GRAS Notice (GRN) No. 1032 with amendments
https://www.fda.gov/food/generally-recognized-safe-gras/gras-notice-inventory




























































































































































Santos, Marissa

From: Ashish Talati <ashish@amintalati.com>

Sent: Tuesday, December 14, 2021 3:42 PM

To: Santos, Marissa

Subject: [EXTERNAL] RE: Question Regarding GRAS Notice for D-BHB

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the
sender and know the content is safe.

We confirm, that intended conditions of use includes gel and the maximum use level is also 6 g/serving. Sorry for the
oversight.

Thanks

Ashish

From: Santos, Marissa [mailto:Marissa.Santos@fda.hhs.gov]
Sent: Tuesday, December 14, 2021 1:57 PM

To: Ashish Talati <ashish@amintalati.com>

Subject: Question Regarding GRAS Notice for D-BHB

Dear Mr. Talati,

We are working towards filing the GRAS notice you submitted on behalf of Osaka Gas Chemicals Co. Ltd. for D-B-
hydroxybutyrate (D-BHB); however, we have a question regarding the intended uses of D-BHB. We note that in section
1.4 of your notice, the intended uses include sports and nutritional beverages and bars at up to 6 g/serving. However, in
section 3 of your notice, the intended uses also include use in gels. Please confirm that the intended conditions of use
includes gels and that the maximum level is also 6 g/serving.

Please let me know if you have any questions.

Regards,
Marissa

Marissa Santos, M.S.

Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration

Tel: 240.402.8160
marissa.santos@fda.hhs.gov

et L8, FOOD & GRUS

EENINISTRATION
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Dear Dr. Santos,
RE: Questions/Comments regarding GRN 001032 (D-p-Hydroxybutyrate)

This responds to your email of February 18, 2022, regarding your queries that need to be
addressed for D-B-Hydroxybutyrate (D-BHB) GRAS Notice (GRN 1032) submitted on behalf of
Osaka Gas Chemicals Co. Ltd. We are providing a point-by-point response to all your queries
along with some additional relevant clarifications/discussion.

CHEMISTRY

FDA Query: (1) The identity of the notified substance is described as a solution that is
approximately 40% D-B-hydroxybutyrate (D-BHB). Please confirm that the solvent is water.

Response: Yes, we confirm the solvent is water.

FDA Query: (2) The intended use level of D-BHB is described in the notice as up to 6 g/serving in
sports and nutritional beverages, bars, and gels. The subject of the notice is described as a
solution that is approximately 40% D-BHB, and the notifier states that the ingredient may be
produced at other concentrations (e.g., 60 or 80%). Please confirm that the maximum
intended use level is on the basis of D-BHB and not the solution.

Response: We confirm that the maximum use level is on the basis of D-BHB content and not the
solution. We are sorry for not making this clear in the GRAS notice.

FDA Query: (3) Please address the following questions regarding the specifications and batch
analyses for D-BHB provided in the notice:

A. Alimit of not less than (NLT) 93% is provided for the “assay” specification. This limit includes the
statement that “substrate remains, and fermentation byproducts (lactate, acetate) excluded.”
Please confirm the identities of the analyte(s) that are included in this parameter and confirm
that the HPLC method used is the same as provided for other specifications.

Response: We confirm that the analyte included in this parameter is D-BHB. The other
analytes that are measured by HPLC, but excluded in reporting as part of specification
includes lactate as L-lactate with CAS No.: 79-33-4, and acetate with CAS No.: 64-19-7.
We confirm that the HPLC method used is the same as provided for other specifications.

Excluded analytes: lactate, acetate, sucrose
Included analyte: D-BHB
Other matter: protein, pigment (not detected by HPLC and less than 0.1%).
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B. Alimit of > 95% for “B-hydroxybutyrate (free)” is provided. Please confirm whether this limit is
on a dry matter only basis, applies to the assay analysis or to the whole ingredient, and whether
this limit includes both D- and L-B-hydroxybutyrate.

Response: We confirm that this limit of > 95% is on a dry matter only basis and the limit
includes both D- and L-B-hydroxybutyrate.

