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STATEMENT OF COMPLIANCE

This study meets the requirements for 40 CFR Part 160.

Appendix 2 is not considered part of the study and is not included in the
Submitter’s, Sponsor’s, or Study Director’s GLP compliance statement. The
information included in this appendix is solely to support and facilitate the’
review process.

Explanatory Notes:

This study was originally conducted using two proteins: Neomycin
phosphotransferase II (NPTII) and truncated Bacillus thuringiensis subsp.
kurstaki (B.t.k.) HD-1. The product for which that study was originally
conducted was dropped from commercialization plans. Consequently, this
study has been separated into two separate studies, each specific for one
protein (Amendment #1 to the Study Protocol). Only the NPTII protein is
addressed in this report. The truncated B.t.k. HD-1 protein study data will be
reported under another study number. The separation of the two phases of the
original study is intended to enhance the relevance of each study report to the
regulatory data package.in which it is included.

. . ’
Submitter: 7 / % Date: ! /?"9 /93

Sponsor: @] (& J()& ) | _ Date: / // 9\ ?{/ ?3
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QUALITY ASSURANCE STATEMENT

This signed statement indicates that the ESH Q&CA Quality Assurance Unit
has monitored. this study and reviewed the study data and final report. These
reviews indicate that the final report accurately presents the raw data as
developed during the study.

Dates of reviews as well as dates that findings were reported to testing facility
management and the study director are listed below.

Dates of Quality Assurance reviews:

August 21, 1991
September 4, 11, 1991
February 25, 1992

April 30, 1992

May 1, 8, 1992

July 8, 1992

August 8, 1992

October 15, 1993
November 1, 18, 19, 1993

Date findings were reported to management and/or study director:

August 22, 1991
September 4, 1991
February 25, 1992

April 30, 1992

May 1, 8, 14, 1992

July 8, 1992

April 14, 1993

October 15, 1993
November 1, 18, 19, 1993

Quality Assurance Review Conducted by:

D.E. McKinney
K.F. Yount

b7%£;2~——’ Spe e 22 7557

ity Assurance Representative Date
onsanto Company
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Study Number: IRC-91-ANA-6

" Title: : Assessment of Degradation of Neomycin

Phosphotransferase II in in vitro Mammalian
Digestion Models

Test facility: Agricultural Group of Monsanto Company

New Products Division
700 Chesterfield Village Parkway
St. Louis, MO 63198

Study Director: Joel E. Ream
‘ Research Specialist
Agricultural Group of Monsanto Company

Contributors: Steven Sims
Monte Reedy
Sharon Berberich

Study Initiation: - May 1, 1992
Experimental
Completion Date: July, 1992

Records Retention: All study specific raw data, protocols, final reports,
and facility records will be retained at Monsanto - St.
Louis

Slgnatures of Approval
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. SUMMARY

The gene encoding neomycin phosphotransferase II (NPTII) has been used
routinely as a selectable marker in the production of new plant varieties. Prior
to commercialization, studies assessing the safety and expression levels of the
NPTII protein in plants have been conducted. The purpose of this study was
to assess the degradation of NPTII using in vitro mammalian digestion models.
Simulated digestion fluids are commonly used as models of animal digestion.
They have been used to investigate the digestibility of plant and animal
proteins, food additives, to assess protein quality and to assess the
biodegradation of pharmaceuticals. ‘ ‘

Purified NPTII protein was added to simulated gastric and intestinal fluids and
incubated at approximately 37°C. The degradation of this protein in digestion
fluids was assessed over time by western blot analysis. NPTII enzymatic

* activity dissipation in digestion fluids was also measured after a single

incubation period.

NPTII was found to readily degrade in simulated gastric (half-life < 10 seconds)
and simulated intestinal fluid (half-life between 2 and 5 minutes) by western
blot analysis. Greater than 99% of the NPTII enzymatic activity dissipated
after 2 minutes incubation in gastric fluid. Greater than 99% of the NPTII
enzymatic activity dissipated after 15 minutes incubation in intestinal fluid.
NPTII recovery from the digestion fluids was at least 50% as measured using
western blot analysis.

The results of this study suggest that the NPTII protein and its associated.
enzymatic activity will readily degrade in the mammalian digestive tract.
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INTRODUCTION

The gene encoding neomycin phosphotransferase II (NPTII) has been used
routinely as a selectable marker in the production of new plant varieties.
NPTII is an antibiotic resistance protein necessary to allow selection of
transformants from tissue culture. NPTII is present in the bacteria in the
human gut (1). It is widely recognized that most proteins are readily degraded
upon exposure to the mammalian digestive tract (2). A demonstration that
the NPTII protein also degrades readily would further support the safety of
this protein for human and animal consumption.

In vitro digestion solutions have been widely used as models of animal digestion.
They have been used to investigate the digestibility of plant proteins (3,4),
animal proteins (5) and food additives (6); to assess the protein quality (7); to
study digestion in pigs and poultry (8); to measure tablet dissolution rates to
assess pharmaceutical biodegradation (9); and to investigate the controlled-
release properties of experimental pharmaceuticals (10).

The method of preparation of the simulated digestion solutions -- simulated
gastric fluid (SGF) and simulated intestinal fluid (SIF) -- used in this study is
described in the United States Pharmacopiea (11), a frequently cited reference
for in vitro digestion studies.

The purpose of this study was to assess the rate of degradation of NPTII using
in vitro mammalian digestion models.

MATERIALS AND METHODS

Reagents. Pepsin (porcine, Product Number P-7000), pancreatin (porcine,
Product Number P-1500), hemoglobin (bovine, Product Number H-2625),
lactate dehydrogenase (rabbit muscle, Product Number 1.-2518), pyruvate
kinase (rabbit muscle, Product Number P-1506) and neomycin sulfate
(Product Number N-1876) were obtained from Sigma Chemical Company (St.
Louis, MO). Resorufin-labeled casein (Product Number 1080733) was obtained
from Boehnnger Mannheim Corporation (Indianapolis, IN). All other reagents
were reagent grade obtamed from commercial sources.

Protein. Neomycin phosphotransferase II (NPTII) -- purified from E. coli (MSL
11560 included in Attachment 3, Volume 3 of this application), characterized
{MSL 12692 included in Attachment 2, Volume 3 of this apphcatlon) and
demonstrated to be equivalent to NPTII protein expressed in plants (Study
Number 92-01-37-08 included in Volume 2 of this application) -- was provided
as a lyophilized powder (Lot Number NBP4821020). Protein solutions with
appropriate final concentrations of NPTII were prepared using a buffer in

0080f13<
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which NPTII is stable [50 mM Tris/HCI (pH 7.8), 20% (w/v) glycerol and 1 mM
B-mercaptoethanol] and used on the same day as preparation.

Digestion Fluids. Simulated gastric and intestinal fluids were prepared as
described in the United States Pharmacopeia (11). Solutions were used the
day they were prepared and stored at approximately 4°C. SIF was mixed
before use to resuspend any insoluble material that may have seftled after
preparation. Digestive fluids were assayed for activity prior to use in digestion
assays. Pepsin activity was measured by monitoring the increase in
absorbance at 280 nanometers (nm) following trichloroacetic acid (TCA)
precipitation of SGF incubations with hemoglobin (12). Protease activity of
SIF was assayed by measuring spectrophotometrically the increase in
supernatant absorbance at 574 nm following TCA precipitation of SIF
incubations with resorufin-labelled casein(13). ‘

Digestion Assay. NPTII was typically added to 1-m] solutions of temperature-
equilibrated SGF and SIF to final concentration of 2 pg/ml and incubated
in 15-ml test tubes at approximately 37°C with agitation when appropriate.
The volume of the incubation solution was reduced to 0.1 ml for thet =0
samples and for the whole incubation sample control to keep final quenched
sample volumes compatible with equipment used for aliquots from 1-ml
incubations. Very short incubation experiments (< 2 minutes) were not
agitated. Agitation was stopped periodically to remove aliquots. Fifty
microliter aliquots were removed from the digestion solutions at specific time
intervals and the reaction was immediately quenched. For incubations in SGF
the reaction was quenched by neutralization with 15 ul of 0.2 M sodium
carbonate per 50 ul of SGF. For samples to be analyzed by western blot,
quenched aliquots were kept on an ice bath until dilution (1:1, v/v) with 2X
SDS-PAGE sample buffer {100 mM Tris-HCl, pH 6.8, 4% (w/v) SDS, 20% (v/v)
glycerol, 10% (v/v) B-ME, and 0.2% (w/v) bromophenol blue]. Samples were
heated for five minutes at approximately 100°C and stored at approximately -
20°C until analysis. For incubations in SIF in which the analysis was going to
be by western blot, the reaction was terminated by immediate 1:1 (v/v) dilution
with 2X SDS-PAGE sample buffer, followed by immediate incubation at
approximately 100°C for approximately five minutes. These samples were
stored on an ice-bath until all incubations were complete and then transferred
to approximately -20°C until analysis. For samples measuring protein levels
with no incubation in digestion fluids (i.e. t=0), protein was added to SGF and
SIF after addition of quenching reagent. To allow a calculation of the recovery
of NPTII protein {vom digestion fluid, this protein was added to 1-ml solutions of

* buffer and thr . aninled and quenched as described ahove. An additional
control was 1o Lt fo allow the determination if the 50-ul aliquot was
representati - ... . . entire digestion incubation solution. For this sample, the
digestion in~t ' ! - vnlume was reduced to approximately 0.1 ml and the
entire sampi: . .. ached.

00301i<
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Western Blot Analysis. Samples in 1X SDS-PAGE sample buffer were thawed
and reheated at approximately 100°C, allowed to cool, and evaluated by SDS-
PAGE and western blotting as described in SOP Numbers PST-91-EQP-005-
00 and PST-91-PRO-002-01. Rabit antibodies raised against native NPTII
(R373) were used for western blot analyses. Protein recoveries and half-lives -
were estimated based on visual comparison of relative intensities of bands
corresponding to standards for three replicates for each treatment. When
intermediate levels of protéin were detected with increasing incubation time,
the estimated level relative to initial levels were averaged and the half-life
estimated. For some treatments, protein degradation was too fast or too slow
to observe intermediate levels; for these, limits on half-life were estimated. A
visual assessment of western blots was used because the results were
sufficiently clear to be interpreted in this manner.

NPTII Enzymatic Activity. NPTII activity was measured before and after
incubation in digestive fluids. NPTII was added to SGF and SIF to a final
concentration of approximately 10 pg/m! and incubated as described
previously. SGF incubations were quenched as described for the western blot
analysis. SIF incubations were quenched by immediate placement of the
incubation sampie on an ice bath. Incubation solutions were assayed for
NPTII enzymatic activity immediately after incubation by monitoring the
neomycin-dependent change in absorbance at 340 nm using the continuous
coupled spectrophotometric assay described by Goldman and Northrup (14).

RESULTS AND DISCUSSION

NPTII degrades extremely rapidly in SGF (Figure 1); no protein was detected . .
after only ten seconds of incubation. In SIF, NPTII degrades readily with a
half-life of between 2 to 5 minutes (Figure 2).

SGF and SIF themselves did not produce bands by western blot analysis that
might interfere with the assessment of NPTII levels (Figures 1 and 2). The
recovery of added protein from the digestive fluids could be estimated by
comparison of protein added to digestive fluid with no incubation to protein
added to buffer instead of digestive fluid (e.g. Figure 2, lane 4 versus lane 5).
NPTII recovery from SGF was approximately 100% and approximately 50%
from intestinal fluid. The decrease in recovery of NPTII from intestinal fluid is
likely due to some degradation of NPTII occurring in the 1X SDS-PAGE sample

‘buffer during heating to approximately 100°C used to terminate the SIF
incubations.

A further control added to this study to assess whether the fifty microliter
aliguot removed from the 1-ml incubation solution was representative of the

0100f1<<
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entire incubation solution. It is conceivable that rapid precipitation of an added
protein in the digestive fluid could account for lack of protein in fifty microliter
aliquots analyzed by western blot. This was addressed by adding sample
buffer to the entire incubation solution and comparing the results from an
aliquot of the incubation solution. For NPTII in both SGF and SIF, the western
blot results were similar for aliquot and whole-sample treatments (data not
shown). These results suggest that, for all incubations, the results for aliquot
samples are representative of the entire incubated digestive fluids.

A good correlation was established between the disappearance of NPTII bands
as determined by western blot analysis upon incubation in digestive fluids and
the loss of the enzymatic activity of NPTII in digestion fluids. The enzymatic
activity of NPTII was completely destroyed by a 2-minute incubation in SGF
and 15-minute incubation in SIF (Table I), the only incubation time points
measured. This correlates well with the loss of western blot band intensity
under similar conditions (Figures 1 and 2).

CONCLUSION

The results of this study established that the NPTII protein and its associated
activity is rapidly degraded in both gastric and intestinal models and

suggests that the NPTII protein and its associated enzymatic activity will
degrade readily in the mammalian digestive tract after ingested as a
component of food or feed. The extremely rapid degradation of NPTII protein

was expected and supports the safety of the NPTII protein for human and
animal consumption.
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o Figure1l. Degradation of NPTII in simulated gastric fluid as analyzed by

o western blot.

Legend:

. Western blot shown is representative of results from three replicates per
treatment. Lanes were loaded with 10 ul sample in 1X sample buffer. Lanes 1

- and 2 are NPTII standards at 10 (lane 1) and 5 (lane 2) ng/lane. Lanes 8 and 4

. are unincubated buffer with (lane 4) and without (lane 3) addition of NPTII.
Lane 5 and 12 are SGF incubated for 0 and 120 seconds, respectively, at

- approximately 37°C. Lanes 6 through 11 are samples from NPTII incubation

) with SGF for 0 (lane 6), 10 (lane 7), 20 (lane 8), 30 (lane 9), 60 (lane 10) and
120 (lane 11) seconds at approximately 37°C.
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12

Figure 2.

Degradation of NPTII in simulated intestinal fluid as analyzed by
western blot. '

Legend:

Western blot shown is representative of results from three replicates per
treatment. Lanes were loaded with 10 ul sample in 1X sample buffer. Lanes 1
and 2 are NPTII standards at 10 (lane 1) and 5 (lane 2) ng/lane. Lanes 3 and
12 are SIF after 0 (lane 3) and 15 (lane 12) minutes incubation at
approximately 37°C. Lane 4 is NPTII added to unincubated buffer. Lanes 5
through 11 are samples from NPTII incubation with SIF for 0 (lane 5), 10

seconds (lane 6), 30 seconds (lane 7), 1 min (lane 8), 2 min (lane 9), 5 min (lane
10) and 15 min (lane 11) at approximately 37°C.
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Table 1. Degradation of NPTII enzymatic activity in simulated digestive fluids.
NPTII activity values reported are the mean value from three
replicate treatments. The standard deviations are in parentheses.

Incubation time NPTII Activity
(minutes) (Uvmg)
Gastric fluid 0 6.55 (0.11)
2 0.02 (0.03)
Intestinal fluid 0 7.67 (0.18)
15 0.01 (0.05)

1 One Unit (U) of activity is that amount providing one pmole of NPTII-
dependent NADH consumption per minute at 37 °C.
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Protocol and Amendments - Study No. IRC-91-ANA-06
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Monsanto Company Confidential
Protocol Number IRC-91-ANA-6

Purpose:

The purpose of this study is to measure the rate of degradation of truncated B.t.k.
HD-1 delta endotoxin (hereafter called “HD-1") and neomycin phosphotransferase
IT (NPTII) using in vitro mammalian digestion models. HD-1 is the activated
(tryptic) fragment of the B.t.k. HD-1 protein. This is equivalent to the activated
fragment of the protein encoded by the B.t.k. gene introduced into cotton by genetic
engineering to confer insect resistance. NPTII is the selection marker protein
introduced into cotton to allow tissue culture selection of transformed cells.

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.

Proposed study start date: May, 1992

Proposed study termination date: June, 1992

Test materials:

Purified truncated B.t.k. HD-1 delta endotoxin from E. coli (pMAP40). The B.t.k.
protein is expressed in E. coli as the full-length protein and then trypsinized to the
activated fragment. This activated fragment is similar to the protein expressed in

2
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Protocol Number IRC-91-ANA-6

insect resistant cotton plants.

Purified neomycin phosphotransferase I (NPTII) from E. coli (pMON1636). This
protein is equivalent to NPTII expressed in insect resistant cotton plants.

Test svstem:

HD-1 and NPTII 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 relative to in vivo systems. Simulated gastric fluid
and simulated intestinal fluid will be prepared at the testing facility as described
in The United States Pharmacopeia, 1990, pp 1788-1789 (attached). These fluids
will be evaluated for protease activity, used within 24 hours of preparation and
stored at approximately 4 °C until used.

Conduct of the Studv:
Part 1. Measurement of protein degradation by western blot ahalysis
Treatments:

Gastric fluid

Gastric fluid, plus HD-1
Gastric fluid, plus NPTII
Intestinal fluid

Intestinal fluid, plus HD-1
Intestinal fluid, plus NPTII

HEOOW R

General procedure. Three replicate 1-ml samples will be prepared for each
treatment. All samples will incubated at approximately 37 °C in individually
labelled 15-ml test tubes. Purified protein samples of HD-1 and NPTII will be
added to temperature-equilibrated (approximately 37 °C) digestion fluids to a final
concentration of approximately 2 ug mi-! for each protein, Incubation solutions
will agitated continuously throughout the incubation period with the following
exceptions: Agitation may be interrupted briefly to facilitate sampling; and, for
treatments where the total incubation time is two minutes or less, samples will be
agitated briefly at each sampling time instead of agitated continuously. At
specified time points during the incubation, aliquots (50 pl/aliquot) of treatment
solutions will be removed, added to individually labeled tubes and the reaction
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process immediately terminated. 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 microcentrifuge tubes at
approximately -20 ° C. HD-1 and NPTII protein levels in samples will be
estimated by western blot analysis. -

Gastric fluid assays. HD-1 and NPTII will be incubated in gastric fluid for a total
time period of approximately two minutes. Six samples will collected between
zero and approximately two minutes incubation for each treatment tube. To
terminate the reaction, 50-pl aliquots of incubation solutions will be added to
mqudually -labeled 1.5-ml tubes containing 15 ul of 0.2M sodium carbonate.
Time-course assays will be carried out sequentially due to the short incubation
intervals.

Intestinal fluid assays. HD-1 will be incubated in intestinal fluid for up to 24
hours. Four samples will be collected between zero and up to 24 hours incubation
time for each treatment tube. NPTII will be incubated in intestinal fluid for a
total time period of approximately 15 minutes. Seven samples will be collected
from each treatment tube. Time-course assays with NTPII will be carried out
sequentially due to the short incubation time intervals. To terminate the reaction,
50-ul incubation solution samples will be added to individually-labeled 1.5 ml
tubes containing 50 pl 2X SDS-PAGE sample buffer and immediately heated to
approximately 100 °C for approx1mately five minutes, as specified in the “General
procedure” section.

Controls. Incubated gastric and intestinal fluids without HD-1 or NPTII added
will be prepared for negative controls. HD-1 and NPTII recoveries from the
digestive fluids will be determined by comparison of the specific proteins detected
in the “t=0" digestive fluid samples to those detected in buffer. The “t=0"
incubation sample will be generated by spiking the specific protein into already
termmated assay samples,

Data analy51s, Specific protein levels in each sample will be estimated by
comparison of intensities of bands on western blots to corresponding standards for
each protem The mean value for three replicates will be determined. An
apprommate 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.

Par‘t'(Iir:'; Meja_lsuré'merit of degradation of protein activity.
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HD-1 and NPTII incubations will be carried generally as described for Part I,
except no SDS-PAGE sample buffer will be added. HD-1 incubation solutions will
be evaluated for bioactivity using the tobacco budworm (TBW) diet incorporation
bicassay. Intestinal fluid assays will be terminated by immediately freezing
incubation samples. Gastric fluid assays will be terminated generally as
described for Part I. NPTII enzymatic activity will be measured using the
coupled spectrophotometric assay (Goldman and Northrop (1975) Biochem
Biophys Res Comm 69: 230 - 236). Gastric fluid assays will be terminated
generally as described for Part I. NPTII activity of intestinal fluid incubation
solutions will measured if the intestinal fluid does not significantly interfere with
the assay. The mean values of three replicates will be calculated. Degree of
activity degradation between two incubation time intervals will be reported.

Protocol amendments:

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.

GLP Compliance:

This study will be conducted according to the applicable provisions of EPA FIFRA
Good Laboratory Practice Standards (40 CFR 1860.).

(9))
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cest Solutions [ Sofutions

For LSS in staining endocrine tissue, dilute this test soiuticn
with an cqual volume of water.

Denigts' Reagent—Sce Mercuric Sulfate TS:

Diazobeazenesulfonic Acid TS—Place in a beaker 1.57 g of
sylfanilic acid, previously dried at 105° for 3 hours, add 80 mL
of water and 10 mL of diluted hydrochloric acid, and warm on
s stcam bath until dissolved. Cool to 15* (some of the sulfanilic
acid may separate but will dissolve later), and add slowly, with
constant stirring, 6.5 mL of sodium nitrite solution (1 in {0Q),
Then dilute with water to 100 mL.

Dichlorofluorescein TS—-Dissolve 100 mg of dichlorofluores.
cein in 60 mL of alcohol, add 2.5 mL of 0.1 & sodium hydroxide,
mix, and dilute with water to 100 mL.

Dicyclobexylamine Acetate TS—Dissolve 50 g of dicyclohex-
ylamine in 150 mL of acetone, cocl in an ice bath, and add, with
stirring, 1 solution consisting of 18 mL of glacial acetic acid in
150 mL of acetone, Recrystallize the precipitate that forms, by
heating the mixture to boiling and allowing it to cool in an ice
bath, then collect the crystals on-a fillering funnel, wash with a
small volume of acetone, and air-dry. Dissolve 300 mg of the
dicyclohexylamine acelate so obtained in 200 mL of a mixture
of 6 volumes of chloroform and 4 volumes of waler-saturated
cther. Use immediately.

2,7-Dibydroxynaphthalene TS—Dissolve 100 mg of 2,7-dihy-
droxynapbthalene in 1000 mL of suifuric acid, and allow the
solution to stand until tbe yellow color disappears. If the solution
is very dark, discard it and prepare 2 new solvtion from a different
supply of sulfuric acid. This solution is stable for approximately
one month if stored io a dark botle,

. Diiodofinorescein TS—Dissolve 500 mg of diiodofluorescein in
2 mixture of 75 mL of alcohol and 30 mL of water,

. D‘i‘l.uted Lead Subacetate TS—Sce Lead Subacetate TS, Di-
ute

p-Dimethylaminobenzaldehyde TS—Dissolve 125 mg of p-di-
methylaminobenzaldehyde in 2 cooled mixture of 65 mL of sul-
{uric acid and 35 mL of water, and add 0.05 mL of ferric chloride
TS, Use within 7 days. .

Dinitrophenythydrazine TS—Carefully mix 10 mL of water
and 10 of sulfuric acid, and cool. To the mixture, contained
in a glass-stoppered flask, add 2 g of 2,4-dinitrophenythydrazine,
and shake until dissolved. To the solution add 35 mL of water,
mix, cool, and filter, ~

Dip mine TS-—Dissolve 1.0 g of dipbeaylamine in 100
al, of sulfuric acid. The solution should be coloriess.

Diphenylcarbazone TS—Dissolve 1 g of crystalline diphenyl-
carbazone in 75 mL of alcohal, then add alcohal to ngm 150
mLl. Store in & brawn battle.

Disodicm Ethylenediaminetetrracetate TS—Dissolve | g of di-
sodium etbylenediaminctetraacetate in 950 mL of water, add 50
ml of alcobol, and mix.

Dithirove TS—-Dissolve 25.6 mg of dithizooe in 100 mL of
alcohol. Store in a cold place, and use within 2 months.

