull et al., (1996) analyzed four different corn steep waters for chemical composition. When analyzed for
heavy metals, iron was the most prevalent heavy metal present in corn steep water. Chromium and
cadmium were not detected in the four samples. Copper and nickel were detected at levels approximately
5 to 10% of that of iron (1.6 mg/L or less). Lead was detected in one sample (36 ug/L).

Evaluation Question #10: Is there undesirable persistence or concentration of the petitioned substance
or its breakdown products in the environment? (From 7 U.S.C. § 6518 (m) (2).)

The components of corn steep liquor are readily metabolized and utilized by micro-organisms as energy
sources, therefore, corn steep liquor would not persist and concentrate in the natural environment.

Evaluation Question #11: Is there any harmful effect on human health by using the petitioned
substance? (From 7 U.S.C. § 6517 (c) (1) (A) (i), 7 U.S.C. § 6517 (c) (2) (A) (i) and), 7 U.S.C. § 6518 (m) (4).)

Corn steep liquor has no harmful effects on human health. The components of corn steep liquor are used
as ingredients in foods for human consumption (proteins, amino acids, carbohydrates, vitamins, and
minerals). Corn steep liquor has been successfully fed to livestock for many years (Kalscheur et al., 2008)
without any adverse effects on human health.

Individuals who handle corn steep liquor should wear gloves, protective clothing, and protective eyeware.

Evaluation Question #12: Is there a wholly natural product that could be substituted for the petitioned
substance? (From 7 U.S.C. § 6517 (c) (1) (A) (ii).)

In the case of adding organic matter to soils for crop production, composted and raw manures could be
used depending on the crop being grown, time of harvest, and whether the crop will be used for human
consumption (Organic Materials Review Institute, 2007). For adding inorganic nutrients to soils,
unprocessed mined materials could be used (Organic Materials Review Institute, 2007).

In the case of supplementing livestock feeds with vitamins and minerals, natural vitamin supplements and
non-synthetic minerals, respectively, can be used (Organic Materials Review Institute, 2007).

Wet corn milling is defined as corn steeped in water with or without sulfur dioxide to soften the kernel in
order to facilitate the separation of the various component parts (Association of American Feed Control
Officials, 2005). Therefore, the wet corn milling could be conducted without sulfur dioxide, the lactic acid
fermentation and the subsequent separation of the corn components (including natural drying to
concentrate the soluble materials in the liquid portion) may be another method of processing the corn.
This may be an alternative to adding sulfur dioxide after the lactic acid fermentation and the concentrating
of the corn steep liquor with evaporators. However, the quantities and quality of the end-products may be
different.

In the case of organic crop production, corn steep liquor would be used in very few, if any, products on the
National List of Allowed and Prohibited Substances. As in (7 CFR 206.601), herbicides (soap-based) for
use in farm stead maintenance and ornamental crops would be a mixture of either calcium or sodium fatty
acids and corn steep liquor should not be used in their manufacture. However, in the case of organic
livestock production, trace mineral and vitamin supplements are allowed for enrichment or fortification
when FDA approved. If feed ingredient manufacturers use corn steep liquor to produce trace mineral and
vitamin supplements, this would be a significant use of corn steep liquor in organic livestock production.

Evaluation Question #13: Are there other already allowed substances that could be substituted for the
petitioned substance? (From 7 U.S.C. § 6517 (m) (6).)
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2.2 Regulatory Status in Animal Feed in Canada

Monopotassium phosphate is permitted for use in animal feed as in Canada as a Class 6 — Mineral
Product under Schedule IV, Part | of the Feed Regulations (1983). The substance must be labelled with
guarantees for minimum percent potassium, minimum percent phosphorus and maximum milligrams
fluorine, arsenic and iron per kilogram

23 Regulatory Status in Animal Feed in the European Union (EU)

Monopotassium phosphate is a recognized feed material in the EU and listed in the Feed Materials
Catalogue laid down under Commission Regulation (EU) No 68/2013 (European Commission, 2013). The
substance must be labelled with total phosphorus, potassium and, where greater than 10%, the content
of phosphorus insoluble in citric acid.