C. InTable 2 of the notice, a limit of 38-40% for “BHB (free)” is provided. Please confirm whether
this limit includes both D- and L-B-hydroxybutyrate. We note that in the certificates of analysis
for lot B1903019, the measured level of “BHB (free %)” is reported as 46%, lot B1907033 has a
level of 42%, and lot B2003004 has a level of 41%. We also note that the specification for this
parameter is listed in the certificates of analysis for lots B2003004, B2006007, and B2006008 as
38-42%. Please address the results for these lots that exceed the specification provided in Table
2 and clarify this specification.

Response: We confirm that this limit of 38-40% for “BHB (free)” includes both D- and L-B-
hydroxybutyrate. Thank you for bringing to our attention the discrepancy between the
established specifications and the certificate of analysis. We are sorry for the oversight.
As provided in the specifications (Table 2), we will limit the levels of BHB (free) 38-
40%. In the future for each batch that comes under this category, we will make sure the
BHB (free) level is within the specific limit (38-40%). We are providing two additional
certificates of analysis to support the established specification limits (Annexure 1). In the
manufacturing it is likely that some batches may have higher levels (>40%) of BHB
(free). However, in these cases the product will be diluted such that the final product limit
of BHB (free) remains between 38-40%.

D. Alimit of NLT 95% for “Chirality (D-BHB %)” is provided. Please confirm whether this limitis on a
dry matter only basis.

Response: We confirm that this limit is on a dry matter only basis.

E. Please confirm whether the five lots of D-BHB described in Appendix | of the notice are
consecutive or non-consecutive batches.

Response: We confirm that five lots of D-BHB described in Appendix | of the notice are non-
consecutive. B2006007 and B2006008 is continuous number but different production lot from
fermentation. Based on our understanding, consecutive lots mean that the production is done
continuously. Our production records show that for batch number B2006007, the fermentation
started on May 26, 2020 and ended May 28, 2020. For batch number B2006008, the
fermentation started on June 08, 2020 and ended on June 10, 2020. The interval between that
batches was a 12 days interval. This is considered as non-consecutive.

FDA Query: (4) Please provide a discussion of the stability of D-BHB at the various
concentrations, including any studies of stability conducted with the D-BHB produced by the
method described in the notice.
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Response: The stability of D-BHB solution at a temperature of 25°C for 300 days has been
investigated (please see below Figure). The results of this study suggest that D-BHB is stable
for 300 days at 25°C. Additionally, we are also providing following data (please see below
Figures) of accelerated stability test at 60°C for D-BHB solution at concentrations of 10, 20,
30 and 40% BHB. Considering acceleration ratio of 50 times at 60°C according to ICH Q1A -
QLF Stability Guidelines, D-BHB is stable no less than 1,750 days (4.8 years) at levels
ranging from 10% to 40% BHB solution.

In a published report, Bruss (2008) noted that the available information suggest that 3-
hydroxybutyric acid and its salts are relatively stable compounds.

BHB 40% Solutions

B0%
2 40%
-

0%

0 84 150 300
Day at 25°C
BHB10% Solution BHB 20% Solution

15% 25%
. 20%
5 1% i 15%
B 5% T 10%

5%
0% 0%
0 7 14 21 28 35 0 7 14 21 28 35
Day at60°C Day at 60°C
BHB30% Solution BHB40% Solution

40% 60%
= S a0%
D 20% 0
& = 20%

0% 0%

0 7 14 21 28 35 0 7 14 21 28 35
Day at 60°C Day at 60°C

Page 3 of 14



TOXICOLOGY

FDA Query: (1) Please note that marketing to high-performance athletes aged 18 and older is a
business decision and not relevant to a GRAS conclusion for intended uses in food. Generally
recognized safety of the intended use of D-BHB cannot be predicated on prescribed
conditions of use in select populations of consumers. A GRAS conclusion must establish
safety of the intended use in the general population and should consider vulnerable
subpopulations.

Response: Osaka Gas agrees that marketing to high-performance athletes is a business decision
and not relevant to the GRAS conclusion. In the GRAS notice, the totality of the available
evidence is considered to establish the safety of D-BHB at the proposed use levels in the general
population, including any vulnerable subpopulation. Please note that we are not aware of any
subpopulations that may be “vulnerable” to D-BHB.