Eosin Y TS (adsorption indicator)-—Dissolve S0 mg of cosin Y
ia 10 mL of water,

Eriochrome Black TS—Dissolve 200 mg of eriochrome black

'g'oanti‘.z g of hydroxylamine hydrochloride in methanol to make
m

Eriochrome Cyanine TS—Dissolve 750 mg of eriochrome cy-
anine R in 200 mL of water, add 25 g of sodium chloride, 25 g
of ammenjum nitrate, and 2 mL of nitric acid, and dilute with

water to 1000 mL.
Febling’s Solution—Sce Cupric Tartrate TS, Alkaline.

, Ferric. Ammonium Sulfate TS—Dissolve 8 g of ferric ammo-
nium sulfate in water to make 100 mL.

Ferric Chloride TS—Dissolve 9 g of ferric chloride i
to make 100 mL. & n s

Ferrous Sulfate TS—Dissolve 8 g of clear erystais of ferrous

suifete in about 100 ml. of recently boiled and thoroughly cocled
water, Prepare this solution {resh.

—

Usp xxii

Ferrous Suifate, Acid, TS—Dissolve 7 g of ferrous sulfate crys-
tals in 90 mL of recently boiled and thoroughly cooled water.
and add sulfuric acid to make 100 ml. Prepare this solution
immediately prior to use.

Folin-Ciocalten 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 phospheric acid, and 100 mL of hydrochlotic
acid. Reflux the mexture gently for about 10 hours, and add 150
gof lithium sulfate, 50 mL of water, 2nd a few drops of bromine.
Bail the mixture, without the condenser, [or about 1S minutes,
or until the excess bromine is expelied. Cool, dilute with water
10 1 liter, 2nd fliter: the filtrate has no greenish Lint. Before nse,
dilute { part of fiitrate with | part of water.

Formaldehyde TS—Use Formaldehyde Solution (see in the
section, Reagents). -

Fuchsin-Pyrogailol TS—Dissolve 100 mg of basic fuchsin in
S0 mL of water that previously has been boiled for 1S minutes
and sllowed to cool slightly. Cool, add 2 mL of 2 saturated
solution of sodium bisulfite, mix, and allow to stand for not less
thag 3 hours. Add 0.9 mL of hydrochloric acid, mix, and aliow
tostand ovcn;}b!. Add 100 mg of pyrogallol, shake untit solution
is effected, ana dilute with water to 100 mL. Store in an amber-
glass bottle in a refrigerator.

Fuchsin-Salfurons Aeld TS—Dissolve 200 mg of basic fuchsin

" in 120 mL of hot water, and allow the solutioa to cool. Add 2

solution of 2 g of anhydrous sodium sulfite in 20 mL of water,
then add 2 mL of b hloric acid. Dilute the sdlution with
water $0 200 mL, 2nd sllow to stand for at least | hour, Prepare
this solution fresh.

" Gastric 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
sn;fﬁbcgentl?rzatcr to make 1000 mL, This test solution has 2 pH
of about

Gelatin TS (for the assay of Corticotropin Injection)—Dissolve
340 g of acid-treated precursor gelatin (Type A) in water to make
1000 ml.. Heat the solution in an autociave at 115° for 30 min-
utes after the exhaust line temperature has seached 115°. Cool
the solution, and add 10 g of phenol and 1000 mL of water. Store
in tight cootainers in a refrigerator.

Glacial Acetic Acid TS—See Acetic Acid, Glacial, TS.

Glucose oxidese-chromogen TS—A solution coataining, in cact
mi, 0.5 umol of 4-aminoantipyrine, 22.0 umol of sodium p-hy-
draxybenzoate, not less than 7.0 units of glucose oxidase, and not
gcls ’t‘lun 0.5 tiaits of peroxidase, and buffered to 8 pH of 7.0 =

) .S"ullabilay—-%.eu used for determining glucose in [nulin, as-
certain that no significant color results by reaction with fructose,
and that & suitable absorbance-versus-concentration slope is ob-
tained with glucose. _

Gold Chloride TS—Dissolve | g of gold chloride in 35 mL of
water.

Hydrogen Peroxide TS—Use flydrogen Peroxide Topical So-
Iutto:‘afSP monograph).

Hydmsen Sulfide TS—A saturated solution of hydrogea sul-
fide, made by passing H;S into cold water. Store it in small,
dark amber-colored botties, filled neasly to the top. It is unsuit-
able uniess it possesses & strong odor of HyS, and unless it pro-
duces at once a copious precipitate of sulfur when added to an
equal volume of ferric chloride TS, Store ia a cold, dask place.

Hydroxylamine Hydrochloride TS—Dissolve 1.5 g of hydrox-
ylamine bydrochloride in 95 mL of 60 percent alcohol, and add
0.5 mL of bromophenal blue solution (L in 1000) and 0.5 N
alcoholic potassium hydroxide umil a greenish tint dev in
the solution. Then add 60 percent aicohol to make 100 mL:

8-Hydroxyquinoline TS—Dissolve § g of 8-bydroxyquinoline
in alcobol to make 100 mL.

Indigo Carmine TS (Sodium Indigotindisulfonate TSy—Dis-
solve & quantity of sodism indigotindisulfonate, equivalent to 180
mg of CyoHyiN;O«SO;Na),, in water to make 100 mL. Use
within 60 days.

Indophenol-Acetate TS {for the assay of Corticotropin Injec-
tiony—To 60 mL of standard dichlorochnoLindophcno! solution
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(sce in the section, Yolumetric Solutions) add water to make 250
mL. Add to the resulling solution an equal volume of sodium
acetate solution freshly prepared by dissolving 13.66 g of anhy-
drous sodium acetate in waler 1o make 500 mL and adjustin
with 0.5 ¥ acetic acid to a pH of 7. Store in a refrigeralor, an
use within 2 weeks.

Intestinal Fluid, Simulsted, TS—Dissolve 6.8 g of monobasic
potassium phosphate in 250 mL of water, mix, and add 190 mL
of 0.2 N sodium hydroxide and 400 mL of water. Add 10.0 g
of pancreatin, mix, and adjust the resulting solution with 0.2 N
wcﬁum Iljyr:lroxidc to a pH of 7.5 = 0.1. Dilute with water to
1000 mL.

Todine TS—Use 0.1 N Jodine (sec in the section, Volumetric
Solutions).

Todine Monochloride TS—Dissolve 10 g of potassium iodide
and 6.44 g of polassium iodate in 75 mL of waler in a glass-
stoppered container. Add 75 mL of hydrochjoric acid and 5 mL
of chloroform, and adjust to a faint iodine color {in the chloro-
form) by adding dilute potassium iedide or potassium iodate so-
lution. If much iodine is liberated, use a sironger solution of
potassium iodate than 0.01 Af at first, making the final ad‘just-
ment with the 0.0} M potassium iodate. Store in a dark place,
and readjust to a faint iodinc color as necessary.

lIodine and Potassium lodide TS—Dissolve $00 mg of iodine
and 1.5 g of potassium iodide in 25 mL of water. .

Todobromide TS—Dissoive 13.615 g of iodine, with the aid of
heat, in 825 mL of glacial acetic acid that shows no reduction
with dichromate and sulfuric acid. Cool, and titrate 25.0 mL of
the solution with 0.1 N sodium thiosulfate VS, recording the
volume consumed as B. Prepare another solution containing 3
mL of bromine in 200 mL of glacial acetic acid. To 5.0 mL of
this solution add 10 mL of potassium iodide TS, and titrate with
the 0.1 N sodium thiosulfate VS, recording the volume consumed
as C. Calculate the quantity, A, of the bromine solution needed
te double the halogen content of the remaining 800 mL of iodine
solution by the formula:

8008/5C.

Add the calculated volume of bromine solution to the iodine
solution, mix, and store in glass containers, protected from light.

fodochloride TS—Dissolve 16.5 g of iodine monochloride in
1000 mL of glacial acetic acid.

Iodoplatinate TS--Dissolve 300 mg of platinic chloride in 97

mL of water. Immediately prior to use, add 3.5 mL of potassium
iodide TS, and mix. -

. Iron-Phenol TS (Iron-Kober Reagent)—Dissolve 1.054 g of
ferrous ammonium sulfate in 20 ml of water, snd add 1 mL of
sulluric acid and 1 mL of 30 percent bydrogen peroxide. Mix,
beat unti! effervescence ceases, and dilute wath water to 50 mL.
To 3 volumes of this solution contained in a volumetric flask add
sulfuric acid, with cooling, to make 100 volumes. Purify phenol
by distillation, discarding the first 10% and the last 5%, coliecting
the distillate, with exclusion of moisture, in a dry, tared glass-
stoppered Nask of about twice the volume of the phenol. Solidify

the phenol in an ice bath, breaking the top crust with a glass rod
10 ensure con:glcle crystallization. Weigh the flask and its con-
tents, add to the phenol 1.13 times its weight of the iron-sulfuric
acid solution prepared as directed, insert the stopper in the flask,

and allow to stand, without cooling but with occasional mixing,
until the phenol is liquefied. Shake the mixture-vigorously until
mixed, allow to stand in the dark for 16 to 24 bours, and again
weigh the flask and its contents. To the mixture add 23.5% of
its weight of 2 solution of 100 volumes of sulfuric acid in 110
volumes of water, mix, transfer to dry glass-stoppercd bottles,
and store in the dark, protected from atmospheric moisture. Use
within 6 months. Dispense the reagent from a small-bore buret,
arranged 1o exclude moisture, cz::;c of delivering 1 mL in 30
seconds or less, and baving no lubricant, other than reagent, on
its stopcock. Wipe the buret tip with tissue before each addition.
Iron Salicytate TS—Dissolve 500 mg of fecric ammonium sul-
fatc in 250 mL of water containing 10 mL of diluted sulfuric
acid, and add water to make 500 mL. To 100 mL of the resultin
solution add 50 ml. of a 1.15% solution of sodium salicylate,
mL of diluted acetic acid, and 30 mL of 3 13.6% sg{ution of

imately 14 g

Solutions | Test Solutions 1789

sodium acetate, then add water to make 500 mL. Storc in a wcll-
closed container. Protect from light. Usc within two weeks,

Lead Acetate TS—Dissolve 9.5 g of clear, transparent crystals
of lead scetate in recently boiled water to make 100 mL. Store
in well-stoppered botties. .

. Lead Acelate T3, Alcobolic—Dissolve 2 g of clear, transparent
crystals ¢f lead acetate in alecohol to make 100 mL. Store in tight
containers.

Lead Subacetate TS—Triturate 14 g of lcad monoxide 10 a
smooth paste with 10 mL of water, and transfer the mixture to
s bottle, using an additional 10 mL of water for rinsing. Dissolve
22 g of lead acctate in 70 mL of water, and add the solution to
the lead oxide mixture. Shake it vigorously for $ minutes, then
set it aside, shaking it frequently, during 7 days. Finally filter,
and adf enough recently boiled water through the filter to make
100 mL.

Lead Subacetate TS, Diluted—~Dilute 3.25 mL of lead sub
acetate TS with water, recently boiled and cooled, to make 100
mL. Store in small, well-filled, light containers.

* Litmus TS—Digest 25 g of powdered litmus with three suc-
cessive, 100-mL portions of boiling alcohol, continuing cach ex-
traction for about 1 hour. Filter, wash with alcohol, and discard
the alcohol filtrate. Macerate the residue with about 25 mL of
cold water for 4 hours, filter, and discard the filtrate. Finally
digdesrglthe residue with 125 mL of boiling water for 1 hour, cool,
and filter.

Locke-Ringer’s Solution—See Locke-Ringer's TS.
Locke-Ringer's TS (Locke-Ringer's Soluiion)—

Sodium Chloride ....oovviiieririnrirnenninss
Potassium Chloride ........ovvvevviiniiiionnnn
¢ Caleium Chloride ......coovvvvnviiinnnnnnnn..
- Magnesium Chloride ..o..vvvvvninieniinannn.,
Sodium Bicarbonate ............... P eeneeneans
1973 33 £ . S

Water, recently distilled from a hard-glass flask,
a suflicient quantity, to make...............

‘. . * . . -

WManNsD
e

o0 Ou 00 U9 09 0%

1000 mlL

Prepare fresh cach day. The constituents (except the dextrose
and the sodium bicarbonate) may be made up in stock solutions
and diluted as nceded.

Magnesia 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, set the mixture aside for a few days in 2 well-
stoppered bottle, and filter. If the solution is not perfectly clear,
filter it before using.

- Magpesium Sulfate TS—Dissolve 12 g of crystals of magne-
sium sulfate, selected for freedom from efflorescence, in water
to make 100 mL. .

Malachite Greea TS—Dissalve 1 g of malachite green oxalate
in 100 mL of glacial acetic acid. ) . o

MaBory's Stain—Dissolve S00 mp of water-soluble aniline blue,
2 g of orange G, and 2 g of oxalic acid in 100 mL of water.

Mayer’s Reagent—Scee Mercuric-Potassium lodide TS.

*- Mercusic 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. :

~ Mercuric-Ammoniom Thiocyanate TS—Dissolve 30 g of am-
‘monium lhioc{jnate and 27 g of mercuric chloride in water to
fqzkc 1000 m : .
Mercuric Bromide TS, Alcobolic—Dissolve § g of mercuric
bromide in 100 mi. of 2icohol, employing gentle beat to facilitate
solution. Store in glass containers, protected [rom light.

i Mercuric Chloride TS—Dissolve 6.5 g of mercuric chloride in
water to make 100 mL.

-+ Mercaric lodide TS (Valser's Reagens)—Slowly add potassivm

Jodide solution (1 in 10) to red mercuric iodide until almost all
of the lalter is dissolved, and filter off the excess. A solution
containing 10 &d’ potassium iodide in 100 mL dissolves approx-
Hgl, at 20°, :
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Monsanto , Protocol Amendment
The Agricultural Group SOP Reference: GEN-POL-005

New Products Division - Regulatory Sciences

Study Number: IRC-91-ANA-6 Amendment #: 1
Date change implemented: 10/06/93 -
Experiment's affected by this amendment:

Page No/s. &/or Section/s: entire protocol originally stated:

Original protocol addressed assessing degradation of two proteins, truncated B.t.k. HD-1 delta
endotoxin (HD-1) and neomycin phosphotransferase Il (NPTII).

This section is amended as follows:

The protocol is amended to separate the two test materials, HD-1 and NPTI], into separate studies.

NPTII degradation will retain the originally assigned stidy number; HD-1 will be assigned a
separate study number.

Reason for amendment:

These two proteins, HD-1and NPTII, were originally placed in the same study because they were
components of o single product that was dropped from commercialization by Monsanto. They are
being separated to allow the results for each protein to be reported separately. This separation will
provide for reporting only the protein of relevance for separate data packages.

This change will impact the Study in the following ways:

No change to data or conclusions from data will occur because of this amendment. It will allow
separate study reports for the two different proteins which will increase the relevance of each study
report to the regulatory data package in which it is included.

Signature of Approval:
Study Director: é/ué— z. /Z’°‘-/ Date: /2~ & 73

Signatures of Acknowledgement: n . -
Sponsor: Date:l%&l.
Quality Assurance: e 7 Date: 2/ /23
Not Applicable - - Date: 4
Not Applicable 4 Date: )
Not Applicable Date:

CC:
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he introduction of new genes

ko Crop plants promises to

avercome some of the sub-

stantia) agronomie and envi-
rramentl proviems that huve not been
sodved using genes urrently wn plant breed-
ers’ germplasms., Foe example, geaeucally
maod fied cotton and potato cultyy ars resis.
&t 1o insects, and lomato and potato cul
Ovary resasuant o viruses under feld con-
diuoas have already been created. A clasy
of molecular pds etsennial in enabdling the
genene consrcuon of these planu-~w-
lectable and scareable marker genes and
thewr encoded proteins —stays wath the crop
and with e foods made from them Se-
lectable marker zznes have 3 clear and
vital function 1 the latoriery

Regulatory commuttees and indivaduals |

worlduide are currenUy detaang the safery
of these markers. For nsiancz, Uie Food
and Drug Admoustanon (FDAL Wash.
ingtoa, DC) 1 losking 2t a documenr*
subvrutied by Caigene Inc. (Davis, CA)en-
ted “Requent for Advisory Opimion tar
gene: safery and use n the producton of
gencucally enaneered plants.” Thus com.
prehensive doounent provides exiensive
bark grourd dam imtended to estaolish the
fond and eovaoamental safety of one of
the muters, the NPT gene, and 1ts geoe
product. NPTH (seomycin phosohotrans-
ferase N 13 an ennme whuch actvases,
and provides resistnce 10, the anabioucs
peomycn and karamycn We wam 1o
communicaie te rajor 1ssues and argu-
ments oo the 1afery of NP1 10 3 wider
enafic and regulazory audience. We wil)
provide peither ail the daa nor all the
answery, e Calgene document does 2

Richard B. Flavell is at the Johan lopes
Institute, AFRC Listitute of Plant So-
ence Research, John Innes Centre,
Noewich Research Park, Coloey, Nor-
wich, Norfolk, UL Ed Dart is a1 IC1
Seeds. Jealott's Rill Research Station,
Brackne®, Berkshire, UK. Roy L. Fucxs
and Robert T. Fraley are ai Monsaato
Company, St. Louis, MO 63198, US,

SELECTABLE
MARKER

GENES:

SAFE FOR
PLANTS?Y

much fuller job. We wall, however. autline
the argurnents whuch lead 10 W posIBC—
that there are no reasons W deny of restngt
the use of the NPTI gene 1o penencally
modified plants on safety grounds.

SAFETY OF THE NPTU GENE AND
PROTEIN

There we four major quesoons that should
be addressed tn the safery appraval: o te
NPTT gene product 1o, docs catng the
NPTH protein comproguse oral kanamy-
an and peomycin therapy. doces the Tuns-
fex of the NPT gene from plank w0 patho-
Foruc bactena compromuise kanamyon xnd
veomycin therapy, and wall the spread of
the NPT gene from genencally oodified

ORLf132 i

_ Roy L.
s &Robert T.F

ley .

plants wto the cavizonment cause unac-
ceptable damage?

All the human health analyses need to be
viewed 4 anst the knowledge that humans
comunually ingest kamamycin-resistant
mucroorganisms The dset, espeasally raw
salad,1s the major source ataconservanve
estunate, eaxch human ingests 1.2 x |0*
kanamyin-resstant microorgarusms daity

Is NPTTI toxdc to huteans or other or-
ganismus?

None of the plant, bacienal, and other
specicy o whuch the active NPTH gene
tas been nseniod has shown any deleten-
ous effects that could be armbuted 1o the
NPTT grotewt Thus conclusion 13 sup-
poned. for plants, wtter alic by dau from
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vickd tnals n gilasshouse an ficid for many
5f the “roos wm Table t In mammalan
cells NPT 1s notioas n véro the iden-
tieal NPTl genc and gene product used iIn
plants 15 used rouunely i the mroduction
of genes into mammahan cell hines with no
effects ga vaabibty or zrowth The protein
2150 seem INDACUOWS 1A v 18 010 Aimals and

humans Calgenc' established that NPT

13 rapidiy imacus aed and degraded upon
ingesuen basedonimsirro digeshon anafy-
ns Cilgence © fed nodents with tomatoes
that peaduced NPTT and obsers ed no dele-
tenous effects Funhermore, n pretim.
nary geoc therapy experiments, Cells con-
Qining the NPT gene have been infused
into human cancer pauvents: NPTT was
produced niraceltolasly 1 11v0~—the most
exmeme test of s safety in humans. No
aaverse eflects aunbutable to NPT ware
observed

There have also been what might be

regarded as loag-term. conunudus safery

tnals of NPTU n homans. Al least since
the intraducoon of the aniibroces tuo medi-
cinc, humans Rave been constantly ex-
posed to both the NPT gene and gene
product Natursl popuistions of microor.
ganisms highly resistant to kanamycwn/
neomycin ocewr ubwuitously on food
{espreially on raw vepetables: and wnour
digestive systems Agan, no adrerse ef-
fects have bee:: noted

Does consumption of NPT1I compro-
mise the efMicacy of oral Lanamsycin and
neomycin 11 humans?

The ora) use of the anudiotics would not
be sompromused by NPTT in the diet. In
the first place. NPTU a5 a protewn whach
does not contin any wnsual amino acids,
13 rapidly inacuvaied and degraded dunng
the digesvve process’’ Funthermore, pro-
teins are farely absorbed by the digesuve
sysiem Thewe are precuely the reasons
chrcians cannot adrmumsier Brerapeulic
proteans like snsulin and grosth hormones
oraliy, Secondly, NPTD requires ATP »n
order o catalyze e wmacuvauon of
kanamycwn or ncomycin. ATP 13 present 1n
the digestive sysiem & exwemely low
concentrations becayse 1 = unsable atlow
pH. Thudly, only 036 pervent of the
kanarmycin or neomycin adeninistercd was
for oral or gasooinizsunal ract vse (U.S.
figures for 1989).

Does the transfer of the NPTTI geoe
from plant to bscteris pathogenic to
humans (or other species) compromise
the efficacy of Xanamydin and neornycin
Iz buman therupy?

By far the highesi concentrasion of po-
teaally patrogerue bactena oczurs 1 ihe
- Most, if not il of ingemed NFTT
DNA would, however, be degraded in'the

YURCNOCGT VLG RNy <R7

T fomach and the smatl iniesnne betore 1t
I reached e regrons w here transfomat on
!t of enker microorganiams or posi-duodie-
aal intesninal cells could poseatially ocew.
In any case. it 1s far more bikely thar any
UNPTUON A aken up by and surviving wy
! exhet MICTOOrganIsMs or put epithehal colls
1 would come from bactena in the gut wd
i nci Trom plant maienal Even of plant-
| denved NPTH DNA sunived ey and
| rcached those regions. the procabaliny of
¢ gansformation occumang would de revnow.
With 10" kanamyein- or acomycin-resis-
ant baciens already s the gut of each
pensoq, any new transformation ovent
would be of no significance. Calgene™
cakculated that, even with the mow liberal
P eating g ally modified
tomaoes contaning the NPT gene. would
increase the number of kxnamyain-resis-
tang m robes 1n the gut less than 0 000001
pereent. Funthermore, 10 de of medical
snigndficance, the NPT gene would have
1o be transferved 10 and cxpressed w 2
pathogenic microorgantsm being treated
with kznamycin or neomycin. Sothe rans-
fer of the NPTU gene 1o microorgarusms
from plant material wn the gut 1s not of
sigmificant medical concern The same
arguments apply 10 ansmnais tha maght
consume plants contuning the NPTU gere
Will spread of the NPTI gene from
genetically modified plants cause unac-
ceplable enrironmental damage”
The setecable marker genes vicd in the

geactc modification of planis are of bacte-

TABLEL. Pt speces that have been
geneucaly mocified and express the NPTH
gene

Tomsio wWainut
Potalo Arabldopsts
Lattuce Muskmelon
Poas Flax
Celory Moming giory
Oil seed repe Apple
Apple Pear
Prtunis Poplar
Caudifiower Cotton
Camatons Cartrot
i Horss radiah
Eggolant Asparagus
Aath Taobacco
Sorbean Chrysanthemurn
Sunfiower Strawberry
Catibage Papays
Cucumber Canoia
Sugw best Com

. Ml ongin, and kanamycin-resisiant bacie.
i 02 are ubiquutous 1 sads Many of the
genes confemng Lamams cn-ressslane are
ransfesred betacen bactena decause ey
are o0 Uansposons and often on transmis-
sible plasruds, The probadility of 3 baste-
num obuning the SPTH gene from plant
ON A comparedtoanother bactenumasex
uemely low  Thus the cffecr of NPTII-
contanung plant muenal even when groun
on large acreage. on taciena NPT gene
frequencies i inssgmeficant Calgene' cal.
evlaied that e increase nn kanamycun.
resistant bactens in the sorl taused by the
extensive planung of geaeucally modified
tomatoes, canola and conton faisuming
that the gene could be transfermed from
plants 10 microbes) would be kess than
00001 percent.

