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Abstract: 
Purpose 
The protein being investigated in this study is 5-enolpyruvyl
shlkimate-3-phosphate synthase (EPSPS) from Agrobacterium 
sp. strain CP4 (CP4 EPSPS). This enzyme has been expressed in 
crop plants to confer tolerance to glyphosate, the active 
ingredient of Roundup® herbicide, and has also been used for 
glyphosate selection in a variety of plant species. Glyphosate 
exerts its herbicidal activity due to inhibition of EPSPS, an 
enzyme of the shikimate pathway for aromatic amino acid 
biosynthesis in plants and microorganisms. The EPSPS from 
Agrobacterium sp. strain CP4 is highly tolerant to inhibition by 
glyphosate and has high catalytic efficiency, compared to most 
glyphosate-tolerant EPSPSs (1,2). Upon glyphosate treatment, 
plants or plant cells expressing the CP4 EPSPS are unaffected 1 

since the continued action of the glyphosate-tolerant EPSPS 
enzyme meets the plant's need for aromatic compounds. 

A study was conducted to assess the degradation of the CP4 
EPSPS protein using in vitro mammalian digestion models 
consisting of simulated gastric and intestinal fluids. EPSPS 
enzymes, found in plants, bacteria, and fungi, are typically 
present in protein fractions of plant-derived food sources. The 
purpose of this study was to assess the degradation of CP4 
EPSPS, as detected by Western blot analysis and enzymatic 
activity, using simulated gastric and intestinal fluids. 
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The information contained in this study is being supplied to 
Drug Administration (FDA) as part of a food safety assessment program by 
Monsanto Company, in accord with the FDA Policy: Foods Derived from New 
Plant Varieties, May 29, 1992. 

Justification of Test \1jiem _d 
,.., n*'WtfnWlftit •• ~~lnhonly used as models of animal 

digestlo!ln.~~ ~m«to investigate the digestibility of plant and 
~f1lIlq:flt9FitMI, ,~~ru'tlves, to assess protein quality and to assess 

biodegradation of pharmaceuticals. 

Materials and Methods 
The test material, E. coli-expressed CP4 EPSPS (lot #5192245) was produced 
by fermentation in E. coli GBI00 pMON21104 (3) and purified to greater than 
90% purity (4). Studies to address the equivalence of plant-produced CP4 
EPSPSs with the E.coli-produced enzyme are described separately. The 
characterization of the CP4 EPSPS test material is also described in a separate 
study (5). 

CP4 EPSPS was incubated at approximately 37°C in simulated mammalian 
gastric and intestinal fluids (SGF and SIF, respectively). At defined incubation 
time periods the digestions were terminated and the levels of CP4 EPSPS 
protein were measured by Western blot analysis and enzymatic activity assay. 
The final concentration of CP4 EPSPS protein in gastric fluid was approximately 
2 ~g/ml for Western blot analysis and approximately 50 ~g/ml for enzymatic 
activity measurements. For intestinal fluid, the final CP4 EPSPS protein 
concentration was approximately 50 ~g/ml for both Western blot and enzymatic 
activity analyses. 

Results 
CP4 EPSPS protein degraded readily in gastric and intestinal fluids. The half-life 
in gastric fluid was < 15 seconds by Western blot analysis. CP4 EPSPS 
enzymatic activity decreased by > 84% by the first timepoint, which was a two
minute incubation in gastric fluid. In intestinal fluid, CP4 EPSPS protein half
life was < 10 minutes by Western blot analysis. CP4 EPSPS enzymatic activity 
decreased approximately 5% after 10 minutes of incubation in intestinal fluid 
and decreased> 91 to 94% after an approximately 4.5 hour incubation period. 

Conclusion 
The results of this study suggest that the CP4 EPSPS protein and its associated 
enzymatic activity will readily degrade in the mammalian digestive tract. CP4 
EPSPS protein degrades very rapidly in gastric fluid as detected by both _ 
Western blot and enzymatic activity analyses. CP4 EPSPS protein degrades 
very rapidly in intestinal fluid when detected using Western blot analysis. CP4 
EPSPS protein enzymatic activity does dissipate in intestinal fluid, but not as 
readily as when detected by Western blot analysis. This suggests the antigenic 
sites on the CP4 EPSPS protein for the particular antibody used in this study 

#~::=;~~'Oli~~e~~futeorytic;degradatiorr\irid:er1:hese conditions than is the 
• functional active site of CP4 EPSPS. Despite this difference, it is clear that the 
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-CP4EPSPS enzymatic activity did dissipate substantially (>91 to 94%) after an 
approximately 4.5 hoUr incubation in SIF, a time period that would allow for 
substantial CP4 EPSPS enzyme activity dissipation in the typical human 
intestine. Thus, using both SGF and SIF model systems, CP4 EPSPS is 
predicted to be rapidly digested in the mammalian digestive tract. 
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L Summary- -.. • 
Purpose 
The protein being investigated in this study is 5-enolpyruvyl-sbUrimate-3-
phosphate synthase (EPSPS) fromAgrobacterium sp. strain CP4 (CP4 • 
EPSPS). This enzyme has been expressed in crop plants to confer tolerance to 
glyphosate, the active ingredient ofRoundup® herbicide, and has also been 
used for glyphosate selection in a variety of plant species. -Glyphosate exerts -
its herbicidal activity due to inhibition of EPSPS, an enzyme of the sbUrimate 
pathway for aromatic amino acid biosynthesis in plants and microorganisms. 
The EPSPS fromAgrobacteriu.m sp. strain CP4 is highly tolerant to inhibition _ 
by glyphosate and has high catalytic efficiency, compared to most glyphosate-
tolerant EPSPSs (1,2). Upon glyphosate treatment, plants or plant cells 
expressing the CP4 EPSPS are unaffected since the continued action of the • 
glyphosate-tolerant EPSPS enzyme meets the plant's need for aromatic 
compounds. 

A study was conducted to assess the degradation of the CP4 EPSPS protein 
using in vitro mammalian digestion models consisting of simulated gastric and 
intestinal fluids. EPSPS enzymes, found in plants, bacteria, and fungi, are 
typically present in protein fractions of plant-derived food sources. The 
purpose of this study was to assess the degradation of CP4 EPSPS, as 
detected by Western blot analysis and enzymatic activity, using simulated 
gastric and intestinal fluids. 

The information contained in this study is being supplied to the U.S. Food and 
Drug Administration (FDA) as part of a food safety assessment program by 
Monsanto Company, in accord with the FDA Policy: Foods Derived from New 
Plant Varieties, May 29, 1992 

Justification of Test System 
Simulated digestion fluids are commonly used as models of anjmal digestion. 
They have been used to investigate the digestibility of plant and animal 
proteins, food additives, to assess protein quality and to assess biodegradation 
of pharmaceuticals. 

Materials and Methods 
The test material, E. coli-expressed CP4 EPSPS Oot #5192245) was produced 
by fermentation in E. coli GB100 pMON21104 (3) and purified to greater than 
90% purity (4). Studies to address the equivalence of plant-produced CP4 
EPSPSs with the E.coli-produced enzyme are described separately. The 
characterization of the CP4 EPSPS test material is also described in a 
separate study (5). 
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CP4 EPSPS was incubated at approximately 37°C in simulated mammalian 
gastric and intestinal fluids (SGF and SlF, respectively). At defined incubation 
time periods the digestions were terminated and the levels of CP4 EPSPS . 
protein were measured by Western blot analysis and enzymatic activity 
assay. The final cOncentration of CP4 EPSPS protein in gastric fluid was 
approximately 2 Ilg/ml for Western blot analysis and approximately 50 ~m1 
for enzymatic activity meaSW7ements. For intestinal fluid,-the :final CP4 
EPSPS protein concentration was approximately 50 Ilg/ml for both Western 
blot and enzymatic activity analyses. 

Results 
CP4 EPSPS protein degraded readily in gastric and intestinal fluids. The half .. 
life in gastric fluid was < 15 seconds by Western blot analysis. CP4 EPSPS 
enzymatic activity decreased by > 84% by the first timepoint, which was a 
two-minute incubation in gastric fluid. In intestinal fluid, CP4 EPSPS protein 
half-life was < 10 minutes by Western blot analysis. CP4 EPSPS enzymatic 
activity decreased approximetely 5% after 10 minutes of incubation in 
intestinal fluid and decreased> 91 to 94% after an approximately 4.5 hour 
incubation period. 

