Appendix 6-2: Methylobacterium extorquens toxicity
A Google Scholar search “Methylobacterium toxicity” on October 31, 2017 yielded ~5900
hits

A Google Scholar search limiting to the species of Methylobacterium extorquens and
toxicity yielded 1960 hits. Most of these papers were related to plant toxicity.

A Google Scholar search “Methylobacterium extorquens toxicity -plant”, yielded 569 hits
most of which were not relevant to any alleged toxicity of Methylobacterium species (for
reasons discussed below), and none of which were relevant to M. extorquens. Several
papers were already identified in the “pathogenicity” search (Appendix 6-1). Among the
reasons for ruling out most of the references in this search were that the search picked up
references to the toxicity of methanol or formaldehyde, or irrelevant references to other
toxic molecules not found in or produced by Methylobacterium. In fact, several papers
reported that Methylobacterium species could reduce the toxicity of metallic waste streams.

Previous Google searches using the same or similar keywords also provided no hits
relevant to mammalian or human toxicity. The only reference found by KnipBio that is
remotely relevant is (Balachandran et al., 2012), who reported a Methylobacterium soil
isolate which they called Methylobacterium sp. (ERI-135), which showed promising
antibacterial and cytotoxic activity in vitro.
Balachandran, C., Duraipandiyan, V. and Ignacimuthu, S., 2012. Cytotoxic (A549) and
antimicrobial effects of Methylobacterium sp. isolate (ERI-135) from Nilgiris forest
soil, India. Asian Pacific journal of tropical biomedicine, 2(9), pp.712-716.

Objective To assess the antimicrobial and cytotoxic effects of Methylobacterium sp.
isolated from soil sample of Doddabetta forest, Nilgiris, Western Ghats of Tamil Nadu.
Results
Ethyl acetate extract showed activity against bacteria such as Bacillus subtilis, Klebsiella
pneumoniae (K. pneumoniae), Pseudomonas aeruginosa, Salmonella typhimurium, Shigella
flexneri, Enterobacter aerogenes, Staphylococcus aureu and Staphylococcus epidermidis (S.
epidermidis) and fungi such as, Candida albicans and Trichophyton rubrum. The lowest
minimum inhibitory concentrations were: 250 μg/mL against S. epidermidis and 250μg/mL
against K. pneumonia. The isolate had the ability to produce enzymes such as protease. The
exyract showed cytotoxic effect in human adenocarcinoma cancer cell line (A549). GC-MS
analysis showed the presence of isovaleric acid (3.64%), 2-Methylbutanoic acid (5.03%),
isobutyramide (5.05%), N,N-oimethylformamide-di-t-butylacetal (9.79%),
benzeneacetamide (15.56%), octyl butyl phthalate (3.59%) and diisooctyl phthalate (5.79)
in the extract.
Conclusions
Methylobacterium sp. (ERI-135) showed promising antibacterial and cytotoxic activity. This
is the first report in the antimicrobial and cytotoxic effect of Methylobacterium sp.”

The following pages list all the 569 references.
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conditions, assay conditions (such as buffer composition, temperature, substrates, pathogen strain,
concentrations and the like) are kept identical between the experiments to be ...
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August 9, 2018

Louis Carlacci, Ph.D.
Chemist, Ingredient Safety Team
Division of Animal Feeds
Center for Veterinary Medicine
U.S. Food and Drug Administration
7519 Standish Place
Rockville, MD 20855
RE: GRAS Notice No. AGRN 26
Dear Dr. Carlacci:
KnipBio, Inc., would like to thank you and your colleagues at CVM for the very productive conference
call on July 12, 2018 regarding the above-referenced GRAS Notice, and for sending us the meeting
minutes for that call. The following are KnipBio’s responses to the questions and other issues raised
during that call. In the remainder of this letter, CVM’s comments and questions are shown in italics,
followed by KnipBio’s response to each. We have marked certain information that we consider a part of
the pre-fermentation manufacture information as confidential. Confidential information in the text,
figures and tables is enclosed within black boxes or borders. We believe this is consistent with the
agency’s policy that manufacturing-related information is considered confidential business information
and not released under the freedom of information procedures (21 CFR 20.61(a)). We understand the
final determination will be made by the FOI officers of the Center for Veterinary Medicine.
Background
The substance is Methylobacterium extorquens protein (or KBM) derived from genetically engineered
Methylobacterium extorquens strain KB203 through fermentation and spray drying the biomass. This
notice filed February 7, 2018, informs the FDA of KnipBio’s view that Methylobacterium extorquens
protein is GRAS through scientific procedures when used as a protein source in food for aquaculture
species and when used at an intended use rate of up to 10% of the diet. The substance is intended to
replace soybean or fish meal in the aquaculture diet.

KnipBio Amendment to GRAS Notice AGRN 26

CONTAINS CONFIDENTIAL INFORMATION

Chemistry, Manufacturing and Controls:
1. CVM recommended that the notifier explain where the signals for spirilloxanthin would be
located in the tunable UV spectra and total ion current MS spectra as this relates to the
conclusion that the parent strain does not produce spirilloxanthin, given that M. extorquens
strain KB203 is genetically engineered to remove the spirilloxanthin production pathway and the
physical data on strain KB203 and the parent strain KB200 are the same.
(b) (4)

This finding is supported in the literature. It has been broadly published that certain bacteria, including
spirilloxanthin-producing R. rubrum, use bacteriochlorophyll systems to utilize light energy for reducing
equivalents to improve growth. Such systems use a variety of carotenoids including spirilloxanthin to
efficiently transfer energy to bacteriochlorophyll molecules, and many strains have been reported to
exhibit different color phenotypes under light and dark conditions ((Yurkov and Beatty, 1998);
(Papagiannakis et al., 2002);(Niedzwiedzki et al., 2015) ; (Siddaramappa et al., 2018)). Indeed, Steifel et
al. (2013) identified several species of Methylobacterium that express bacteriochlorophyll (as
determined by fluorescent phenotype) in light conditions found on the leaves of plants. These strains
exhibited varying phenotypes when cultivated on various media with a day/night cycle. Specifically, in
data reported in Steifel et al., the reference strain M. extorquens PA1 did not exhibit fluorescence when
grown on methanol or succinate, suggesting a downregulation of these genes under methanol
fermentation (i.e. the conditions of KnipBio’s fermentation).
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(b) (4)