I the NPT gene passed f1om crops to
retaied plants by pollination, its effects on
recipient plants would nox be expecied to
be any different from thosz on U onganal
host plant Overall. the ubiquity of the gene

tn nature and its bensgn properies make it
! idead as 2 selectable markes in plant mans-
formation

SELECTABLE MARKER GENES

ARE USEFUL IR AGRICULTURE
These selectadle marker genes not onhy

3 are essenual for those consiructing the

| geneucally modified planis dut also are

} uselul o plant breeders. legislaty e bodues,
nd montonng agencies. Plant breaders
an usc sciectable markers to wdentify
progeny of cTosses which contun the gene
of agronomic {commercial) interest be-
cavse the rwo are hnked. This saves the
breeder havang to assay the gene of com-
mertial interest by more comdiex and
cxpensive methods  Very importantly.
wlectable markers can be used by breed-
en. and by reguldtory and monuonng
agencies (o dmmguuih oxrigenic from
aon-transgenac plants by 2 sumpie test winch
Socs not nvolve advanc ed molecutar iot-
o

CUTTING OUT MARKERS

A recent amcle suggens tal wiecuble
razrkers could te readily climinated by »
Cre/Lar site-specific recombwanon”, Thas
s 2sophusticated, scientifically tnisresing
and snentificalty useful method of DNA
manipulation. Bul to saggest duat it should
be used 10 remove marker genes is to fail w
wppreaiate the inaplicanions of applying the

cthod to agy ity important crope.

While the Creflor system works o »
made! plant, tobacco, it has not been
denonsirated  more agronomically im.
porant species. For vegeustively propa.
gated crops. the system would be parcy.
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} . sctectable

MARKER GENES

Selectable marker genes are esseatial for
e inmreducuon of agronomucally umpoc-
) ganes ;o Impenant crop plants The
ncorporation of genes e plant Shromo-

i somes duning genctic modification proc.
eties occurs & an exoemely low frequency :

PEad PIAN

perhaps one cell The velue of using NPTU
® xhous::z or mu. ¥ 8selectable marker toe
licais seadly carnies the cotton transiormatlon,

desirzed gene. Se-
lectable marker genes
are, therefore, )ouwd
w the agronomic
genefs) of amierest.
Only the plant cells har
oonLun and expeess the
marker
genes will survive the

N - stlechive presswe tmposed n the labors-
tory Plants regencrated from the survive

g cells will contan the selectadle marker
Jowned to the sgronomuc zene of interest
Two auun classes of selecubdle s
have been used in genetic modificavon of
plants. On the one hand, ther: are se-
lectable markers that encode proceins that
coafer resistance 1o ansbicucs—{or W~
sance, kanamyan', bygromyan 8°,
methotrexatc!, gentarmicwn®, and bleomyv-
ce’ On the other hand, thre e genes
wdose products confer rolerance W herbr.
exdes such as phosphunonaw®, the sulfon-
yhoeas’, and 2.4 D, By fas he mon com-
maxty used selecuble marker s the gene
from Transposon 5 (Tas) fom Exheciua
coli X12 encodirg amunoglyconde 3-
phospiweransierase 0 {APH (37 IL Oherru-
cal Abstracts Registry aumber $8943-39.
2] Thus enzyme, also commonty known as

Cofton hypocotyl calls
transiormed with a vector
cking the gene encoding
NPTU (left) cannnt grow on
moedla containing kanamy-
cin whereas the rare hy-
pocotyt cells that are trans-
Isrmed with & vector cone
taining the Jene encoding
HPT {right) can.

- afierthe regenszrauen of @ hoie plany from |

ncomycwn phospholransierase 1 - P71l
inacuvates kanamycin. G418, and neomy -
cin by phosphoniatnon Over 100 "abora.
tones around the world have used NFTlhin
ingroducing geaes o over 30 plant sps-
cres {Tadle 1)

Oher “scoreadle” maseens we
aiso frequenthy nvoducss
genetkaly modified plars ud
prossde valuabie tools 1o . centfy
and mack geneus modificatons
10 plants. Scorcable marcers do
not facilitate swrvival of wans.
formed cells uncer parucuiar
laboraary condiuons. raher they
idenufy or Lag gansformed cells
They asc paricutarty important
where the genetically modfied
plans cannot be regeneraied from
ungle celts and direct seleciion s
nat Jeasidle or effecuve. They
can alo be imponant vt guanu-

creny and gene expression i tr-
ansformants The fwo mott fre-
quendy used scoreable mashess
we bew plucwrondase GUSH
ang acerase (LL'C) Genezeadly
adiiied Flant tssue exoresgiag
the GLS zeme wwms Blue ahen
wncudaled with the subsirate. §-

bromo-t-chlcro- indoy i [-gls:
curoquide’ ussue exprassing the LLC geme *
3

produces & chancensnc Light emussion

enn'e.

The annbiotuss and herdicides weisctve

2gents are used only n the Jaboratory i the
wmesal stages of the geneus modificauon

ng gencsy coding for apronemic trauts of ine
1erest The selecuve 3gents are pot azplisd

process 10 selest din dual cells zontan.
|

those cells mor dunng the subtecuent
growth of the cvop :n the field Themefore,
these plants and ul subsegquent plant and
plant products will nesther have bees ex.
posed 10, nx contun the selecnve annbi-
onc or herbinde. Sunularly, the reagents
used for the scoreable markers are applied
oniy o plant cells of parts dissected from H
the plaat.

ety cumbenome since the accersary
wraal crosses and sced preducuon

<

bie the elne g . Toerefore, if
regulatory agencwes decided @ priori that
sekectable markas should be reroved,
POWLO. appies, 31 whermies., swent polato,

cassava, plantum, :nd many other crops
would be ouch mare difficult w umprove
asing plant biotechnology

For crops grown fiow: seed, any producta
currendy under development would have

1
‘E
upon incubiuoa with the substrate lucif- lf
?
¢

redesigned veviers [ vezelnen gemgies
'} mandazed e remos 2l of e NPT markar.
.‘[ commerciaizauon of he mew advanced
I, ctops would be delaved $-6 yeary For all
() peoducts. 1.3 generauors (2410 years)

+ would be addedtothe des eloprxeniume to
. allow for the sexval crots
Selectable marxes genes and .1 ro-
;e products wilf be i, amponents
; ofcropsand of our diets The surke: ganes
' and therr products poie th o view, sks
|| to pexther humans nor the eavironsnent;
1+ however, they do provide the agneultural
,' comemunity with sccurale. sensiuve, and
!
|

oon-moleculas methods for momtonng
{phnu. We beireve, therefors. dag the
!

vajue-sdded genes in genccally moch fied
benefits of agronomically useful gencs
; released 1n cultvars wadl sasly ouraeigh
!V any concerns abour associated NPTD
marker genes We conclude tat dere i3 no

screnitfic reason (o prohbit or Limut the wse
of selectable markers. nor to encounage or

modified pants
| We also behieve that many other of e
marker gencs pose no addiuonal nsk 1w
mankind or the environument. However, 3
. case by case exarmunation of tach wifl be
" necTssary before Bread vie arwylture
1s adsmussable. v

!
I

fying boch oansformauon ¢ff ’f[ reque theu removal from gencoeally
I
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Digestion and Absorption in the
Gastrointestinal Tract

The foods on wnich the body lives, with the
exception of small qguanuues of substances suchas
vitamuns and minerals. can be classified as carbo-
hydrales, fats, and proteins. However, these gen-
eraliy cannot be absorbed in the:r natural forms
througn the gastromntestinal mucosa and. for this
reason, are useless as nutnents without the pre-
lmunary process of digesuon. Therefore. the
present cnapter discusses., first, the processes by
which carbohydrates. fats, and proteins are di-
gested into c<mall enough compounds for absomp-
tron and. second, the mechamsms by which the
digestive end-products. as well as water. slecuo-
tytes. and other substances, are absorbed

DIGESTION OF THE VARIOUS
FOODS

Hydrolysis as the Basc Process of Digestion.  Almost
ajl the carbohydrales of the diet are large ponsacena-
ndes or dizaccheriges, whicir are combinauons of
monosacchanides Sound to cach other by the process of
concensanon This means that 3 hydrogenaon has been
removed from one of the monosacchandes while a
tvdraxyl 1on has been removed from the next one the
two monosacchandes then are combined wath each
other At these sites of removal, and the hydrogen and
hvdroxyl wons combine 10 form water When the zarbo-
hydrates are digested back into monssacchandes. spes
cific enzymes return the hydrogen and hydroxyi ions to
the polvsacchandes and thereby separate the monosac-
chandes from each other This process. called hvdroiv-
5595 the foliowang:

dige.
R =R = H,0E0 2-0H - R'H

Al me

Almost the enure far portion of the die: consists of
tnglveendes (oeutral fais), which are combinatons of
three fawry cerd molecules condensed wath a ungle
gtvcerol moiecule. 1a the process of condensation, three
molecules of water had been removed Digesuon of the
838

;;;('m.'p ;»z.;é,', “(‘v‘dlﬁ

¢ ki

tnglveendes consists of the reverse proceg Lb;{,
digesuung enzymes retumming the three sules
water 1o each molecuic of neutral fat and ereby N
ung the fauv acid moiecules away from the gycer
Here again, the process 15 one of hydrolysis e

Frnally, proleins are formed [rom amune ands ¢
are bound together by means of pepride linkages o
hinkage a2 hydroxyl ion 1s removed from one acuoo ae
whiie 3 hydrogen 100 15 removed from the sncceed

one, thus, the amino acids also combine together by

process of condensanion while losng a moletwe of »
ter Digesnon of proteins. therefore. also wvolvey
process of hydrolvsis, the proteolsic enzvhes repur
Ing the water to ihe protemn molecuies 1o split them i
the'r consutuent amino acids Ce
Therefore, the chemistry of digestion s really sung
for 1n the case of all three major types of food. the sac
basic process of Avdrolysis 1s invoived. The ooy diffc
ence hes 1a the enzymes required to promote the r
acticns for each type of food 3
All the digesuve enzymes are proteins Thar secr
tion by the different gasuointestinal glands 1s dixu.}x
1n tne preceding chapler i

2

DIGESTION OF CARBOHYDRATES ;‘f%'.

The Carbobrdrate Foods of the Dret. Only thz
maer sourcss of carbohydrales exist 1o the oors
human diet These are sucrose, which 13 the &
chande known populariy as cane sugar; lactose, whx
1s a disacchande w milk, and starches, waicd zn:_bﬂ
polysacchandes present i almost all foods and pute
larly i the grans. Other types of carbobydrates By
ed to 3 shght extent are glycogen, alcohoi, actc 3%
pyruvic acid, pectiny, dextrins, and gunor quarttes

othe: carbohydrale dervauves 1o meats. The Gt 85
contasns a large amount of cellulose, which is 2 carbobl
dra.e However, po enzymes capable of hydraly™
cellulose are secreted by (he buman digestve ¢
Consequenty, cellulose capnot be considercd wbe
food for the bwman being, though 1t can be b
some lower aniaals. s

Digestion of Carbohydrates in the Mooth, When
13 chewed, « 15 muzed with the saliva, which “’;
the enzyme prvalin (a-amylase) secreted mamty b




STARCHES

)... Ptvalin (sahvar—-20-40%

. HCl{stomachr~X%

~ Pancreatic amylase—50-80%
~ Intestinal amylase—"% '

«god gands. This enzyme hydrolyzes starch into the
uwyharides maltose and isomaliose. as shown in
tyure 65-1: but the {ood rerains in the mouth only 2
o ume. and probably not more than 3 to § per cent of
Jl the starches that are eaten will have become hy-
auvh2ed into maitose and isomaliose by the time the
und 13 swallowed. One can demonsurate the digestive
wtion of ptyalin o the mouth by chewing a piece of
~¢id for several minutes; afler tis time, the bread
1aves sweel because of the maitose and isomaltose that
au been liberated from the starches of the tread.

Yoot starches in their natural state, unfortunately, are
pecsent in the food i simall globules, each of which has
3 thin protective celiulose covenng. Therefore, most
werally occumng starches zre digested oniy poorly by
yaun unless the food is cooked 10 destroy the protect-
e membrane.

Dreestion of Carbohydrates in the Stomach. Even
“wuzh food does not reman 2 the mouth long enocugh
e pivalin to complete the breakdown of starches into
Talose, the action of pryaln conunues for as long as
wvenl hours afier the frod has entered the stomach,
"Mt s, unild the contents of the fundus are mixed with
“he stomach secrstions. Then the activity of the salivary
' ase 1s blocked by the acid of the gastric secretions.
e it 1s essentially nonaclive as an enzyme once the pH
¥ the medwrs falls bel>w approximately $.0. Neverthe-
©hovthe average, before the food becomes comp’ete-
* Mxed with the gastnic secreuons. as much 23 30 to 40
rer zent of the starches will have been changed into
Mllose and isowmaltose.

Digesuon of Carbobydrates in the Small Intestine,  Di-_
friton by Pancreatic Amylase. Pancreatic secreuon,

ULeahiva, contains a large quantity of a-amylase which
™ dmost identical in ;s funcuon with the a-amylase of

“Niva and is capable of splitung starches into malrose

“diomaiiose. Therefore. immediately after the chyme

“TRues from tLe stomach into the duodenum and muxes

“M pancreatic juice, the starches that have sot already

Reen spit are digested by amylase. ln general, the

Jrches are almost totally coaverted iato maltgse ard

“‘:numsc before they have passed beyoed the jejun-

oL J8rolyss of Dissccharides into Movosaccharides by
y Istestinal Epithellal Earymes. The epthelial cells
"% the small iniestne contain the fow enzymes

65 DIGESTION AND ABSORPTION IN THE GASTROINTESTINAL TRACT 817

JALTOSE and ISOMALTOSE LACIOSE SL‘CR?SE
L Mairare and Isomaltase Lactase ! Sucrase
; (intestine} . (intestine) {intestine)
'

GLUCOSE GALACTOSE FRUCTOSE

Flgure 65-1.  Digesnon of carbohydrates.

lactase. sucrase, moliase, and isomaliase. which are
capabie of spliting the disacchardes lactose, sucrose,
waltose. and isomaliose, respecuvely, into thewr coasut
uent monosacchandes. These eatymes are located 1
the brush border of the cells limng the lumen of the
intesine, and the dusaccharides are digested as they
come in contact with thus border. The digested prog.
ucts, the monosaccharides, arc then immediately ab
sorbed 1oto the portal blood. Lactose splits into 2
molecule of galacross and a molecule of glucose. Su-
crose splits into a wolecule of frucrose and a moiecule of
glucose. Maltose and isomaltose cach splt tnio o
molecules of glucose. Thas, the final products of car-
bobydrate digesnon that are absaroed imo the blood are
all mooosaccharides.

1o the ordanary diet, which contauns far more starches
than cither sucrose or lastose, giucose ~epresents about
80 per cent of the final products of carbohydrate diges-
uon, and galactose and fruciose each represent. on the
average, about 10 per cent of the products of carbohy-
drate digeston.

JGESTION OF FATS

The Fats of the Diet. By far the most common fats of
the diet are the neutral fats, also knpown as inglycendes,
cach wolecule of which is composed of a glycerol
oucleus and threes fatly amds, as Qlustrated in Fipurs
63-2. Newtral far s found in food of both anumal onpo
and plant onga.

In the usual diet are also small quanutes of phospho~
lipids, choiesierol, and cholesierol esters. The phospbo-
ipids and cholesterol estery coutain farty acid, and.
therefore, can be consdered to be fats themselves,
Choiesterol, on the other hand, ts & sterol compound
contairung no fatty acid. bet it Goes exhibit some of the
pbysical and chemical characienstics of faty, st 13
denved from fats. and it 15 melabolized similady to fas.
Taerefore, cholesicrol 8 connidersd from 3 dietary
pownt of view 1o be a fan

Digestion of Fats [n the Intestine. A swmall amount of
shont chain tnglycerides of butter fat ongin is digested 1o
the stomach by gastnc Bpase (mburyrase). However,
the amount of digestuon i 30 shight that it is unimpor-
tant. Jnstead, essentally all fat digestion occurs wn the
small istesune as follows:
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)
CH,—~CH;),y—C—0—CH;

O
CH:**CH:)In-—-é—O-CH - 3H,0 lipase,
o
CH"’(CH:M—-CI—-O—CH;
(Tristeanin)
HO~CH, o

' B

HO—CH + JCHy—{CH),¢~—C—OH
]

HO—CH,

{Glycerol) (Stearic acid)
Figure 43+  Hydrolyus of neutral far catalyred by ltpase.

Emubsificxion of Fat by Bile Acids. Thbe first step in
fat digestion is to break the {at globules into small sizes
30 thai the water-soluble digestive znzymes can act on
the globule susfaces. This process is called emulsifica-
uon of the far, and it is achisved under the influence of
bile, the secretion of the liver thiat does not contasn xny
digestive enzymes. However, bile does sontan a large
quantity of be salts. mainly in e form of jomzed
sodwm salts, which are exiremely wmporiant f{or the
emuisification of fat. The carboxyl (or polar) part of the
bile salt is highly soluble in wat:r, whereas the sterol
poruon of the bile salt is highly solubie 1o fat, Trerefore,
the {at-soludle portion of the bile salt dissolves in the
surface layer of the fat globule but with the carboxyl
poruon of the salt projecung outward and soluble in the
surrounding fuids: this effect grealy decreases the
interfacial tension of the fat

When the mierfacial tension of a globule of nonmus-
cible dud is low. tus nonmiscible flud, on agtation,
can o¢ broken up into many munute particles far more
easidy than 1 can when the nterfacial tension 1s great.,
Consequently, 3 maynr function of the bile salts 15 to
make the far globules readily fragmentable by agitauon
o the small bowel. Thus actior: 1s the same as that of
many dztergeats that are used widely tn most househoid
cicansers for removing grease.

Bach lime the diameters of the f21 globules are
decreased by a factor of 2 as a result of aptation 1o the
small intestine, e total surface area of the fat increases
2 times, in otber words, the total surface ares of the fat
parucles 1o the intestinal contents is 1nversely propor.
uonal 1o the diameters of the particies

(Bile + Agntauon)
Fat

Emulsified fat

. Pancreatic lipase S Fatty acids

Emulsified fat Giycerol

The lipases are water-soluble compounds and
attask the {at plobules only on thewr surfaces. (;o(
sequeatly, 1t &an be readily undersiood how inparyy,
tus Jetergent funcuion of bue salts 15 for the digesuog ¢
fats.

D«:suoa of Fsts by Pancresde Lipase. By fay 3
most imporant enzyme for the digesuon of fayg ,
pancreanc bpa.u in the pancreauc juice. However, ty
epitheliad cells of the small intesune also contaug 2 3o,
quasuty of lipase known as enferic lipase. Both of they
act ahke to cause hydroiysis of fat.

End-Producs of Fat Digestion.  Most of the tnglycer
ides of wbe diet ase inally splitsnto monoglycendes, fre
farty acds, and glycerol, as illusiraied i Figure 65
However, small portions are ool digested ar af ¢
remam i a diglyceride stare

Role of Bile Salrx im Accelerating F& Digestion — Py
nasos of Micelles. The hydrolysis of tnglycendes iy |
highly reversible process: therefore, accumulation ¢ IR
monoglycendes and free fatty acids in the vicnity ¢ §
digesting fats very quickly blocks fusther d.;guw

Fortunaicly, the bile salts piay an important role | 4281

removing the monoglycerides and free fatty acuds froc
tbe vicinity of the digesting fat globules almost a
rapidly as these end-products of digestion arc formec
Thus occurs i the following way: _

Bie salts have the propensuy to form micelles, win: ’
are small spherical globules about 2§ Angsooms { (BN
diameter and composed of 20 to 50 molecules of bd
sait. These develop because each bile salt molecule :
composed of 3 sterol auclevs thai is lughly fat-sohubl
and a polar group that is highly water-soluble. The sterc
suclel of the 20 1o 50 bile salt molecules of the pucell
agsregate together o form a smail far globule in th
guddle of the micelle. This aggregation causes therpok
groups 1o project outward to cover the surface of th
micelle. Since these polar groups are oegativel
charsged, they allow the entire micelle globule o becom

dissolved in the water of the digestive fJuids and . J%
remain in stable solution despite the very large size ¢

the micele.

Dunng mglyceride digestion, as rapidly as the mor
oglycendes and {ree fatty acids are formed they becor
dissoived 10 the fatty poruon of the gucelles, whic

imunediately removes these end-products of digestio -

fom thz vamty of the digesung (at_globules. Cor B
sequenty. the digestive process can pmceed upaln
ed.

The bile salt micelles also act as s4ransport oedins
10 carry the monoglycerides and the free farty acid: §
both of which would otherwise be zimost complete)
nsoluble, 10 tBe brush borders of the epithelial cell
There the monoglycendes and free fatty acids af
absorbed, as will be discussed later. On delivery ¢
these subsiances 10 the brush border, the bile salts ar
agun reieased back into the chyme W be used again an
again for tus “fecrying® process.

Figore 65-3.  Digemon of fats.

faore
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pigestion of Cholesterol Esters.  Most of the choles-
. 1n the diet s ip the form of cholesierol esters.
.,J, cannot be absorbed io this form. though free
w,,:erol 14 readily absorbed. A cholesrercl esterase
s e pancreauc juice hydrolyzes the esters and thus
ree~ the cholesterol. The bile salt mucelles play wdent
b .hc same role m “‘ferrymg’ cholesterol as they
g “ferrying” monoglycendes and free fatry acids.
..~“d this role of the bide salt micelles 1s absolutely

~senisal to the absorpuon of cholesterol because essen-
JI» ao cholesterol 1s absorbed without the presence of
rie saits. On the otber hand, as much as &0 per cent of
-m¢ ragiveendes can be digested and abscrbed svenan
¢ assence of bide salts,

>, JZSTION OF PNOTEINS

P

The Protting of tbe Diet. The dictary protewmns are
Jenved almost eoticely {rom meats and vegetables,
These peroteins in wm are formed of leng chains of
smuno acids bound together by pepude linkages. A
nypical bnkage 1s e followng:

o i
R—-CH—?—OH + H—.\'—?H-—COOH -

o R
'\;"Hl H
!
R—CH—%—-—N—-?H——COOH <~ H,0

Q R

The characieristics of each type of protein are deter-
wned by wthe types of anuno acids in the protein
moiesuie and by the arrangement of these ameno acids.
The phasizal and chemical characienstizs of the &l
ferent prote:ns will be discussed 1n Chaprer 69.

Digestion of Protedne in the Stowach. Prpsin. the
wponant pepue cazyme of the stomzch. 15 most acuve
312 pH of about 2 and 1s completely wactive at a pH
wove approxamitely § Consequendy, for this enzyme
0 3use auy thigesuve acion on protemn, the stomach
czs must be acidic. It will be recailed from Chapter 64
ihat the gasing glandy secrete 3 large quanuty of bydro-
stioni acid This hydroctons acid 15 sec-eted by the
Jvenuc tpanetal) cells ut a pH of abeut 0.8, but, by the
et s mixed with the stomach conteats and with the
»eirenons from the ponoxyvnuc glandular cells of the
womach., the pH ranges around 2o 3, 2 ughly vorable
Ange of acidity for pepsin acuvity.

P2psin 13 capable of digestng essentially all the dif-
fecent ty ves of proteins in the diet. One of the important
ferures of pepsin digestion is its ability to digest
collagen. an albumpoid that is affected lrle by other
digestve enrymes. Collagen is 3 major coostituent of
the sntercellular connectve tissue of meats, and for the
digestive enzymies of Lbe digestive Lract to peperrate
meals and digest the cellular proteins it s first ecessary
Hat the collagen fders be digested. Consequendy, in
>Xons lacking pepbic acuvity in the stomach, the
'"gested meats are poorly penetrated by the digesnve
$1zymes and, therefore, are poorly digested.

\s dustrated 1w Figure 65—, pepsin usualy only

k ’
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pepsin \ Protcoses z
< Pentones
l Polypeptides

Projeins

inosin, chvmotnpson carmoevpohperrdase

pepr.acses Dhpepuides
IS IR—— i V3 PR TP DY

b Pol)pc*( des l

‘\mmo acids \
Figure 65,  Digesuon of protemns

begins the process of preten digestion, simply spliting
the proteins o proteoses. pepipnes, and large poiy-
peptides. Thus sphiting of proteras is a process of
hydrolysis occumpg at the peptide linkages berween the
amino acids.