FDA Query: (2) The notice includes estimates of dietary exposure to D-BHB based on the
intended uses and cites information on dietary exposure provided in a previous GRAS notice
for the use of DBHB ester. Please clarify if the intended uses of D-BHB will be substitutional
or if these uses will be additive to the previously notified uses of D-BHB ester. If the intended
use will be additive, please provide a cumulative dietary exposure for D-BHB ingredients in
the diet and discuss the relevant safety information that supports the safe use of D-BHB
ingredients at the cumulative estimated dietary exposure.

Response: Sorry, we forgot to mention that the intended uses will be substitutional to those of
D-BHB ester described in the previous GRAS notice (GRN 515).

FDA Query: (3) Due to insufficient insulin signaling, diabetics are considered susceptible to
onset of diabetic ketoacidosis. This is considered an adverse and possibly life-threatening
condition characterized by supraphysiological ketone levels and decreases in blood pH.
Diabetics may be at an increased risk of diabetic ketoacidosis related to elevated ketone
levels.

A. Please address that the intended use of D-BHB will not present a safety concern for diabetic
consumers.

Response:

Ketoacidosis is a metabolic state associated with pathologically high serum and urine
concentrations of ketone bodies, namely acetone, acetoacetate, and D-BHB. Diabetic
ketoacidosis is a potentially life-threatening complication of uncontrolled diabetes. The
available evidence from published studies indicates that in patients with type 1 and type 2
diabetes, a ketogenic diet improves glycemic control and diabetic complications. In patients
with type 2 diabetes, a ketogenic diet has been reported to be able to stop or reduce their
diabetes medications. The ketogenic diet could reduce weight, triglycerides and blood
pressure (Han et al., 2020).
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A common concern of exogenous ketone supplementation particularly in subjects with
diabetes is the risk of ketoacidosis (White et al., 2021; Batch et al., 2020; Kang et al., 2004).
In the published literature, there are no reports of diabetic ketoacidosis resulting from
intravenous ketone supplementation which appears to improve glucose control in the short
term, although some trials excluded diabetic patients. Furthermore, data from trials using
enteral ketone supplementation to induce ketosis suggest the incidence of diabetic
ketoacidosis is exceedingly low and limited to case reports. In another recent review article,
Bolla et al. (2019) reviewed the literature pertaining to ketogenic diets in diabetics, both type
1 and 2. These data suggests that ketogenic diets were safe although close monitoring for
diabetic ketoacidosis was necessary. The available information of case reports from children
with diabetes and epilepsy managed with a ketogenic diet suggest the treatment was safe
provided patients are closely monitored. The few case reports of patients developing diabetic
ketoacidosis secondary to ketogenic diets appears to be limited to individuals with
undiagnosed type 1 insulin-dependent diabetes mellitus who initiated the ketogenic diets and
subsequently developed diabetic ketoacidosis (Charoensri et al., 2021; Shaikh et al., 2020;
Dressler et al., 2010).

The available information indicate that during ketoacidosis, the serum and urine levels of
ketone bodies can be as high as 15-25 mM. In a human study, D-BHB supplementation at
dose level of 12 g has been reported to increase plasma ketone level to 1.2 mM which is less
than one tenth of the ketoacidosis plasma ketone level (Bernard et al., 2020). It is assumed
that diabetics are under the control and advice of a physician. As such, it is expected that their
diets are closely monitored as part of their medical regimen.

In a rat study, Kinzig et al. (2010) reported that maintenance of a ketogenic diet for 8 weeks
decreased sensitivity to peripheral insulin and impaired glucose tolerance. However, a return
to the normal chow diet after a ketogenic diet resulted in a dramatic reversal of these effects.
Thus, long-term maintenance of a ketogenic diet negatively affects glucose homeostasis, but
this effect can be rapidly reversed upon cessation of a ketogenic diet. Based on these
observations, it can be postulated that direct consumption of ketone bodies, specifically BHB,
is a more efficient way to control metabolic syndrome.