2.4 Regulatory Status in Human Food in the U.S.

Monopotassium phosphate is generally recognized as safe as a food additive in frozen eggs at levels of
less than 0.5% in accordance with 21 CFR §160.110.

3. SAFETY EVALUATION FOR TARGET ANIMALS
3.1 History of Use

As mentioned in Section 2, monopotassium phosphate has a long and established history of use as a
mineral substance for use in animal feed in Canada and the EU. The levels of monopotassium
phosphate as a source of phosphorus in feed is expected to be higher than the residues arising from
carry-over of the fermentation process in DFM products. On this basis, the history of safe use of
monopotassium phosphate in Canada and the EU for use in animal feed supports the suitability of the
additive for use as a raw material in the fermentation of microbial strains by Native Microbials.

3.2 Natural Occurrence

Potassium is present in most feedstuffs with the highest levels typically reported in protein sources such
as soybean meal. Thus, deficiencies in animals, particularly non ruminants are rare (NRC, 2005). Where
diets contain high levels of industrial by-products such as brewer’s grains or corn gluten,
supplementation can be required.

Likewise, phosphates are widely available from the feed, with oilseed meals and other plant-based
materials, mineral feeds, and meat and marine animal feeds serving as major sources in the diet of
animals. Availability of phosphorus from the diet can vary with the source and is generally taken into
account in the formulation of livestock diets (NRC, 2005).

It is reasonable to assume that these background sources will provide potassium and phosphorus as
significantly higher levels in the diet of poultry and cattle than will be carried over from the use as a
fermentation aid in the production of microbial strains by Native Microbials.

33 Metabolic Fate

On ingestion by animals, monopotassium phosphate will dissociate to the respective potassium,
hydrogen and phosphate ions. Equivalent behaviour in the gastrointestinal tract is observed on
ingestion

Native Microbials, Inc.
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of related salts such as mono- and di-sodium phosphate and dipotassium phosphate. Thus, the use of
monopotassium phosphate will result in exposure by animals to ions commonly consumed in animal
feed. On this basis, the available safety data on sodium, calcium and ammonium phosphate salts as well
as dipotassium phosphate may be extrapolated to support the safety of monopotassium phosphate (see
Section 3.3 and 3.4).

3.4 Mineral Tolerances

Both potassium and phosphorus are required nutrients for poultry and cattle and are considered by the
National Research Council (NRC) to be of medium concern for animal health. The NRC has set maximum
tolerable levels for potassium of 1% in the diet of poultry and cattle on a dry matter basis, and for
phosphorus of 1% for growing birds, 0.8% for laying hens and 0.7% for cattle on a dry matter basis (NRC,
2005). Any carry-over in the diet of monopotassium phosphate from the production of microbial strains
for use as DFM products will contribute to the levels of these minerals in the feed but the overall impact
on the daily intakes by animals is expected to be very low.

3.5 Evaluations by Scientific Bodies

3.5.1 JECFA Evaluation

The Joint FAO/WHO Committee on Food Additives (JECFA) has evaluated the safety of phosphoric acid
and phosphate salts as a group, including within the scope of the review, mono-, di- and tri-potassium
phosphate (JECFA, 1982). In the latest evaluation conducted in 1982, JECFA concluded that:

“Metabolically, the phosphate salts provide a source of the various cations and phosphate ion. Of the
greatest concern is the toxicity arising from calcium, magnesium and phosphate imbalance in the diet.
Phosphate salts were not mutagenic in a number of test systems. Teratogenic effects have not been
observed in mammalian test systems.