Digestion of Proteins by Pancrestic Secretions.  When
the proteins leave the <tomach. they ordinanly are
manly in the form of proteoses, peptanes, aad large
polypeptides. immediately upon entenng the small in-
tesune, the partal breakdown products are artacked by
the pancreatic eozymes trypsin, chymotrypsin, and car-
borypolypeptidase. As illustrated 1o Figure 654, these
enzymes are capable of bydrolyzing all the parual
breakdows products of protew to peptides and many
al50 10 the fina] stage of amino acids.

Digestion of Prptides by the Epithelial Peptidases of the
Smal Intestine. The epithelial celis of the small wntes
tine contain several different enzymes for hydrolyzing
the (inal peptide linkages of *he remaining dipeptides
and other saall polypeptides as they come in contact
with the cpithelium of the villi. The cazywmes respons-
ible for final hydrolysis of the peplides 10to amno acds
are anuno-pohpepudase and the dipepudases

All the prowesivuc epzymes — including those of the
gASINC juice, the pancreauc juics. and the brush border
of the intestunal epitbebial cells — are very specific {or
tydrolyzing wdividual types of pepud: linkages. The
finkages between certain pairs of amino acds duffer in
thetr bond toergy and other phymical characiensucs
from the linkages between otbe: pars. Therefore, a
specific enzyme is required for cachk specific type of
linkage. Thus accounts for the multipbeaty of proteolyuc
enzymes as weil as for the [act that no one sungle
cnzyme can usmally digest proiew all the way to all its
constitueat ameno aads.

When food has beep properly masucated and is not
eaten in too large a quanuty at any one wmne, about 98
per cent of all e proteins hnally become either amuno
acids or very small pepudes, mainly dipepudes A few
molecules of protew are never digested at all, and some
remasn in the stages of protcoses, peptones, and varying
sizes of polypeptides.

BASIC PRINCIPLES OF
GASTROINTESTINAL
ABSORPTION

ANATOMICAL BASIS OF ABSORPTION

The total quantity of Suid that must be absorbed
cach day is equal to the ingested fuid (about 1§
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Figure 65-5. A longitudinal section of the small intcstine.
showing the vaivulac connivenies covered by villi

liters) plus that secreted in the various gastroinies-
tinal secretions (about 7.5 liters). This comes to a
total of approximately 9 liters. About 8 10 8.5 liters
of this is absorbed in the small intestine, leaving
only 0.5 to ! liter to pass through the ileocecal
valve into the colon each day.

The stomach is a poor absorptive arsa of the
gastrointestinal tract because it lacks the typical
villes type of absorptive membrane and also be-
cause the junctions between the epithelial cells are
tight junctions. Only a few highly lipid-soluble
substances, such ss alcohol and some drugs such
as aspirin. can be absorbed in small quantities.

The Absorptive Surface of the Intestinal Muco-
s — The Vi, Figure 65-5 illustrates the ab-

. oe.t h-“‘

sorptive surface of the intesunal mucosa, show
many folds calied valvulae connsvenies (or fold
Kerckring), which increase the suriace area of
absorptive mucosa about three-fold. These f¢
extend circularly most of the way around
intestine and are especially well developed in
duodenum and jejunum, where they oftea p
trude as much as 8 mun. into the lumen. ¢
Located over the entire surface of the sp
intestine, from approximately the point at wh
the commen bile duct empues into the duoden:
down to the ileacecal valve, are literally millic
of small »4lli. which project about § m.a. from 1
surface of the muccsa, as shown on the surfaces
the valvulae conniventes in Figure 65-$ and
detail in Figure 65-6. These villi lic so close
each other in the upper small intestine that th.
actually togch ia most areas, but their distributi,
is less profuse in the distal small iptestise. T}
presence of villi on the mucosal surface enhane
the absorptive area another 10-fold,
The intestina! epithelial cells are characterize
by a brush border, consistng of about 600 m
crovilli | um in leagth and 0.1 um in diamel
protruding from. each cell; these are llustrated |
the electron micrograph in Figure €5-7. This it
creases the surface area exposed to the intesting
matenals another 20-fold. Thus, the combinatio,
of the folds of Kerckring, the villi, and the mi
crovilli increases the absorptive area of the muee
sa about 600 fold, making a tremendous total are:
of about 250 square meters for the entire smaj
mtestine — about the surface area of a tenj:
court. ! i,
Figure 65-&A illustrates the general organizm-
tion of a villus, emphasizing especiaily the advan-
tageous arrangement of the vascular system for
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Frgore 65~7.  Brush borer of the gasuroi inal sprthehial
Ll showing. a0, pinocytic vesicles. nutochoadnia. and endo-
paaymie reuculum lyng i dixtely bencath the brush border,
JCwuncyy of Dr Wilham Lockwood.)

sbsarpuon of fuid and disso:ved materal into the
portal blood, and the arrangement of the censral
lureal for absorption into the lymph. Figure
668 shows the cross-section of a villus, and
Figure 65-7 shows many small pinocytic vesicles,
whith are pinched-off portions of isfolded epithe-
hum surrounding extraceliuler materials that have
been entrapped inside the cails. Small amounts of
substances ase absorbed by this physical process
of pinocytrosis, though, as noted later w the chap-
ter most absorption occurs by means of singie
meiecular ransfer. Located near the brush border
of the epithelial cell are many mutochondna.
which supply the cell with oxidative energy need-
ed for active wransporr of materials through the
intestinal epithelium; this also is discussed later in
the chapter,

- C MECHANISMS OF ABSORPTION

Abscrprion through the gastrointestizal mucosa
XIurs Dy active rransport and by Jiffusion, as s
30 true for other membranes. The physical prin-
<-ples of these processes wers explaned in Chap-
er 4.

Bnefly, acuve transport unpans energy to the
substance as 1t 13 being transported for the purpose
of concentraung 1t on the other side of the mem-
brane or for moving it agans¢ aa electrical poten-
U2l On the other hand, the term diffusion means
“mply transport of substances through the mem-

fne as a result of molecular movement aloag,
fther than against, an electrochesucal gradieat.

f’-_SORPTION IN THE SMALL
- "TESTINE

Normally, absorption from the small wtesuns
S<h day cecsists of several hundred grams of

m—-—q

carbohydrates. 100 or more grams of fat, 50 1o 100
groms of amuno acids, S0 o 100 grams of 1ons, and
8§ or 9 liters of water. However, the absorpuve
capaciry of the small wtesune is far greater than
this: as much as several kdograms of carbohy.
drates per day, 500 to 1000 grams of fat per day.
500 to 700 grams of ammuno acids per day, and 20 or
more liters of water per dav. In addiuon. the large
intesune can absorb still more water and 1oms,
though almost no nutnents

ABSORPTION OF WATER

Isosmotic Absorption. Water is transported
through the iptesnnal membrase entirely by the
process of diffusion. Furthermore, this diffision
obeys the usual laws of ostnosis. Therefore, when
the chyme is dilute, water is absorbed through the
intestinal mucosa into the blood of the villi by os.
mosts.

Water can also be traasported by osmosis from
the plasma into the chyme. This occurs whesever
hyperosmotic solutions are discharged from the
stomach into the duodenum. Usually within min-
utes, sufficient water is transferred by osmosis to
make the chyme isosmotic with the plasma. On
the other hand. if there is excess water in the
chyme, the osmosis into the plasma also causes an
isosmotic state within a few mioutes, Thereafler,
the chyme remans almost exacty isosmouc
throughout its total passage through the smadl and
large intestine.

As dissolved substances are absorbed from the
lumen of the gut into the blood the absorption
teads to decrease the osmotic pressure of the
chyme, but wzrer diffuses so readily through the
intesunal membrane (because of large 7 to 15 A
intercellular pores) that it almost instantaneously
“follows™ the absorbed substances into the blood
Therefore, as ions and nutnents are absorbed, so
also ts an1sosmotic equivalent of water absorbed
In this way oot only are the wons and putrients

. almost enhrely absorbed before the chyme passes

through the small intestine, but so also 15 almost §5
per cent of the waler absorbed.

ABSORPTION OF IONS

Active Transport of Sodium. Twenty to 30
grams of sodirm are secrsted into the intesunal
secretions each day, Io addition, the normal per-
son eats $10 8 grams of sodium cach day. Combin-
ing these two, the small intestine absorbs 25 to 3§
grems of sodium each day, which amounts to
about one-seventh of all the sodium that is preseat
in the body. One can well understand that when-

. ever the wtestnal secretions are lost to the exten-

or, as in extreme diarthea, the sodium reserves of
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the body can be depleted 10 a iethal level witin
hours Normally, this sodium is secreted and
reabsorted continually with only about | millic-
qurvalent lost in the feces each day. The sodsm
plays an importan! role in the absorption of sugars
and amino scids, as we shall see in subsequent dis-
cussions.

The basic mechanism of sodium 3bsorption
from the intestine is dlustrated in Figure 65-8. The
principles of this, mechanism, which were dis-
cussed in Chapter 4, are also essenually the same
as those for absorption of sodium from the renal
tubules, as discussed in Chapter 34. The motive
power for the sodium absorption is provided by
active transport of sodium from inside the epitheli-
al cells through the sid~ walls of these cells into
the intercellular spaces. This is illustrated by the
beavy black arrows w Figure 65-8. This active
transport obeys the usual laws of acuve transpor:
it requires a carrier, it requires energy, and it s
catalyzed by appropriate ATFase camer enzymes
in the cell membrane. Part of the sodium is trans-
ported along with chloride ions, part 1s transpo,ted
in exchange for potassium ions, and part is trans-
ported without either of thess=.

The active Tansport of sodium reduces its coo-
centration ip the cell to a low value {about 50
mEq.Jliter), 3s also flustrared in Figure 658.
Since the sodium concentraton in the chyme s
normally about 142 mEq.liter (that is. approxr
mately equal 10 that o the plasmna), sodium dif-
fuses from the chyme through the brush border of
the epithelial czll into the epithelial cell cytoplasm.
Tuis replaces the sodium that is actively transoort-
ed outl of the epithelial cells into the intercellular
spaces.

The pext step in the transport process 15 0smo-
sis of water out of the epithelial cell into the
intercellular spaces This movement is caused by
the osmotic gradient created by the reduced con-
centradon of sodium wside the cell and the sleval-
ed concentration in the intercellular space. The
osmous movement of water crzates a flow of flwd

eprithelium. No“¢ sl30 the osmoue aborpron of water - that s
the waser “follows ™ the sodum through the epithel al mem-
brane.

into the intercrtiular space, then through the
ment membrane of the epithebum, and final
the circulaung bicod of the vt New war
fuses along with sodium through the brush i
of the epithelial cell to repienish the wate
osmoses to the intercellular spaces.
Transport of Chloride. In the upper pan
small intesune chioride transport is mar
passive dufusion. The transpont of sodiun
through the epithelium creates electronegats
the chyme and elecuopositivity on the bass
of the epithelial cells. Then chloride ions
along this electrical gradient to “follow
sodium ions.
Atfive Absorphon of Chloride fons and .
Secredon of Biccrbonate lons in the Lower [lew
in the Large Imtestine. The epithielial cells ¢
distal ileum ano of the large intestine haw
special capability of acuvely absorbing chl
ions by means of a tighily coupled active tran:
mechanism i which an equivalent numbe
bicarbonate ions are secreted. The functional
of this mechamusm is to provide bicarbonate
for neutralizanon of acidic products forme
bactena —~ espacially in the large intestine.
Vanous bactznial toxins, parucularly thos
cholera, colon bacili, and stapaylococci,
strongly sumu ate tus chlonde-bicarbonate
change mechanism. The secretec bicarbonate
carmes with 1t sodium ions, and the two of ¢
together carTy an sosm~uc equivalent of wate
well. Thus results in rapid flow of fuid from
distal part of the gut, thus causing diarthea
cholera, especially, th: diarrhea can be ¢ ser
that it can cause deawn withic 24 hours.
Absorption of Other Ioms. Calcium ions
actively absorbed, especially from the duodem
and calcium ion absorption 1s exactly controle
retation to the nesd of the body for calcism. {
important factor coaolling calcium absorptior
parathyroid hormone secreted by the parathyr
glands, and another 1s vitamin D. The paratbyr
hormone acuvales vitamis D in the kidneys, ¢
the activated vitamun D in turn greatdy enbam
calcium absorption. These effects are discussed
Chapter 79. )
Irou tons are also aclively absorbed from !
small intesune. The pninciples of ron absorpt
and the regulauon of its absorpuoa in proporh
to the body's need for iron were discussed
Chapter 5. .
Potassium, magnesium, phosphate, and prod
bly sull other ons can also be actively absorbt
through the mucosa In geoeral, the monovalk
ions are absorbed with case and wn great quac
pes. On the other hand, the bivalent ions &
normally absorbed in only small amousnts; fort
nately, only small quantities of these arc normé:
neaeded by the body




.2SOAPTIOM OF NUTRIENTS
.~,zction of Carbohydrates

gaerually all the carbohydrates are absorbed
. 'ne @ m of monosacchandes, only a small
ruon of 3 per cent bewg absorbed as dis-
schandes and almost none as larger carbonydrate
_mpounids. Furthermore, bide carbohydrate ab-
wrpnon results from simple dufusion, for the

. pores of the mucosa through which diffusion

acurs are essenually impermeabie to water-
wiutie soiutes with molecular weights greater
a0 100

That the wansport of mos: mososaccharides
through the intestinal membrane is an active proc-
¢ss 15 demonstrated by severd important experi-
mental observatioas:

1. Transport of most of them, especially giu-
cose and galactose, can be bbxked by metabolic
nhibitors, such as jodoacetic acid, cyanides, and
shlorhizin. .

1 Thetransport s selective, specifically trans-
poring certain monosaccharides without trans-
porung others. The order of preference for trans-
porting  different monosaccharides and their
relauve raies of ansport in companson with
gucose are:

Galaciose
Glucese
Fructose
Mannase
Xyiose
Arabinose

n

1
.0
4
.
.1

OO D e —~

1. There is a maximum rate of transport for
€3zl 1ype of monosacchande. The most rapidly
Tansporied monosacchanide is galaciose, wth
$ucase running a close second. Fructose, which is
3350 one of the three important monosacchandes
OF 2uineon, 15 absorbed less than half as rapidly
s =ither gajactose or glucose: also, its mechamsm
*t acsorpuon is different, as will be explaned
Mow
, 4 There is competition between certan sugars
;or the respective cammer system. For instance. ¢
43¢ amounts of galactose are being transported,
% amoust of giucose that can be transported
Ymuftaneously is considerably redoced.
_Mechaniom of Glocose and Galactase Absorp-
Yot  Glucose and galactose trassport ceases
“henever active sodium transport is blocked.
Ehcrcfor:, it is assumed that the energy requirsd
Of ‘ransport of these two monosaccharides is
3tually provided by the sodium transport systen.
A iheory that atiempts to explain this is the
"otlowang: 1t 15 known that the carrier for transport
3 3lucose (whuch is the carvier for galactose as

ceee WA THUINTESTINAL TRACT 823

well) 1s present in the brush border of the epithelial
cell. However, this carner will ot transpont the
glucose in the abseoce of sodium transport There-
fore, 1t 15 believed thar the carner bas receptor
sites for both » glucosr molecule and a sodium ion,
and that it will not ransport either of these (o the
interior of the epithelial cell untl both recepror
sites are sipujtancously flled. The energy 1o
cause movement of the carrier from the extenor of
the membrane 1o the intenor is derived from the
difference in sodium coucentration betwees e
outside and taside. That is. as sodium diffuses to
the mside of the cell 1t “"drags™ the carmer. and
therefore the glucose as well, ajong with it. thus
providing the energy for transport of the glucose.
For obvious reasons, this explanation is called the
sodium co-~transport theory for glucose trans-
port.

Subsequently, we will see that sodium transport
is also required for trapsport of amsno acids,
suggesting a sunilar *‘carmier-drag’” wechansm for
amno acid transport.

Absorption of Fructose. Transpost of ructose
is slightly different from that of most other mono-
saccharides. It is not blocked by sotne of the same
metabolic poisons — specifically, phlorhizin —
and it does not require metabolic energy for
transpost, even though it does require a specific
camer. Therefore, it 1s Dansported by facilitared
diffusion rather thah active transport. Also, it 15
mainty converted into glucose inside the epithelial
cell before entering the portal blood, the fructose
first becoming phosphorylated, then converted to
glucose, and finally released from the cpithelal
czl) into the blood. -

Absorption of Proteins

Most proteins are absorbed in the form of amino
acids. However, small quantities of dipepudes and
even tripeptides are also wsorbed, and extremely
ounute quantities of whole proteins can at times be
absorbed by the process of poocytosis, though
not by the usual absorptive mechanisms.

Thz absorpton of azuno acids also obeys the
prnciples listed above for active absorpucs of
glucose; that 13, ihe different types of amino acids
are absorbed selectively and certain ones interfere
with the zbsorption of others, Bustrating that
commae carrier systems exist. Finally, metabolic
poisons block the absorpnon of amine acids in the
same way that they block the absorpdon of giu-
cose,

Absorption of acmno acids through the intestinaj
mucosa can occwr far more rapidly than can
protein digestion in the lumen of the intestige. As
a result, the pormal rate of absorption is deter-
mined oot by the rate at which they can be
absorbed but by the raie at which they can be
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released from the protetns during digestion. For
these reasons, essentially no free amino acids can
be found in :he intestine dunng digestion — that
is, they are absorbed as rapidly as they are
formed. Since most protein digestion occurs in the
upper small intestine, most protein absorption
oceurs in the duodenum and jeiupum,

Basic Mechanisms of Amino Add Trans
port. As is true for monosaccharide absorption,
very little s known about the basic mechanisms of
arsino acid transport. However, at least four dif-
ferent carmier sysiems transport different amuno
acids — one transports neutral amino acids. a
sezond transpornts basic amino acids, a third trans-
perts acidic amino acids. and a fourth has speci-
ficity for the two imino acids proline and hvdroxy-
proline. Also, the transport mechanisms have far
greater affinity for transporting L-stereoisomers of
amino acids than n-stereoisomers. And expen-
ments bave demonstraled that pyridoxal phos-
phate, a derivative of the vitamin pyridoxine, is
required for transport of many amino acids.

Amino acid transport, like glucose transport,

occurs only in the presence of simultaneous sodi-
um transport. Furthermore, the carrier systems
for amino acid transport, like those for glucose
transport, are in the brush border of the epithelial
celi. Tt is believed that amino acids are transported
by the same todium co-traasport mechanism as
that explained above for glucose wransport. That
is, the theory. postulates that the camier has recep-
tor sries for both ap amino acid molecule and a
sodium ion. Only when both of the sites are filled
wiil the carrier move to the interior of the cell.
Because of the sodium gradient across the brush
border, the sodium diffusion to the cell interior
pulls the carrier and its attached amino acid to the
intenior where the amino acid becomes trapped.
Therefore, amino acid concentraions increase
within the cell, and they then diffuse through the
sides or base of wie cell into the ponal blood.

Absorption ¢/ Fats

Earlier in this chiapter it was pointed out that as
fats are digested 10 form monoglycendes and free
fantv acids, both of these digestive end-products
become dissoived in the lipid portion of the bile .
acid micelles. Because of the molecuiar dimeo-
sions of these micelles and also because of their
highly charged extenor, they are soluble in the
chyme. lo this form the monogiycerides and the
farty azids are transported to the surfaces of the
epitielial cells. On coming in coatact with these
surfaces, both the monoglycerides and the fatty
acids immediately diffuse through the epithelial
membrane, leaving the bilz acid micelles still.in
the chyme. The micelles then diffuse back into the
chyme and 2bsorb still more monoglycerides and

fatty acids. and similarly transport these ab |
the epithelial cells. Thus, the bile acids perfo ©

“fermying* funcuion, which is highly importar |

fat absorption. [n the presence of an abundan. .

bile acids. apgroximately 97 per cent of the t ,

absorbed. 1n the absence of bile acids, only ;

60 per cen; is normally absorbed.

The mechanism for absorption of the monog
endes and (atty acids through the brush bord
based on the fact that both of these substance:
highly hipig-sotuble. Therefore, they become
soived in the membrane and simply diffuse to
interior of the cell.

The unaigested trigiycenides and the dig
erides are both also highly soluble in the |
membrane of the epithelial cell. However, ¢
small quantities of these are pormally absor
becanse the bile acid micelles will oot dissc
either triglycerides or diglycerides and there!
will not ferry them to the epithelial membrane

During cutry into the epithelial cell, many of
monoglycerides are further digested into glyce
and fauy acids by an epithelial cell lipase. Th
the free fatty acids are reconstituted by
smooth endoplasmic reticulum into triglycerid
Almost all of the glycerol that is utilized for t

purpose is symthesized de novo from albp
glycerophosphate, this synthesis requiring b
energy from ATP and a complex of cnzycges
catalyze the reactions. ! ’

Once formed, the wriglycerides aggregate wit!
the endoplasmic reticulum into globules .
with absorbed cholesterol, absorbed phosg-
pids, and newly synthesized cholestero! and pin
pholipids. Each of these is then encased ip
proten coatl. utilizing protein also synthesiz
by the endoplasmic reticuium. This globu
mass, afong with its protein coal, is extruded fn
the sides of the epithelial cells inzo the intercellu
spaces. and from here « passes into the ceot
lacteal of the villi. Such globules are called chy
microns

The protein coat of the chylomicrons mak
them hydrophilic. allowing a reasonable ¢
gree of suspension stability in the extracellu
fluids. Poisons or genetic disorders that preve
forrnation of the protein for coating the chy
microns cause the fal to accumulate in the ¢
thetial ce!l and not 1o be extruded into the ext
celtuiar fluid.

Transport of the Chylomicrons i ¢
Lywmph. From the sides of the epithelial cells t
chylomicrons wend their way through the ba:
ment membrane and into the central lacieal of t
villi and from here are propelied, along with t
iymph, by the lymphatic pump upward throu
the thoracic duct to be emptied into the great vel
of the neck. Between 80 and 90 per cent of all
absorbed from the gut is absorbed in this mant
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g 15 transported to the blood by way of the
paravic lymph in the form of chylomicrons.
“pirect Absorption of Fatty Adds into the Portal
piood. Small gquanuties of short chain fauy
ids such as those from butterfat, arc absorbed
arevtly 010 the portal blood rather than being
.omverted iato triglycendes and absorbed into the
wmphatcs. The cause of tus difference between
Jort and long chain fatty acid absorption is pre-
wrably that the shorter chain {atty acids are morz
sater-soiuble, which allows dirzet diffusion of
oty acids from the epithelial cells into the capd-
un biood of the villus.

Absorption o« Bils Salts. In the upper portion
o the small intestine the bile saits are pot ab-
wrted. this fallure 1o be absorbed requires them
1o remaia io the chyme and to contmnue their
function of “ferrying®’ free farty acids and moo-
oglyeznides o the intestinal mucosa through the
eniire extent of the small intestine. Once the
processes of {at digestion and fat absorption have
been accomplished in the upper and mid-intestinal
levels. however, the bile salts themselves are then
absorbed from the distal ileum before the chyme
empues into the large intestine. This absorption is
an aclive process and is carrier-mediated.

Afier being absorbed from the distal ileum, the
bile salts are again sccreted in the bile by the Liver
and re:urned once more to the upper intestine.
Thus. the same bile salts are re-secreted sgveral
umes each day and are used azain and again in the
process of fat absorption. Qaly a small portion of
the Sule salts (approximately 5 per cent} is lost
during each cycle of this “*bile salt circulation.”

On occeasion, the bile salts faill to be zbsorbed ia
ihe lleum and instead empty with the chyme into
the largz intestine; this occurs especially in pa-
nents whose distal ileum has besa removed be-
cause of ileius. The presence of bile salts in the
iarge intasune frequently causes severe diarrhea,
rresumably because of the detergznt effect of
thess salts acung on and imtaung the large intest-
nal mucosa.