Interestingly, Kesl et al. (2016) hypothesized that exogenous ketone supplements could
produce sustained hyperketonemia (>0.5 mM) without dietary restriction and without
negatively influencing metabolic biomarkers, such as blood glucose, total cholesterol, HDL,
LDL, and triglycerides. As described in the GRAS notice, these investigators studied the
effects of administration of five ketone supplements on blood glucose, ketones, and lipids in
male Sprague-Dawley rats. The supplements used in this study included: 1,3-butanediol (BD),
a sodium/potassium BHB salt (BMS), medium chain triglyceride oil (MCT), BMS + MCT
1:1 mixture, and 1,3 butanediol acetoacetate diester (KE). The rats (n=10-11/group) were
divided in six study groups; five treatment groups and one control group that received water.
The BHB salt used in the study is as a 50% solution containing approximately 375 mg/g of
pure BHB and 125 mg/g of sodium/potassium. On days 1 - 14, rats received a 5 g/kg bw/day
dose of their respective treatments via intragastric gavage. Dosage was increased to 10 g/kg
bw/day for the second half of the study (days 15 - 28) for all groups except BD and KE to
prevent excessive hyperketonemia (ketoacidosis). Each daily dose of BMS would equal
approximately 1000 - 1500 mg of BHB, depending on the weight of the animal. Weekly
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whole blood samples were taken for analysis of glucose and BHB at baseline and, 0.5, 1, 4, 8,
and 12 hours post-gavage, or until BHB returned to baseline. At 28 days, triglycerides, total
cholesterol and high-density lipoprotein (HDL) were measured.

The findings from the above study revealed that ketone supplementation caused a slight
change in triglycerides and lipoproteins over a 4-week investigation (Kesl et al., 2016). Blood
BHB levels in the BMS group did not show significant elevation at any time point, even after
dose escalation. BMS (5 g/kg bw/day) did not elicit a significant elevation in blood BHB at
any time point. Rats supplemented with BMS had lower blood glucose compared to control at
12 hours in week 4. As compared to controls, BMS + MCT, BMS, and BD supplemented
rats gained significantly less weight than controls during weeks 2 - 4. The BMS ketone
supplement did not significantly induce blood hyperketonemia or reduced glucose in the rats.
The findings from this study suggest that exogenous ketone supplementation, including BMS,
caused a rapid and sustained elevation of BHB, reduction of glucose, and little change to lipid
biomarkers compared to control animals. This study demonstrates the tolerability of oral
exogenous ketone supplementation in inducing nutritional ketosis independent of dietary
restriction.

In summary, findings from the above described human and animal studies indicate that D-
BHB or its salts are unlikely to be of safety concern for individuals with diabetes.

MICROBIOLOGY

FDA Query: (1) Please provide a detailed description (with relevant references) of Halomonas
sp. KM-1 “FERM BP-10995” including genotypic (e.g., pathogenicity and toxigenicity) and
phenotypic characteristics (e.g., production of antimicrobials, production of secondary
metabolites and toxins, antimicrobial resistance), and whether this poses a safety concern.

Response: In recent years, the salt-tolerating bacteria, Halomonas spp., are becoming the
attractive candidate hosts for microbial cell factory engineering due to their strong
metabolism of diverse substrates and fast growth under high salt and high pH conditions,
making possible the contamination free, non-food raw materials- and seawater-consuming
fermentation processes (Ye and Chen, 2021). Among the several predominant Halomonas
strains of industrial potential, Halomonas sp. KM-1 (Jin et al., 2013; Yoshikazu et al., 2010;
Yoshikazu et al., 2016) is being developed for producing different metabolic targets,
demonstrating Halomonas as powerful chassis in biomanufacturing based on next-generation
industrial biotechnology.

As described in the GRAS notice, members of Halomonas are halophilic (salt-tolerating),
gram-negative, facultative aerobic, rod-shaped bacteria (Vreeland 2015). The production
strain is wild type or naturally occurring mutants of Halomonas sp. strain KM-1. Halomonas
sp. strain KM-1 has been deposited in the International Patent Organism Depositary (IPOD,
AIST, Japan) as FERM BP-10995 (Kawata et al., 2012). This strain is moderately halophilic
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that exhibits higher level of poly(3-hydroxybutyrate) (PHB) production under aerobic
conditions than other species. The 16S rRNA gene sequence of Halomonas sp. strain KM-1
exhibited a high level of sequence similarity (99.0%) to Halomonas species (Kawata and
Aiba, 2010).