Numerous animal studies have shown that excessive dietary phosphorus causes an increase of plasma
phosphorus and a decrease in serum calcium. The resulting hypocalcaemia stimulates excretion of PTH
which in turn increases the rate of bone resorption and decreases calcium excretion. These homeostatic
adjustment to high dietary phosphorus may result in bone loss and calcification of soft tissues in animals.

The dose levels of phosphate producing nephrocalcinosis were not consistent among the various rat
feeding studies. However, the rat is exquisitely susceptible to calcification and hydronephrosis upon
exposure to acids forming calcium chelates or complexes. The lowest dose levels that produce
nephrocalcinosis overlap the higher dose levels failing to do so. However, this may be related to other
dietary imbalances, such as the level of magnesium in the diet. There is still uncertainty on the optimal
Ca:P ratio and whether this ratio is of any dietary significance in man.

The lowest level of phosphate that produced nephrocalcinosis in the rat (1% P in the diet) is used as the
basis for the evaluation and, by extrapolation based on the daily food intake of 2800 calories, this gives
a dose level of 6600 mg P per day as the best estimate of the lowest level that might conceivably cause
nephrocalcinosis in man. The usual calculation for provision of a margin of safety is probably not
suitable for food additives which are also nutrients. Ingested phosphates from natural sources should be
considered together with that from food additive sources. Since phosphorus (as phosphates) is an
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essential nutrient and an unavoidable constituent of food, it is not feasible or appropriate to give a range
of values from zero to maximum.”

On the basis of the above, the maximum tolerable daily intake for man was estimated to be 70 mg/kg
body weight.

3.5.2 SCF Evaluation

The Scientific Committee on Food (SCF) in the European Union (EU) evaluated the group of phosphate
salts used as food additives in 1990 and agreed with the JECFA estimate of 70 mg/kg body weight for
man, calculated as phosphorus (SCF, 1990).

3.5.3 Summary

Taken together the body of available data indicate that the safety of monopotassium phosphate can be
considered from the available data on phosphoric acid and phosphate, which have been previously
evaluated by JECFA and the SCF for use as food additives. These evaluations highlighted the role of
phosphate salts to provide a metabolic source of cations and the phosphate ion. Safety was primarily
based on the absence of any genotoxicity and the requirement to provide nutritionally balanced levels in
the diet which do not exceed the maximum that can be tolerated by the body.

EXPOSURE ANALYSIS

4,
4.1 Exposure of Dairy Cows to Monopotassium Phosphate in ASCUSDY19 in Typical Conditions

Calculation of worst-case residual monopotassium phosphate, using fat encapsulated ASCUSDY19
Butrivibrio fibrisolvens is estimated as follows. The main fermentation media contains 1.2 g/L
monopotassium phosphate. After biomass harvest by centrifugation, at worst the concentration remains
at 1.2 g/L. After addition of preservation solution to the cell concentrate and drying, the concentration
would then be 3.6 g/kg. After coating with hydrogenated glycerides, the concentration is further diluted
to 0.72 g/kg. If the projected 5g daily dose is composed entirely of fat-encapsulated B. fibrisolvens
ASCUSDY19, the quantity of monobasic phosphate remaining ends up being 3.6 mg, corresponding to 16
parts-per-billion (ppb) of monobasic potassium phosphate residue in a daily Total Mixed Rations (TMR)
intake of 100 Ib per day.

5. SUMMARY AND CONCLUSIONS

Monopotassium phosphate has an established history of safe use as a mineral substance for use in
animal feed in Canada and in the EU. On ingestion by poultry or cattle, monopotassium phosphate will
dissociate into the potassium, hydrogen and phosphate ions. For this reason, and consistent with the
evaluations of the additive for use in food by JECFA and the SCF, the safety can be primarily derived
from the body of available data on phosphoric acid and phosphate salts. Potassium and phosphate are
both essential nutrients for animals and present naturally in the feed as well as being added in the form
of supplemental salts. The carry-over of potassium and phosphate from its use as a monopotassium salt
in the fermentation of microbial strains for use as DFMs in poultry and cattle feed is shown in the
example above to make insignificant contribution to the levels present in the diet from natural and
supplemental sources.