QQPclusion 
The results of this study suggest that the CP4 EPSPS protein and its 
associated enzymatic activity will readily degrade in the mammalian digestive 
tract. CP4 EPSPS protein degrades very rapidly in gastric fluid as detected by 
both Western blot and enzymatic activity analyses. CP4 EPSPS protein 
degrades very rapidly in intestinal fluid when detected using Western blot 
analysis. CP4 EPSPS protein enzymatic activity does dissipate in intestinal 
fluid, but not as readily as whIm detected by Western blot analysis. This 
suggests the antigenic sites OIL the CP4 EPSPS protein for the particular 
antibody used in this study are more sensitive to proteolytic degradation under 
these conditions than is the functional active site of CP4 EPSPS. Despite this 
difference, it is clear that the CP4 EPSPS enzymatic activity did dissipate 
substantially (>91 to 94%) after an approximately 4.5 hour incubation in SlF, 
a time period that would allow for substantial CP4 EPSPS enzyme activity 
dissipation in the typical human intestine. Thus, using both SGF and SIF 
model systems, CP4 EPSPS is predicted to be rapidly digested in the 
mammalian digestive tract. 
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A. General: The protein being investigated in this study is 5-enolpyruvyl
sbikirnate-3-phosphate synthase (EPSPS) from Agrobacterium sp. strain CP4 
(CP4 EPSPS). This enzyme has been expressed in crop plants to confer 
tolerance to glyphosate, the active ingredient of Roundup® herbicide, and has 
also been used for glyphosate selection in a variety of plant species. 
Glyphosate exerts its herbicidal activity due to inhibition oT EPSPS, an 
enzyme of the shikirnate pathway for aromatic amino acid biosynthesis in 
plants and microorganisms. The EPSPS from Agrobacterium sp. strain CP4 is 
highly tolerant to inhibition by glyphosate and has high catalytic efficiency, 
compared to most glyphosate-tolerant EPSPSs (1,2). Upon glyphosate 
treatment, plants or plant cells expressing the CP4 EPSPS are unaffected 
since the continued action of the glyphosate-tolerant EPSPS enzyme meets 
the plant's need for aromatic compounds. 

Some of the potentially commercial plant varieties expressing CP4 EPSPS 
(soybean, potato, tomato, com, canola) are commonly used as a source of 
anjmal feed, as well as food for human consumption. Thus, anjmals and 
h11mans would be exposed to trace levels of CP4 EPSPS. EPSPS enzymes, 
found in plants, bacteria, and fungi, are typically present in protein fractions of 
plant-derived food sources. The CP4 EPSPS gene, although of microbial origin, 
is functionally and structurally related to the plant-expressed EPSPS proteins. 
Upon consumption, most proteins are readily degraded upon exposure to the 
mammalian digestive tract (6). The purpose of this study is to assess the 
degradation of the CP4 EPSPS protein using in vitro mammaljan digestion 
models consisting of simulated gastric and intestinal fluids. In this study, the 
degree of degradation of CP4 EPSPS protein upon incubation in simulated 
gastric and intestinal fluids was assessed using Westem blot analysis and 
enzymatic activity assay. The experimental protocol for this study is provided 
as Attachment 1 . 

. B, Protocol amendments; 
Two protocol amendments to this study are discussed below. For complete 
details, the amendments are provided as Attachment 2 to this report. 

1. The concentration of CP4 EPSPS in SGF and SIF was approximately 
2 IlglmI and 50 ~ml, respectively- CP4 EPSPS protein concentration for 

-
• 

.,,--:: 
-
• 

• 

• 

• 
• 
• 

• 

• 

• 
• 

• 
SIF assays was increased from 2 Ilg/ml to 50 IJ.g/ml to correspond to the level • 
that was needed to measure CP4 enzymatic activity in SIF incubation 
treatments. Also, the procedure used to terminate CP4 EPSPS incubation in 
SIF for Westem blots was changed because the original conditions described • 
did not effectively terminate the reaction, and the incubation time in SIF was 
increased to 24 h. 

• 
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---,2;-The incubation time of CP4 EPSPS in SIF was increased for 
enzymatic assays· This amendment reflects the increased incubation times 
for the enzymatic assays to allow a comparison to results from the Western 
blots 

ill. Justification of Test System 
In vitro studies with simulated digestion solutions are widely used as models of 
anjmal digestion. They have been used to investigate the digestibility of plant 
proteins (7,8), animal proteins (9) and food additives (10); to assess the protein 
quality (11); to study digestion in pigs and poultry (12); to measure tablet 
dissolutions rates to assess biodegradation for pharmaceutical (13); and to 
investigate the controlled.:release properties of experimental pharmaceuticals 
(14). The method of preparation of the simulated digestion solutions used in 
this study is described in the United States Pharmacopeia (15), a frequently 
cited reference for in vitro digestion studies. . 

IV. Materials 
A. Test Substance (CP4 EPSPS from E. coli, lot #5192245): The test 
substance was purified microbially-expressed CP4 EPSPS produced in E. coli 
GBIOO from plasmid pMON21104 (3) and purified to greater than 90% purity 
(4), based on SDS-PAGE analysis (5). The test substance was characterized 
(5) and shown to be equivalent to the CP4 EPSPS protein expressed in 
genetically modified plants (21). The protein was obtained as a 20 mglml and 
12 mgIml solution in buffer (50 mM sodium bicarbonate [pH 8.5], 10 mM 
cysteine, 5% (wlv) sucrose). The test substance was stored at approximately 
- 80°C until used for the preparation of dosing solutions. Since the current 
study was specifically designed to assess the stability of the test material in 
the simulated digestive fluid test systems, no additional test substance 
stability data was deemed neoessary. 

B. Simulated Die-estiQu Fluids: Simulated gastric and intestinal fluids were 
prepared as described in the United States Pharmacopeia (15). Solutions were 
usedwitbin 24 hours of preparation and were stored at approximately 4-C 
until used. The intestinal fluid was mixed before each use to resuspend 
insoluble material that settled after preparation. Each digestion solution was 
assayed for activity before use. Simulated gastric fluid (SGF) was assayed for 
pepsin activity, using hemoglobin as substrate, by measuring the increase in 
absorbance at 280 nm following TeA precipitation (16). Protease activity of 
simulated intestinal fluid (SIF) was assayed by measuring 
spectrophotometrically the increase in supernatant absorbance at 574 nm 
following trichloroacetic acid (TCA) precipitation of SIF incubations using 
resorufin-labeled casein as substrate (17). 
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--frReatrents: Pepsin (porcine, Product Number P-7000), pancreatin (porcine~-·- --. 
Product Number P-1500), and hemoglobin (bovine, Product Number H-2625)' 
were obtained from Sigma Chemical Company (St. Louis, MO). Resorufin-
labeled casein (Product Number 1080733) and phosphoenolpyruvate (Product • 
Number 108-294) were obtained from Boehringer Mannheim Corporation 
(Indianapolis, IN). 

V·MethodS 
A. Assessment of Digestion by Western Blot AnalysiS; 
1. Digestions: Dosing solutions were prepared by dilution of the CP4 EPSPS 
protein with buffer (50 mM sodium bicarbonate [pH 8.5], 10 mM cYsteine, 5 % 
(wlv) sucrose). CP4 EPSPS protein was added to temperature-equilibrated 
(approximately 37·C) digestion solutions by pipetting from these concentrated 
CP4 EPSPS dosing solutions. This method ofadministration of the test 
substance was selected to provide reproducible dosing of small amounts of the 
test material. One ml volumes of digestion fluids were incubated in 15 ml 
plastic test tubes in a Gyrotory® water bath shaker (Model G76, New 
Brunswick Scientific, Edison, NJ) with the following exceptions: 1) a 0.1 ml 
incubation volume in a 1.5 ml plastic test tube was used for the t = 0 samples 
ofCP4 EPSPS in SGF and SIF; and 2) a 0.1 ml incubation volume in a 1.5 ml 
plastic test tube was used for a whole incubation sample control. Both of these 
incubations were conducted using a separate water bath at approximately 
37°C without continuous shaking. The reduced-volume treatments were used 
to keep final quenched sample volumes compatible with equipment used for 
aliquots sampled from 1 ml incubations. One ml digestion solutions were 
agitated as much as practical. For SGF incubations, digestion solutions were 
agitated by hand at each sampling interval instead of continuously due to the 
very short total incubation time (2 minutes). For SIF incubations, digestion 
solutions were agitated continuously except for brief intervals for sampling. 
CP4 EPSPS was added to 1 ml of buffer to allow an assessment of the 
. recovery ofCP4 EPSPS protein from the digestion fluids. For these samples, 
they were mixed thoroughly upon addition of CP4 EPSPS and then again just 
before quenching the digestion. 