2. CVM recommended that for all the components in the defoamer (b) (4)
, the
notifier provide the chemical name, CAS number and either the AAFCO ingredient definition
number, the CFR citation or other information (such as citing the FDA letter that contains a list
of allowed technical additives, that was sent to the Enzyme Technical Association) justifying its
acceptability for use in the manufacture of animal food.
Please refer to the two letters dated July 13, 2018, from (b) (4)
in Appendix 2, stating that the composition of (b) (4) Foam Control (b) (6) is “polyglycol”, i.e. [alpha]Hydro-omega-hydroxy-poly (oxyethylene)/poly(oxypropylene)/ poly(oxyethylene) block copolymer (CAS
Reg. No. (b) (4)
), and that the use of this product complies with 21 CFR Part 173.340, Secondary
Direct Food Additives Permitted in Food for Human Consumption, when used as a defoaming agent, and
which notes that its ingredients are listed under §173.340(a)(3). The letter further states that “The
Center for Veterinary Medicine has used regulatory discretion and not taken action against the use of
substances approved for use in human food as antifoaming or defoaming agents in animal feeds (21 CFR
Part 173.340) when used according to the existing regulations.”
Please also refer to the letter of September 11, 2003 from FDA CFSAN to Gary Yingling on behalf of the
Enzyme Technical Association, shown in Appendix 3, discussing the use of several antifoaming agents,
and stating the conclusion that these agents can be used by enzyme manufacturers in accordance with
good manufacturing practice. Note that the chemical compound making up (b) (4) , with the CAS
number cited above, is the third compound listed in Table 1 of the September 11, 2003 letter.

CVM recommended that the notifier provide a replacement for boric acid that is appropriate for
use in animal food production as boric acid is not approved for this use. The notifier stated on the
call that a replacement for boric acid would not be used. This should be confirmed in the
amendment.
KnipBio confirms that boric acid will not be used in the manufacture of the notified substance.

7
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CVM recommended that the notifier provide an animal food grade specification for methanol, as
the specification in the notice does not include tests for the heavy metal lead, and acetone and
aldehyde impurities, which are tests listed in the Food Chemicals Codex monograph for
methanol.
The specification of the methanol used for manufacture of the notified substances will follow the
specification in the Food Chemicals Codex monograph (Food Chemicals Codex, 4th Edition (1996) page
251).
Table 1. Food Chemicals Codex specification for methanol.
Methanol specification

Min. 99.85%

Acetone + aldehydes

Not more than 0.003%

Acidity (as formic acid)

Not more than 0.0015%

Alkalinity (as NH3)

Not more than 3 ppm

Heavy metals (as Pb)

Not more than 1 ppm

Non volatiles residues

Not more than 10 ppm

Water

Not more than 0.1%

As an example of the sourced methanol to be used in commercial manufacture, Table 2 below is a
comparison of the Certificate of Analysis of 3 batches of methanol that have been used for large scale
fermentation by KnipBio.
Table 2: Example of source of methanol to be used in the KnipBio fermentation.
Supplier

(b) (4)

Product #

(b)

Spec

Results

Methanol spec

Min. 99.85%

99.96%

Acetone + aldehydes

Max. 0.003%

0.001%

Acidity (as formic acid)

Max. 0.0015%

0.001%

Titrable Acid (meq/g)
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Alkalinity (as NH3)

3.0 ppm max.

2.000 ppm

Heavy metals (as Pb)

Max. 1.0 ppm

0.200 ppm

Non volatiles residues

Max. 10 ppm

10.000 ppm

Titrable Base (meq/g)

Solubility in Water
Water

Passes test
Max. 0.1%

0.04%

KnipBio will ensure that the manufacturing of the notified substance will be performed under GMP
conditions.
3. CVM recommended that the notifier provide a specification that includes an analytical test for
PHB content, as this is an important identity and safety marker. CVM recommended that the
notifier provide a specification that includes tests for impurities including, methanol and heavy
metals, such as lead, cadmium, mercury and arsenic or explain why they are not needed. For
each test in the specification, CVM recommended that the notifier provide the analytical method
citation and acceptance criteria. The acceptance criteria should be supported by batch analysis.
Analytical methods should be citations of compendia analytical methods or, in lieu of citations of
compendia methods, copies of the validated analytical methods supported with validation
summaries.
Then notified substance is a safe and efficacious protein that can be used at a 10% inclusion in aquafeed.
The specification of the notified substance is shown in the following Table 3, which also indicates
citations for the analytical methods to be used.
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Table 3. Specification of the notified substance.

Moisture %
Protein (crude) %
PHB %
Methanol % (w/v)
Total coliform (cfu/g)

Method

Value

AOAC 930.15
AOAC 990.03
Adapted from Karr et al. (1983) (see Appendix 4)
Adapted from Anthon et al. (2004) (see Appendix
5)
MFHPB-34

<7
>50
< 25

Appearance (color)
Appearance (form)

<0.004
<5
Light pink to reddish
color
Fine powder

KnipBio suggests that a specification for heavy metals such is not needed based on the fact that there is
no source of these heavy metals in the growth media. We verified the absence of heavy metals in 3
fermentation batches (table below).
The following Table 4 shows the analysis of heavy metals and other constituents in 3 batches of the
notified substance, as performed by (b) (4)
. The column in the Table entitled
“Methods” indicates the methods used by (b) (4) , identified by their AOAC reference numbers
(http://www.aoac.org/).
Table 4. Heavy metal analysis in three batches of the notified substance.
Method
Moisture %
Protein (crude) %
Fat (crude) %
Fiber (crude) %
Ash %
Calcium %
Phosphorus %
Sodium %
Chloride %
Magnesium %
Manganese ppm
Iron ppm
Zinc ppm
Copper ppm
Potassium %
Selenium ppm

AOAC 930.15
AOAC 990.03
AOAC 920.39
AOAC 978.10
AOAC 942.05
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 937.09
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 985.01/984.27
AOAC 986.15