Together, it is concluded that there are no safety concerns associated with the use of

monopotassium phosphate by Native Microbials as a fermentation aid under the conditions of
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diverse taxa isolated from a wide range of environments and hosts. To ensure no toxins or
virulence factors were missed, amino acid sequences from S. dextrinosolvens ASCUSBF53 were
alighed to the Victors and VFDB databases downloaded independently from PATRIC due to
some entries from these databases being absent in PATRIC. As detailed in section 2.6.1, 80%
identity and 70% coverage cutoff was applied to alignments of these databases by S.
dextrinosolvens ASCUSBF53.

A more conservative alignment approach was taken with the alignment of S. dextrinosolvens
ASCUSBF53 to a subset of protein toxins from the VFDB and DBETH databases. Published
studies have established less strict cutoffs of 30-50% identity or E-value cutoffs ranging from
1E-04 to 1E-05, when aligning to known protein toxins (Wei et al. 2015; Surachat et al. 2017;
Negi et al. 2017; X. Liang et al. 2019). Therefore, an e-value threshold of 1E-04 was used for the
alignment to the toxin databases. It is worth noting that this more conservative approach can
result in false positives due to many toxin proteins containing multiple domains with only one
of the domains being responsible for the detrimental effects of the toxin (Negi et al. 2017; Xie
and Fair 2021). As such, smaller databases containing organism specific toxins should be used
and results from low identity alignments should be thoroughly vetted to ensure that the
corresponding protein hits are not false positives. As there are no known toxins derived from
organisms in the genus Succinivibrio to which S. dextrinosolvens ASCUSBF53 belongs, a custom
database was generated that contained all protein toxin entries in the VFDB and DBETH
databases from the class Gammaproteobacteria.

IslandViewer4d is a software that uses multiple diverse methods to predict genomic islands.
These methods include IslandPick (Langille, Hsiao, and Brinkman 2008), SIGI-HMM (Waack et al.
2006), IslandPath (Hsiao et al. 2003), and Islander (Hudson, Lau, and Williams 2014). After
identification of genomic islands, the sequences in each island are subject to a search against a
curated database of virulence factors, antimicrobial resistance genes, and pathogen associated
genes. The database searched includes sequences from VFDB (Chen et al. 2005), PATRIC
(Wattam et al. 2013), Victors (Sayers et al. 2019), CARD (Jia et al. 2017), and a database of
pathogen associated genes from Ho Sui et al. (Ho Sui et al. 2009). IslandViewer4 then annotates
the features in each genomic island using 1E-10 E-value, >90% sequence similarity, and >80%
coverage for homologues by BLAST. Any genomic island containing a virulence factor,
antimicrobial resistance gene, and/or pathogen associated gene is considered a pathogenicity
island.

The PathogenFinder model predicts human pathogenicity based on matches to proteins found
differentially in human pathogenic and non-pathogenic bacteria regardless of their annotated
function. Therefore, a single hit to a protein found in human pathogenic species does not
necessarily suggest the query organism is virulent or pathogenic, but a collection of hits to
proteins uniquely found in pathogens could be enough for PathogenFinder to deem the
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Two hits were identified in VFDB. The first being an (b) (@)
from pathogenic Francisella noatunensis that shares 80.7% identity with a protein'f'ro-m'
the S. dextrinosolvens ASCUSBF53 genome. (b){@) is a ubiquitous translational protein
that catalyzes the binding of aminoacyl-tRNA to the A-site of the ribosome (Harvey et al.
2019). In some species, it is known to comprise up to 10% of the total expressed protein
(Harvey et al. 2019; Dallo et al. 2002). Due to the proteins ubiquitous nature some
studies have used it for phylogenetic reconstruction (Caamano-Antelo et al. 2015). In
some pathogenic species [{(B){#@)is a multifunctional “moonlighting” protein that can
perform essential function in the cytosol and secondary functions on the cell surface
(Ebner and Gotz 2019). Some of these functions may act to complement virulence or
pathogenicity but are not singularly respensible for the pathogenic or virulent nature of
a given species (Harvey et al. 2019; Ebner and Gé6tz 2019).