2. Gastric fluid assay: CP4 EPSPS protein was added to SGF to a :final 
concentration of approximately 2 Jlglml. Five time periods, including t = 0, up 
to a total incubation period of 2 min were assayed by removing 50 ~ aliquots 
from the digestion solution and adding them to 1.5 ml plastic test tubes 
containing a quench solution consisting of 15 J.1l of 0.2 M sodium carbonate. 0.1 
ml samples were quenched with 30 J.1l of 0.2 M sodium carbonate. For the t:= 0 
incubation treatment, the sodium carbonate was added to the SGF before the 
addition of CP4 EPSPS. Quenched SGF incubation samples were diluted 1:1 
with 2X SDS-PAGE sample buffer (18), incubated at approximately lOWe for 
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approximately 5 min and-stored-at-approximately -20·C. For the whole 
incubation sample control, the entire 0.1 ml incubation mixture waS quenched 
with 30 J.Ll 0.2 M sodium carbonate and then diluted with 130 J.Ll of 2X. SDS· 
PAGE sample buffer. CP4 EPSPS protein levels in digestion samples were 
assessed by SDS-PAGE·analysis followed by Western blot analysis. CP4 
EPSPS levels were estimated by visual comparison of sample band intensities 
to band intensities of CP4 EPSPS standards included witlr-t!ach blot (standards 
were also prepared and heated with SDS) . 

S. Intestinal fluid assay: CP4 EPSPS protein was added to SIF to a final 
concentration of approximately 50 ilgIml. Six time periods, including t = 0, up 
to a total incubation period of 4.75 hours were assayed by removing 50 J.Ll 
aliquots from the digestion solution, added to 1.5 ml plastic test tubes and 
immediately heating at approximately 100·C for approximately 5 min to 
tenninate the digestion. Heatrquenched digestion samples were diluted with 
SDS-PAGE sample buffer, re-·heated and stored as described for gastric fluid 
assays. For whole incubation sample controls, the entire 0.1 m1 incubation 
sample was quenched by heating to approximately 100°C for 5 min and then 
diluted with 100 J1l. of 2X. SDS-PAGE sample buffer. Before Western blot 
analysis as described for gastric fluid treatments, samples were further diluted 
with 1X SDS-PAGE sample buffer. CP4 EPSPS protein levels in each sample 
were estimated by visual comparison of sample band intensities to band 
intensities of CP4 EPSPS standards included with each blot (standards were 
also prepared and heated with SDS). CP4 EPSPS protein levels in some SIF 
digestion solutions were also assessed using a densitometer (LKB Ultroscan 
XL, using GelScan software) to evaluate the accuracy of the visual estimates . 

B, Assessment of Dil!estion by Enzymatic Activity Assay: 
1. Digestions: CP4 EPSPS was added to SGF and SIF and incubated as 
described for Part V.A with the following exceptions: 1) total digestion solution 
volume were 0.5 ml instead of 1 ml; 2) digestion samples were not agitated 
during incubation; 3) digestio:n solutions were incubated in 1.5 m1 plastic tubes 
instead of 15 m1 tubes; and 4) no 0.1 ml incubations for t = 0 and whole-sample 
incubations were done. These changes were adaptations of the procedure used 
for Western blot analysis of digestion to the CP4 EPSPS enzyme assay. They 
are not expected to affect the comparison of digestion to Western blot analysis . 

2. Gastric fluid assay: CP4 EPSPS was added to SGF to a final 
concentration of approximately 50 ~ml, incubated and the digestion quenched 
as described for Part A using 0.2 M sodium carbonate at a level of 15 J..Ll per 50 
J.Ll of SGF digestion solution. 
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8. Intestinal fluid assay: OP4-EPSPS was added to SGF to a final -
concentration of approximately 50 ~ml. The digestion was quenched by 
immediate dilution of 10 J1l aliquots of digestion solution ro roW volume of 50 ~ 
with EPSPS enzymatic activity assay reagents. For t = 0 treatments, the -
OP4 EPSPS was added to chilled (approximately 4°0) SIF, mixed and 
immediately added to enzymatic assay reagents. 

4. CP4 EPSPS enzymatic assay: The procedure utilized for detennining the 
amount of functionally active EPSPS entailed the use of an HPLO with 
radioactivity detector, and has been previously described (19,20). Labelled 
substrate 140-phosphoenolpyruvate (140-PEP) is converted ro 140-5-
enolpyruvylshikimate-3-phosphate (14C-EPSP) in the presence of shilcimate-3-
phosphate (83P) by EPSPS, and the resultant 14C-EPSP is detected using 
HPLC and radioactive flow detection. The:final reagent concentrations in the 
assay were 50 mM Hepes, 0.1 mM ammonium molybdate, 5 mM potassium 
flouride, 1 mM 14C-PEP, and 2 mM 83P, pH 7.0. Reactions were run at 
approximately 25°0. The reactions were quenched after 2 to 5 minutes with 
an equal volume of9:1 ethanol: 0.1 M acetic acid, pH 4.5. The samples were 
then centrifuged and chromatographed by HPLC anion exchange using 
approximately 0.25 M potassium phosphate eluent, pH 6.5, at 1 mlIJirin flow 
rate. For EPSPS, 1 unit (U) is defined to be 1 JlIDol EPSP produced! min at 
approximately 25"0, under the assay conditions described. 

VI, Results 
A Assessment of Digestion by Western Blot: 
1. Gastric fluid: OP4 EPSPS protein degradation in simulated gastric fluid 
was assessed by Western blot analysis (Fig. 1). No OP4 EPSPS protein was 
detected after a 15 s incubation at approximately 37°0 (lane 6), the earliest 
time interval evaluated. SGF alone did not contain bands that may interfere 
with the assessment of CP4 EPSPS protein levels at either t = 0 s (lane 3) or 

. after 120 S of incubation at approximately 37°0 Oane 10). The recovery of 
··added OP4 EPSPS from SGF was estimated by visual comparison ofCP4 
EPSPS'levels detected when CP4 EPSPS was added ro buffer Oane 4) to that 
amount ofCP4 EPSPS recovered when added ro SGF at t = 0 s Oane 5). The 
recovery was estimated by visual inspection to be approximately 100%. To 
assess whether the 50 ~ aliquot of OP4 EPSPS in SGF removed from the 
approximately 1 ml digestion solution is representative of the whole digestion 
solution, the OP4 EPSPS protein level indicated with an aliquot after 120 s 
incubation Oane 9) was compared to the OP4 EPSPS protein level indicated in 
a sample in which the entire incubation sample was quenched and diluted with 
SDS-PAGE sample buffer (lane 11). No CP4 EPSPS was detected by Western 
blot analysis by either method. The dose of OP4 EPSPS to the SGF was 
confirmed by assessment ofOP4 EPSPS detected by Western blot at t = 0 
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(approximately 10 ng CP4 EPSPSIlane) compared to the expected level if the 
fin8l CP4 EPSPS protein added to SGF was 2 Ilg/ml (10 ngllane). 

2. Intestinal fluid: CP4 EPSPS degradation in simulated intestinal fluid was 
assessed by Western blot analysis (Fig. 2). More than 50% of the CP4 EPSPS 
was degraded after a 10 min incubation in SIF at 37°C Gane 6) as compared to 
the level detected in the t = 0 sample Gane 5) by visual assessment of Western 
blots [This assessment was corroborated by scanning densitometry (data not 
included in this report)]. No CP4 EPSPS protein was detected after 100 min 
incubation in SIF Gane 8). SIF alone did not contain bands that may interfere 
with the assessment of CP4 EPSPS protein levels at either t = 0 min Gane 3) 
or after 19.5 h Gane 11) incuhation. The recovery of added CP4 EPSPS from 
SIF was estimated to be approximately 100% by visual comparison of CP4 
EPSPS added to buffer (lane 4) to that in unincubated SIF Gane 5). The 50 III 
aliquots taken from CP4 EPSPS protein incubations in SIF after 19.7 h 
incubation Gane 10) were found to be representative of the whole digestion 
solution by comparison to a sample incubated for 19.3 h in which the entire 
incubation sample was quenched and diluted with SDS-PAGE sample buffer 
Gane 12). No CP4 EPSPS protein was detected by either method. The dose of 
CP4 EPSPS to the SIF was confirmed by assessment of CP4 EPSPS detected 
by Western blot at t = 0 (approximately 10 ngIlane) compared to the expected 
level if the :final CP4 EPSPS protein added to SIF was 50 jJ.g/ml (10 ng/ml, after 
dilution). The visual assessment of CP4 EPSPS protein levels by Western blot 
analysis was compared to levels quantified by densitometry and were found to 
be comparable. 

B. Assessment of Die-estion by Enzymatic Activity: 
1. Investigation of potential assay interference: The degree to which SGF 
and SIF interfere with the determination of CP4 EPSPS protein enzymatic 
activity was investigated. No substantial interference was observed; 
significant CP4 EPSPS acti.vity was measured in the presence of both SGF 
and SIF at the level (10 tilIassay) used for subsequent digestion assays (Table 
1). No turnover of PEP to EPSP was observed when SGF and SIF were 
incubated in assay reagents without CP4 EPSPS added and when SGF and 
SIF were added with CP4 EPSPS but without SSP (data not shown, but in raw 
data file). These results support the appropriateness of this assay to assess 
the degradation of CP4 EPSPS enzymatic activity in digestion solutions. 