"SORFTION IN THE LARGE :

"ZSTINE: FORMATION OF
: FECES

Appioximately 500 10 1000 ml. of chyroe passes
trough the fleocecal valve into the large wtestins
tach day. Most of the watcr and electrolytes
ttus are absorbed in the colon, usually leaving less
than 100 ml of finid 10 be cxcreted in the feces.
Aso, essennafly all the ions are also absorbed,
le3 nng less than } wmilliequivalent each of sodium
and chioride iops to be lost in the feces.

Most of the absorption in the large intesune
O¢curs 1 the proxumal half of the colon, piving this

I%u|_-7c——- 0 381} 122

portion the name absorbing colon. while the dista
colon functions principally for storage and 1s
therefore called the srorage colon

Absorption and Secretion of Electrolytes acd
Water. The mucosa of the large intestine. like
that of the small intestine, has a very high sanacity
for active absorption of sodium, and the electncal
potential created by the absorption of the sodium
causes chloride absorption as well. [o addition, as
in the disial portion of the small intestine, the
mucosa of the large 1otesune actively secretes
bicarbonate wns while it simultaneously acuvely
absorbs an equal amount of chlonde ions in an
exchange transport process. The bicarbonate
belps 0 neutraiize the acidic end-products of
bacterial action in the colon.

The absorption of sodium and chlonde ioas
creates ac osmotic gradient across the large intes-
tinal mucosa, which 1n turn causes absorptioy of
water.

Bacterial Actoo in the Colen, Numerous bactera,
especially colon bacilli, are present in the abscrbing
calon. These are capabie of digesting small amounts of
celiulose, in this way providing a few calones of outn-
uon to the body each day. In herbivorous animals this
source of energy is very significant, thoughb it is of
negligible importance is the human being. Other sub-
sances formed a3 a result of bactenal activity are
vitamup K, vitamun B.,, thuasmun, riboflavin, and vanous
gases that cenuibute 10 Aarus 1o the colon, Vitamio K is
especially important, for the amount of this vitamup
the wgested foods 13 normally wsuffcisnt 1o magtan
adequate blood coagulauon.

Compasition of the Feces, The feces normaliy are
about three-fourths water and one-fourth solid matter
composed of about 30 per cent d2ad bactzria, 100 X0
per cent fat, 10 to 20 per cent inorganic maftter, 2w 3 per
czat protein, and 30 per cent undigested roughage of the
food and dried constituents of digestve juices, such as
bie pigment and sioughed epithelial cells. The large
amount of fai derives from unabsorbed farty acids from
tbe diet, fat formed by bacteria, and fat 1o the sloughed
epitbelial cels.

The brown color ¢. “eces 1s caused by stercobdin and
wrodiiin, which ars densanves of blirubie. The odor s
caused pnrcipally by the products of bastenal action,
these vary from one persobn to another, depending on
each prran’s colonic baztznal llora and oo the rype of
food eaten. The actual odorferous products nclude
indole, skatole, mercapians, and hydrogen sulfide.

REFERENCES

Beck. [ T.. The rok of pancrewix enrywa @ digedton. Am J Cln
Nur,, M3 19T

Borgurdm, B. Fu digricon and aosorpooe Momembranes, 48 355,
974

Brodiey, D N. The otracciular phase of It absorpuot. Jiomem-
branrs 4B-62L, 1974

Cuywnacr. O | ], and vas Tongeres, 5. A M.: Malabnorpuoe »
Cocuac Sprue The Hague Y Ngbof Madical Divawe, 1977

Craoe, R K lawesunal assorpuon of glacone. Siame mbransy, $A: 3],
1974,

e

[ RO e

;s e e




1

e v

.

e ‘rﬂ*q
PO

™

o

1

wmvmj
PR

1

ww-sra
& e

1

PR
s

|

3

&

&WW']

e

7

1

i 8

1

826

Creamer, 8. lolestinal struciwre o relaom W atsorpton, Swerem-
Sranes 44 1. 1974,
Dawcaport. H W A Digrst of Drgestion. 2ad E4 Chicago. Year Book
Medical Putiinrerns, (778
Forth, % and Rummel. W lron adsormwoe Fhviol Aer . 31 724
1773
Frzzel R A .and Schulz S G Moucls of cctrolye atmacruos and
wcreuoa by pastromasunal exthels fa Crane, R, K, ted ¥ foterma-
wotw Revew of Phviniogy: Guvoneiunal Pryywlogy (T Vel. 19
Baltunare. Univernry Pk Press 199, p 2
Holzee, N . and Tachusche H teds » Bowexal Functoos of Proum-
ases Nee Yorx. Springer.Vestag. (79
Jacxsca, M} Treaunest of sbort than 30y aads. Siomempranes
48 473 TN
Kim. Y § era/ lntesunal pepude hydrolases™ Pepude and aouno aod
wsorpion Med Cun Normw Am 3 1)V, 1974
Kotyk A WMech of
Acta JAO 18I, 1973
Levitan, & . 301 Wilion. D E . Absorpion of waser wluble tutitances
in MPT tawermavonsd Review of Physwiogy Vol 4 Baltimore, Un
wernty Park Press, 1954, p 293
Matthews, D 4 Intestunal absorpion of aguuo acxds and pepiades.
Proc Nsir Soc . 31171, I9TL
Maewr, D, o, Absorpton of ammo acds 3d pepuiea rom e
 tBtestne. Ch. Endocnnol Metabol.. 13, 1N
D. N, A > of wuaer-soluble vaamuns  Rlomem.

e Bwchem Buphys

hrun ll 8, 1974
Matthews, D. 4.

35:537.1918.
Ockner. R. K.. and laselbucder, K. ) : Recent concopts of intesunad fu

Wsorpioa, Rev Phesiol. Bwochem Pharmacol., 71100, 1974

Okuda. K.: Intesumal mucoss and niama B, absorpuoa. Digesnoa
473, 9T

fawsunal anorpuos of pepades. Physwod. Rev |

THE GASTROINTESTINAL TRACT

Olsen. W, A Cartobydrate sbworptios Wed. (s Verh Am. 38 ¢
{1228
Schumz, 5. G.. Prscipies of eserrophyuoiogy 106 et applicay
epriheha) tatues /o MPT buermanonal Xevww of Scxace Phy,
£ Yd 4 Buumore. Lruverizy Past Poas 1974, ) &8
Schumt $ G, er af. loa transport by macmsias wall vy
Aans. Rev Phynol . 24 1L, 1974
Suk, 8. 3. A and Devica, A, K. owtuna absomuoe of cam
draiz med prowtn vy man fa Crane, R K 1ed | iermanonal e
of Prysoiogy Gastroamissonal Pyywoiogy 01 Vol 19 Balum
Uruvermey Put Press, 197, p 132
Sunmouds, W [ . Absorpaon of Upeds. /a MPT o matoan! Rene.
Su;v’z Phyuology. Vol ¢. Baiumore, Univervaty Prot Press.
p. M)
Smyth. D. H (ed ) lotestmal Absorpica. Vobs 44 and 48 New Y
Feoum Preyy, 1974
Soerged K H . and Holmana. AL F  aporpuon {a Frohhch, E
At;‘) Pucbopbymology. iod E4 Phladepba. ). 8.
1976, ». 9
Turnbeng, L. A, Abtorpuoe sad secreuoo of wakt and waker by the sy
wietnw, Depeation, 9:357, 1975,
U:o;v. A M.: Membrane (comtacty digesnoa. Jiomembranss, 4.0
197

Vunclm. D.. Regulatoos of voo abworpuoa. Fed. Prec. 23:1
1974

Walwoa, O W, and Sodecua. W. AL, K. Tix 1oall owesune

Sodemam, W A, J1. ard Sodeman, T. M, (sxis } Patholope Phyve
Tr Mecheanoa of Doexss, &b £E4. Phiadeipom. W, B, Savnd

. of prown hgeaoon prooks. Bome
draaes. ¥4 34), iY74




.

.
vyt

n

onndamd sgpregation of padie Coruad Chew. 6T,
FELRES P, ZAWISTOWIZA, U, ZILLMAN, K_ sad BUSRUK W,

. Ml-hboc .
of rerecres wprag

BELL R M. DANIZLY DG K. FLARN, T, o0d STEWART, L A,
1967, 1" pi¢ compositions, deking sud stie ch of
Whett varwem growy ia the U.K. J. Coreal Sl 5277,

CHUNG, 0. K, FOMERANZ, Y. and FINNEY, L F. 1902 Lotion of
potar ped coutens 1 S g requurrarst saxd loual volume pouscal o
Tard rel wusew whes! Nowr. Corer! Cheen. 3914

CRUNG. G K POMERANL, Y. and JACORS, R M. (984 Sebvem
sobwbslly puremwior sad fiowr molstur effects ow Spad extrnciadiey, J.
Am O Oem. Soc, 61-71

OALANCS. D W, aad :Arovug. V. M 1963 Druermination of
Sugurs @ prrcolpeh, Beockem Howdve Acta 9.ITE

BATZS, M. 1972 Tertaqum of lipndciogy: bounoe snulyws sad

¥

ideatficsios of Sput Page IX w Laborstory Techma
Beochemasiry and Melcwiss Ihodogy Vol L T &'«tml'lﬂ.
#du North-Holend Pl Co. Ammerdam.

LINGM Y J.YOUNGE V L and D'APPILONIA R L (974 Hard
red spring 304 Juram whews poias bpida. 11 Effect ow qoniny of Wread
and pasta. Crral Coem. S04

MARSTON, P, and MacRITCHIE, 7. 1985 Lipeds. Effects oo U
Sropdmating qasitum of Anstreima Nours. Food Tackmol Aast, 6L

MORKISON, W. R_ TAN. & L.nad HARQIN, K. D 1990 Metdudy for
the quantraty saatysw ol Bpede in orvesl prame aad mewims o )
Sct, Food Agne, )13,

POMERANL Y. 1971, Otycob pud-peoscia inwersciions = bevad fmbing.
Bakeny Drg AXIRS

THOMPSON, R & 1171 Amslyru of moeo- snd duacchandes by gh
prriormance bawd chromatopepiy of the benry tme-periwareyi
denvetives. ] Chroostogr. 168 01

. [Recorved July 28, 1987, Revisson received May 20, 1933, Accepted May 27, 1988.]

Degradstion of Bexn Proteins
by Endogenouns and Exogenous Protesses—A Review"

S $ NIELSEN'

ABSTRACT

Bens proscsas arv degraded by prosciscs vius hamase aad umoces vk
Wmlutndt&&nﬂmdm-nd Wiheress bomas
dgTmIve caryEms g Dy act ot hewt-4 4 beas ¢

'kmﬂ—du‘-mh—awﬁlnmm&umm
proncms. Unhks Uw portaindod swed and the bema weeril, whucd witos o

Crrem] Ovemn. AN SR

Cywcioe protoeas along WA oiber 2ypea of corywes o degrade besa
Protevas, bumans depead aapety ou acd and senne provoesa. Comparmg
the Sreakdown of Soan prowass by YRR Prodcaacs W thewe Uhroe rysoroe
eads 0 &8 Setier waderrtanding of dexcn protna sreci e sad suthiree
volume

The protuiss of Phasecha vdgaris are sodyectod L degradanon
by protcascs from & Yasriety of sources. These proteins &r¢ 3 sourcs
of emmino acids for the growiag plase, for mects that infext the
seeds, xad fof 390w o who consame the legUrne as 40 econo mical
sowrcx of proteis. Dvnag gerainetson of the seed, Nonge protans
are degraded and mobilizsd They are broken down o azuwe
e, which e umed for te vymthess of venous enrymet,
srectund protnal, o-Alrogeneus composnds, of {or emergy
(Asbton %76 Mayerand Marbach | 341, Wilson 1986, Shotov and
Vaintrauwd 1987} The bes s weevil A cmwvshascelides oArerna s also
adle to degrade the protmas of 2. wwizerts uniag proteshyx
earymes 10 it vt Tho brochsd beetle can cause severe Jos of
stored oty wiended [or Yuma s consumpLOs Of plmuu
{Sowthgate 197%, Harin 1931}, Whereas ¢nrymes in the
‘persunansg secd 454 1w e beas worvil gwt most degrade aauve
beas proiems, i digestive eaxyes of rumans presusaabdly bave
A2 emswy At WACE the pretcam haw bety  hest
desninred, The discussion te follow will cosslder them

breakéown of buan prosmas by prowsascs i vLrions systemns.

‘Ponmssed W ot @ 00 Pon Lons Acriss Susdea; 00 Adwencs s Dew
lh——--.ﬂl-n.h-h-.~l-—t-*ll~
smranl Pugur on. 11,291 of e Pasput Dutvartty Agruntrarst L oparemmst Swion,
“Depovanm of e, Pavr Univarstey, Wee Latepomn, D6 €707,

of Cosmd C

e A

0q00r132

;
CIRMINATION

of Thtrectin snd Other exn Proteine

Much of ibe literature oo the degradation of 2. vidrarts protcins
COOCETMS Lhe MEJOr Romage protnia thst consututes 0755 of ihe
tota, wed protesa (Romwro et o) 1975). Coafumon exwu
coocrrnung the )dcasity of Lhu protein, sirce it has been referred 1o
by vanovt namey, tueh s phuseolin, cuphaseolin, glycoprotan i,
G globulia, and veailis (Liency and Thompsoo 19801 Sunce ali of
these Preparxiions seem 1o ahare the e properiss, it will be
tefertod (0 a3 phaseoda o tha peaper.

Numerous sindiws have cxamuncd the degradauco of phaseobs
dunng germiratos (Trhie 1. The degradation of thu
proceeds slowly and 3 sesrly compicte by cight o0 10 days of
germoinntion (Racuses and Foore 197, 1973, Ballia) sod
Chrupechs 1978, Satbe et al 191); Niclwer 2ad Liener 1984),
Rescrve proteia Sepradation is sbo dow denag germinstios of
other legumes includimg chickpes (Ganesd Xamar sad
Veokaaruman {973), pove (Xoeopeka 1779, Bashe sad Becvers
1975, soybema (Catmampoolas et ol 1963) and sexng boma
{C2rmapocts and Bouiter 197%) Gel clectropboress shows that
prounanon of 7. vmiparis foc scveral days bas btik effoct om
phassclin, but this is folowed by & grad wal degrada boa (Racusen
and Foote 1971, 197); Nicra and Licacy (984; Pusztai e al 1977,
Sodinm dodecyl salf stevpadyncryinsmde gei eloctropbors (SDS-
PAQE) wicates that the throe sebumas of phascoks (30-52,
474, and 44-éb EDu) are degraded during grrvsisutios mto
mmunﬂmm(lﬁ)hmwd
20,000~ 30,000 (Bollini s Ohrispecis 1978, Murrey 1961 Sathe ot
al 1980, Neclarn 809 Laraer 1986 The somationt phascciis mbunil s
degraded more rpedly tea the two bargey swbenm (Satbe ot o)
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Lreem oawen 488 Licon [994) This patiers ddffery from thst
repored for the pes {Bashe sad Beevers 1979) and muag dear
(Bouker o &l 1973), where the irpest pebamet of the major atorxge
proteio s U firt to 3¢ brobre dows durmg gerouseson.
Litis work bas dees reportad oe the brealdows duriag
srrmiasion of 2 rulpwls protwips ouser thas phascobs. Tim
raut of nudics wah thewe hean proteiss bisted by Tabie | are
dﬂnhwmmhnuddiﬂcmhmu&um
recocaatson and ather .acvors ¢ acumed telow,

Prownirtic Activity
Proceolytic entymes phay 3 key role is e Wochemics
mechanirn of yerminaiion. Prowns sysihas w the developing
roedling depends on the dydrotrti of seed nonge protim. Tha
Feview cowers tbe Steratune coscrring e prweeointic enrymc
AU (2 the cotyledom of germinating /. vadperts sad does sol
drcum proeolytic actvrues i rcher parts of U seedling.
Renorts of changos is caryme scuvinel in the ecxyledons of
beams durey geremastion srv wot all is agrveacot, amd sowe
E i ies cua be atunbated to differences ia the vy dats are

exprevacd. As oowd by Crump and Murray (1979), 10 be accurats,
acuvities M3t be cxpressed ou 3 per orgad bass abd 2ot o ¥
paramcier that cdaages with ama, toch A3 wwight of prowa.
< e in Uwe b are alwe ibutadle ta duTerent
conditions of germisaioe roch as s ag before grroungpos,
temperaiure, bght s0d soed s, Diss ppearnace of total murogrs
of dry weght [rom the cotylsdons more sccwrately detzriaes the
sage of mrmimstion Lhas foes time expremed M days of
persunation. Therelore, whes sdequate data wre provided, enrytme
sctivies reportad 4t dest compered detwees riudias &t porau
whery equal total sirogen (or dry werght) has boes nob-hud.
Tabie 1l summarizes reports of protease nctivities Jor
Feraunating 7. vwigwris coryledons asd ths conditote peed 1w
measure the actinives. The cotyledons of germunating P wigeris
swody contain ssusopepdas (83 mesured by Lcocioep-
sitroamide or keucinetyrosine), carbozypeptidase (as messured
by N-carbadenrozy-L-phenyialsnine-alanioe), and dipcptadase (as
encasured by als sume-glycine) scumitics. They also coataun earytoes
capabdie of hydrulyneg jow molecolar wright 3ubstraics typecally
wod t0 measure Typsialiie euryme activity (o-N-denroyids

- TARLRY
Nafies Raparting Dagreducion of imarve Protuimn Dering Cormh o Ph by verlp
Raterven Culbver Protain Stndied*
Sodsm aad Curapeot 1973 Cwvrnsiorven 4P Viches .
B-Hay vt o 1973 Red Kidury Globukia fraction E (crude globaka isoinm)
Jew aad Sy 1Y Rad Tuducy N Clobubia prowse
. : Alveous prowie:
Bume proscies
Herey 1962 Fawindwy Woader 'g
Yorlors and Lomnay T904 tmprowet Tesderyrecs Q)
Peaxtsi and Dunces 971 Dort Sama Harvesser CRobalia prescss
Alvemon prowsas
Pacrta; o OYTY Precemer *Mgpor Rerrye proecia
Lacwwn sad Foory 19TV Poach Pod Waz *CGhycoprowe 11
Racyars 2af Foom N7 Peac Pod Wag i
Satw a1 a7 1943 Gmas Kertwre * Mlaror orzge prowis sod eihct braa proine
“Thost martnd with an asecrul prossame My ffer (0 the Smpar SOME Prosns, phaseols.
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Rodorvous Cultiver Ucliowr™ Uriltand Dascytond®
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STEE 15 FTEE bydroksae
NLEZA-TyrpNP ¥4 NCEZ-Tyr o NP bydrolam
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Cavmg and Poigasr 1984 Jelska, Owrotew Arecamre (%] Cywmos radopepticas
Fedar 1979, 1983 Saxs LPA 73 A noptpodase
NCAZA-Pae-t-An S0 Carborypepudam
‘ Azooune $4.18 Eadoprpuisse
Cepans sad {an 1990 Beaie Was Casru 53 Proteam
Eadograces protrwe ss Fronesse
Mevvwr snd Prabde (998 Canocs Camnig 33 Prowase
MXkoren 179 Procesmor Lea-Tyr [ 3] Alkskae amusopeptdew
Al-Gly 33 Drpepucase
Lew- Dega piitiyhe tmce [X] Newtra) samopeptadsst {ne pirtiryis mademe
-— ¥-CAZ i Pt AN s Carbaxypepisiane
» Prownes
o Casem 34,72 Prowas .
Vicwes aad Larwwr 19804 lgroved Tesoergroen BAPNA b3 o ] Trypeiakke suryms
Aocmesin 3.0-43 . AtOcAacLanes
Faeroia S0 Prosees
Pz sad Duncas 1971 Dwar! Dens WA % Amssopcpodase
. Rarvomer (3 uducy) HCRL4-TyrpN?P $08 Cyymotrypsenk ke ensyme
ZAPA 13 Trypeaike earyme
aam Provmas
Crerwn 4.9 Proamse
Esdogracren proscise 4408 Amtadgustiag activity
Youe eud Scucvens 197) Krarucky 'Woude Qe 33 Proscess
Youe el Tayhor 1973 Krnrucky Wonder Gartwtrs 313 Prowcase
‘LP AL L-irrcse-pantenadide; S-CB2-4-pho-LeA S, Nearbebrare s r-L-phesrialiaiani e aover; BAFNA o BAPA, o~ N-enzoyt-t-argininep-
b STEL, Mdunpoyia ey S aer, N-CIL4-Tyrg NP, o Scarbat pot. cyTowe-p-astrophenyt smer.
€% COREAL OHERETRY
L s T
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srpaunepaitrossalide, BAPNA) and chymotrypeinkks enryme
acuvy {e~-N~urbobeaoxy-Loyrodmep-ontropbeayl ester, M

* CBZA-Tyr-NP; N-deazoylei~iyrosies ethyl ester, BTEE).

Proteast scuvites Deve been reported wiing protrin subsirates
0Ch M crwia, ApocRiem, OF krmogiobin

Qunspech 1ad so-workery (1979) dypothasired s mechanim o
coatrol the eatzboliam of rescrve proteiwe ia hegumes, basod oa
theyr wort with mong ¥ 28 mecshiags, They sugpestad that tw
protes hodies of the resting besn costmn reserve proteine s
exryrocs sech a8 carbozypeptidases, but sot end e
required for reserve protzin degradation. However, sach
endopeplidases are synthesized doring germination sn the
cy-oplasm aad TanSPOied into the protnia bodier, where Uy
atlyre Cx degradatioc of fearrve protans m cooperation with
tbe carborypeptidases. Mikkoaes {1936) reported a low
arboxypepudase sclvity in resting seeds of 2. wiperts, bat bekh
Mixxoors (1936) aod Chrispects and Boulter (1973) found that
carboxypeptdas activity i during germioats Tas
impixcs thet, liks the endopeptidases, carboxypeptdeses are
rynthesired duning germinstion snd transported imto the protein
bodies. The carboxypeptidast sctivity peskod at day 6 of
perzunation ln ¢ stody by Feler (1979) and st day 1Qin 8 study by
Mikkoocs (1986), Howrver, (e peak carborypeptidase activity
Soth experznents ocxurred whew approtimaicly half of the toal
aitroges bad boen mobilired.

Cromp sad Murmay (1979} found two diTerent aminopepidase
v in dry beads that peaked betwern days 1 and 4 dunag
perminstion. However, sminsopeptidase activity has most oftes
beco reponad to be highes: in the nongerminated soed snd to
decrense duriag prrmination (Poinai and Duncas 1971, Feber
1979, Mikkonen 1 98€). The activrties of an alkaline ami 3
sa alkalize dipeptidase, snd 2 neuirsl aminopeptidase
{aaphbylanidase) have becs shows to de highest in the
noagerrunated cocyledont, then decrease during gorininstion
(Mikkooes 1985, Mikkomer snd Mikols 1§84, Mikkooen ot al
1938).

Posrtn and Duncas (1977) found the sctivity oa N-CBZ-t-Tyr
PNP 10 be sabie o day 7, then increase 10 3 mazimucn at day |4
approuoately 30% ntrogen mobilizration), when expremed oo B
dry woght ems. Crump and \Murruy (1979), who expremed dats
oo & coryidoe besi, reported a fourfold wvcreas is ssumnty oo
NCBZ-L-TyrpNP? [rom day 4 to its suwaimum st day 10
{approumandy $5% nitrogen modilimtion) and maximum activicy
on BTEE atday & Howevzr, Crump snd Mermy (1979) sugyested
the acuviy sgainst these two Jubstrates 8 doe Lo 8 popuade
hydrotase or esterase and 60X Lo 8 chymotrypamlike enryme.

Acuvity o8 BAPNA during grrannanios was reported to remnais
constant for |6 days when calculated on s dry weight basn. by
whach Utoe spproxumately T0F of 1he artrogea had deen o bilired
(Pwars and Duncaa 1971). When caiculated oo s cotytedon basa,
it wxs repored to revoais at ¢ maxioum ieved from day 210 10
approusutdy $3% snroges mobbuation) before decrensing
(Crrup and Murray 1979). Nirelsen and Laner (1984) showed &
tmal ocremse i9 acuvity o8~ BAPNA during 10 days of
FermIRALOs when caiculated on b dry weighi of protein baasand s
decTeuse 13 BNLY Ov & cotykdos basis. The optisacm pH for

bydrotyss of BAFXA by besa extract n 39, and cymeine

proeinase cabancers of iak briors have a0 effest on Uris activity
(Macters and Licver 1984).