The second feature from VFDB providing a match is (b) @). The
feature in question from Aeromonas veronii shares 88.8% identity with a profein from
the S. dextrinosolvens ASCUSBF53 genome. This protein is known to interact with the
flagellar motor and assist with the switch between clockwise and counterclockwise
rotation of flagella (Sarkar et al. 2010; Nesper et al. 2017). This protein Is found in many
pathogenic and non-pathogenic species containing flagella (Manson 2010).

The lower threshold alignment at E-value 1E-4 to the Gammaproteobacteria specific toxin
database returned no matches to the S. dextrinosolvens ASCUSBF53 genome.

Nine genomic islands were identified by IslandViewerd, however none were deemed
pathogenicity islands due to the lack of any virulence, pathogenicity, or antimicrobial resistance
genes within the genomic island. None of the genomic islands were excluded by the notifier in
its analysis for pathogenicity islands.

PathogenFinder deemed that S. dextrinosolvens ASCUSBF53 was not likely to be a human

pathogen.
Table 2.12: Significant Alignments Between Virulence Databases and S. dextrinesolvens ASCUSBF53
Protein | Protein Protein Hits Pathogenicity Hits to Proteins from
Hits to Hits to to Protein Hits | Island Hits in Pathogens in
Organism Victors | VFDB PATRIC VF to Phi-Base | IslandViewer PathogenFinder
S. dextrinosolvens i B ] g & i
ASCUSBF53
Table 2.13: S. dextrinosolvens ASCUSBF53 Hits to Pathogenic Genes in Victors
Subject Query
Source Source Organism Gene Product Function Coverage Coverage identity | E-Value
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PhiBase Yersinia hfq RMNA-binding Translational

a2 i : 82 84.06 6E-38 Reduced Virulence
pestis protein Hfg Regulation

2.1.8.1 Section Summary

No genes directly involved in pathogenesis or toxin production were identified.

All publicly available pathogen and virulence-related databases were queried to determine the
pathogenic potential of S. dextrinosolvens ASCUSBF53. In total, these databases encompass
138,461 known pathogen-related genes spanning all microbial taxonomies. Comprehensive
alignment of the S. dextrinosolvens ASCUSBF53 genome to these databases yielded three
unique hits above the 80% identity, 70% query coverage threshold across the databases. The
hits were to proteins with general cellular function that can be present in the genomes of
pathogens, but do not directly confer pathogenicity or virulence. A lower threshold alighment,
at E-value 1E-4, to a Gammaproteobacteria specific toxin database returned no hits to the S.
dextrinosolvens ASCUSBF53 genome. Pathogenicity island analysis with IslandViewer4 identified
9 genomic islands in the S. dextrinosolvens ASCUSBF53 genome, none of which were identified
as pathogenicity islands. Analysis with PathogenFinder deemed that S. dextrinosolvens
ASCUSBF53 was not likely to be a human pathogen.