Kawata et al. (2012) reported the draft genome sequence of Halomonas sp. strain KM-1 that
produces the bioplastic poly(3-hydroxybutyrate). The total length of the assembled genome
was reported as 4,992,811 bp, and 4,220 coding sequences were predicted within the genome.
Genes encoding proteins, involved in the production and depolymerization of poly(3-
hydroxybutyrate) were identified. The identification of these genes has been claimed to be
useful in the production of the bioplastic poly(3-hydroxybutyrate) and its monomer 3-
hydroxybutyrate.

All the Halomonas species are listed as Risk Groups 1 by the ‘Classification of Prokaryotes
(Bacteria and Archaea) into Risk Groups’ by BAuA®.

The genomic analysis shows that Halomonas sp. strain KM-1 does not include genes that
code for toxins or virulence factors, but does include genes that code for resistance to some
antibiotics?. This genomic testing was conducted using MiFuP, a database (in Japanese) that
searches for genes related to harmfulness from the genomic information of microorganisms
and estimates the harmfulness of microorganisms. It is maintained by National Institute of
Technology and Evaluation (NITE), Japan. The safety related genes for specific toxins that
are evaluated by MiFuP are summarized in Annexure Il along with findings of the
homologous gene analysis. The Halomonas sp. strain KM-1 genome includes homologous
genes that code for resistance to bacitracin, beta-lactam, fosfomycin, macrolide, penicillin and
streptogramin but this observation does not pose a safety concern because the nanofiltration
step will remove any residual genomic DNA from the final product.

As regards antibiotic resistance of Halomonas sp. strain KM-1, it should be noted that
processing and purification step, such as nanofiltration, used in the production of BHB, is
likely to remove any bacterial cells, cell debris, proteins, DNA fragments and nucleic acids or
other impurities whose molecular weight is larger than 300Da. The final product is >98%
pure.

As stated above, the Halomonas sp. strain KM-1 genome does not contain sequences that
code for any known virulence factor or toxin that is active via the oral route. Additionally, as
described in the GRAS notice, both D-BHB, the subject of this GRAS Notice, as well as the
source material (dried cells of Halomonas sp. KM-1) were tested in a 4 week rat toxicity
study. In this study, administration of BHB in water or dried cells of Halomonas sp. KM-1
suspended in water, via oral gavage at dose levels of 0 (vehicle), 1000 and 2000 mg/kg
bw/day for 28 days did not reveal adverse effects as evaluated by changes in general condition
of animal, body weight, feed consumption, hematology, blood chemistry and necropsy.
Histopathological examinations were not performed in this study, as there were no
organs/tissues that showed changes thought to be caused by administration of BHB or dried

L Available at: https://www.baua.de/EN/Service/Legislative-texts-and-technical-rules/Rules/TRBA/pdf/ TRBA-
466.pdf?__blob=publicationFile&v=2.
2 Available at: https://www.nite.go.jp/nbrc/mrinda/mifup_safety/potentials# (in Japanese)
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cells of Halomonas sp. KM-1. Based on the findings from this study, the NOAEL was
determined to be the highest dose tested, 2000 mg/kg bw/day in rats for both the dried cells of
Halomonas sp. KM-1 and D-BHB. This supports the safety of source organism (Halomonas
sp. KM-1) and BHB.

In summary, the available information, as discussed above suggest that Halomonas sp. KM-1,
the source organism for the production of BHB is unlikely to pose any safety concern. Also, it
is unlikely that any unknown impurity in the final product will be of any safety concern.

FDA Query: (2) Please provide a discussion on how the purity of the initial inoculum is
determined.

Response: We tested purity by direct culture, Gram stain, and DNA sequencing. Halomonas sp.
KM-1 does not carry any plasmid or bacteriophage.

FDA Query: (3) Please specify whether the fermentation process is continuously monitored for
purity.