Batch KB2030616-2/8/17

Batch KB2031016-2/8/17

Batch KB20310615-5/16/17

(b) (4)
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Sulfur %
Arsenic ppm
Lead ppm
Mercury ppm
Boron ppm
Cobalt ppm
Cadmium
Molybdenum ppm
Vitamin C %

AOAC 923.01
AOAC 990.08
AOAC 990.08
NJFL MERC.001
AOAC 990.08
AOAC 990.08
AOAC 967.61
AOAC 990.08
AOAC 967.21

(b) (4)

4. CVM recommended that the notifier provide test results and analytical methods for the contents
of methanol, in three to five batches, as a significant amount of methanol is used in the
manufacture. CVM recommended that the notifier provide information on the analytical methods
used for the analysis of heavy metals. Analytical methods should be citations for the compendia
analytical methods or, in lieu of citations of compendia methods, copies of the validated
analytical methods supported with validation summaries.
Although very little to no methanol is expected in the final product, KnipBio tested the amount of
methanol in 3 spray dried batches of biomass by adapting a colorimetric method published by Anthon
and Barret (2004). The method used and the processing of samples is described in Appendix 5. The
summary in Table 5 below indicates the maximum level of methanol that could be detected in 20mg of
dried biomass resuspended in 1 ml of solvent, as measured in Appendix 5.
Table 5. Methanol analysis in three batches of the notified substance.
Sample
Batch from June 2015

% Methanol (w/v)
(b) (4)

Batch from May 2016
Batch from October 2016
LOD: 0.002475 % (w/v)
AOAC methods for measurement of heavy metals are cited above.
5. For the room temperature stability results in Table 2-5, CVM recommended that the notifier
provide the acceptance criteria and analytical methods. Analytical methods in the notice should
include citations for the compendia analytical methods or, in lieu of citations of compendia
methods, copies of the validated analytical methods supported with validation summaries.
The notified substance is a nutritious and efficacious protein flour. Measurement of the protein content
as well as PHB over time show that the substance is stable under standard storage conditions (room
temperature and ambient humidity): the protein content is very consistent (50-52%) and does not
11
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change within a 15% range (acceptance criteria). These results, along with the citations for the analytical
methods used, are shown in Table 6.
Table 6. Analytical results of 3 batches of the notified substance.
Analysis
date
Method
8/8/2018

Moisture
(%)

Protein
(%)

Fat
(%)

Fiber
(%)

Ash
(%)

AOAC
930.15

AOAC
990.03

AOAC
920.39

AOAC
978.10

AOAC
942.05

PHB
(%)
Adapted
from Karr et
al. (1983)

(b) (4)

7/24/2017
5/17/2017
Batch June
2015

10/31/2016
8/17/2016
9/14/2015
Avg
std
8/8/2018
7/24/2017
5/17/2017
2/10/2017

Batch June
2016

10/31/2016
9/9/2016
6/15/2016
Avg
std
8/8/2018
7/24/2017
5/17/2017

Batch Oct
2016

2/10/2017
11/9/2016
10/31/2016
Avg
std

CVM noted that the stability information obtained for one batch stored at a higher temperature,
45°C, for period of 3 months, is an appropriate combination of temperature and duration to
support stability for up to one year. However, for accelerated stability testing, we typically expect
stability for three batches, and for each batch, 3 temperatures and appropriate duration. We
allow a stability claim of up to 1 year with a successful accelerated stability study. CVM
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recommended that the notifier explain the increase in standard plate count in the stability study
at a higher temperature (see Table 2-6 of the notice) and rule out the possibility of pathogenic
organisms.
KnipBio will rely on the room temperature stability study, which demonstrates the stability in excess of
one year on multiple batches. However, we are answering the questions raised on the standard plate
count assessment related to the accelerated storage conditions (see table 2-6), to be thorough.
KnipBio has solicited the comments of (b) (4)
the lab supervisor at (b) (4) who said:
“Modern microbiological theory for standard plate count is based on the possibility of counting bacterial
colonies in plates. Under this theory, 87,000 to 180,000, 57,000 and 120,000 are considered to be very
similar numbers as they are in the same magnitude.” This statement strongly suggests that there is no
significant difference between the different measurements at week 3 and week 12. Because there were
no pathogens such as Staphylococcus aureus, Salmonella or E. coli detected at time zero of this study,
KnipBio did not anticipate that any of these bacteria would appear during the accelerated shelf life
study. Moreover, none of these microorganisms could be detected in the notified substance after 1 year
of storage at room temperature, which is another reason KnipBio did not anticipate the presence of
pathogens. As mentioned in the Narrative of the GRAS Notice, containers with samples stored at room
temperature were often opened to withdraw samples for protein and PHB QC analysis, and that might
explain the increase in standard plate count. Upon manufacturing, such processes are not anticipated as
the notified substance is destined to be processed in a timely manner and not subject to long period of
storage.
The numerical, but non-statistically relevant increase in CFUs noted suggests a possibility of human
handling error. In addition to the single cell protein samples tested in the accelerated stability test
described above, the company also tested various batches, from its inventory. In approximately four
tests, where samples were stored in a way consistent with product specifications (i.e. stored at room
temperature, inside a propylene bag), CFU derived from the product was observed to be very low. Two
samples from 2015 and two samples from 2016 yielded 1800, 38000, 2800 and 8600 CFUs respectively
at initial testing, suggesting that the residual biological potential remains quite low under proper storage
conditions.
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6. CVM recommended that the notifier provide information on the verification of the in-house
method for the analysis of PHB content in the notified substance, which is based on a comparison
with the results of a validated method. This information consists of the standard calibration
procedure, the equations used to compute the PHB content, method verification summary, a
summary of standard calibration results and the validation summary for the method used for
comparison.
KnipBio has developed an in-house method for the analysis of PHB content, that has been adapted from
the published method of Karr et al. (Karr, Waters and Emerich, 1983). As shown in Appendix 4, this
method has been verified against the Karr method, using the criteria of “Guidelines for the Validation of
Chemical Methods for the FDA FVM Program.” 2nD edition. April 2015. US Food & Drug Administration,
Office of Foods and Veterinary Medicine. The following is a summary of the experiments that have been
carried out: please see Appendix 4 for more detail.
Summary:
KnipBio adapted and verified a method based on a HPLC assay published by Karr et al. 1983 (Karr,
Waters and Emerich, 1983) to measure Polyhydroxybutyrate (PHB). PHB is converted by sulfuric acid
into crotonic acid. Crotonic acid can be measured in crude reactions by absorbance at 210 nm or more
precisely by separation and measurement on an HPLC or UPLC. Following conversion, there are no
major peaks other than crotonic acid when measured by absorbance at 210nm.