2.1.9 Summary of Organism Safety Based on Genomics

S. dextrinosolvens ASCUSBF53 was identified as a strain of S. dextrinosolvens by 16S rRNA and
whole genome analysis. Examination of the assembly graph of the S. dextrinosolvens
ASCUSBF53 genome revealed two chromosomes. The smaller of the two chromosomes was
analyzed to determine its standing as a chromid or plasmid. No plasmid based origin of
replication, relaxases, or mate-pair formation genes were encoded. The chromosome was
deemed non-mobile and was thus classified as a chromid. In vitro antimicrobial susceptibility
testing revealed S. dextrinosolvens ASCUSBF53 was susceptible to a broad range of
antimicrobial compounds. One antimicrobial resistance gene was identified in the genome,
tufA, that in some cases contributes to resistance to the polyketides, kirromycin and
pulvomycin. Phenotypic testing confirmed that no antimicrobials were produced by S.
dextrinosolvens ASCUSBF53 during fermentation. Comparison of the S. dextrinosolvens
ASCUSBF53 genome to several databases containing known pathogenic-related genes revealed
three protein hits. The hits were to proteins with general cellular function that can be present
in the genomes of pathogens, but do not directly confer pathogenicity or virulence. Based on
these analyses, S. dextrinosolvens ASCUSBF53 is safe for use as a direct fed microbial.
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Attachment 14

GRAS Safety Summary and Target Animal Safety for the Direct
Fed Microbial Succinivibrio dextrinosolvens ASCUSBF53

Historically, safety assessments of Direct Fed Microbials are dependent on the natural exposure to the
microorganism and information from the open literature that provides known understanding of the safety
of the species. Feeding studies to assess target animal safety are inherently more challenging to interpret
for a live, commensal microorganism sourced from the gastrointestinal ecosystem, as the microorganism
already exists within the ecosystem at a baseline abundance that can vary based on environmental
conditions and natural variability between individual animals. Because of this, the use of typical target
animal safety studies is of limited value. This was discussed in numerous meetings with FDA and is
documented in the FDA notes of those meetings. Recent technological advancements have improved the
ability to accurately de novo sequence and assemble the whole genome of strains of interest. The
accompanying growth of databases that can identify genomic sequences specific to potential
pathogenicity, virulence factors, antimicrobial synthesis, or other hazard identification have assured the
identification of the bacterial strain and its safety at a greater depth with far more confidence than in the
mid-1980s, when the identification of the microorganism was based on phenotypic measures and the
published data was minimal. Together, information derived from deep analysis of the whole genome
accompanied with corroborating in vitro data can substantiate the safety of specific strains of
microorganisms that are known to be common commensals in absence of target animal safety studies.

Specific to GRAS conclusion for Succinivibrio dextrinosolvens ASCUSBF53, as detailed below, Native
Microbials has provided current scientific rigor specific to:

1. Conduct a thorough literature search that provides the basis of the safety assessment
(importantly S. dextrinosolvens has been robustly studied and reported on by microbiologists
studying the rumen microbiome)

2. ldentify S. dextrinosolvens as a common member of the core rumen microbiome of feedlot cattle

3. Identification of the strain using genomic methods

4. Thorough evaluation of the closed genome by established and public databases to assess genetic
material for potential pathogenicity, virulence factors, or other hazard identification

5. Corroborate safety by published studies in which ruminants were fed S. dextrinosolvens or in
Native Microbials studies in which feedlot cattle were fed S. dextrinosolvens ASCUSBF53.

Based on our detailed understanding of the impact of feeding S. dextrinosolvens ASCUSBF53 in feedlot
cattle, Native Microbials has met the standard of safety “that there is a reasonable certainty in the minds
of competent scientists that the substance is not harmful under the conditions of its intended use.”



Succinivibrio dextrinosolvens is a common member of the core rumen microbiome of feedlot
cattle

As discussed in Section 6.1 of the main text of the dossier, commensal rumen microorganisms are essential
for maintaining health and nutrition in ruminants. S. dextrinosolvens is known to be a rumen commensal,
and it has been shown to perform a wide array of beneficial biochemical functions. This assessment is
supported by the in vitro and in vivo observations of the species as presented in the cited literature in
Section 6.1.