Response: Yes, at every step of the seed fermentations and main fermentation processes, the
bacterial purity of the broth is checked by both microscopy and plating on standard agar.

FDA Query: (4) Please state whether any of the raw materials used in the fermentation process
are major allergens or derived from major allergens. If any of the raw materials used are
major allergens or derived from major allergens, please discuss why these materials do not
pose a safety concern.

Response: We confirm that the raw materials used in the fermentation process do not contain any
major allergens nor the raw material derived from major allergens.

FDA Query: (5) Please state whether the fermentation process is conducted in a contained,
sterile environment.

Response: The fermentation process is conducted in a contained, sterile environment. The
fermenter and its connecting line is sterilized before fermentation and kept pressured by sterile
air during fermentation.

FDA Query: (6) On page 8 of the notice, the microbial specifications for Enterobacteriaceae and
Salmonella are listed as 0/g and 0/25 g, respectively. Please clarify the units of measure for
these specifications.

Response: The units of measure for Enterobacteriaceae and Salmonella are colony forming units
(CFU):

Enterobacteriaceae : 0 CFU in 1g of 40% BHB solution
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Salmonella : 0 CFU in 259 of 40% BHB solution

FDA Query: (7) In the Certificate of Analysis on page 44 of the notice, the observation for
Salmonella is listed as “Negative/25 g”. The specification on the same page is listed as “0
CFU/25 g”. Please clarify what “negative” means for this observation.

Response: Negative means 0 CFU.

We hope the above information and clarification addresses your queries. If you have any questions
or need additional explanation, please let me know.

Thank you for the opportunity to provide this explanation to your questions.

Best regards,

Ashish Talati
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Annexure |

Two additional Certificate of Analysis

l)osmm GAS CHEMICALS CO.LTD.

5-11-61,Torishima, Konohana-Ku, Osaka, 554-0051,Japan

Tel: +81-6-6467-1224

To whom it may concern

Certificate of Analvsis

We hereby certify the specific of our material as follows.

/Fax:+81-0-6400-4568

MName of product 40% BHB solution
Lot MNo. B2110012
test Specification Observation Test Method
Appearance Clear or Pale vellow Clear NA
NLT93% HPLC substrate
remains (sucrose) and BHB 99.5%

Assay f'cnncntali(un by-pzudud Acetic acid 0.5% HPLC
(lactate, acetate) excluded

BHB(free) 38-40% 39% HPLC

Chirality{D-BHB %) ~05%. 95.5% HPLC

Sincerely yours

Yuichiro Yasuda

Team Manager

New Business Development Dept

Fine Materials Business Div.
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l)OSAKA GAS CHEMICALS CO.LTD.

5-11-61,Torishima, Konohana-Ku, Osaka, 554-0051,Japan
Tel:+81-6-6467-1224  /Fax:+81-6-6466-4568

To whom it may concern

Certificate of Analysis

We hereby certify the specific of our material as follows.

Name of product 40% BHB solution
Lot No. B2202005
test Specification Observation Test Method
Appearance Clear or Pale yellow Pale vellow NA
NLT93% HPLC substrate
remains (sucrose) and BHRPEE
Assay h Acetic acid 0.6% HPLC
fermentation by-product Lactic acid 0.6%
(lactate, acetate) excluded ’
BHB(free) 38-40% 40% HPLC
Chirality(D-BHB %) >05%. 100.0% HPLC

Sincerely yours

Yuichiro Yasuda
Team Manager
New Business Development Dept

Fine Materials Business Div.
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Annexure Il