Appendix 4 describes two methods KnipBio evaluated for assaying PHB content. The chosen method,
referred to as “Method 1” in the Appendix, showed excellent repeatability, linearity, low limits of
detection and quantitation, and acceptable specificity. Our adaptation to using a UPLC reduced per
sample times from 30 minutes in Karr et al. to 3 minutes per sample. The data presented herein
supports the use of Method 1 for the analysis of PHB content in KnipBio produced single cell protein
(SCP) containing 0.05 to 30% PHB (w/w). Collectively, the results presented here suggest that the
largest contributions to error are in measuring dry cell weights and standard preparation.
Table 7: Summary of acceptance criteria and results of PHB assay.
Verification

Acceptance Criteria

Repeatability Precision
Linearity*
LOD†

RSDr < 4 %.
r > 0.995
S/N > 5
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LOQ‡
Specificity

S/N > 10
Signal in matrix blank < twice the LOQ

Accuracy

4 Spike samples with 1mg PHB have <10% Dev on average

*Linearity is tested using standards of amount 50, 100, 250, 500, 1000, 2000, 3000 ug.
†Limit Of Detection is (b) (4) ug/mL or an equivalent amount of (b) PHB in Method 1.
‡Limit Of Quantification is (b) (4) ug/mL or an equivalent amount of (b) ug PHB in Method 1.
The repeatability/ precision of the method was tested by comparing (1) the same sample injected three
times, and (2) ten separate dilutions of the same analyte. By using a 500g PHB standard diluted 50
times, we determined that the Quantitative Method Acceptability Criteria RSD (Guidelines for the
Validation of Chemical Methods for the FDA FVM Program) was below the 4-6% values for 100 to
10mg/kg method levels. These results are shown in Section 3 of Appendix 4.
The linearity of the method was determined based on the correlation coefficient for at least six
standards generated from purified PHB in amounts between 50 and 3000 µg. The results for four
separately prepared standards from three users showed a r2>0.99 fitting a quadratic equation, thus
demonstrating the linearity of the method. These results are shown in Section 4 of Appendix 4.
The limits of detection (LOD) and limits of quantitation (LOQ) for the method were determined by (1)
quantifying the minimum amount of PHB possible, and (2) the range over which the method can be
accurately used. By using standards of 50, 25, 25, 12.5, 5, 2.5 g PHB injected multiple times, we
obtained an acceptable linearity (r > 0.99295, r2 > 0.998590) of the method. The LOD is 0.0067 mg/mL
or an equivalent amount of 1ug PHB. The LOQ is 0.0167 g/mL or an equivalent amount of 1.25 ug PHB.
The low concentration samples were also compared to their theoretical value. For samples with greater
than a 5 ug PHB equivalence (0.0333 µg/mL concentration), the % deviation was less than 10%. Linearity
between the theoretical and measured values was acceptable (r2 > 0.9992). These results are shown in
Section 5 of Appendix 4.
The specificity and accuracy of the method was determined by (1) investigating whether there are other
substances in matrix blanks or media lacking PHB that could interfere with determining the PHB content
and (2) measuring the accuracy or closeness of the results to a theoretical value of PHB. To determine if
other substances in the matrix or media could interfere with PHB measurement, KnipBio analyzed
several strains grown in minimal media supplemented with either methanol or succinate as the sole
carbon source. We used strains unable to produce PHB (as described in Appendix 4) and also spiked
known amounts of PHB in cell extracts prior to analysis by UPLC. Based on specificity and accuracy
acceptance criteria, no signal in the matrix blanks should be greater than 2 times the LOQ (<2 .5ug) and
spiked samples of 2 matrix blanks with 1mg PHB should be within 10% of their theoretical values. No
PHB could be detected in the samples from cells unable to produce this compound, demonstrating that
no other substance in the matrix could interfere with the signal. Moreover, all the theoretical PHB
added to the sample was measured within a 10 % error, demonstrating the accuracy of the method.
These results are shown in Section 6 of Appendix 4.
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In summary, through the experiments and data summarized above and presented in Appendix 4,
KnipBio has verified that the analytical method developed and used in-house accurately measures PHB
in the notified substance.