2. Digestions: None of the CP4 EPSPS enzymatic activity added to SGF was 
detected after a 2 min incubation in SGF (Table 2). The enzyme assay utilized 
would have detected approximately 15% of the added EPSPS. Two 
experiments were done to assless CP4 EPSPS activity degradation in SIF 
(Table 3). In both experiments, 93 to 95% of added CP4 EPSPS was still 
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present after 10 min incubation in SIF. CP4 EPSPS activity had-decr:eased to _ 
<9%.and <6% of the initial level after incubations of285 min and 270 min, 
respectively. 

VII. DiscussioU 
Simulated mammalian digestion fluids were used to assess the degradation of 
CP4 EPSPS, a protein expressed in plants to confer tolerance to the herbicide 
Roundup® or to select transformed plant cells using glyphosate. EPSPS 
enzymes are typically present in protein fractions of plant-derived food 
sources. Degradation ofCP4 EPSPS was assessed by two methods, Western 
blot analysis and enzymatic activity assay. These methods were selected to 
assess the degradation of the CP4 EPSPS protein per se as well as the 
dissipation of its associated functional activity. Western blot analysis was 
selected because of its high selectivity and sensitivity for the CP4 EPSPS 
protein. The decrease in CP4 EPSPS protein band intensity on Western blots 
from digestion samples indicates that there is CP4 EPSPS protein degradation 
due to the activity of the digestion fluids. The decrease in CP4 EPSPS 
functional activity also indicates that the digestion fluids are degrading the 
protein. By both the Western blot and functional activity assays, CP4 EPSPS 
protein degraded readily in this study. 

CP4 EPSPS protein pUrified from E. coli is an appropriate test material for 
this study. The E. coli CP4 EPSPS protein has been shown to be equivalent to 
the protein expressed in glyphosate-tolerant plants evaluated to date, e.g. 
soybean (21) and canola (22). The use of a highly purified sample of CP4 
EPSPS allows a direct assessment of the digestibility of this protein without 
the complication of additional components in the test material that could 
influence protein degradation. 

No half-life calculations were done for CF4 EPSPS in digestion fluids as 
detected by Western blot analysis. The degree of degradation in both SGF and 
SIF was such that only a limit on half-life could be estimated. Since no CP4 
EPSPS protein was detected by Western blot analysis after 15 s ofincubation 
in SGF, the half·life is less than 15 s. In SIF, more than 50% of the CP4 
EPSPS synthase protein degraded after 10 min incubation, so the half-life is 
less than 10 minutes. A more refined determination of half-life would require 
shorter incubation time intervals. The current estimates of half-life reported in 
this study appear appropriate for assessing the degradation of CP4 EPSPS in 
these model digestion fluids. 

CP4 EPSPS protein was dosed to SGF to a level of approximately 2 I-lg/ml for 
assessment of degradation by Western blot analysis and 50 I-lglml for the 
functional activity assessment. The 2 I-lg/mllevel was selected based on the 
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sensitivity of the Western blot analysis - an aliquot withdrawn from the 
digestion solution, when diluted 1: 1 with 2X SDS-PAGE sample buffer, could be 
loaded directly on gels to provide a strong signal from which to use as a 
reference for degradation. Due to the lower sensitivity of the CP4 EPSPS 
enzymatic assay, the CP4 EPSPS protein concentration had to be raised to 50 
JJ.g/ml in digestion fluids to provide good enzymatic activity at the start of the 
digestion incubation period. The CP4 EPSPS protein degradation in SIF 
experiment, as measured using Western blot analysis, was done using a dose of 
50 J.lglml. This dose was selected to provide a direct correlation with the 
degradation data collected by measuring CP4 EPSPS enzymatic activity. Due 
to the extremely rapid degradation of CP4 EPSPS protein in SGF, we did not 
feel it was necessary to repeat this experiment at the 50 J.lg/m1 dose level used 
for assessing the degradation of enzymatic activity. 

There is a good correlation bef;1ween the Western blot analysis M.A) and 

!i enzymatic activity MB) results for the degradation ofCP4 EPSPS in SGF. 
I No band corresponding to CP4 EPSPS protein was present after 2 min 

incubation in SGF (Fig. 1) and no CP4 EPSPS enzymatic activity was 
measured after a 2 min incubation in SGF (Table 2). In SIF, the level of CP4 
EPSPS detected by Western blot analysis after 10 min incubation was less 
than 50% of the initial level (Fig. 2); however, when dissipation of enzymatic 
activity was monitored, 93 to 95% of the initial activity remajns after 10 min '>i incubation (Table 3). This result was unexpected. It suggests the antigenic 

/';, sites on the CP4 EPSPS profeirilor'i.he partiCUlar antibody used in this study 
are more sensitive to proteolytic degradation under these conditions than is the 
functional active site of CP4 EPSPS. Despite this difference, the CP4 EPSPS 
enzymatic activity dissipated Bubstantially (>91 to 94%) after an 
approximately 4.5 hour incubation in SIF. 

The very fast degradation of CP4 EPSPS protein in SGF as measured by both 
Western blot analysis and enzymatic activity strongly suggests that ~., . 

'f~r~~e~~:a~;ta~g~~:O~~-f!~t:g!~~~ ~ =pfi~~ ~:d 
human stomach about 50% in 2 hr, while liquid empties 50% in approximately 
25 min (23). In the human intestine, isotopically-labelled chromate, which is 
not absorbed by the intestine, first appears in the feces in 4 to 10 hours but 
takes 68 to 165 hours to clear totally from the GI tract (24). Based on these 
results and the results in this report, it is likely most of CP4 EPSPS protein" 
ingested by humans will degrade in the digestive tract. Furthermore, the dose 
levels in the SGF and SIF are likely to be high relative to the amount of CP4 
EPSPS that will be ingested by animals and humans (25). For instance, the 
CP4 EPSPS protein is expressed at approximately 0.3 ~g CP4 EPSPSlmg seed 
tissue fresh weight in soybean seeds (26). This concentration would likely be 
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diluted by mixing with'other foods, and then diluted again by the addition of -
digestion fluids in the stomach and intestine. Also, in many food crops the 
plant material expressing CP4 EPSPS protein will be heat and/or solvent 
processed, which can substantially reduce the CP4 EPSPS protein content in -
processed food derived from plant material (26) 

vm. Conclusion -
CP4 EPSPS protein degrades readily in simulated gastric and intestinal fluids 
when measured using both Western blot analysis and enzymatic activity 
assay. The doses used and degree of degradation observed in this study • 
suggest a high level of degradation of the CP4 EPSPS protein and its 
associated enzymatic activity is likely in the mammalian digestive tract upon 
ingestion as a component of food or feed. _ 
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X Abbreviations 

C 
EPSP 
EPSPS 
E. coli 
Fig. 
h 
HPLC 
M 
mg 
min 
ml 
ng 
PAGE 
PEP 
s 
SDS 
SGF 
SIF 
SOP 
S3P 
TCA 
Jlg 

J.L1 

Centigrade 
5-enolpyruvylsbikjmate-3-phosphate 
5-enolpyruvylshikjrnate-3-phosphate synthase 
Escherichia coli 
Figure 
hours 
high performance liquid chromatography 
molar 
milligram 
minute 
milliliter 
nanogram 
polyacrylamide gel electrophoresis 
phosphoenolpyruvate 
second 
sodium dodecyl sulfate 
simulated gastric fluid 
simulated intestinal fluid 
Standard Operating Procedure 
shikimate-3-phosphate 
trichloroacetic acid 
microgram 
microliter 
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Table 1. Lack of interference of gastric and intestinal fluids on the 
CP4 EPSPS activity assay. For gastric fluid) 10 J.1l of 2.5 mglml CP4 EPSPS 
protein in 50 mM Hepes (pH 7.0) was added to quenched SGF (0.5 ml SGF + 
0.15 ml 0.2 M carbonate») and a 10 J,1l aliquot of the mixture was assayed for 
CP4 EPSPS enzyme activity in a 50 J,1l total reaction volume. For intestinal 
fluid) 10 J,1l of2.5 mglml CP4 :repsps protein in 50 mM Hepes (pH 7.0) was 
added to SIF\ and a 10 J.1l aliquot of the mixture was immediately assayed for 
CP4 EPSPS enzyme activity in a 50 J.1l total reaction volume. For the control 
reactions without quenched SGF or SIF, 10 J.1l50 mM Hepes (pH 7.0) was 
added instead of the digestion fluid .mixture. Values listed represent the mean 
from two replicate assays. Standard errors of the mean are given in 
parentheses. 

Treatment, 
CP4EPSPS 

- SGF 
+SGF 

- SIF 
+SIF 

CP4 EPSPS activity, 
% turnover of 1 roM 14C-PEP 
to 14C-EPSP in the assay 

8.83% 
9.55% 

11.13% 
15.91% 

Std. 
Error 

(0.55) 
(0.61) 

(0.35) 
(1.07) 

Table 2. Dissipation of CP4 EPSPS enzymatic activity in gastric fluid. 
CP4 EPSPS protein was added to SGF to a final concentration of 50 J1g!ml, 
incubated at approximately 37°C and quenched with 0.2 M sodium 
bicarbonate. 10 J.1l of quenched digestion solution was assayed for CP4 EPSPS 
enzymatic activity. Values listed represent the mean from three replicate 
assays. Standard errors of the mean are given in parentheses . 