Details available at: https://www.nite.go.jp/nbrc/mrinda/mifup safety/#agree

MiFuP Safety
Toxins

Alpha-toxin of Staphylococcus aureus / Anthrax toxin / Beta-pore-forming toxin / Beta-toxin

of Clostridium perfringens / Bicomponent pore-forming leukocidin / Binary Enterotoxin

of Clostridium perfringens / Binary actin-ADP-ribosylating toxin / Botulinum toxin / CFTR
inhibitory factor / Cereulide synthetase / Cholera enterotoxin / Cholesterol-dependent
cytolysin family / Cholix toxin / Clostridium perfringens enterotoxin / Cytolethal distending
toxin / Dermonecrotic toxin / Diphtheria toxin / Epsilon-toxin of Clostridium

perfringens / Exfoliative toxin / Exotoxin A of Pseudomonas aeruginosa / Gamma-hemolysin
AB / Gamma-hemolysin CB / Heat-labile enterotoxin / Heat-stable enterotoxin / Insecticidal
crystal protein / Leukocidin AB / Leukocidin ED / Leukocidin MF'/ Listeriolysin O / Panton-
Valentine leukocidin / Perfringolysin O / Pertussis toxin / Phospholipase C/RTX toxin / Shiga
toxin / Sphingomyelinase C / Staphylococcal and group A streptococcal
superantigens / Streptolysin O / Tetanolysin / Tetanus toxin / Thermostable direct

hemolysin / Vibrio cholerae cytolysin / Vibrio vulnificus hemolysin

Drug Resistance

Aminoglycoside resistance / Bacitracin resistance / Beta-lactam antibiotic
resistance / Bleomycin resistance / Chloramphenicol resistance / Fosfomycin
resistance / Macrolide antibiotic resistance / Polymyxin resistance / Streptogramin

resistance / Sulfonamide resistance / Trimethoprim resistance / Vancomycin resistance

Others

Aromatic azo compounds degradation / CAMP factor / Histamine biosynthesis / Hop
resistance / Hydrogen cyanide biosynthesis / Lysozyme resistance / Phosphorylcholine

decoration / Type 111 secretion system / Tyramine biosynthesis / Urease

Findings from the homologues gene analysis are provided in below table:
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ID Function name Function ID Type Pattern Rule name Rule ID Protein name CDS
. scf7180000000004_quiver_4194;
1 :ﬁ\’"zﬂf‘:::e radation | NFUNC_0073 Require A AZOR NRULE_0236 :'z\:':'e':z‘:a"s‘f"t NADH- $cf7180000000004_quiver_1237;
P 8 scf7180000000004_quiver_1208
2 Bacitracin resistance NFUNC_0022 Require A UPPP NRULE_0097 Undecaprenyl-diphosphatase scf7180000000004_quiver_270
Beta-lactam antibiotic . .
3 . NFUNC_0033 Require D BLAD NRULE_0125 Beta-lactamase class D scf7180000000004_quiver_4026
r
4 Fosfomycin resistance NFUNC_0023 Require A FOSA NRULE_0098 Glutathione transferase FosA scf7180000000004_quiver_1549
5 Lysozyme resistance NFUNC_0107 Require N MLIC NRULE_0424 C-type lysozyme inhibitor MIiC scf7180000000004_quiver_4196
6 Ma.crollde antibiotic NFUNC_0045 Require D ERE NRULE_0168 Erythromycin esterase scf7180000000004_quiver_3491
r e

7 Penicillin resistance NFUNC_0047 Require B BLAD NRULE_0125 Beta-lactamase class D scf7180000000004_quiver_4026
Streptogramin . Streptogramin A .

8 . NFUNC_0027 Require A VAT NRULE_0113 scf7180000000004_quiver_1092
r ~ - acetyltransferase - -

9 Urease NFUNC_0130 Require A UREA NRULE_0472 Urease subunit gamma scf7180000000004_quiver_2754
10 Urease NFUNC_0130 Require A UREB NRULE_0474 Urease subunit beta scf7180000000004_quiver_2753
11 Urease NFUNC_0130 Require A UREC NRULE_0475 Urease subunit alpha scf7180000000004_quiver_2752
12 Urease NFUNC_0130 Require A URED NRULE_0476 Urease accessory protein UreD scf7180000000004_quiver_2755
13 Urease NFUNC_0130 Require A UREE NRULE_0477 Urease accessory protein UreE scf7180000000004_quiver_2751
14 Urease NFUNC_0130 Require A UREF NRULE_0478 Urease accessory protein UreF scf7180000000004_quiver_2750
15 Urease NFUNC_0130 Require A UREG NRULE_0479 Urease accessory protein UreG scf7180000000004_quiver_2749
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