As stated in Section 6.4.1 of the main dossier, S. dextrinosolvens is found ubiquitously in feedlot cattle and
other ruminants worldwide. This data has been corroborated by survey studies conducted by Native
Microbials as presented in Section 6.4.2 of the main dossier and dossier Appendix 18 (Microbiome Safety
for Succinivibrio dextrinosolvens ASCUSBF53). Both internal and external datasets were utilized to identify
the prevalence and range of abundance of S. dextrinosolvens in feedlot cattle. S. dextrinosolvens is the
only identified species of genus Succinivibrio. The genus Succinivibrio is considered a core member of the
rumen microbiome (Petri et al. 2013). Six published studies reported the abundance of Succinivibrio
(ranging from 0.1% to 15%, Attachment 13 Table 5). In internal datasets, S. dextrinosolvens ASCUSBF53
was detected in nearly all healthy beef cattle rumen microbiome datasets with an average abundance of
8.84% (ranging from 1.3%-19.99%) (Attachment 13). This evidence suggests that S. dextrinosolvens is a
common and prevalent member of the rumen microbiome of beef cattle.

Isolation and Ecology

As presented in Section 2.1.1-2.1.3 of the main text of the dossier, S. dextrinosolvens ASCUSBF53 was
isolated from the rumen content of a healthy steer obtained via orogastric tubing. S. dextrinosolvens is a
prominent anaerobic, non-spore-forming, member of the ruminant gut microbiome. In the rumen the
species degrades fibrous plant material and ferments polysaccharides to produce volatile fatty acids. The
species is widely understood to be a non-pathogenic commensal organism in published literature. As such,
The American Type Culture Collection (ATCC) lists S. dextrinosolvens as BSL-1, indicating that it is a low-
risk microorganism that poses little to no threat of infection in healthy humans and animals. The German
Collection of Microorganisms and Cell Cultures (DSMZ) classifies S. dextrinosolvens as TRBA Risk Group 1,
indicating that the organism is unlikely to cause disease. The source of isolation (a healthy steer) together
with the species classification by experts in the field (BSL-1) suggests that S. dextrinosolvens is a low-risk
microorganism that is unlikely to cause disease in humans and animals.

DNA Sequencing, Genome Assembly, and Identity

Using methods outlined in Section 2.1.4 of the main text of the dossier, 16S rRNA and whole genome
sequencing were employed to unambiguously identify the species. The 16S rRNA sequence from S.
dextrinosolvens ASCUSBF53 most closely matched 16S rRNA sequences from other S. dextrinosolvens
strains. The 16S rRNA alignment between S. dextrinosolvens ASCUSBF53 and other S. dextrinosolvens
strains were well above the 98.7% sequence identity threshold commonly used to define a species.

Whole genome average nucleotide identity (ANI) was utilized to more thoroughly confirm the identity of
S. dextrinosolvens ASCUSBF53. Matches between S. dextrinosolvens ASCUSBF53 and other strains of S.



dextrinosolvens provided whole genome alignment values above the 95% sequence identity threshold
used to define a species using ANI. The assembly providing the best alignment values by ANI to S.
dextrinosolvens ASCUSBF53 is the type strain of the species, DSM 3072. Together, the 16S rRNA and ANI
analyses confirm that S. dextrinosolvens ASCUSBF53 has been identified correctly.

In Silico Safety Assessment

The genome assembly for S. dextrinosolvens ASCUSBF53 generated in Section 2.1.4 of the main dossier
was used to confirm that it was free of any genomic elements that would cause safety concerns. The
assembly graph of the complete, un-gapped, genome was inspected for the presence of plasmids as
detailed in Section 2.1.5 of the main dossier. The genome is comprised of a chromosome with a smaller
secondary chromosome (chromid), and no unincorporated fragments. Comprehensive analysis of the
secondary chromosome of S. dextrinosolvens ASCUSBF53 was conducted as detailed in Section 2.1.5, and
the secondary chromosome was found to be a chromid rather than plasmid. In contrast to plasmids,
chromids do not contain, or act to transfer, antimicrobial resistance, virulence or pathogenicity factors.
No elements containing features or structures typical of plasmids were observed in the S. dextrinosolvens
ASCUSBF53 genome sequence, suggesting that it has not acquired any pathogenicity or resistance genes
via plasmid transfer from the environment or other microorganisms.