Incubation CP4 EPSPS activity, Std. % Initial 
time % turnover of 1 roM 14C-PEP Error Activity 

(min) to 14C-EPSP in the assay Remaining 

0 12.8% (0.6) 100% 

2 <2.0% (0.0) <16% 
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Table 3. Dissipation of CP4 EPSPS enzymatic activity in intestinal 
fluid. CP4 EPSPS protein was added to SIF to a final concentration of 50 
Jlg/ml, incubated at appro:ximately 37°C and quenched by heating at 
approximately 100°C for 5 min. 10 J..Ll of quenched digestion solution was 
assayed for CP4 EPSPS enzymatic activity. Values listed represent the mean 
from three replicate assays. Standard errors of the mean are given in 
parentheses. 

Experiment 1 
Incubation CP4 EPSPS activity. 

time % turnover of 1 mM 
(min) 14C-PEP to 14C-EPSP 

in the assay 

o 

10 

270 

285 

21.3 

20.3 

<2.0 

(0.8) 

(0.6) 

(0.1) 

% Initial 
Activity 
Remaining 

100 

95 

<9 

24 

Experiment 2 
CP4 EPSPS activity, % Initial 

% turnover of 1 ruM Activity 
14C-PEP to 14C-EPSP Remaining 

32.2 (0.5) 

30.0 (0.7) 

<2.0 (1.1) 

100 

93 

<6 
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Figure 1. Western blot analysis of CP4 EPSPS degradation in gastric 
fluid. Legend: Western blot shown is one of three replicate digestions. CP4 
EPSPS was added to SGF to a final concentration of 2 J.Lg!ml, incubated at 
37°C, quenched by neutralization with 0.2 M sodium carbonate and evaluated 
by Western blot analysis. Lane 1 and 2 are CP4 EPSPS standards at 5 and 10 
ngllane, respectively. Lane 3 and 10 are SGF after 0 and 120 s incubation, 
respectively, Lane 4 is buffer plus CP4 EPSPS at t = 0 s. Lane 5 through 9 
are CP4 EPSPS after 0, 15, 30,60 and 120 s incubation in SGF, respectively. 
Lane 11 is SGF plus CP4 EPSPS after 120 s incubation where the entire 
incubation sample was quenched and prepared for Western blot analysis. 
Lane 12 was used for molecular weight markers. The gel shown is gel #2 from 
12117/92. 

1 2 3 4 t; 6 7 8 9 10 11 12 
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Figure 2. Western. blot analysis of CP4 EPSPS degradation in intestinal 
fluid. Legend: Western blot shown is one oftbree replicate digestions. CP4 
EPSPS was added to SIF to a final concentration of 50 J.Lg/ml, incubated at 
approximately 37°C, quenched by heating to approximately 100°C for 5 min 
and evaluated by Western blot analysis. Lane 1 and 2 are CP4 EPSPS 
standards at 5 and 10 ng/lane, respectively. Lane 3 and 11 are SIF after 0 and 
1171 min incubation, respectively. Lane 4 is buffer plus GP4 EPSPS at t = 0 
s. Lanes 5 through 10 are CP4 EPSPS after 0, 10,32, 100, 270 and 1181 min 
incubation in SIF, respectively. Lane 12 is CP4 EPSPS after 1160 min 
incubation is SIF where the entire incubation was quenched and prepared for 
Western blot analysis. The gel shown is gel #3 from 3/18/93. 

1 2 3 4 5 6 7 8 9 10 11 12 
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MSL #: 12949 
Date: 10/5/93 

Attachment 1. Protocol for Study 92-01-30-15, Experiment 92-419-721: 
Assessment of the in vitro digestive fate of CP4 EPSP synthase 
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1. Puroose: 

Kevin F. ount 
(GG4F,3 4-537-6945) 

Date: /.2 ~,;f2-
I 

The purpose oftbis study is to assess the rate of degradation ofCP4 5-enolpyru.vyl
sbikjmate-3-phosphate (EPSP) synthase (hereafter called "CP4") using in vitro 
mammalian digestion models. CF4 is a protein introduced into plants to confer 
tolerance to Roundup® herbicide (glyphosate). 

2. Records and retention: 

All data and information generated in this study will be recorded directly and 
promptly onto appropriate forms and/or notebooks. The exceptions are 
electronically captured data, for which a printout will be generated and included 
with other study data. All data and information will be written legibly in indelible 
ink, preferably black. No records will be recorded in pencil .. All entries will be 
dated on the day of entry and signed or initialed by the person entering the 
information. Computer printouts will be dated and signed or initialed by person 
responsible for their generation. Any changes in entries will be made so as not to 
obscure the original entry, will indicate the reason for the change and will be 
dated and signed (or initialed) at the time of change. All raw data such as 
microtiter plate reader printouts, chromatographs' from western blots, photos of 
SDS-PAGE gels, etc. will be saved. All raw and final data will be archived at the 
conclusion of the study. 

3. Proposed experimental start da1~: December, 1992 

2 
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4. ProPOSed exPerimental tmnination date: January, 1993 

5. Test materials: 

The CP4 protein (Lot Number 5192245) was purified from E. coli cells engineered 
to express it. It will be demonstrated to be similar to the protein expressed in 
glyphosate tolerant plants; e.g. soybean (Study Number 92-01-30-11, Experiment 
Number 92-419-718) and canola (Study Number 92-02-30-03, Experiment Number 
92-447-704). 

6. Test systeJIl! 

CP4 protein will be added to simulated digestion fluids and incubated at 
approximately 37·C. In vitro digestion models are used widely to assess the 
digestive fate of ingested material. These systems will be used in this study due to 
their relative ease of analysis and reproducibility relative to in vivo systems. 
Simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) will be 
prepared at the testing facility as described in The United States Pharmacopeia, 
1990, pp 1788-1789 (attached). These fluids will be used within 24 hours of 
preparation, stored at approximately 4·C and assayed for protease activity before 
use. 

7. Conduct of1he Studv: 

Part L Measurement of protein degradation by western blot analysis 

Primary treatments: 

A. SGF 
. B. SGF plus CP4 
C. SIF 
D. SIF plus CP4 

& 1 _ 7 J ~·<l·r· "~v..~~8t .... 
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General procedure. Three replicate one-ml samples will be prepared for each 
treatment. All samples will incubated at approximately 3TC in individually 
labelled.15~mI test tubes. Purified protein samples of CP4 will be added to temperature
equilibrated (approximately 37·C) digestion fluids to a final concentration .of 
approximately 2 Jlg mI-l. Incubation solutions will be agitated briefly at each 
sampling time instead of agitated continuously due to the very short total 
incubation time. At specified time points during the incubation, 50-J.Ll aliquots of 
treatment solutions will be removed from each tube, added to individually labeled 
tubes and the reaction process immediately terminated as described below. 
Samples will be diluted 1:1 with 2X SDS-PAGE sample buffer, heated to 
approximately 100·C for approximately five minutes, cooled in an ice bath and 
stored in capped 1.5-ml microcentIifuge tubes at approximately -20·C. CP4 
protein levels in samples will be estimated by western blot analysis. 

Gastric fluid assays. CF4 will be incubated in SGF for a total time period of 
approximately two minutes. At least five samples will collected between zero and 
approximately two minutes for each treatment tube. To terminate the reaction, 
50-J.Ll aliquots of incubation solutions will be neutralized by addition to individually
labeled 1.5-mI tubes containing 15 J1l of 0.2M sodium carbonate. Time-course 
assays will be carried out sequentially due to the short incubation intervals. 

Intestinal fluid assays. CP4 will be incubated in SIF for a total time period of 
approximately two minutes. At least five samples will collected between zero and 
approximately two minutes for each treatment tube. To terminate the reaction, 
50-J1l incubation solution samples will be added to individually-labeled 1.5 ml 
tubes containing 50 J.Ll2X SDS-PAGE sample buffer and immediately heated to 
approximately 100 ·C for approxim.ately five minutes, as described in the "General 
procedure" section. Time-course assays will be carried out sequentially due to the 
short incubation intervals. 

Controls. Incubated SGF and SIF without added CP4 will be incubated, 
terminated and processed as for the"+ CP4" samples to serve as negative controls . 
For these treatments, an equal volume of buffer will be added in place of the CP4 
protein in the same buffer. CP4 recovery from both of the digestive fluids will be 
determined by a comparison of the CP4 protein levels detected in the "t=O" 
digestive fluid samples to those detected in buffer. The "t=O" incubation sample 
will be generated by spiking CP4 into already-terminated assay samples. A 
treatment in which the entire incubation solution is mixed into SDS-P AGE 
sample buffer will be prepared to allow a comparison with treatments in which 
an aliquot from the incubation solution was analyzed by western blotting. 