Numerow ivacarch groaps have (oand tha the actvity (08
sced ¢ coydon oasu) on Sasein OF A2oCAIOA B optimiand at pH
56 and praks #t days 7 of germunatron (Pwsrtas and Duacas
1971, Yomo aad Srinrvasaa 197, Gepstein and Dan 1980, Meovier
snd Pyuido 1990, Feller 1979, Niclsen 1982, Niclaen and Licmer
1484). Nitrogen mobrunation for ths tizme penod of grrmunatios
reged from approlimsiely (5% w0 90% m these stedien
M kioncs {I985) reported the m:tivity 0o cavern st pH 5.4 00 & sood
¥ peaked at day 10 of (rvminanca (approvimatcly 30%
i rogrs mobdization), However, when calruluted on 8 dry weight
o proieis basas, Nielwen tad Liener (1934) reporied that thin
actvity ea rocasews 8¢ pH 4.3 increased chrowgh dxy §0 of
permunanon, st which bee SO% of Uve mlrogen dad boea modilized

~———

(Nirisea 1987). Prowrolytac activity oa cnseis o¢ arocasean &t pH 3.3
Sas borw shown by sveral rescand groupe 10 be enbanced st kast
twolcld by mercaptorthanol (Yome sad Sriarvasas 1973, FeDer
1977, Nielees snd Lisser $934) _od iakibited by po
chlorpaerounbeazoats (p-C M B) (Yomo and Srissvasan 1977} or
Nethytmadeunide (Nicises tod Liceze 1984). Extrmcu of e
germenared beans breat down phasolin at pH 3¢ (Wielen and
Liencr 1984). Thu actmty i endanced by mercaproctiunct and
compiriely elimuinatod by the cystam proteizase mlabiovy, M-
etbyhnalamade, levpepun, aad E-44 (L~reno-epoxyiacauylen-
cylamide [é-guanidino) dutane). These obeervaLoas kod to U
conchesion thst a cysteune prousina with as soxd pH ooumem s
fargely responiibic for Lhe resikdows of W aumyof s1013 ¢ proceas
dunag geroasnstion.

Lents coocxermng the mvolvememt of g appartat cyna
protsinase 1 permuasuos bave becs confrmed by fwo rocarch
growm. Caoms and Polgar {1984) purdied & cywtrine prottinase
rywh d dunag et ) of P. wdgperiy soeds. The panfied
enryme bad a M, of 21,400 and rescebiod papain ia that i thaol
povp s part of aa isterasve syttt where its aockopiilc
rescuvity s cobanced. However, it éffers (rotm papeis in the p &,
values for acylatioos and s the magnitades of the p H-independent
stz coartants foc alkylstioas with iodoncctate. Boylen and Susect
{1937} purified and charscierired me endopeptidase contanmg
yuose (rom germinated 1ocds of P vaiperis ov. Taylory
Horticultural. The enryme had a A, of 20,000, an optimuzm sctrvity
oe 'H-phaseolin a1 pH §, and showed mmximurs activety at five
days of germussnos, when approximsicly 60% of the total
ayopes had boen mobiliznd Ne esdopepodase scuvity was
derected in the cocyledens until afer the first day of »exdlng
powih, whea mtrogen mobdil was yet ppa The
eadopeptidase cleaved Lhe Lhree subsmts of phascoha mio three
cuners of fra gtoents having A, of 27,000, 25,000, 2ad 23.000. The
deavage site was rot determuped, bk the wine distribution of the
frigmesu suggested that each of the rabunits is cleaved &t nies
teas the 2uddie of the potypeptde cham. Boyian and Sussex (1937)
soggesied thar the eadopeptidase catalyzes the ipinial
endoproteolye cleavages of phascohin during germinanon, then
other proteascs caa {oriher degrade e prowein. 11 sbould de soted
that Vavreipovs and Terkova (1979) reporied the solation of a
sullbpdry! codopepticene from P. vadpw-is, bent it w onclepr |f thas
caryme was obcained from Lhe scod or Lhe emvea.

The enryme paniiod from germisating ». vuiperis cotylodons s
doscty related 10 other plant codopeptidases that are generally
monomenc, cysteme corytres with M, of 2),000-37,000 (Ryns and
Walker-Siramons (9813 The bent kaoem cymaine curymes from
planis are papsin (Carice papere), licen (Flcus gladrate),
L 310 (Anenas ¢ ), and sconid i (A cividie chinensils).
Of kgeunous specwes, the cotylndoms of pens (Plrum setham)
{Bashs apd Beevers 197F), casior beams (Ricima commands 1)
(Taly and Bervers 1978, Alpy snd Borvers (981 ab), black grum
{Vigne mungo) (Miuubash ¢t al 1985), and mung beans (Fiyne
rodiete) (Chrispeels 28d Boulter 1975, Baumganaer and
Chrupexts 1977) costam cymaine earymes, 84 soggewned by
rabascement and mhibwon parterm. The best chamaerund of
them proteinases » viciha pepadobydrolase, which was punfied
from permunating meng bean cof7edora (Banmgartner and
Chrupoets 1977). The enryme coasists of » singie polypeptide chas
wxh 8 M, of 21.000. This cyseine protei with opti
scuvsty ol pH 5.1, accounts for 73% of the cndopepaidase szrviry
e the cotyledons and digests iakn, ke major morage proces of ¥,

8 summary, My bteracere reports indicate that phaseolin and
bess proteim are degraded sewly Jurig grrmunapoa.
Several typas of enrywe scuvity dew boes detected w tw
prroumanng cotySedos. The Lucratm os changes = earyms
AL Coslaing sumcrows apparemt discrepancics, sooe of
winch can B¢ sccosoted for by diffoemors i the condiboas of
percuration a5d the method of reparting data. The ewzyme i
Fraunanng bean cotyled a8 most orovghly wudicd i 2 cysteioe
radopcpod Thus pe appews to cheave at & ke deas the
wridle of pasaeotn rebumits, bot ke caact cleavage site bas 8ot
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been determined, Other eorymes must be presest i;ﬁ:
Frauasung coryledon 10 funther degrade phaseolin 19 po
and aanocnddu that cas be widieed by I: growing plast. the.
1 Sat sugperied thal Segradstion of the monge proteid I8
::uai mitated by ax codopeptidese that inflcts & Lmeted
avambn of specific proteolytic cieavuges 10 wake the proteis
wmocrptidbke te funder atack by e same caryme of other
protcana. It is Ekety that the Sysusnc codomepdan it capadie of
msking 1D suta] caavage A phaseola. It remains to be
dricrmistd bow this cystane protrisase acts oo other beas
protrust, which otber protcases tre tnvolved in the further attack of
bean gromuns, snd 31 what point dwong germuation thess
protesses act.

INSZCY GUT PROTZASLES

Specwz o e tmect family Bruchudae sre mowt ciesely
asocaied witd 1he damage 1o legumie wedr cascw by Insects.
Witho 1his family, soone 20 speorcs beloapag o wx grocre artack
Frue Jegemes (Southgate [979). Inferation by brochuds starts in
the NieXd and custinnes in storsge, kading (o sovere losses. The
beochids of mosl eooceTs in the Roress uf 2. vdywrts are the beas
weevil, 4. odtecrws (Say), and the Mexicn beas weevil, Zadrotry
subfascierws (Boheroan) (Schooohoven and Cardowa 19827). While
wepect bave bees wred to evaluate the autritions) quality of 2.
walperts proceing (Shardfl ot al 1981} very hrik informstion it
availabie in the lizrature explainiag Dow insects digest the protein
of legumes. -

Aw tarty study vugpested that the Iarvae of 4. odrecrus and 1de
related bruchid Celloscdruring meadeny (cowpes weevil)
poen only very Jow levels of protease activity (Appicbsves 1964).
These sanays were performed ot pevira-alialine pH 20d were
primarily derigned 1o detect serine endopepridase setivity.
Hecently there have bees reports of & Cyrteine proteinase with sa

scxdic pH optimum ie the gut of the brochid, C meculena
(Gatebouse ¢t &} 1985, Kitch and Muardock 1984, Mardock ¢ &)
1987

The Lireratere oa A, Sbrernar midgvt earytoes reponts «- and
B-ghocondass, #« and A-galactondases, and high activity against
Rarch and pectia (Levoi et al 1984), Appicdanm aad Goet {1970)
found that A. odteeris was able 1o dygex 3 tozic bicactive
boreropolymecharide coatming anbinose, xylowe, rhamnont,
bl aod pal Only ty has the proteotytic seumty of
the A odicrus gut been examioed. The proteolytx ensymes in the
s of 4, sd:peno are of inuren, not onlyto pareto p

would be required 10 compicte the Aegradanoe of phescolis to
AmL0 5165 ne peplides small eaough 10 de sulized by the vmect,
Wt these have 0ot been idcotded

MAMMALIAN DIGESTIVE PROTEASES /

Diorsdstion of Phasesolln

Most vtudwes denpned 1o anewer questons relawd to U
nutnunnal quality of £, vilperis proteins Save {ocused oo protass
in the globulis fraction (Tadle I, Ia particular, comdersdie
attenlion has doen directed wowwrd pramolin. Hested phuscols 3
ighly smecepubice to digestion by mammalian digexnhiwe rarymes
(Lieoer and Thompon 1930, Braddear and Bouher 1934,
Desbpansde and Niclaen 19874} However, the reamstance of aative
phaseoiin (o protectyuic anack by mammaliss digestive earymes
contributes 10 1he poot ITInUve value of the unheated deas
(Waterman and Jokne §921, Vaintraub ot 8i 1976, Romero and
Rysn 1978, Yaintrach et i 1979, Lacner and Thompeoe 1980,
Ohang 1nd Satierice 1981, Bradbear snd Boulter 1984, Desbpaode
aod Nictient 19373). The inacoeasidality of phaseolin to enrymes hay
bees attribated to certais of its aructenl propenies {Romere and
Ran 1973 Valstraud et 2} 194, 1979, Bradbest and Bouiter
1984), in perticuas iz compact sructure (Chang asd Safierler
1941} and the stability and steanc husdersnaes impaned by in
caarbobydraie moictics (Chang sad Satteriee 1901, Semuno et ol
msa

The degradation of nstive aod bested phascolia has boca nudied
i vitro by examining the proters banding petierna oa SOS-
PAGE, and by tresting the protaas diget mith tnchloroecete acd
then analyzing the supermaast for free amuso groups ming
tnarobensene sulfonic acxd. Native phascolia has deen shown to
be lazgely revistant to in vitro bydrelysis by pepsin, trypsin, and
chymotrypein (Yasusubetal 1976 197%; Romero and Rysn 1978
Lienetr snd Thompsoa 1930, Bradbesr and Bounlter 1934;
Dethpande and Niclen 1987s). Digestion wiih & binatios of
these caryroes doet LitUe or bothing 1o avercome the resistance of
astive phascolin to hyd rotysis (Roeero and Rysa 1973, Vaistraubd
et o 1979, Liener a0d Thompwos 1980) Trypus more resddy
degrades native phateolin thin does pepiin of chymotrypus
(Romero and Rysa (978 Vaimtrash et al 1979, Liencr and
Thompsos 1980, Deshpande and Kicleen 1987a). Pepsin
hydrolysis of native phaseclin reportedly stops afier only 2.4% of
the pepticie bonds have been claaved (Vaiotrsub ot o) 1979) and
201 20 change in tlectrophoretae me b ity of the protan Cluener

0 the jermumstiog beas and hurasn digesiree sysiem but alto as 8
vulnerable mtz in this major stomage post, Characmeizing the got
protease of A, od and evainating 112 iy in the tife of
the instet could reves) 3 oew warpet for dorected plant breeding
work to coafer bruchad revistance vpos P ndgery. -
Wiczua sed Nicisen (1983) nolsted and panuily charscierieed
2 maor digestive provcast {rom the gul of A. odirens, The enryme
APPCRLY 10 Bave 5 CYSIONT STOVD ADG 40 SO KX gTOUP At OF DEar the
acuve ste. The thiol enbamcens, cysteine and dAhiethrentol,
enhanced actmty, whereas U thuol inhibriors p-CM B a0d E.64
sad the sadic protesse wmhibitor Pepruun A efiminated all
netrviry The mokecuint weight of the protease was esuraated Lo be
3,500 by gel filuration sad 23,300 by SDS-PAGE The pH nange
o opumum activity of thss procease was pH 4.5-1.0 waeng ihe
mdRran dearoyl-DLarginine-2-aapdihylamede (DANA)L Nagwe

purified protease 10 rmall volecniar weight potypeptides. Whokt
beas ertract and the globulia fraction of 2. wmaiperis appeared 1o be
som-what Sepradod by 8 crade gut extract and by the purified
proteuse, while the albamia fraction was more rest Soae
svidence was ohtained seggrating the preseoce of other
Larymes ia the crade gw extract (Wieman 1996), bet they have sot
beoew wcutified or th rized. Soch protex and popod

aad Toomp 1980, Dethpande u3d Nicisen 19875). The low ra
wtro digesubility of phaseolin by trypsia as compared 10 typus
dignriion of bovine serum albomm sppears 10 be partially relstod
o Lhe lower coucentnnlion of rypan-susceptible bonds {Romero
and Ryan [978). Vaintraud et al (1976) foand that trypuia cleaved
ouly [3% of 20 the tryprin-hydralyzadic bonds in nalive phaseolin,
whereas this valoe would de 21% mang the dats of Romero and
Ryss (1972) snd the known fymw plw arginine coniemt of
phaseoin,

Teypaun and chymotryptis cleave native phaseolis i such s way
that the masn part of the molecule remaios intact. The major
degrdauon prodocts from trypus and chymotrypis digestion of
natrre phasealia subunits are is the mange of A, 22,000~30,000
(Lxner and Thomp 1950, Bradbesr and Boalt 19t4,
Dabpunde snd Niclses 15372} The major degraduton producn
878 t30 of nmiar sz when digtnad ¥y sebtloa, prooase E, of
pepam (Destpande and Niches [967s). The paticrms of native
phamobis dissppearsnce and the apprnace of degradation
peodects sugpent that esch subnnit is cesved is 8 vimilar position
near the center of the s busit (R omero and Ryan 1978, Deshpande
204 Nxbhen 19872). Tde dydrolysa of phasectin by eazymes i
simisr between cultivars of 2 vidpers (Dahpand: sad Nicisen
198%) Naermuioal soquence anatyss of O major breakdowen
produecis froom phasectin digestion indicstes that trypsin,
Chymotrypuia, Abd papeis all cicave sative phascolin in the same
repos of the molerule (Fig. 1) (Nichws ot al, In press) Such
Heanage would produce dreakdows products of approximately
24,700 and 21,300 De, which » coaristeat wih those observed by
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SDS-PACE. The major chetvage sites in sative phascofin for these
Provesss occwr i an exuraded repos of Fpdropbdic amino scid
residues (a8t are predictad to OCTST 00 U protess sur{ace sod
wouid be scceaadie 10 proscast Sctios.

Wi k307w phaseobn 2aa been 1bows 10 be largely resintsat Lo
braaldove by pere eodopeptid {roa tx ch or small

endopentidascy, $der slots of B comallion, tre poor model
for stadying the 1 vivo Ligruibibry of thus prounn. Nearty $0% of
salive phaseclia wes digesiad in vure 1o s L, inchlorosari sd
soledie segments by soqueotial irtatmesn WiLd HODAA od oall
intestine extracts from 1ot 43 vk pepus’ nd pascroaus)
Hexeing this protaa for 10 oua at 100° I 60 eflect ow therals
o¢ extent of it varo proteolyns. Addiions) expenmepts with ret or

mrestion (¢.3. Uypan, chymotrypeia, pepsa), one_report (rom the
lisaracure (Sgarbieri & al 1912) suggests 1941 thess pure homan socmach and small Urestne EXtracts ary pecdod Lo confirm
TARLX M
Studies Rapartang Digustius of Pronsohs sad Othear Phasvsiss vaiperh Proemia Froctons ¥y Yerew Provinme aud Fopddonn
Tarywes Tostad Puremacers Messured
R Cultver Prosate Studind® = Yire o Vive
Antsnes sad Sgarveri 1960 Rosens G2 Whoke bes s flear, Prowein efficaracy nuo. Drgerutniny
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Procase
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M-hwhwwwhwmmw
odivadusl Tvatinest with u-nul. RymweTypeam, of pepscs, the
ydrodyss s greatly @ d ¥y hest tre cot (Romero and
Ryea I$7R, Liener asd Thompeos 1930, Drabpende and Nictoen
1987 Yaintraud et al (19/9) found Lhat phaseolia w tompictely
digeniad by pepais caly sfier denaturstsoe by heat Uesimen) of Ibe
sctson of gusardine hyrochioride Hested phascolin # wore of
>m coarpieacly digesied by wrypsis (Bradbear xod Bosher 1984,
Deshvande and Nichen 19871). After hesung. the degrer of
Ggestron by trypsis and chymotrypsin has been thows to
approsch thal of cascin, 4ad scroal’y excred n for pepan (Lieter
and Thompeon 1980). The mcTrasce in hydrohyss by each enryws
caused by beat trestraeat of phaseolie have beey shows 1o be
sebetantialy larger in than the incresscs socn after hest trestnest
of bovine serum dbumis (Komero and Rysa (973
The digedtibhiues of mative and hested phascols can be
comured Brtwees veriom i vitro And is vivo studics. Bradbhear
ud !-oonw l!’“) conperad the yield of amino scds froa
afer complete acid Yydrolyvis to that alter
mmu&ﬂ»!mnanmhnmdunn&m&mm
ammaopcptidase M, The mess recuvery of amino scids was ¥1 sad
13% afier enrrmatic hydrolysis of beated pheaeolis and astive
phascotea, respectvely. The m vits digestibility of mative and
deated phareolin also has decn determuned by twa groups
scrordiag ta e lourearyme procedure of Sasterier et ol (1979),
which wtilizes Uypsia, chymotrypsim, peptidase, snd becteral
protease. Chasg and Saticriee [1981) reported values of 74 200
1% foc native and hested protein, rexpectively, whaek are very
wmilar (o the values of 79 and ¥2% repoaed by Nictses (198D,
Laener sad Thompecn ( 1980) found 13e ue digertibdirymmsms
foar-week srudy to be $7% for aative phaseolin and 2% afier hest
trestent {dict 0ot supplemenied with methiomasl Whcn
Sgarteen 1 2] (1987) fed sative phaseohs 10 previomly lated i
™ 2 ungie dose by intubaticn, the digestibulily wis detwers 30 and
90%. However there wes 1ho increased production of irsoluble
1otertinal  secTEUons coniameng relatively large smonan of
mitrogen. Secause this antroges pamed into the cascym, & roduced
the apperens digesutainy of matiw phaseolin to sdost 186G
The ip vivo and ia vitro digevtiinlity valoes reported sbove sre
srmilay for hestexd phascolin, bt cosults sre oo in sgreemest for
sative phascolin. The large differences v v viro digesubibry
valses reponied for native phascolis are Llely atinbwied 10 the
toethod of weasunag protew drea k down and the axuay cood o,
Whike Bradbenr and Soulter {198.0) spperemly used the mndydna
respent 10 measare free amino groepe after enzymatn bydeoiyses,
e fowrenzyme procedure of Sat erioe ot a2 { 1979) usen idc change
1 pH due 1o enzrymatsc bydroiyris 1o calculste the dipestidliry
Botd in vitro methods stilize not only endopentudancs, byl aiso
rxopcptidass, whch 1hosid more closely simulste the conditons
requured for mpiﬂt digestion 10 the poutl at w hach they can be
Jxed by bum Howewet, the p 1 oed and ume and
temperarsre condivons differ m m. Two axayn The
(DCOraTtencHs BeTves n nve digesubility ressits for asuve
ph lis caa S Exph d ¥ lenst Sartslly by the dffervaces
h-v-eu ' fowrework studs and 3 unghtdowe Lresiment. While
masy m vro sad in vrve lests vork well (e extimats the awtmive

Resicaoe ¥ 4 X 8 N B8 IWM 240 Mt M2
Amiey Acdd S A Lys Ser Lau Ser Lys Gin Agp

Yrypein Covymotrypain
Pt
g L Repow of O phoumelis amins ocid wqernce chorwid whes rrpas.
o pagem we rmctd S W phassobs. Paroka
segexuor wand s et dertved {rem Ow secirecds mquracs reperwd by

va've of bent4Arented sad high-quality protetng, sl tests dave vy
dnadviolges whes ksting wnbeaied aad Iowqualny proasise

Dipeasibility of Prowin Fractiess

1a sddiuca ts the studics wrth pore phaseolia, sererad tadus
have esmuned the i viro and in vive digestibilities of vanous #
wlrers (racuoes (Tabie [11). Aaruncs rad Sparbeen (1980} found
thatunhesied bean Aour 39d sis molte] [ 2tions were toxx whes
fod 10 weanling rsn. but beat Uesimont improved the nutntuve
value of all sammplevincinding eidumun 223 globuba fractions. las
study by Sathe et 21 {1982), the 1n witro diperlduity of uaheated
bean Nour, aibumin, gobalion, proten and proins
solater was 9, 3, 1Q 14, and 29%, respectively. Dry heat incressed
the digreubility o #9, 24, 30, 14, and M. mpecuvely, but the
velues were raised cven bighet by motst heat. Marqurz and Lajolo
{1931) found Lz desting improved the is vitro digevtidilives of
globulis snd petl fracticer. However, oalike the sibumis
resula of 1be twe previously cited studwes, Marquer and Lajolo
(1981) fosod that best trestmoest redaced the digentibality of the
sibums fraction They found 1hat peptsdes with M, of 14,000 and
20,000 reroained i8 the renidve after digestion of sutoclaved
sidumin and hesting cauned s appeanance of Migh wolecular
weight aggreprwes. These researcheny reported endence for o
relatively heatatabie trypain inhidntor la the aldumin frascton,
whach may have affacted 1ty digeats dity.

Deshpende amd Niclsen {1987h) 3bo obtained evidence that
protein-proteia mucractioes and heal stable iahidrors inNluence
the digertibility of pruteins in the slbumin fractoa, especally in
certun beaa varwtes. The sahotuble protein fracoons of 11 2,
wwigerts culiven emed were ooy readily aad completely
bydrolyred by typan than were the wetcr-soluble prowam
Phascolin wrs kighly roaceptidie 1o trypsin when present o the
mli-soiubie (racuoms dut wis lews readily bydrolyrsd o the
presence of cerisia weter soluble proteins. Phascola, presentar s
contaminasnt in Uk waterwolubic frachon of Lught Red Kidney,
Pinto, Black Beawry, Soall White, Small Red, and Grest Northern
beans, wis much I3z bydrolyred by trypun compared 10 the
remaiming vanetrs aventigaind. Furrher work wih the Great
Northern beap sibamia fraction showed that it consined heals
s bie tryph s and chymotrypun inhiditory acunry. Like Marquer
and Lajolo (1981). Deshpande 2od Nieisen {19875) obecrved that
10m¢ pratans w the beat-tresiad, water-<otubdle fracton friled to
enret the gel. mggraung thal protas aggregates of very high
mowculsr woige wery formed dunng heatng d were pot
SegredtT VY rypun.