As detailed in Section 2.1.6, S. dextrinosolvens ASCUSBF53 was aligned to various databases containing
antimicrobial resistance genes. A single gene for tetracycline resistance, tufA, was found to be encoded
by the genome. Literature review of antimicrobial resistance in Section 2.1.6 revealed that the feature
represents a ubiquitous translational elongation factor. Point mutations in the feature can impart
resistance to kirromycin and pulvomycin.

To assess genome encoded toxins, pathogenicity, and virulence factors, S. dextrinosolvens ASCUSBF53
was aligned to a collection of databases as detailed in Section 2.1.8. Three features were identified by the
database alignment: a post transcriptional regulator, a translational elongation factor, and a flagellar
regulator. All of these features are widely distributed in pathogenic and non-pathogenic species. None of
the identified features directly impart pathogenicity or virulence.

Thus, based on a thorough screening of the S. dextrinosolvens ASCUSBF53 genome using all applicable
and relevant databases and the current state of the art, nothing of concern was identified suggesting that
S. dextrinosolvens ASCUSBF53 is safe for humans and animals.

Safety Based on In Vitro Experiments

Phenotypic testing was conducted to evaluate antimicrobial resistance and antimicrobial production by S.
dextrinosolvens ASCUSBF53 using methods described in Section 2.1.6 and 2.1.7 in the main text of the
dossier.

S. dextrinosolvens ASCUSBF53, an anaerobic bacteria, was demonstrated to be resistant to
aminoglycosides and macrolides. Resistance to aminoglycosides and macrolides is reflective of S.
dextrinosolvens ASCUSBF53 being anaerobic rather than any specific resistance mechanism or genotype.
S. dextrinosolvens ASCUSBF53 is susceptible to chloramphenicol, tetracycline, and ampicillin. S.
dextrinosolvens ASCUSBF53 was not found to produce any antimicrobial compounds.



Feeding Trial Summary

As presented in Section 6.7 of the main text of the dossier, S. dextrinosolvens has been fed to cattle in two
studies conducted by Native Microbials. Full descriptions of these studies have been included in Appendix
019 and Appendix 020 of the original dossier submission. Animals in each study were administered S.
dextrinosolvens ASCUSBF53 in excess of 100 days. General performance and health measurements were
recorded throughout the length of both studies. No negative health effects due to the feeding of S.
dextrinosolvens were reported during either study.

Moreover, as S. dextrinosolvens ASCUSBF53 is a commensal organism and is naturally present in cattle
rumens, low level cross contamination through animal interactions would have a negligible impact. These
feeding studies, although not necessary for GRAS determination, corroborates the safety of feeding S.
dextrinosolvens ASCUSBF53 as no adverse health impacts were observed.

Overall Summary of Safety

S. dextrinosolvens ASCUSBF53 belongs to species S. dextrinosolvens and is a well understood and studied
commensal microorganism in the rumen. S. dextrinosolvens is naturally present in the rumen and
considered beneficial. This has been demonstrated by both literature and in a study conducted by Native
Microbials. The species has been classified in the lowest risk group (BSL-1/Risk Group 1) by various
international agencies. Through comprehensive evaluation of the genome, Native Microbials found no
antimicrobial resistance, plasmids, pathogenicity, or virulence factors of concern. In vitro assessment of
antimicrobial resistance and production demonstrated that S. dextrinosolvens ASCUSBF53 is susceptible
to a wide variety of common antibiotics and does not produce any antimicrobial compounds. Studies that
fed S. dextrinosolvens ASCUSBF53 to ruminants showed that the microorganism is well tolerated by the
study animals, and no adverse health effects were observed.

Native Microbials, Inc., therefore, continues to conclude that S. dextrinosolvens ASCUSBF53 is generally
recognized as safe as a direct fed microbial in dairy cattle at the intended rate of inclusion.
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