7. The notice Part 3 section “Concentration of methanol in the notified substance” argues that
there is less than 0.00125% MeOH (0.01mg/mL) in the notified substance given that “samples
were run [sic] at a 4X concentration compared to the standards, and no signal was found to be
more fluorescent than the blank control.” CVM recommended that the notifier explain how the
methanol content in the notified substance can be reduced by a factor of 4, as the method
determines the methanol content in culture supernatant, and the sample is derived by resuspending the notified substance in phosphate buffer solution.
We describe with more detail in Appendix 5 how we determined the LOD of methanol with the verified
method and how we measured the amount of methanol in the notified substance.
For the validation of the in-house method used to determine the contents of methanol and
formaldehyde, CVM recommended that the notifier provide the equations used to compute the
results, a method validation summary, and a summary of standard calibration results. The
validation summary should demonstrate performance characteristics such as precision, accuracy,
sensitivity, selectivity, limit of detection, limit of quantitation, linearity, range, and ruggedness to
ensure that results are meaningful and appropriate to make a decision. The method validation
should address the completeness of the extraction of methanol from the notified substance.
KnipBio has developed an in-house method for the analysis of methanol and formaldehyde content, that
has been adapted from the published method of Anthon and Barrett (2004) (Anthon, Barrett and Arrett,
2004). As shown in Appendix 5, this method has been verified against the published method, using the
criteria of “Guidelines for the Validation of Chemical Methods for the FDA FVM Program.” 2nD edition.
April 2015. US Food & Drug Administration, Office of Foods and Veterinary Medicine. The following is a
summary of the experiments that have been carried out: please see Appendix 5 for more detail.
We sought to test the amounts of formaldehyde and methanol in spray dried batches of biomass by
using a colorimetric method commonly used for quantifying methanol in aqueous solutions (Anthon,
Barrett and Arrett, 2004). The same method is used for both analytes, with one added step used in the
methanol assay. To test for methanol, an alcohol oxidase from Pichia pastoris is first used to convert
methanol to formaldehyde prior to adding the Nash reagent. The Nash reagent is a mixture of
acetylacetone and ammonia which reacts specifically with formaldehyde to produce a chromophore
that can be detected with absorbance or fluorescence. To test for formaldehyde, samples are simply
mixed with the Nash reagent without the enzymatic pretreatment.
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Formaldehyde and methanol are not expected to be in high concentrations at the end of methanol
fermentation of Methylobacterium extorquens due to the residual enzyme activities from multiple
methanol oxidases and formate activating enzyme ((Marx et al., 2003);(Chistoserdova et al.,
2003);(Ochsner et al., 2014)). Furthermore, any residual formaldehyde is expected to react with
proteins, lipids, and other compounds in the biomass. Methanol which is much more volatile than water
(vapor pressure 13.02 kPA vs 2.34 kPa at 20 °C), would be expected to evaporate during spray drying,
drum drying, or lyophilization.
In Appendix 5, we describe several experiments in which we adapt and verify the Anthon and Barrett
method to measure methanol and formaldehyde in dried cellular biomass.
(1) To extract any cellular methanol or formaldehyde in the dried biomass, we resuspend the
biomass in dilute phosphate buffered saline (PBS) and subject the cellular material to freeze
thaw cycles that is frequently used to lyse bacterial cells.
(2) To ensure that all methanol or formaldehyde could be detected, we spiked samples with known
amounts of methanol or formaldehyde.
(3) To test for specificity of the methanol signal, we extracted methanol from cells grown in
absence or presence of methanol.
(4) To test for lower amounts of methanol or formaldehyde, we include higher amounts of the
sample in the reaction relative to the standards.
Summary of the verification of the method used to detect methanol
(1) We established the linearity of a standard methanol curve with concentration of methanol
between (b) (4)
(v/v) (r2>0.99). (Experiment 1 in Section 3 of Appendix 5).
(2) Specificity was validated with cell samples grown in absence of methanol (no detectable
methanol in the cell pellet or supernatant of the cultures). Taking into account the dilution
factors, we show that the methanol detected is specific in spray dried samples when spiked in at
0.05 and 0.005%. Experiment 2 in Section 4 of Appendix 5).
(3) Method accuracy within 10% was established by spiking known amounts of methanol into the
measured samples. Experiment 2 in Section 4 of Appendix 5).
(4) Full extraction of the methanol was verified by recovering and measuring known spiked
amounts of methanol. The spiked samples, which confirmed that all methanol has been properly
extracted and accounted for, had measured values that were on average 5.6% of the expected
values. Experiment 3 in Section 5 of Appendix 5).
(5) We determined the limit of methanol detection by increasing sample volumes relative to
standards: it is possible to detect methanol as low as 0.002475 % (w/v)). Experiment 1 in Section
3 of Appendix 5).
(6) Based on the data in Appendix 5, the levels of methanol measured in 3 different batches of
fermentation) are summarized in the table below.
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Table 8. Assayed levels of methanol in 3 batches of the notified substance.

Sample
P1 (June 2015 sample)
P2 (May 2016 sample)
P3 (October 2016 sample)

mg/mL cell susp.

% MeOH (w/v)

(b) (4)

Summary of verification of the formaldehyde detection method
As described in more detail in Experiment 4 in Section 6 of Appendix 5, the method used has acceptable
linearity when using formaldehyde standards of 0.001 to 0.05% (w/v). When linearity is below our
acceptance criteria of r2 < 0.99, it is usually due to a pipetting error. Samples outside the acceptable
linear range, such as those giving values above 0.05% (w/v) or below 0.001% (w/v) are discarded.
As in the Methanol assay, the amount of formaldehyde measured can be lowered by using more sample
than standard. When tested between 0.00004% (w/v) and 0.0001% (w/v) linearity was an acceptable
r2>0.9918.
None of the extractions from the powders had any response even when sample were 25 times greater
than the formaldehyde standard (50L sample volume).

Target Animal Safety:
1. CVM noted that for certain contaminants/fermentation end products, the notifier cites regulations
in the Code of Federal Regulations as demonstrating that the amounts in the biomass do not raise
safety concerns. However, these regulations are for specific uses of these substances and/or their
contaminants and thus, a simple citation of the regulation is not sufficient; there should be
consideration of target species. CVM suggested use of exposure calculations with reference to
species and the appropriate scientific literature to support the lack of safety concerns. In
addition, when addressing target animal safety, stating and relying on actual animal exposure is
preferable to reliance on percent replacement of another dietary ingredient.
The maximum level of methanol in the notified substance is 0.004% (w/v). In 20mg/mL dried biomass no
formaldehyde above the LOD could be detected. At a 10% maximum inclusion volume in the final animal
feed, the levels would be as indicated in Table 9 below:
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Table 9. Maximum levels of methanol and formaldehyde in the notified substance.