.M.f .... f_~ .. ·'a 
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Study" 92-01-80..15, Experiment 192419-;72 ..... 
Data analysis. Specific protein levels in each sample will be estimated by 
comparison of intensities of bands on western blots to corresponding standards for 
each protein. The m~_an value for three replicates will be determined. An 
approximate half-life will be estimated by kinetic evaluation of the rate data, if 
appropriate. In some cases, limits on half-life (e.g. "less than 10 seconds~) may be 
reported instead of an actual half-life. 

Part U, Measurement of degradation ofwo1:ein activity. 

CP4 protein incubations will be carried out generally as described for Part I except 
no SDS-PAGE sample buffer will be added. CP4 incubation solutions will be 
assayed for 5-enolpyruvylsbikimate-3-phosphate synthase activity if the digestion 
solutions do not interfere with the assay. Intestinal fluid assays will be 
terminated by immediately freezing incubation samples. Gastric fluid assays will 
be terminated generally as described for Part 1. The mean values of three 
replicates will be calculated. The degree of degradation of the CP4 protein will be 
calculated as a percentage of activity remaining after approximately two minutes 
incubation compared to the activity measured in the t = 0 incubation samples. 

8. Protocol amendmenis: 

Any changes in or deviations from this approved protocol and the reasons for the 
changes/deviations will be documented, dated, and signed by the Study Director. 

9. GLP ConuiJiance: 

-
-
• 

• 

-
• 

• 

• 

• 

• 

• 
This study will be performed in compliance with FDA 21CFR58, EPA 40CFR160 • 
and OECD Good Laboratory Practice Standards and principles. 

-
-
• 

• 
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Tcst Solutions / Solutiolls 

For use in staining endocrine tissue. dilute this test solution 
with an cqual volume of watcr. 

[kaices' Reagent-Sce Mt:rcuric SuI/au TS. 
DIu:obcnIcncsulfonit Acid TS-Place in a beaker 1.57 g of 

sulfanilic acid, previously. dried at 105· fo~ 3 h?urs. add 80 mL 
~of water and 10 mL of dIluted hydrochlonc aCid, and warm.~n 

a steam bath until dissolved .. Cool to IS· (some of the sulfanl,l'c 
acid may separate but will dISSOlve later), and ad? slowlr. Wlth 
constant stirri!,g. 65.mL of sodium nitrite solutIon (I 10.10). 
Then dilute With water to 100 mL. . 

• 
• 
• 
• 
• 
• 

• 
• 
• 
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• 
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Dicbloronuorescein TS-Di~olve 100 mg of dichloronuores
cein in 60 mL of alcohol. add 2.5 mL of 0.1 N sodium hydroxide, 
mix. and dilute with water to 100 mL. '. . 

Dicycl.obexylamine Acetate TS-pi~o~ve SO g of diCycloh7x
ylamine In 150 mL of acetone, cool 10 an Ice bath, and add, WIth 
.stining a solution consisting of 18 mL of glacial acetic acid in 
ISO ror: of acetone. Recrystallize the precipitate that form~, by 
heating the mixture to boiling and allowing it to cool in an ice 
bath then collect the crystals on·a filtering funnel. wash with a 
smati volume of acetone. and air-dry. Dissolve,300 mg C?f the 
dicyclohexylamine acetate so obtained in 200 mL of a mIXture 
of 6 volumes of chloroform and 4 volumes of water-saturated 
ether. Use immediately. '. 

l,7-DibydroxYnaphtlulene 'TS-Dissolve 100 mg of 2.7-dihy. 
droxynaphthalene i~ 1000 mL of'sulf~ric ~cid. ;lnd ~I\ow !he 
solution to stand until the yellow color d1Sap~n. If the. ~olutlOn 
is very dark, discard it and prepare a new solution from a d!fferent 
supply of sulfuric acid. This solution is stable f~r approximately 
one month ir stored in a dark bottle. . '. 

Diiodonuorescein TS-Dissolve 500 mg of diiodonuorescein if! 
I. m.ix.ture or 7S mL of alcohol and 30 mL of water. 

Diluted Lead Subacetate TS-See !.Lad Subautatt TS, Di
luted. 

p-DimetbyIaminobenzaldebyde TS-Dissolve 125 mg of p-di
methylaminobenzaldehyde in a cooled mixture or 65 ~L of s.ul
furic acid and 3S mL of water, and add 0.05 mL of femc cblonde 
1'$. Use within 7 days. . 

DinltrophenyIhydnlZine TS-Carefully mix 10 mL of w.ater 
and 10 mL of sulfuric acid;and cool. To tbe mixture, contained 
in a glass-stoPP.Gred flask, add 2 g of 2.4-dinitrophenylhydrazine. 
and shake untd dissolved .. To the solution add 3S mL or water, 
n1.U. cooL. and filter. . 

Dipbet:lyl:unim: TS-Dissolve LO g of diphenylamine in lOO 
mL of sulfuric acid. The solution should be colorless. 

Diphenylcarbazone TS-Dissolve I i of crystalline diphenyl
carbazone in 75 roL of alcohol, then add alcohol to make 100 
roL Store in a brown bottle. 

DisodiumEthylenediaminetetrucetate TS-Dissolve I g of di
. sodium ethylenediami~etetraacetate in 950 mL of water •. add 50 

mL of aIcohoL. and mt:t. . ' . 

DlthI:z.one TS-Dissolv.e 25.6 mg of ditbizone in 100 mL of 
alcOhol Store in a cold place. and use within 2 months. 

Eosin Y 15 (adsorption indicator)-Dissolve 50 mg of eosin Y 
in 10 mL of water. .. 

Eriochrome Btack TS-DissOlve 200 mg of eriochrome black 
T and 2 g of hydroxylamine hydrochloride in methanol to make 
50 mL . 

Erlochrome Cyanlne TS-Dissolve 750 mg.of erioch:ome cy· 
anine R in 200 mL of water. add 25 g of sodium chlonde, 25 g 
of ammonium nitrate. and 2 mL of nitric acid. and dilute with 
water to 1000 mL 

Fehling's &llutlon-See. Cupric Tartrau TS. Alkalirut. 
Ferrl~ Ammonium Sulfate TS-Di~olve 8 g of ferric amm<r 

nium sulfate in wat.er to make 100 mL 

Ferric Chloride TS-Dis.S~lve 9 g of ferric chloride in water 
to make 100 mL .. . . . 

, FerTOU3 Sulfate -rs-:-Dissolve 8 g of clear crystals of ferrous 
sulfate in about 100 mL of recently boiled and thoroughly cooled 
water. Prepare this solution fresh . 

USP XXII 

Ferrous Sulfa.le, Acid, TS-Di~olve 7 g of ferrous sulf:lte crys
tals in 90 mL of recently boiled lind thoroughly cooled water. 
lind :ldd sulfuric acid to make 100 mL. Prepare this solution 
immediately prior to use. 

Folin-Cio<:alteu Phenol TS-Into a 1500-mL flask introduce 
100 g of sodium tungstate, 25 g of sodium molybdate. 700 mL 
of water, 50 mL of phosphoric acid, and 100 mL of hydrochloric 
acid. Reflux the mixture gently for about 10 hours, and add 150 
g of lithium sulfate, SO mL of water, and a few drops of bromine. 
Boil the mixture, without the condenser, for about I S minutes. 
oiimtlrtne excCS$ bromine is expelled. Cool. dilute with water 
to I liter, and filtcr: the filtrate has no greenish tinl Before use. 
dilute I. part of filtrate with I part of water. 

Formaldebyde TS-Use FOfmaldth)'d~ Solution (see in the 
section. R~ag~nts). 

Fuchsin-Pyrogallol TS-Dissolve 100 mg of basic fuchsin in 
50 mL of water that previously has been boiled for 15 minutes 
and allowed to cool sligluly. Cool. add, 2 mL of a saturated 
solution of sodium bisulfite, mix, and allow to stand for not less 
than 3 hours. Add 0.9 mL of hydrochloric acid, mix, and allow 
to stand overnight. Add 100 mg of pyrogallol. shake until solution 
is effected. and dilute with water to 100 mL. Store in an amber
gl~ bottle in a refrigerator. 

Fuchsin-Sulfurous Add TS-Dissolve 200 mg of basic fuchsin 
in 120 mL of hot water. and allow the solulion to cool. Add a 
solution of 2 g of anhydrous sodium sulfite in 20 mL of water, 
then add 2 mL of hydrochloric acid. Dilute the solution with 
water to 200 mL. and allow to stand ror at least I bour. Prepare 
this solution fresh. : 
. Gutric fluid., Simulated., TS-Dissolve 2.0 g of sodium chlo
ride and :3.2 g of pepsin in 7.0 mL of hydrochloric acid and 
sufficient water to make 1000 mL. This test solution has a pH 
of about 1.2. 