\Te womanre u:‘.ncnrvnnaomu.nmmmlmuwpuhhq

4 sthet dean p fe te 1Y)
dnmrw enrymas, semeroas fiudses ihow that astrnve phascolin s
Quile reuTant to prateolyva. The sz of the degradation product
from Aatve phaseoda 1uggens thal, wib 1de ey excepuon of
sanwe potentual cleavepe nites (or endopeptidases near the smino ot
carboiy terminal repont. only & small scgment oear the cenier of
each subunit w aErubie 10 proteases Luch as Uypun and
chymotrypsin, Dwcrepencaes in digesubility values tust between
snd smong virnows i vito and is vive wedici, but amay
condiuum vary coaudersbly briwoen wtany of these mudwen
However, spos hext trestiment of phaseolin moet is viiro and Is
viv0 $1ud ey b ve shown drastic improvemenus in digesubslity. The
in vitro digenibiliry of the bean pobulis rection » increased by
beat tresttoent, Y dats are conflloung for the offoct of hest
treatment on the digestibility of the alumin fractoa. The hugh
oo kecviar werght agpregs ooy formed when the aldemua fractios o
brated may sot de readldy degraded by mammaban digestwe
protesses. Farther in vitro and s vivo modies st vecemary 0
better waderstand On aigestice of aldwmin proscles and Uheir
aflocace on the brakdown of oty besa proteins. Heat-stabls
typee<chymouypan shibitory activity has bees detected in the
albemia {racuos of seoe 2. walparts coltivare. it mems wnbibaly
that soch (nkibitors we prescet i rpe coough Quastities o cnam
sxy oepative Wenal effects 1o b uader sormal dwtary
cond uoes., rt thew dlects Lave sot yet bors tested e 2oy bs vrve
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Thwne wew (o cieave nathe
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BA/OC ROTUGE Prosein Lo prpciies and amino aciés Lhat cas be
uciheest for growth and development of (e plant of toeect These
LT £AIYDEs AT St bee cicarty identifiad ov chansctrrand
witk regard 10 their role ia proteis degradatios. Uslike
grrmanating coryledoms and inecta, wimame d0 poA wallize &

cyvcime proteinase is (heir digestive sysuem. Humans also have the
sasier ek of degrading heas-desatured protein ratber thas natrve
protein. The serme proteinases, trypsia
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peoeeis Heawd phaseots rndﬂy hydrotyrsd by
ns_;mnn diwuvc protcass to small moleculss wright
prptidas. Whil Ut saii-solubie fractios of beas proteinn sppean
0 > readly digeseed apom best trestment, there are %ill some
questices about the effect of et & jom oo the Jigestidilny

-,- of the water-soludie fraction. The in proteine soquire further
wady to dexermine how they aflect the digestibility of other bean
protcing. Changes in the strectwre of proteiss i the albuons
fraction 208 beat treatment snd their seaceptibility 1o
mamralns digestive protcases aleo mood furthor i
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Composition and Digestibility of Albumin, Globulins, and Glutelins from Phaseolus

vulgaris

Umsula M. L. Marquetr and Franco M Lajolo®

Fifteen Braglin varietier of Phaseolus tuigaris were tested for digestibility in vitro, trypsin inhibitor,
and peotein content. Four vareties with extreme digestibility values were ssssyed in rats and sh
similar digestibilities in vive. The protein (rom the Carioca variety fractionated for detailed studies
yielded the following: wbumin, 31.5% (richest in sulfur amino acids and tnypsin inhibitor); globutin
G, 33%; globulin Gy, 13.8%, glutelin, 224%. The in vitro digestibilities of the unbetted giobulins
and ghutering were Jow but improved by heating. The albuming were well digestad in the rsw state but
after heating digestibility dropped: the effect was pH dependent. The residue left after digestion of
autocisved albumin tontained peptides with moleculas weights of 14000 and 20000, Evidences on a
relatively heat stable trypsin inhibitoe in the slbumin {raction are presented. The estent of digestion
of the four {rations wxs tested by using either trypsin, pancrestin, ocbepsin-;'pmfe__num

Besns (Prasvolius rulgoris) are an imporiant source of
protein 1n Bragll where Lhey are usually consuwned together
with nce. However, severs! biocherical problems limit
the optumal biological vtilization of the amino acids (Ks-
kzde, 1974 Bressani and Elixs, 1979).

The Jow degestibility of hean protein hes been docu-
ented. but the reasons for i are not well understood and
are probably due 10 3 combination of factors. Improper
storage st high relative humidities is Xnown to incresse
cooking time and to reduce the protein digestibility and
the biolopical utilizstion of bean emino acids Nialina et
o 1975 Antunes and Sgarbeeni, 19791 Escrwny beating
to insctivate gntinutritional (actors is also prejudicial to
the d y=subiaty and &mino acxd svalabilicy: processes rch
e dr roasung and erirusion cooking are belter for
ma:ntaimng the biologral value of besas {Molina et &l
1975: Yadav and Liener, 1978). Antiphywiolegeal factors
such as hemargiutinins and trypsin inhibitors sre 1nact-
vited by proper hest treatment and can probebly be ex-
chuded as s couse. The exceplion may be the hest-stabie
protesse {enzyme) inhibitors which seem to be phenolic
1 pature and present in the sed rort of some colored
besrs (Elias ot sl 1979,

Proteincomplexing substances such as tanmins appessy
‘0 oe partly mplicstest They can either be extracted in
the cookang weter or mugrate to the center of the entyledon,
thus reduvarg digestihility directly bry rescting with the

Departmento de Alimentos ¢ Nutnchke Expenments!,
Facuidade de Ciincias Farmactutions, Unrversidode de Seo
Pauilc. Conyp das Quimiem, B. 14, Sic Psulo, SP, Beazil

proteins or indirectly by inactivating digestive ennmes
The low biological value of the cooking broth has been
sttnbuted to the nfluence of these phenolic pyments
(Elias et o, 1979 Mondragon end Gonzales, 1978)

Littz is known about the tafluence of the protein iwelf,
Serd] et al {1969} 1soisted a globulin from kidney beva
which was resistant even afler hesung 0 digestion by 10
different proteolytic enrymes, and Romero and Rymn
(1978) 1lso observed low digestibility of an isolated G,
globulin when compared o that of denaturated bovine
slbumin, The benefical effect of densturation was abso
recently observed by Liener and Thompson (1980, who
studied the digestitility of tNe G, (rection both in vitro
and mith rats. Evans el ol (1974} and Sgarbien et al
(1979) observed reduced svailatility of the sulfur amino
scds 1n raws fed autociaved bears. Evarw and Bsuer (1578)
10 indicated the ex:stence of a dushyrable toxx compound
i~ the soluble fraction of the cooking broth,

This paper repora research on the compesition and
digestibility behsvior of different bean protein fractions
and the effect of heat on them. Resudts indicating the
ezislence of a heat-stabie trypsin inhibitor are aiso r-

EXPER "ENTAL SECTION

Matestals. Bears (P tuizars) of different vanetes
were oblained frmm the Agronomy School of Lavras. Bo-
vine Lrypsin twice erystallized (Type 11 10000 BAEE
units/ mg), pepsin of bog storasch (twice crystallized, 2530
units/ mgj. pancreaun (~om hog pancress (Grede V1), and
Pronase {Type V1} were purchased from Sigma Chermiaal
Co. All ther compounds we-e reagent grade. Deionued
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end glass-distilied water was used.

Metbods. Ertraction end Froctiongtions of the Pro-
teins. The whole beens ground w & flous in a laborstory
enill Lo peass & 0.297-om screen were {ractionatied a8 de-
scribed below. So that the albummine could be obtained,
s 20% wuspenion of the flour ip waler wes extrscied lor
1 b under apitalion 8t rooem Lempersture, filiered through
8 cheenecloth, and cenrifuged 3t J0000¢ for 30 min. The
supernatant wea dulyred for 43 b apaorat distiled water,
followed by & 24-h dulyrs egainst devontzed weter st 4 "C,
T a3 last step eliminated moet of the coptamuting
hemalioe

The Jobuling were extractad and separited essentially
1 desended by Mcleester et al {19731 Teo grams of the
Nexzr wep extacted with 100 ml of 8 0.5 N NaCl-025 M
secorine scxd solutacn (pH 22) for | b € roces teropersture.
T'be supernatant obtauned aftzr centrfugttion of the ex-
tract (2000 30 min) was diduted $ tunes with detoaioed
scater 10 reduce Lhe iooic strength to Q.08 M and to pre-
cipitate the G, globulin which was thes collectsd by cen-
t2ifugstion ot 23000¢ for 30 tain st 0-4 *C. The supess
nstant keft wrs sgauin diakyzed st 0 *C {or 24 h to pre
apitate the G, fraction whick was collecied tu the same
vy,

The phuteln and prolamic were obtainad from the res-
i lefl after the NaClwacorbic sod solution extractica.
Teo pranes of the residue (dry weight) was extracted with
50 ml of 70% ethano! to separste the prolamin The
residue was reestracted twice with Q.1 N NeOH for 1 b at
rooes tempersture. The extracts were centrifuged at
23000, azd the comhmned supernatants, dialyred and
{resze-dried, represented the glutels fraction. For the
prepantion of the glutelin, beans wers m2d which had the
seed coat i removed: Lhe serds were soaked (or
8 h in water {1:1.5 bears Lo water ratio] 10 facilitate the
operstion o then were dried st 45 *C in a circulating azr
ayes and-Fround-ta9 flour a3 previously described.

" Digertiblity Testr. Dipestibility in vitro was studied
bryGsing uml.-'\'./pumzin. of pepio—pancrestin s~
cording to the experiment.

For trypsin or pancrestin bydrohysis, s dispersion of the
proteins under study containing 5 myg of protein/mL in
0.05 M phosphate tadTer (pH 7.0) s incubeted st 37 °C
with s solution uof the przyme tn 1072 M HCL The entyme
Lo subetrste rstio wus maintained o1 L40. At difTerent
incubeon intervals, aliquots where taken, CLLACOH (5%
final concertranon) was adderd, and afler randuyg 1 4, the
undigested material thet precipitated out was separsted
2t Z3000¢ for X0 min.

Spht peptide linky were evalusiad in the supernatant
by measuning the o-aming nitrogen produced by the nin-
hodrin resction sccoedirg 10 Spies (19577 and uxing leucine
a1 iLhe standard.

for the prprin-tancrestin sequential hydrolysis, the
Axeson and Stahraann (1964) technique was wed with a
2 mg/ml peutein concentrution and m ennytoe to b
¥tryte ratr of 140 The digerion tiroe ‘of the pepsin {frnt
enxyme} v 3 b, ([olowed by the pancrestin digestion for
2 h moee. Liberstion of the o~eminc artrogen was evaly-
sted e desorided obove, T reliminary bwiing ndicated thet
moce prolonged dipestion Ume did not sgnificant!y en-
hance tix amcunt hydrolyned.

Digestitality was exprrssed & muBbgrams of leucine
produced pet grarp of protein and was compered Lo Ham-
meratein sotuble casein which was used a8 & cuntrol

The screening tret for digestibility of the different bean
vereties (Table 1) was done on bears previcusly heated
11 water (210 bean 1o water ratio) for 30 min (Lime needed
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for soflening) The rerulting mater. 2, homogenized with
the cooking broth and properly diluted, wan digested s
deseribed sbove.

When digestibility of unheated peoicins was uetad, U
trypein inhibitor was previcnly cornplexed by ttretion
with trypasn, e afler 10 zus W allow cempletr coupling.
the hydrolyss was started by edding the ennyrae solution

Dhgestibility 1o vivo was evalusted in young rata fed
twice daily s dict containing 10% of the protein under
Fuxty followryg & restrction techinktue wsed by Kaksde and
Evans (1966). The leces were collected cach day over s
peried of 5 days, pooled, and anslyzed for N by the m-
cro-Kjeldah) Lechniqus,

Analytical Techriguer. Protein concentralion was de-
termined by eitber the micro-Kivldahi (AOAC, 1970) or
Lowry (Lowry et al. 1951) procedures.

Trypein inhibitor sctivity was scasured scrording o
Kakade et al (1965b}; the proterr-bound sugzn were
measured by the phenol- sulfuric a¢id method of Dubois
ot al (1956) sfler precipitation of the protein with 10%
CLAOH. Electrophorencs in umide gl were run
according to Devies (1964); both scrylamide and bis-
{scrylarside) were recrystajlized (Schuster, 1571) Mono-
mer concentration varved from § to 10% sccording 1o the
etperiment. The runs were conducted at 3 mA /tube with
Tro-glycine ufTer {pH 6.3), vsing bromphenal blue o the
front marker, and the protein bands were visualized with
Coomasaie brilliant blue. Moleculur weight distribution
of proteins before and after digesion was estsmated by
electrophoresis in 1% NaDodS80, (Weber and Osbora,
1969). The run wes st 7T mA/tube, and cytochrowme ¢ (M,
w 12500), trypain (M, = 23300}, aldolase (M, = 40000),
ovalbumin (M, = 45000}, 1nd bovine serum albursin (M,
= 67000} wers used &5 standards.

Aminc scid analysis wes dono in & Beckzasn 120 °C
anglyzer with the standard resin (Moore and Stewn. 1963),
Sulfur amino acid was determined as cyvieic sad and
methicnipe sulfone by otidation of the samples with
performic scids before scid hydrotysia. For tryptopban
delerminson, the Spies and Chambers {1949) technique
was used. ,

RESULTS AND DISCUSSION

Protei» Contents snd Digesiibility of Differext
Beas Varieties. Table | provides the resdts of the injtua)
screening tesu of 15 Brazilian varieues of P.vulyors for
tota) and soluble protein conlents, in vitro digesubility by
pepsin-pancrestin, &nd trypewn inhibitor (TT) activity.
These results are in agreement with previous pablished
daia (Morses and Angeiucel 1971; Sgarbien et )., 1979),
The Kpldah] measurement of total protein (N x 6.28)
ranged (rom 17.4 to 27.4% while the salf-20luble extroct
able protein was lower, reaching in one case (Pintado ve-
nety) only 52% of the total mexsured protein. It ia fue
termting o e that hesting decrnased the wlubility of
the walt-soluble fraction by different sromuts, depending
ont the vanety of bexn. The use of polyvinyipy rrohidone,
3 phencl-comn plexing xgent, o the previcss removal of the
pigrnented seed comt did not change the yield of extraction
or Wabllity to heat.

Trw digestitality recorded varied (rom 17 W 40% of the
masusum thepretically possible obtained sNer scd by.
drolyns, {with the variety exhibiting the most digestion
(Rosinhs G-2) resching only 50% cf the value of casein
{emaewn digertion wes ~82% of the theoretks)) Also worth
noling is the large varistior in TT content, ranging from
4.4 10 13.9 £/kg of bean.

Mo correlstaon coukd be emablished between digestibility
and wiuble proteirs or trypwn inhixtor cuntent. Howwever,
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Table | Total and Sih-Sshibde Protewn Content, Prrcent Dertion by Pepun-Pancrestin and Trypan Inhibator Activity i
Brazliias YVarsles of & wlges
- protein, %
.o)ublr’ a, N
rusny o) unhea e hestrd Bl < . e
Venex whe 350 a4 183 138 13 86
Rico 93 174 19.9 124 n T
Man ey fowco s 20.0 1 26 44
Rxo pardo x7 1.8 100 1% 13¢
o 193 17.3 128 27 120
Levrs 178 189 110 ¢ 122
Canoca 17.¢ 16.3 (LR} 1 68
Faado 208 12.9 (%] 134 100
Prrwd 204 18.2 19 23 90
Rownive G-3 WS 188 iie 0 R
Costa Raca 03 158 107 13 10,8
Bico d¢ osro 14 143 124 a4
Pusial 211 183 8 4 113
Roxunha 210 174 128 b ¥ 83
Mulilaba pricoce 0.8 1% 4 e x ®.0
awrln i€ od* nd* 83 odf

¢ Boluble in 0.35% NaCll solution, Hecled 4t 121 °C lor 30 min.

? Percent of the toul peptide bonds apiit.  The 1oty

peptide bonds were mewsvred vith ninhidno sher scld hydroiysis by bolling under refluy whh 8 N HCY: the hydrolyssie wa

rolary yviporated st 40 " 1o dri new, wushcd twice, and dimsolved In 0 2 M citrale buffer, pH 3.2,

Table I Digestiblity of the Proleios of Four Bewn
Vaneises for Rawe?

weght Vg foed

el tONSUEI pion,  dlgestde

reiety nitsl  nal g/day bibty, %
oetn 6l.9 783 7.8 88
Rowinnhs G-7 (2% 9.9 5.1 (1]
Lanocs 833 B 57 Ti
Roxinho 89 80.% 54 70
Rico 23 610 811 8.8 12

¢ Beans heated for 30 mun 2l 121 "C i 5 wilet 10 besn
ool 10.2 *Perwd of Sdays

the lower vaboes wee found among the red-browa bexna,
& foct already obeerved Yy Elas et al (1979), who ioggested
that thu :mghv. be csunad by the higher tannun content of
‘mai V.u')tun

Four of the fifteen varisties tented in vitro were selected
to be stadied in vivo with st Unlike Lhe observed dif-
{erences 1n d;mgbﬂ_:gv amorg the vaneves in vitre, Tabie
T demonstrates the similentes in digestidility in rats
{~30%} This was probabiy due to the restricted (eeding
technique useC—the rats were fed twice a day for 1-b
percde [n these erturezoe cooditions, durestbilty wvas stil)
losvr than that for casewn which was B8% absorbed.

Isolation and Pertial Charncterization of the Major
Frotein Fractiop of the Carioca Variety. For idenu.
ficauuon of a specific protein component which might be
responuble lor the low digestidility oburved n the van
etzes studied, five majot protewn {ractions, albumin, glob
uling G. and Gy, prolaming, and gluteling were wsolated
from the Canoca bean, The NaCl-nacorbale system of
Melaeater ot 2l {1ST3) was ussd for the fractionslion
becaure 1t reduces the cross contamination of globuling
with the albumins {ocaly the scid-soluble albumins are

Tadde (1L

¢ nd, not delermined

coextracted} and also becaine it allows for eary separaticn
of G, and Gy by 3 nmple reduction of the roni strengih,
thus avoiding the need for prolonged dialysia

Tabie IT] shows the yield obtained for each [raction, the
bound carbohydrate, tod the trypein inhibiter contenuy,
and Tabdle [V provides dats oo the amino acd composi-

tions
uona

The carbohydrate conterts varied sccording o the
fraction. Resutty presented in Table I on the Gy globulin
are comparabie o those obrained by Pusetai (1966) in the
vicilin of P. wulgaru, while e values for the albumm and
total globuling are sunilar to values reported by Satterlee
et &l (1975) in the great Northern beans. THe presence
of glycoproteins waa confirmed in all fractions and ob-
served 1n most of the bands obtained by electzophoresy
by lpocxﬁc luumnx with {uamﬁulf'(,e afler penodic sod
oxidalion. The Presende o bound cﬁwhvdum i
portant as & poesibis bartier to enxyme sctyan and alse
because reacticas such o S-eliminstion can oocur dunny
processing.  This is especually true 1n alkaline medu
[W'h:uhr and Feeney, 1977) which 13 sometimes used i
the preparatios of beans to-soften the seed costs and
shorten the cooking titme.

The trypswn inh:bitors were prmanly extracted wmith the
atbumins (73% of the wota)) although the gluteling st had
& significant pertion {14% of the otall The seed coatn
of the variety wsed did not show a significant inhidbitory
action.

The first nutntiona) Lmiting factor of bean proteins

s albhiimaiies 2 d

the law contant af sulfio crming scidsa
LAt uguming and

the low content of sulla amino saids
glutelins are the betl sources of those amino acids while
both globulina, G, and Gy, have negligible amounts (Table
V). The neglipble content of cytieine in the G, globulin
was 1o observed by Millerd et &l (1971} in Vicla fabe and
Padhye and Sajunkhe (1979) in the black gram. The

Yield Carbohydrete Content, snd Trypain Inhibitor Activity of Mroteln Fracuors Lolated from Caniocs Bean

globuling

lbuming c, G, rlulehm peolamin
yieid, B 318 381 138 124 1Y
ar*ohyd.nu k34 80 117 138 ad€ nd”
TL % 61 04 o7 1.2 ndft

® Dy pevuad s poreent of the Wl protein of ths bean (the bwwn contained 17 8% rotan}
fracton

¢ od. not determined.

UEE

¥ Expremsed as pereent of the
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Tadie [V, Ainino Actd Campoetion of the Albumina,
(Jobullna (G, wad G, L sod Givieling Leolated
oo Carvocs Been

glabutire
sruno st mine a, G, futebm
Lys L ] 6.3 64 R
Hre 13 30 13 18
Ary [ ] 57 1 (3]
Asp 1. 128 134 j0?
™ 182 $2 T3 81
St 7 4 812 8.0
Gl 131 190 122 100
Pro 43 38 42 0.3
Gy 43 3% 43 35
Als 47 33 §4 T8
Cr 19 00 t? 00
AxY b &8 77 1.4
Mot 3 ¢33 0.0 o7
Lo 4.8 47 49 87
Loy 7.3 1 114 93
Tyr b8 ] 33 3.3 3¢
Phe &7 8.7 4.7 2.9
Ty 14 03 o8 ad®
¢ Cramu of amino #eld/100 1 of protem. ® 1, tiem.
¢ nd, 5ot determnned.
Table V. lnactivetion of Trypun tnlibltom s
Tunction of pH*
reaidunl set., %
aibuming
crude
Lo 38 TR auto-
pH botled boded® claved®
control 100 100 100
{unhested}
1.3 18(74) 77 78
30 56 78 42
50 52 91 e
Te W (21 %) 18
8.5 1% 81 10

1% proten mapenpons were heated for 30 minin s
botling wster beth st the indicated 2Hs Number in pv
rentheses were obluned after 1 h of Doding  (UnNeated
controls were held al the same pH u heated marapies.)

b Autoclaved 30 ram st 131 °C.

chemical scores (CS) for sulfir arnino scids. a3 calculated
in relstion o erg protein, were 0.7 for albumin, 0.05 for
Gy, 0.0 for Gy, and 0.12 for the plutelina

The second limiting fector varied according to the
fraction, it was tecine / Lsoteucine for albumin (CS = 0.8},
threonine for G, tCS » 0.68), hustidine for G4 {CS = 0 8),
ard the arota s aming scids for the gluteling (CS = 0.7)
1t should also be noted that histdine is in high excess in
the giuteling (CS = 1.73). From the nutnuonal point of
vew, 1 appeart that the beet {raction 3 albumin, followed
by glutelura, although more information s needed on the
eveiiability of the amino sada.

Insctivations of the Trypsin Inhibltors. It has al-
resdy been showa (Table IT1) that the greater amount of
trypsin inhibitor activ ty is essocisted with the albumin
fractior. We eiso obier red that the T demorstratad grest
dependence of pH for insctivation and appears o be
relstiveiy heat resistant (Table V). Even 2fer boiling
crud ertrects contaaning ajbuming and globulins for 1 b

LpH LA 73% of the original TT activity wes stil) prenent.
However, when the nH was pear neutrlity, boiling for 30
min remaled in the brwering of aclivity o 25%, and at the
end of 1 b, Uve sclivity was measured ot 21%, In the case
of abumin feactions, boiling eliminated only 20-25% of
the sctnity, dependig on the pH. A heat-resistant T1 that
resisted boiling for 2 h wes described by Puartai {1968) in

N
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Do e TIdeL Y

TiwZ (N)
Figure I Dyestibility imdligrams of keucine per gram of procen)
by trypsin of unhested wJbumma, pobufing, wd casetn. Trypan
inhibitor was previcwly Utrsted

P. vulgaru and by Warsy and Stein (1973) in V. faba.

It was obaerved when preparing the controls that the
strople raise of pH before any heating enhances the activity
of the TL: st pH 3.0, the TI content was 200 ug/g of
albumtn, st pH 50 it was 230 ug/g. and at pH 9.0, it was
300 wg/¢ Thig observation aids in explaining why there
was & highar retention of TT activity for boiled albumin
when compared to that of L» ~rude extract; i.e., it was in
part actuely due o an irut's| sctivation by some unknown
fsctor related Lo pH. On the other hand, heaung the crude
extract 1lso helped to scecierste inactivation, probably
because of the interaclion betveen other componenta.
Only autoclaving st 121 *C (ot 30 zin was able to reduce
the T cootent of the aibumin fraction to the extent of
reserabling that sccompluhed by boiling of the crude ex-
tract

In relsticn to the sbove, it s interesting to refer the
paper of Ylenrieder et sl {1380), who observed higher
thermal stability of the scybeas TT when aqueous sus-
pensions wers diluted, they eipluned the fact by the
presence of s hegh wolecuiar weight compound which could
accelerate the thermy tracuvition

These restua are significant when conmidering industnal
ot home processing techniques and the production of
wolsted proteins in relation W the variable content of T1
in different bean vaneties. Cunously, the dependence of
T1 tactivation on pH in beans s fvversed 1o that observed
in soybean tn which the lability s higher st acidic pHs
{Boonvuaut and Whitaker, 1978)

Digestibility of the Separuted Practions. Digestion
with Trypan. The results ere depicted in Figures 1 and
2 and are axnpared o thome o casetn, cawidered an eaally
digested protein R

When digested with trypein, the rew gobuling showed
1 reduced digestibility in relstion Lo that of casein (12%
for Gy and 35% for G,}, while the unhested albumins were
well digested, reschung 81 % of the vaive ocbaerved for c»-
sein; only the initual velocriy of hydrolysia in albumin was
tlower, x the shape of the amve indicates Figurs 1). Sinoe
the trypain mhsbitor had been previously titrated, the Jow
hydrolysis in the globulins 1nay be attributed 1o theur
structural confromations, & barrier whych does not exist
in albumina
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Fguere 3 Ogentiblity (miliame ef bucime per pram of protedin)
of the potais by pancreelin arther bolled for X0 mun or pot
Soded.