Methanol
Formaldehyde

LOD methanol: (b) (4)
LOD formaldehyde: (b) (4)

Maximum amount in KBM
(% w/v)
0.004
<0.00004

Maximum amount in feed using 10% KBM
(Calculated level: % w/v)
0.0004
<0.000004

(w/v)
(w/v)

The levels of Methanol and Formaldehyde present in the notified substance are insignificant and not a
safety concern.
With regard to formaldehyde, as an example, the product Formalin (a 37% solution of formaldehyde
containing up to 15% methanol) has been approved by the FDA to control parasites in fin fish and
shrimp hatcheries at levels up to 250ppm (0.0005% w/v) in the water (21 CFR 529.1030). As such, a
safety assessment has been completed to permit these levels in the water for a short time.
In addition, a paper from 1997 (Tisler and ZagorcKoncan, 1997) found the 48h LC90 to be 87.0 mg/L (87
ppm) in water for juvenile rainbow trout (Oncorhynchus mykiss) which is ~87.0 ppm (0.015% w/v).
As described in the Narrative in KnipBio’s original submission, formaldehyde levels were determined in
three 1500L batches of the dried notified substance. Although the sample was concentrated 20X,
formaldehyde could not be detected, based on the extrapolation of a standard curve established with
known amounts of formaldehyde.
FDA has reviewed the safety of the use of a formaldehyde solution as a Salmonella control agent in
animal feeds (all animal feeds) at a level of 5.4 pounds/ton of feed (0.27%) (see 21 CFR 573.460(b)(1)).
Based on the fact that this formaldehyde solution contains only 37% formaldehyde, this is an effective
level of 0.1% formaldehyde compound in feed (or 1000 ppm in feed).
In the finished commercial product KnipBio will specify on the label of the notified substance either that
the levels of formaldehyde in the product are guaranteed to be below 0.00004% w/v (as currently
measured) or that the levels of formaldehyde are in compliance with 21 CFR 573.460.
With regard to methanol, a literature search suggests that methanol has low toxicity to aquatic
organisms as indicated on the Safety Data Sheet (SDS) below.
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A recent research article from Kaviraj et al. (Kaviraj, Bhunia and Saha, 2004) studied the toxicity of
methanol in Tilapia and no significant difference in growth parameters could be observed in their 90-day
chronic toxicity bioassay for a methanol concentration < 23.75 ppm (0.0000475 % w/v).
One can also note that the notified substance does not contain toxic heavy metals. As a comparison, the
table below compares the notified substance with fish meal, one of the most important source of
protein in aquaculture feed.
Table 10. Comparison of heavy metal levels in fishmeal and notified substance.
Fishmeal*

Notified substance

Selenium ppm

2-5

< 0.1

Arsenic ppm

10

<0.05

Lead ppm

10

<0.05

Mercury ppm

0.5

<0.05

*(Adamse, Van der Fels-Klerx and de Jong, 2017)
2. CVM indicated that the notifier did not address the potential for spillover effects resulting from
the genetic engineering of the microbial strain in the notice. Data, such as the spectral analyses,
fermentation end product analyses, and other information, may be able to address this point, i.e.,
that the deleted genetic material was not expressed in the parent strain and thus, there are no
metabolic differences between the parent and engineered strains.
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There is no reason to believe that the limited genetic modifications KnipBio made to the parental strain
had any spillover effects. As reported in the original GRAS Notice, KnipBio performed whole-genome
sequencing of the production strain, and a comparison to the parental strain showed that there was no
unexpected genetic rearrangement after the genetic manipulations performed (b) (4)
In

(b) (4)

addition, as described above, KnipBio demonstrated that (b) (4)
(b) (4)

therefore suggesting that (b) (4)

did not result in spillover effect. Finally, KnipBio has been using and growing strain KB203 in its
laboratories and in fermentors for more than 4 years and has never identified or noticed any adverse
traits, certainly none that would affect the safety of the notified substance.

(b)