Gelatin TS (for the assay of Ccrticot'!!Pin [njtction)-Dissolve 
)40 g of acid-treated precursor gelatin (Type A) in water to make 
1000 mL Heat the solution in an autoclave at 115· for 30 min
utes after the exhaust line temperature has reached 1150

• Cool 
the solution, and add 10 g of phenol and 1000 mL of water. Store 
in tight containers in a refrigerator. . 

Glacul Acetic Acid TS-See Aettlc Acid, Glacial. TS. 
Glucose oxid~hromoge~ TS-A solution containing. in each 

mL, 0.5 pmol of 4-aminoantipyrine, 22.0 pmol of sodium p-hy
droxybenzoate. not less tban 7.0 units of glucose oxidase. and not 
less than 0.5 units of peroxidase. and buffered to a pH of 7.0 ± 
01" . " . 

. SUitabifity-When used for determining glucose in Inulin. as
certain that no significant color results by rcactio~ with fru~tose. 
and that a suitable absorbance-versus-concentratlon slope IS ob-
tained with glucose. . 

Gold Chloride TS-:-Dissolve I g of gold chloride in 35 mL of 
water. 

H)'drogen Peroxide TS-Use Hydrogtn Puoxidt Topical So
lution (USP monograph) . 

Hydrogen Sulfide TS-A ~turated solution of h>;lr?gen sui· 
fide, made by pa~ing H1S Into cold wllter. Store It ~n sma.lI, 
dark amber-<:olored bottles. filled nearly to the top. It IS ~nsUlt
able unless it possesses a strong odor of H;rS, and unJCS$ It pro
duces at once :I cupious precipitlte of sulfur when added to an 
equal volume of ferric chloride TS. Store in a cold. dark: pl:1cc. 

Hydroxylamine Hydrochloride TS-Dissolve 3.5 g of hydrox
ylamine hydrochloride in 95 mL of 60 percent alcuhol. and add 
0.5 mL of bromophenol blue solution (1 in 1000) and 0.5 !" 
alcoholic pota~ium hydroxide until a greenish tint develops III 
the solution. Then add 60 percent alcohol to make 100 mL 

8-Hydroxyquinoline TS-Dissolve 5 g of g-bydroxyquinolinc 
in alcohol to make 10f) mL. .'. ' 

Indigo Carmine TS (Sodium indit:0(jndisulfona(~ TS)-Dis· 
solve a quantity of sodium indi~otindlsulfon3te. equivalent to UO 
mg of CI6HsN10Z(SO)Nah. In water to make 100 o;L. se 
within 60 days. . ' 

lndophenol-Acettte TS (for tbe assay of Conicorropin lnj~c
tion}-To 60 mL of standard dichlorophenol·indopheool solution 



~_CU''''''. Volumetric- Solutions) add water to m2kc. 250 
co the resulting solution an equal volume of sodium 

loIution freshly prepared by dissolving 13.66 g of anby
Aum acetate in w:tter to make 500 mL and adjusting 

(1.5 f/ acetic acid to a pH of 7. ~tore in ~ refrigerator. and 
..nlhin 2 weeks. . .. 
~ fluid, SImulated, TS-Dissolve 6.8 g of monobasic 
.umphosphate in 250 mL of water, mix, and add 190 mL 

0.2 f/ sodium hydroxide and 400 mL of water. Add 10.0 g 
..aneteatin. mix, and adjust the resulting solution with 0.2 N 
·il.lm hydroxide to a pH of 7.5 ± 0.1. Dilute with water to 

tUt4 mL. 
.. dine TS--Use 0.1 N Iodine (see in the section, Volumetric 
;,(ions). 
()dine Monocldoride TS-Dissolve 10 g of potassium iodide 
J 6.44 g of potassium iodate in 75 mL of water in a glass
;lpered container. Add 75 mL of hydrochloric acid and 5 mL 
.:hloroform. and adjust to a faint iodine color (in the chloro
m) by adding dilute potassium iodide or potassIum iodate so
ion.. If much iodine is liberated, use a stronger solution of 
:assium iodate than 0.01 M at first. making the final adjust
.nt with the 0.01 M {'Otassium iodate. Store in a dark place, 
j readjust to a faint Iodine color as necessary. . . 
!odine and Potassiuni Iodide TS-Dissolve 500 mg of iodine 
j 1.5 g of potassium iodide in 25 mL or water. . 

lodobromide TS-Dissolve 13.615 g of iodine, with the aid of 
.tt. in 825 mL of glacial acetic acid that shows no reduction 
in dichromate and sulfuric acid. Cool, and titrate 25.0 mL of 
; solution with 0.1 N sodium thiosulfate VS, recordin, tbe 
lume consumed as B. Prepare another solution contairung 3 
L of bromine in 200 mL of glacial acetic acid. To 5.0 mL 0(. 
;.s solution add 10 mL of potassium iodide TS, and titrate with 
! 0.1 N sodium thiosulfate VS, recording the volume consumed 
C. Calculate the quantity, A, of the bromine solution needed 

ble the halogen content of tbe remaining 800 mL of iodine 
.0 by the formula: . . . 

8ooB15e. 
dd the calculated volume of bromine solution to the iodine 
lution, mix. and store in glass containers, protected from light. 

lodochloride TS-Dissolve 16.5 g of iodine monochloride in 
lOO mL of glacial acetic acid. 

lodopbtiaate TS--Dissolve 300 mg of platinic chloride in 97 
·L of water_ Immediately prior to use. add 3.5 mL of potassium 
dide TS, and mix. . '. 

lroa-Pbeool TS (lron--Kober Reagent}-Dissolve 1.054 t of 
:rrous ammonium sulfate in 20 mL of water, and add 1 m of 
alfuric acid and 1 mL of 30 percent bydroJ:en peroxide. Mix, 
.:at Wltil crrctyescence ceases, and dilute Wlth water to SO mL 
o 3 volumes of this solution contained in a volumetric flask add 
Jlfuric acid, with cooling, to make 100 volumes. Purify pbenOl 
y disttllation. discarding the first 10% and the last 5%. colleeting 
Ie distillate. with cxclusion of moisture, in a dry, tared gl~ 
oppercd flask of about twice tbe volume of the phenol Solidify 
Ie pbenol in an ice bath, breaking the top crust with a g1ass rod 
) ensure complete crystallization. Weigh the flask and its con
:nts., add to the phenol 1.13 times its weight of the iron-sulfuric 
:id solution prepared as directed, insert the stopper in the flask, 
::ld allow to stand, without cooling but with occasional mixing. 
ntil the phenol is liqucfied. Shake tbe mixture vigorously until 
li~ed, allow to stand in tbe dark for 16 to 24 hours, and again 
eigb the nasl::. and its contents. To the mixture add 23.5% of 

.$ weight of a solution of 100 volumes of sulfuric acid in 110 
olumes of water, mix.. transfer to dry glass-stoppered bottles, 
nd store in the dark. protected from atmospheric moisture. U$e 
:ithin 6 months. Dispense the reagent (rom a small-bore buret.. 

oged to exclude moisture, capable of delivering I mL in 30 
,ods or less. and baving no lubricant, other than reagent.. on 

J stOpcQCL Wipe the buret tip with tissue before each addition. 
Iron SaUcybtt TS--Dissolve SOO mg of ferric ammonium sui

ate in 250 mL of water containing 10 mL of diluted sulfuric 
:cid, and add water to make 500 mL To 100 mL of the resulting 
olution add SO mL of a l.J 5% solution of sodium salicylate. 20 
III of diluted acetic acid, and 80 mL of a 13.6% solution of 

Solutions / Test Solutions 1789 

sodium acetate, then add water to make 500 mL. Store in a well· 
closed container .. Protect from light. Usc within two weeks. 

wd Acetate TS-Dissolve 9.5 g of clear. lransp:trent crystals 
of lead acetate in recently boiled water to make 100 mL. Store 
in well-stoppered bollies. . 

Lead Acetate TS. Alcoholic-Dissolve 2 g of clear, transparent 
crystals of lead acetate in alcohollo make 100 mL. Store in tight 
colltainers. . , 

Lead Subacetate TS-Triturate 14 8 of lead monoxide to a 
smooth paste with 10 mL of water, and transfer the mixture to 
a bottle, using an additional I 0 mL of water for rinsing. Dissolve 
22 g of lead acetate in 70 mL of water, and add the solution to 
the lead oxide mixture. Shake it vigorously for 5 minules then 
set it aside, shaldng it frequently, during 7 days. Finally filter 
and add enough recently boiled water through the filter to mak~ 
lOOmL 

Lead Subacelate 'IS, Diluted-Difute 3.25 mL of lead sub
acetate TS with water. recently boiled and cooled. to make 100 
mL Store in small, well-filled, tight containe:s. . 