3. CVM noted that the bioengineered organism may be viable when present in animal feed products.
The notifier should clarify why the presence of these viable bioengineered cells is not a concern.
Potential avenues would be to indicate that labeling will include processing instructions to
address viability or again, to compare the engineered strain to its parent and explain how
viability is not a concern.
Although there is a possibility that there may be some viable cells in the KBM product, the downstream
processing and pelletization will include high-temperature extrusion (process in which the mixed feed
ingredients are cooked under high temperature (usually >100oC), moisture and high pressure within a
short time) which will further decrease the number of these viable cells to approximately zero.
Extrusion is a process in which the mixed feed ingredients are cooked under high temperature (usually
>100oC), moisture and high pressure within a short time. In every test we have conducted to measure
CFU formation using standard plate assays, we have found this process to be highly effective in
eliminating viability. We have tested feed manufactured for shrimp and trout feeding trials and have
not been able to recover any Methylobacterium microorganisms from these feeds, therefore KnipBio
strongly believes that the notified substance will be depleted of live Methylobacterium.
We do not believe the engineered version of the strain has a competitive advantage as compared to the
wild type in any way. Specifically, by eliminating the microbe’s ability to produce bacterial cellulose,
fermentations benefit from more thorough mixing and significantly less clumping. However, in nature,
bacteria prefer to attach themselves to a surface in many cases. The engineered strain has a significantly
lower ability to attach because of this modification and therefore would be expected to be outcompeted
in a theoretical head-head match-up.
Additionally, we accept CVM’s recommendation to include a requirement for pelleting the final feed in
the directions for use of the final commercial product.
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4. CVM reported that the Hardy et al. reference became publicly available in April 2018. The final,
published paper should be included in any amendment.
A PDF copy of the published Hardy et al. paper (Aquaculture Research 2018 49:2218–2224), is attached
as Appendix 6.
5. The published article authored by Tlusty et al. is considered pivotal for target animal safety. The
Tlusty article has inconsistencies/omissions within the section reporting the salmon study, such as
actual biomass inclusion rate, test diet composition, references to tables, etc. Given this, the
notifier should explain how it can be concluded that the studies in grunt and shrimp were
adequate, well-controlled, and thus, suitable to support its conclusion.
The studies discussed in the Tlusty article were independently conducted. The salmon study was
restricted to a digestibility study and did not include a growth study. Diets and techniques used in the
salmon digestibility study were described in Table 2 of the Tlusty paper and are based on the standard
method described (Gaylord et al., 2009). The experimental design of the salmon digestibility study
included a 70%-30% diet with chromic oxide used as an inert marker. Experimental diet formulations
were consistent with the experimental design in which two experimental diets were used: 1) the control
diet and 2) the diets containing 70% control feed and 30% KBM. This is discussed on page 8 of the
Tlusty paper (Digestibility of KBM using Atlantic salmon). Table 5 of the Tlusty paper provides the
protein digestibility measurements as assessed by the formulas provided on page 9 of the paper. The
study demonstrated that there was no significant difference between diet digestibility, protein
digestibility or individual amino acid digestibility between the control diet and the diet containing 30%
KBM. KnipBio has not discerned the concerns CVM has expressed regarding the quality of the reporting
of the salmon study in the Tlusty paper, and wish to discuss this further if CVM continues to have
concerns.
The shrimp diets in the growth studies sought to replace 50% and 100% of fishmeal (FM) of a diet
considered to be commercially relevant and are described as % FM. These percentages correlate to an
inclusion rate of 6.3% and 12.6% respectively. The diet formulation description is found in Table 1 of the
Tlusty paper, which describes the inclusion rate as (g kg-1).
Grunt diets are described similarly to the shrimp diets (g kg-1) and are found in Table 3 of the Tlusty
paper. The two experimental diets were 5% and 25% respectively and while there was a numeric
increase in growth for grunts fed KBM at the higher inclusion rate, it is not considered statistically
significant.
It may be that the difference in the way the Tlusty paper reported the inclusion rate is confusing, but we
have full confidence that the studies were well-controlled and suitably designed and conducted in the
aquaculture studies. All these trials were conducted by aquaculturists skilled in the science of animal
husbandry, aquatic biology and mechanisms were in place to comply with IACUC standards. State of the
art facilities at Roger Williams University and USDA-ARS were employed to conduct these trials. Tanks
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were randomized appropriately, and diets were fed strictly according to protocol. The studies meet the
requirement of an adequate and well-controlled experiment.
6. The proposed NOEL for shrimp, based on the pivotal Tlusty article, is contradicted by the
data/information present in the article. Data within the Tlusty article may support a use rate for
KBM of 6%. It was discussed that shrimp growth was consistently decreased at higher inclusion
rates for the biomass. The notifier stated that the shrimp diet used in the Tlusty study may have
encountered a formulation error. CVM commented that if the diet was not formulated correctly, it
may call into question the suitability of the study to support safety in shrimp. The notifier will
consider how the proposed use rate could be supported with other data and information,
potentially corroborative unpublished information.
We note that the thrust of our safety and utility argument is based on the comparison of the
composition of Methylobacterium extorquens biomass with conventional feed ingredients and feeds and
is based on the compositional analysis. This is a typical approach for major ingredients in the diet. We
are corroborating this assessment with live animal studies. Some of this corroborating data is found in
the published paper (Tlusty et al., 2017). However, in Appendix 2-11 and Table 2-8 of the original GRAS
Notice, KnipBio provided a number of additional studies that can be used to corroborate the safety and
utility of the biomass as a protein source.
CVM has specially questioned the support of the Tlusty article for the use of use of up to 10% of the diet
with the M. extorquens biomass in shrimp diets. As you note, this paper reported that the shrimp on
the high KBM diet (12.6% KBM) had a decreased growth rate; but an increase in feed conversion ratio,
indicating that there was not an issue with availability of the nutrition of the M. extorquens biomass diet
was observed. The Tlusty paper reported that air bubbles were seen in the pellets prepared for the
shrimp diet SHR-KH (100% KBM replacement, which corresponds to a 12.6% inclusion for the total diet)
and therefore the pellets likely did not properly sink in the water column while the other two diets
(control and 6.3% inclusion) did. Shrimp are bottom feeders and it is very likely that the shrimp that
were fed the high inclusion biomass received fewer available pellets in the water column, which may
account for the reduced weight gain and SGR.
However, other adequate and well-controlled studies have corroborated the safety and availability of
the notified substance for Pacific White Shrimp. In another recently completed study (Appendix 7) the
notified substance KBM was fed at 0, 6, 13.3 and 26.6 % of the feed. The study included a growth trial
(using the four identified diets) and demonstrated no difference in growth between the 13.3% inclusion
and the control group when expressed as biomass, mean weight, weight gain or feed conversion ratio.
Table 2-8 in the submitted GRAS Notice and the companion Appendix 2-11, as well as the published
Tlusty study clearly demonstrated that the notified substance is an available and safe protein source
when fed at levels up to 10% of the feed. The safety is corroborated by the University of Auburn
growth study (2016—see GRAS Notice appendix 2-11) as well as another digestibility study from
University of Auburn (2016—see appendix 2-11) at levels up to 12% of the diet.
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Based on the totality of the data, the composition of the biomass, the published study, and the
corroborative studies there is ample evidence to demonstrate that use of the notified substance at
levels up to 10% in shrimp diets is safe.
7. CVM also noted that the European Food Safety Authority’s (EFSA) Panel on Additives and
Products or Substances used in Animal Feed (FEEDAP) published two scientific opinions in July,
2017; the publications were subsequently revised to include another author. In their publications,
the FEEDAP expressed concerns about the safety of Escherichia coli and other gram negative
bacterial biomasses intended to be fed to food producing animals. The notifier should explain
how the information and conclusions within the FEEDAP documents impact their determination
that the proposed use of the notified substance is GRAS. The publications are:
• EFSA FEEDAP Panel. 2017. Scientific Opinion on the safety and nutritional value of a
dried killed bacterial biomass from Escherichia coli (FERM BP-10941) (PL73 (LM)) as
a feed material for pigs, ruminants and salmonids. EFSA Journal. 15:4935.
https://doi.org/10.2903/j.efsa.2017.4935.
• EFSA FEEDAP Panel. 2017. Scientific Opinion on the safety and nutritional value of a
dried killed bacterial biomass from Escherichia coli (FERM BP-10942) (PT73 (TM)) as
a feed material for pigs, ruminants and salmonids. EFSA Journal.15:4936.
https://doi.org/10.2903/j.efsa.2017.4936.

KnipBio thanks FDA for bringing these publications to our attention. We first note that these two
publications (“the FEEDAP documents”) are largely positive statements that certain strains of modified
E. coli can be safely used in the European Union to produce a substance for use in animal feed. Although
these documents expressed some uncertainties, there were few or no assertions that the E. coli biomass
would have adverse effects on animals, or on humans ingesting products derived from such animals.
Indeed, the panel’s conclusions in both the FEEDAP documents included the statement “The recipient
strain E. coli K-12S B-7 is considered to be safe.” (emphasis added)
We further note that the FEEDAP documents produce absolutely no evidence to implicate gramnegative organisms other E. coli as having any adverse effects – the documents merely assert that
products derived from other gram-negative microorganisms may pose similar issues as those considered
in the FEEDAP documents, without providing any specifics or rationale in support of such assertions,
much less the citation of any literature supporting the assertions.
Although KnipBio respectively contends that the FEEDAP documents do not add any tangible evidence
or scientific arguments that are relevant to the safety assessment of the notified substance, we offer the
following additional comments to distinguish any plausible concerns raised in the FEEDAP documents
from the present safety assessment.
There are biological, physiological and taxonomic differences between E. coli and the species used to
produce the notified substance, M. extorquens. There is no evidence that M. extorquens produces
harmful endotoxins, lipopolysaccharides (LPS), or any other substance identical or similar to such
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substances that are produced by some strains of E. coli or other Gram-negative microorganisms that are
known to be pathogens. In fact, as KnipBio exhaustively set forth in the Narrative section of the original
GRAS Notice, there is no evidence in the literature which implicates M. extorquens as having any
pathogenic, toxic or other negative characteristics.
Gram-negative microorganisms are used as fish feed or to produce fish feed substances. For example, a
species of Methylococcus capsulatus has been approved as a fish feed for use in the EU (product name:
FeedKind). Although this species does not use methanol as a carbon source, it uses methane (which is
converted to methanol by a methane monooxygenase enzyme with high requirement in copper).
Another Gram negative alphaproteobacterium species used for aquaculture is Rhodopseudomonas
palustris (Kim and Lee, 2000). Please also refer to a recently-published review article (Gamboa-Delgado
and Márquez-Reyes, 2018) that summarizes the safe use of a variety of microbial species for
aquaculture feed.
KnipBio believes that the conclusions of this literature review in the original GRAS Notice are more than
sufficient to rebut the unspecific, hypothetical concerns expressed in the FEEDAP documents regarding
hypothetical risks of unspecified Gram-negative species.
KnipBio would like to briefly address several specific comments in the FEEDAP documents pertaining to
these hypothetical concerns. On page 9 of Document 2017.49351, EFSA says:
The traits introduced [into the strain of E. coli] are well known and do not raise safety concern.

KnipBio’s production organism has no added traits – only gene deletions.
Also on page 9 of Document 2017.4935, EFSA says:
Southern or PCR analysis confirmed the absence of all full-length antibiotic resistance genes used during
the entire genetic modification.

KnipBio has confirmed through whole-genome sequencing of the production organism that there is no
antibiotic resistance gene present in the production organism. Similarly, this whole-genome sequencing
showed that there was no unexpected genetic rearrangement after the genetic manipulations
performed. Sequences of the regions of interest (celA and crtCDF) were included in Appendix 2-2 of the
original GRAS Notice. KnipBio performed a BLAST search of the M. extorquens genome sequence against
the Comprehensive Antibiotic Resistance Database (https://card.mcmaster.ca/) and did not find any hits
(data can be provided on request).
On page 9 of Document 2017.4935, EFSA says:

Although we reference only the 2017.4935 document, there are similar or identical statements in the 2017.4936
document as well.
1
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Bioinformatic analysis did not show any biologically relevant similarity to known allergens or toxins for
any of the putative peptides that might be produced from the open reading frames …….

KnipBio performed a BLAST analysis of the entire M. extorquens genome against the database of toxins,
and the results of that analysis were included in Appendix 2-2 of the original GRAS Notice. The M.
extorquens genome has no homology to any known toxins. The question of similarity to allergens is of
lower importance when fish are the target species. In addition, KnipBio has not introduced any
heterologous open reading frames into the production organism, so there would not be expected to be
any impact of the genetic engineering that might have introduced sequences coding allergens or toxins.
Finally, we note that also on page 9 of Document 2017.4935, EFSA makes the following comment which,
contrary to the implication of the passages cited by CVM in the Meeting Minutes, is a confirmation that
in spite of the hypothetical concerns, EFSA concluded that the E. coli strain in question could be used to
produce an animal feed ingredient:
Therefore, the product PL73 (TM), obtained from E. coli BP-10942, does not give rise to any safety
concern with regard to the genetically modified strain from which it is made.

In conclusion, KnipBio maintains that there is nothing in the FEEDAP documents that implicates M.
extorquens or any other specific gram-negative organism as being inherently hazardous or unsuited for
use in production of animal feed ingredients, other than mere speculation. The FEEDAP documents
make no assertions of lack of safety, nor do they remotely point to any specific features of any
microorganism that might raise concerns. The documents merely call for such feed materials to be
“assessed for safety”, and that is exactly the process which FDA is currently undertaking, using the data
and literature evidence presented by KnipBio.
Molecular biology:
CVM indicated the notice states on page 8 that the spirilloxanthin pathway was deleted as described in
published U.S. patent application US 14/454,816 (Feinberg and Marx, 2015), whereas on page 40 the
patent is described as U.S. patent application 20150044327A1. The notifier should provide a copy of the
patent.
A copy of this patent application is attached as Appendix 8. By way of clarification, 20150044327A1 is
the Publication Number of this pending patent application, and USSN 14/454,816 is the Serial Number of
this application. Thus, both numbers describe the same patent application. KnipBio regrets any
confusion this differing nomenclature may have caused.
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Thank you very much for the opportunity to address these questions. Please contact the under-signed if
there are any additional questions we can address.
Sincerely,

Larry Feinberg
CEO

List of Appendices
Appendix 1. Spirilloxanthin methods and analysis (Confidential).
Appendix 2. Information about anti-foaming agent.
Appendix 3. ETA Letter re anti-foaming agent.
Appendix 4. Verification of PHB Assay (Confidential).
Appendix 5. Verification of Methanol and Formaldehyde Assay (Confidential).
Appendix 6. Copy of Hardy et al. paper.
Appendix 7. Corroborative shrimp data-FDA.
Appendix 8. U.S. Patent Application Publication Number 20150044327A1 (Serial Number USSN
14/454,816).
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