. Utmus TS-Digest 25 g of powdered litmus with three suc
cessive, lOO-mL portions of boiling alcohol, continuing each ex
traction for about I bour. Filter, wash with alcohol, and discard 
the alcohol faltrate. Macerate the residue with about 25 mL of 
cold water for 4 hou~, filter, and discard the filtrate. Finally 
digest the residue with 125 mL of boiling water for 1 hour, cool, 
and falter. . . 

Locke-Ringers Solution-See l«ke-Ringer's TS. 
Locke-Rinier's is (l«ke-Ringer's SoluUo~}-

Sodium Chloride •••••••.••••••••••..•.••••.• _ 
Potassium Chloride .................... ;~ ..•. 

'. Calcium Chloride .......... _ •.•. _ ........... . 
Magnesium Chloride ........................ . 
Sodium Bicarbonate ......................... . 
Dextrose .................................... . 

9.0 g 
0.42 g 
0.24 g 
0.2 g 
0.5 g 
0.5 g 

Water, recently distilled from a hard-glass flask:, 
a sufficient quantity, to make .••.•..•.•••••. 1000 mL 

Prepare fresh each day. The constituents (except the dextrose 
and the sodium bicarbonate) may be made up in stock solutions 
and diluted tI.S needed. 

Marnesia Mixture TS-Dissolve 5.5 g of magnesium chloride 
and 7 g of ammonium chloride in 65 mL of water. add 35 mL 
of ammonia TS, $et the mixture aside for a few days in a well· 
stoppered bottle, and mter. 11 the solution is not perfectly clear, 
mter it before using. . '. ". . 
~peshlln Sulfate TS-Dissolve 12 g of crystals of magne

sium sulfate, seleeted for freedom from effiorcseence, in water 
to make 100 mL. 

Malacb1te GreenTS-Dissolve I g of malachite green oxalate 
in 100 mL of glacial acetic acid. '. . '. 

MaDory's Sta1n-Dissolve SOO mg of 'Hater-soluble aniline blue, 
2 g or orange G, and 2 g of oxalic acid in 100 mL of water. 

Mayers RU&ent-See Mercuric-Potassium Iodide TS. 
Mercuric Acetate TS-Dissolve 6.0 g of mercuric acetate in 

glacial acetic acid to make 100 mL. Store in tight containers, 
protected from direct sUnlight. ...' 

Mercurlc~Ammoaium ThiOCYllUlte TS-Dissolve 30 g or am· 
monium thiocyanate and 27 g of mercuric chloride in water to 
make 1000 mL. . 

. . . 
Mercuric Bromide lS, A1cohofic-Dissolve 5 g or mercuric 

bromide in 100 mL of alcohol. employing ,entle heat to facilitate 
solution. Store in glass containers, protected from'lighL . 

Mercuric: Oloride TS-Dissolve 6.5 g of mercuric chloride in 
water to make 100 mL.. . . ' 

Mercuric: Iodide is (Valfer's Reagetll)-Siowly add potassium 
iodide solution (1 in 10) to red mercuric iodide until almost all 
of the latter is dissolved., and ruter oIT the excess. A solution 
containing 109 of potassium iodide in 100 mL dissolves approx
imately 14 g of Hgl1 at 200
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Monsanto 
'!he Agricultural Group I Protocol Amendment 

SOP Reference: GEN·POL{K)2 

New Products Division - Regulatory Sciences 

Study #: 92-01-3()"15 Amendment ,: 1 Date change implemented: 03/15/93 

Experii:D.ent's affected by this amendment: 
92-419-721 

Section 7. Conduct of the Study origina11ystated: 
General procedure. 

-
• 

-
---
• 

line 5: ..... approximately 2 ug/ml. Incubation solutions will be agitated briefly at • 
each sampling time instead of agitated continuously due to the very short total 
incubation time." -line 13: " ... estimated by western blot analysis." 

Intestinal fluid assays. • 
all of section: "CP4 will be incubated in SGF for a total time period of 
approximately two minutes. At least five samples will be collected between zero _ 
and approximately two minutes for each treatment tube. To terminate the 
reactionJ 50-ul aliquots of incubation samples will be added to individually-
-labeled 1.5 ml tubes containing 50 ul2X SDS-PAGE sample buffer and -
immediately heated to approximately 100 C for approximately five minutes, as 
described in the "General procedure" section. Time-course assays will be 
carried out sequentially due to the short incubation intervals." • 

This section is amended as follows: 
General procedure. 
line 5: " ... approximately 2 ug/ml for SGF and approximately 50 ug/ml for SIF. 
For SGF, incubation solutions will be agitated briefly at each sampling time 
instead of agitated continuously due to the very short total incubation time. For 
SIF, incubation solutions will be agitated continuously except for brief intervals 
during sampling." 

line 13: " ... estimated by western blot analysis after dilution with IX SDS-PAGE 
sample'buffer, if dilution is appropriate." 

Intestinal fluid assays. 

• 

• 
• 

• 
all of section: "CP4 will be incubated in SIF for a total time period not exceeding 
24 hours. Samples will be collected at six time intervals (including t = 0) for each • 
treatment tube. To terminate the reactionJ 50-ul incubation solution samples 
will be added to individually-labeled 1.5 m1 tubes and immediately heated to 
approximately 100 C for five minutes. SDS-PAGE sample buffer addition, heating • 
and storage will be done as described in the "General procedure" section. 

Reason for amendment: 
CP4 protein concentration for SIF assays was increased from 2ug/ml to 50 uglll1l 
to correspond to the level that was needed to measure CP4 enzymatic activity in 
SIF incubation treatments. 

• 

• 
• 



- lVIonsanto 
The Agricultural Group I Protocol Amendment 

SOP Reference: GEN·POL-002 

• New Products Division - Regulatory Sciences 

• 

• 

• 
• 
• 

-
• 

• 
• 

• 
• 

• 

• 

• 

• 
• • 

• 

• 

The procedure used to terminate CP4 incubation in SIF was changed because the 
original conditions described did not effectively terminate the reaction. A new 
procedure was devel()pe"d, checked and is reflected in this amendment. 

This change will impact the Study in the fonowing ways: 
The increase in CP4 protein concentration in the SIF incubations for analysis by 
western blot will allow a direct comparison between degradation of CP4 observed 
by western blot and enzymatic activity. The modification in the assay termination 
procedure will allow an assessment of the stability of CN in SIF. 

Signature of Approval: ~ yt1 j ~.~ J if 
Study Director: __ ~-=--+=--,--,/f-j:.........:;f--i ~_.<::...-~ ____ Date: S / I Z J5t 

~ I 

Signature's of Acknowledgement: 

Principal Investigator: Date: ::> ~ 2.. / ;P 3 
.~~--r+~---rr-~------

Date: 
~f-l--I'-+-:::-l-~L-

Date: --fi-~";-:"""',;---

__ -4~~~~~74~~~ ___ Date:~~~~---
'-'----'-'----=-----\::=:r--~- Date: ~ !v/. ( 1. 7 
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.. Protocol Amendment 
Monsanto 

The Agricultural Group I SOP Refurence: GEN·POL()()2 

New Products Division· Regulatory Sciences 

Study Number. 92-01-30-15 -.----.- ---Amendment f: 2 
Date change implemented: 

Experiment's affected by this amendment: 
92-419-721 

05105193 

Page No/s. &Jor Sectionls: p.5, sect "Part fl. .... " originally stated: 
The degree of of degradation of the CP4 protein will be calculated as a percentage of activity 
remaining after approximately two minutes incubation compared to the activity measured in 
the t = 0 incubation samples. 

This section is amended as fonows: 

The degree of degradation of the CP4 protein activity will be calculated as a percentage of 
activity remaining after specified incubation period(s) relative to the activity measured in 
the t = 0 incubation samples. At least one incubation period will be selected to appro::rimately 
correspond to an incubation period used in Part 1. 

Reason for amendment: 

Protocol amendment #l provided for increased incubation times beyond two minutes for 
assessment of CP4 protein stability in SlF. It did not provide for correspondingly increased 
incubation times for Part II. This amendment reflects the increased incubation times for 
Part II. to allow a comparison to results from Part 1. 

This change will impact the Study in the fonowing ways: 

This change ~11 allow a comparison of CP4 protein stability in intestinal fluid assessed by 
western blot and enzymatic activity. 

Signature of Approval: 

Study Director: 
--~~----~~~r-~---------

Signatures of Acknowledgemen 

Sponsor: __ ~~~2=~~~~ __ ~ ____ __ 

Princi pal Investigator: ----zr~r--r-"";;;"'"J.r-=:;;::;;~=::=------
Quality Assurance.~. """===--IL-~~~:::==---~---

Not Applicable for this Protoco -----;..-F--'-"----------

Not Applicable for this Protocol ____ .L..L--'---_______ _ 

cc: 
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