Heating the fractions (Figure 3) substantially incressed
the bydrolyrs of G; and G; which resched respectively 56
and 82% dt}zmemn]ue_ Swpruxmd’y beating reduced
the digestibility of albumins by trypsin (rom 81 o 8%,
This mxy be explained by a 1y.encud impediment oc a
blockage of Lmino eod residues needed for ensyme acton,
though the possibility of particpation by some pheno! of
quunane, ree or complered wmih the protein, cannot be
ezchuded. Sunilar effect of besting oo the G, globulin wes
otnerved by Liener and Thompeon (1380}, either 1o vitro
or in viva

Dyeition by Pancreatin and Pepsin -Pancreatin. The
resultts are presented in Figures 5 and 4. The unhestad
globuling showed reduced bydrolysus (10% for G, and 7%
for Cy) s reiation o casein bydrolysir whach was consid-
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Flgure & Dyest:blty of Lhe sutoclaved fracuons submutted to
Pepain - pancrealin,

ered e 100%. Thu spparent reduction in the percentagy
o digestiblity of G, and Gy when compared to U previous
results obtained with trypsin (Figure 1) i actuadly due
an absolute incresse from 100 to 360 mg of levcine /g of
protein of the number of split peptide »onds in casein
(Figure 3). The ibermal treatment enhanced the diges-
tibdity of G, 10 » level approximating that of casem (Fipure
3) snd Gy to a lesaer extent {53%).

These higher values achieved with pancreatin can be
sttributed to the rtnrnct ce of chymotrypin and aarbogy-

pudm sctivity 410 iw.
pmm’ Lrypnm""ﬁac'—h mi;:sv—;;,; shooe. The
$IoBG1in G, [raciion u & very well digested protein after
dem-turuion. Io the case of albmina, heating causes o
reduction in hydrolyss which the sttempted digestion by
pancrestin did not alter. Pronase was alao tested, but it

sy
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Tabde YL Nigertion of Hest-Treated Albuming m ¢
Tunctioa of pH by Differvet Protssse Sy merna
dygrstibalicy, %4
sutacisred (131 °C730 munt

boded

(30 mia) e -

pH Vypa  UYain  pahcyeslin pancrestin
18 33 117 L s

] ™ o ?

60 ) 18 od* o’
p ¢ o 33 10 L3
80 82 52 D’ ot
102 nd 48 s 81
Aviduria? 9 812 27 100
VT Y 100 100 3%0 1%

¢ Fupveeed 18 peroent of the hydrolyis obevrved for
casmn 1 howa in e bottro of the labie. * Hydrotyss
obserred (Or casem rxprewmed as milligrazms of keucine per
gram of casein and consdersd w 109% for ths calculaon
of prrernt digmion of the Nbumins, ¢ nd, not
O Lerinuned

did not sygnificantly alter the digestidility of the beated
albumine

Figure § shows dats for the four fractions, Iachuding the
rlutelna, auteclaved ot 121 *C for 30 mun and subjectad
Lo peoar-pancreatin qoential sctice. The globulin G,
wrs again the best digestad protein, aqual to carewn wlter
6 h of icubatna. Mressurements a1 4 and § b recorded
decrogsed rates of hydrolyss relauve Lo those of casewn,
but it o difficult 0 sweess what thos represents in letrmas
of elocity of liberation and sbsorption in vive. Tbhe dir
getiolity figures for Lhe unbeeted albumins {net shown
w Figure §) upruoedinmmi;nm: of leucine per gram
of protein were -nt.b pepsin: 40, B2, 75, and 80, respec
Uvely, aftzr 0.5, 1, 2, and 3 b !clkm.nx the addition of
pnCTesUD the ﬁr\m were 310, 320, 340, and K0, re-
ipeciively after 0.5, 1, 2 and 2% The albumin had the
percent of digestion incrersed Dy the pepein Urestuent
~52%, byt st was tul] much lower than Usist for the raw
pate Tov intal digentione. at ¢ b for the other proteirs
reistve W that for cnein wore 30 und 40% for Gy and
tivteln, respectivelr,

The pH of the protein mupention during the thermal
truzoent had & marked effect on the intuence of beeting

oo digestion of albumins (Table V1), At pHs between .

wd T, the digeatibility fedd, indicatirg 1hat the effect of
bestng u dependent oo the ionization of amino acid
rendues It wus suapectied that this was related to oo
Lo evolving amuno scid Zroups of 1y e or asparagine
wnd plolamine rendues o fict, a3 was observed by
erecephoress (Figure 6), besting causea the tppearsnce
of hugh meirals weght aggrerates whoch did pot pene
Tate the go. cve s at jow (5%) acrylazrxls concentration,
ad oely ot oory alksline pHs did woaler (ragmenta ap-
pear At hagher pHs, fragmentatios ocourred, and tha
wzalier aggregiles produced belp to expiun the observed
mereasnd digestitniity (ses Table V).

It thoudd also be roted @ Table V1 that the pancreatin
wiion incressed the digertion of cxrein {ror 100 mg of
Srucioe /{ recorded with rypsin to 350 myg to jeuane/g Lo
prodetn Bt that albumun remaised at the saime deved (~30
myg of leucine/g of protetn) until pepeln was used in s
QuenCe WIS DancTeaun.

Since the pepsin-pancrestin lechnique demonstrates o
rood correlation with (o vivo digestibility Saunders ot al,
1973), it would De t1pected that rats would show nmiler
remit [n fact, cakculating the percentsgr of esch fraction
diperied by pepein~ pancrestin as 4 part of the Lota) bexn
proteiz and 1 relation 1o cssein resulted 1n 2 total di-

— ——TLAI WY
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Yigure & Plectopborrte debawior of alxruns (3% poiy-
scrylamude;. From keft 1o gt unhestsd altuiming folowsd by
afbuemun hewted respectvaly s pM 1.0, 8.0, and §.0 o bosing watee

Tale VII. Digraility of Lach Amino Acid of the
Auntocleved Albumin Fraction by Trestzoent with
Priin -Fancreatis

wiuble
traction
unno JUbwnin® ol dpwt-
soad stocared  digestica bnlnly *
[ [X) 10.5 56 0
Hys b ] 21 370
Art 39 7.1 58,0
Aap 128 138 44.0
Thr Te 1.9 50.0
Ser LB T2 48 1
Gty L] 11 ¢ 397
Pro 40 ‘9 458
Gly 33 5.1 s3.%
Als ¢ 87 53.3
Cr :? 13 80
Val 83 59 38.2
Met [ ] [N &0 0
lso 44 3.7 -
Leu [ 7.3 485
Tyr 23 24 0.0
Pue sl 8.6 60 1
Try 13 13 Mo
protan 100 {60 460

¢ Expresscd s /100 g of protna,

pestion of T0% of the protein. whach is 0 agreerment with
the rat sasay (Tabie 1) Cut gave & sumilar relative figurs.

Amine Acids Liberited from Albumis by Digestion
with Pepsin-Pancrestin. The amino scxls Uberstad by
the acton of peps:n {olywed by pancrestin were oirained
by precpitating the undgested pepiides {rom the mou-
bation media with CLHAcOH (10% final concentrution).
The resulung supersatant was sxtractod with ethyl viber
until negtrabty to sivninate the CLACOH. The soluticn,
contuining the dipesiad peptides and amino acida, wae
dn«dundﬂmvmwdmapwdedeVHO(orbr
drolyus and amine acd wnalyss. Aler n.uxhydnn Teat
ment, the ratio of the sbaorbance obiained for tle scid
byvirohyrate of the undigested albummin to the sheorbance
for the acd rydrohyvste of the superrutant (after digestion)
indicated s digestbility of 486%. The ninhydrin velue of
the supernatant before and after acid bydrotysis indicwted
that [ts gverage proteir peptide composition was Io the
form of tripeptides.

Table VI shows that xome amino scids, lyvine, arginine,
threonine, rlycine, alanine, and tyrosioe, have higher di-
pestitiliies than the protein average (46% ol hydrotysis),
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Figure . Dectropbontic behaviar of dbumine afer Cipesuce
0% poracyiasmde-1 % NaDodS0,) From el o rght bovinse
serum dfoumus (M, @ 670001, ovalbumin (M, « 4500C), aidolase
(M, = 00000 rypein (M, » T3,200% unbeated afbaumins (A),
evtoclived Abinine belore (B) and s dyribon with pep-
wrpencreetnn (G The errovwes show Uhe pepGdes bandds (1) A,
- 20000 and (D) M, « 14000

while trypiophan, glutamic acid, viline, and 1soleucine
demomtrated kower digestubdizy, However, the differences
amorg them wrre wmall and wr probsbh not nutnuonally
syt with the exception of Uyptophan whach i3 dowly
Iiereted (50% plower than the averags) and lysine mth
¢ digestibrlity 25% higher tnan the aversge. Thu was
expectad in viewr of the specificity of Lrypewn and the high
wmount of hhwre in the albumin. [n view of the lowening
of cigestibility of albumin when neat teatad (Figures |
and 4), e resence of azgrerates n the heated albumin
F gure 61 and Lhe low svaslsbihity of methuonine for raty
{Evans and Baver, 1578; Sgarbien et al, 1979), 1t wan
init.aliy supoceed that some uncigestble peptide cop-
ta.nirg s large droton of methionine 43d cysteine might
hsve deen ‘ormed. But contrary o the erpected, afler
digestion of the albumin, the distnbuton of sulluratad
AT LN0 w08 hetween the supematant and the residues vas
simslar Lo the average d.gestibility of the whole protemn.
However, Wb does not esciude the pomibility of the ex-
stence of small peptider left in the supernatant after
Cl,AcOH preapitstion which are not availabie Lo ennyes
because the suprrnatant was hydrolyzee wath acd belore
(LY RIS

Methionine content was not 1Tected by euto-lssing
Table V1IN, which 310 accordance mith dat provaded by
Hernsnder lruante et al (1979) shosang that cooling has
no effect on the availability of methionine acded a5 3
sutnbiona) exnchment o beans.

The greater portion (54%) of the amino acids were
preapitated as larger pepudes (rom the Uwubstion media

aftzr digestion of the heated tlbumin. This u especally
wmportant fov wlfur amino scxds that are aready scarce
and crues ¢ reducbion in the che mica) wore from 0.70 to
~030 Eecuopborens in PAA (Fipure 7) showsd the
und gesiad eateral resultad 1 tvo maor banda covnposed
of large peptides with moalecular wegbla of 14000 and
20000 Lt were present even after Lrestment wth Pronase
(rot shown)

These baods appear w0 be related to the obsened
heat-revsant TT. In fact, the molecular weight of Tin
brans has been reported 1o be betwren 10000 and 15000
and with an abundance of disulfide bridges which help to
stabilize the structure (Puartad, 1968), Thus may explun

e guel ¥1G LA

the low aveilabilicy of the sulfur amino scids 1n beans
{Kakade et l., 1969). On the other hand, aggregales and
undigestible compous ds (ormed dunng beating of the
albumin are present and arv wost bkely responaible foc
part of the drereased dygesubdiny

L{ome reseasch durectod st thas last ares and at expleining
the low dipesubility of glutelin. an important (racticn of
beass, u curtently under way 18 thus laborstocy
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Persistc~2e of Bovine Milk Xanthine Oxkiase Activity
Akter Gastric Digestion In Vivo ong 1n Vitro!

. JORN P . ZIKAKIS S | RZUCIODLY wnd N O BIASQTTO
Oeoartrment of Anwnal Siancs ond A7 Cultyrat Buochemustry

ABSTRALY

Seventy rats were tasied fur 20 h and
wsed n twu capeniments  In the fiest
eapersment lasted rats were antubated
with  § ml markeisd milk of bnown
wnthine oudase vty After Jowing,
tud wag withbeld dnd rats were Lene
awed atiatemals The gomach of eahrat
w3t txcised and i3 contents asxaved
salarographicathy  for xanthing oxidase
wtvity  Activity Jeereased with tme At
S and 1§ h the recovered actvitics were
32 and 45%, and in ome s oty
persisted up o 8 b in the wceond
cxpenment, fasted ras recoved 1 mf
marketzd mith  Ensyme actmry dropped
fascer than sn the Lyt cxpenment Ty pi-
cal gastric transt Lmes for ingesied mudh
were 30 10 40 min Ennvme sctviny an
milk begsn (o Jecrease at pH 6,70, below
pH 1.90 thc enryme was imactivaicd
cumpletely  Inactnation was pantly re
verubic at pH 1 50 and above by adjust-
ing the g1t to 7 3 When umulated gastne
juice 3ad muk wers combiney wn ot of
31210810 12 and 13 pH'y were
18 208 357 3136 and ;A snd
fespective LInihies were 0 G 0 140
i 23 B% In onc .n varu cxpenment,
when puice and’malk 11 1) were intubated
3032 Clor Q. 5.8, and 28 h. their pH s
were $20 526, $S13, and SIS whide
fevoseied 2cuviics were [ 2 187 14 9
and 9 9% When juice and mili (1 2) were
ncubated for § h ind followed by
pancreatin olution for ¢, 5. 3.5, 3~d 7 §
b, the recovered actnites were 135,
119 72 and 6 1% Coanderible win-

Recerved Ocuober 15, 1974

? Mapiooie d wach the spproval of the Drrvetor of the
Licds g Agnovirunl Erpencent Uatron w0 Masced
lipeows Papery No. 774, Costrbuoas 19 of the
Depwrrast of Anonal Scwence and Agnaatiuml Buo-
o emory, Univeruty of Detawes:, Newaw i

Unoveruty 5 Deawaey
Newyre 19719

thine wudase 10 mulk v nutinacsivated i
the gastrontestinal oot but s pvalable
tur absorphon

INTROOLCTION

Wik Gnthine oxdase (XO B LV 23 2) s
in enavme dhundant an vow's mdk (27 28)
The enzvmc aisy 15 1 lower conceniranons in

tne mitk of ocher curminiats such s ine gaat

and sheep (15, 11) la monegasine mammals,

Modt et al (15) found XO :n milk of the mbbu

and abwat from human, mare’s, ind sow’s
milk However, n recent studies Dihakis a1 a}

(30) Gemonstrated XO v human midk and
colostirum, Furthermorc, milk from the moute,
rat, guinea pig. and donkey comained hgh XO
actary while mudk from the mare, cat, dog and
patas monkey {Erythroccbus patas) contained
modertic to low scuman (31)

Attention h3s been gnen to XO of milk
becavse of 1 theory which involves XO of
bosine milk tn development of atherowlerons
{17, 18. 1%, 20} This concept holds that the
enivme ere eemoer 2 dowugh the gastroe
miesanad r3ct and be absorbed in an ene
nmatcsliy sciove foem. Onoein circulation XQ
s paumed deporited o The myocardium and
Wrtend wali where ot Jestrony Aldebs des hiber-
ated Trom the cell membranehikd plamalo
gens 4 they we turned ovel metabohically This
i damage to the cell mesiiines of the
irteria) rntima and the imnyocardium then would
aimulate cell probfersnon, sz formaton in
the wie depnston of cholesicrol extens, and
ubttmate develepmens of stheroscieronic lestons
Because homogenitation of milk mav increase
the doavadabhn of XO. consumpuan of
homoygenized milk may be 2 predisposing factor
i tae dovelopment of this discase (18, 19)

Prevalent entiensms (4. 123 of this concept
hold that i XO sn ingested milh will be
devrroyed by the_ggidic covatonment and ene
rymanc acuon in the gomach, Should wme of
the cazyme escape.gasiric dostruction, ot would
be hydrodyicd by proteolstic enzymes in the

533
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smal intestane Furthermore, cntics asswime
that the normal 3dult zastrointestinal tract is an
impcrmeable and impeactrable bamers to the
uptake and transport of XO because of 1o high
molecutar werght of J00.000 1o 340,000 dal-
tony lalthough n recent studies (3, 12 16)
sctive XO with 3 moiecutas werghtan (hr't::ngc
vl 50 00G to 85,000 diitons was nolated From
whole milk and far gobule membrane]. Con-
tran te this wpinion, nurmal adult intestines s
permable 1o undigested egg protan 121), milk
protain (101, fuod protcins (27). entymes (9,
23, 2%), and emulufics olive oil droplets (6),
Wecently Maruw o o (36) and Willer and
Isseltucher 1241 aronded evidence for 2bsorp-
ton of ntacr macromolecules Finally, an 2
sericy of studies wich anwrals and hedthy adult
human subxets, Volkhamer (22) demonstrated
the upizke of ingesicd nw warch granules
which wete found in the cucvizoa wathin
miouter after ingestion and later 10 the heart
muscie. lungs, heart. and braun. The starch
granube, (approxsmately 40 pom i dumeter)
were taken up by 2 paraccliular proces referred
10 i3 persorption,

Our intentions were lo devermux if ingered
X0 w2z commercully avalable pasteunied-
homogenized milk ¢could swrive cxposure n
the stomach of the rav to dewermine gasing
transat tume 0 the rat, to wcertan the rate of
inactvanon of XO of milk in an in Mo svs-
tern of wimulated gastne que, 10wt the
cffcct of pH on XO ictnaty in proceiscd whole
mdk. and to tes the effecs of ucremive
insunanon of mJdX wirh wr ored gamng puice
IS PAASTCINA ON ACTNY L

EXPERIMENTAL PROCEDUNES

Sa Ve Exguorwmery

A toal of 70 Wostar wbine nt? (J6 mila
and 34 femaler) ranging in weight {rom 200 to
250 3 and in age from 810 12 wk wert inthis
study The 1mimads were an an ur<onditioned

Hiltop Lad Anumais, e, P O Box 193,
Scocchile, MA ] S343.
¢ Covrel’s Fece Sermz:, Criwood, DE 19708

CA ). Buck und Soas, 10534 York Roed. Cockeyv
wile, M) 21030

'St AA obuuosd from Anhuwr H Thomas. fuc.,
Philaded pisa, P A

tournal of Deiry Scence Yol $0.No 4

builaing with 3 temperatore of 22 C and 4
relatve humidity of abous 30% Five rats of che
same scx werc i cach palvanized cage {25 x 20
X 18 em) with rused ware mesh floors Punna
pelict rat chow’' 1ad water were provided ad
bbitum, and 2!l racs weee fasted (o 20 h prioe
to testing

In the fimt of two expenments, 13 male and
13 fernae rats were asugned at random to 3
treatment group and an equal numbser of males
and females were asigred to 2 conuol group.
Each tratment ammal recaived § ml of com-
merciashy  produced  Trade A pastcunied-
homogeaized bowvine whole mik (Vismun D
added 400 (U947 ml) purchased from a local
Acme supermarket. The mdk was adminisiered
by gavage with 14 gauge, 6.4 cm long blunt
Rasnicss mect necdies ind 5-mi disposable sy-
nnges Acuvity of XO n the $-mi mik recaved
by cch rt wai 499 pi Oy or 326 ImU
(Internatona) mdlionics) (333 By the same
route of administration, e3ch control rat re
caved § mlof 05 M wdium phosphaie buffer,
pH 7.2 All r3ts were dosed within 10 mun and
remaincd without food and water uaul sacn:
ficed

One male ard one female rar from the
treated and conirel groups were killed by an
intricardal impecnion of 2 to 1 ml sodium
pentobastinal® a1 5, 1, 1.5, 2, 2.5, 3, 3.5, 4,
4.5.5.6.7 8 ind 9 h .ntenals The somachs
of the ritv we-e e-50d, and the momach
contenty were dlaced o 2 4 ml graduated
homogennzer tut<®  mrasured, and descnbed.
Contenty of eact tomach were brought up toa
volume of ¢ mi with 0$ M phosphatr dulfer
ind were homogeruzed  Threr milditers of
homogenate weie tested polarographwally for
actnny of XO (28). Minor modificators of the
procedure included omessuon of the .2 ml of .|
M phosphate buffer, asay volume was 3 ml,
and the ay wasat 37 The expenment was
repeated wath 10 made and 8 female raty, and
the protocol was modified as follows. Six males
wind ux femaies receined 2 ml of pastevrized-
homoygenized milk whose toul XO activity was
420 &8 Oyhoor 275 imU. Four males and two
femaley served as contrels and received 2 md of
the uame mik after it was heated at 90 to 98 C
for $ min to Inactvate the entyme. One male
and one female from the treated groop and
either 2 male or ; f(emale frum the control
group were killed with wdivm pentobarbital at
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of rxciwed womachs were mewsured, dowented

radjusied te 173 owaih IN NOH and the

Sesght up 1o 4 m! wath midkx heated 10 wmple asuyed for XO sctmry wihin 20 1o 30
Jeroved actinny (in hieu of buffee), homoge  min In tha caxe pereemt YO sy eecovered
Nrted aad incuared for tmny The acreabes g0 pH T ) was caleulited Yy dmding actenry
of XO 1n stomazh contents were not 3dpusted ama 100 1a the pHadiaticd mily caenple by
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To desrrmare the eflect of pHoon astmiy of
AO in panteuned-homopenuied whole mie,
i1 wmpim were wdjuged to plf ranging from

Iy an the waning b when i pH o Uw
s adjunied 1o 7

tn other 1y umuated pare guice (SC )
w13 combircd with pagicunicd-hemoganiied
whoie mdk vnmatsesof J 1,21, 3 1.1 2, and
13 dvcdnolh and ihe muxture were xaslyted
for chunger of XO acownty wnd pH Th- S4,)
wis made accordemg 10 1 ‘ormaa (1) approved
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crraveed wms cacdiced by Imding XOaan
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HC (12 1N were aaded Thesetdtting SO had
apHol 148

stirtiag mals To determux the degree of
~imarnon of XO an mull after the pH ol 1 e Ve £opew wmemes
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Thes portson of thc study invoived v ombne
ing SG) wath mi'l The mizture was incubaied,
and it vanous intervaly wumpics were drarwm ind
aralvied Toractits ol NOQ and all A ) 2 ratw
of SC) to mik way chawn the deurinle
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Comb1n31ion ever thaugh ths ALO v dnstL
COMPINIdA 1o 1n Vo Leg.. on man, ingestion of
150 mEm Ty Loy not preduce immedately 128
Teogians paced dnoa b ) niwo, SO ml SCJ
were ombingd with 100 ml whole muk wh ae
actnty of XO was 163 818 Oy Al p< b and sy
oH o1 Onc¢ conrrol conusted of an 1 I mnio
ol 50 =l wdium prosphate buffer (03 M pii
72 to 100 ) mulk to test chaager an X0
1ty duc 1o dlunon of milk The wond
roruol comuted of 3 12 now SCJ to phas
phate dull-+ (5 1ot for nomprafic ractions
tn e SU] o bLuffer Mizrarey in sepritic
Deanery watn 100 mp of thy moi 1dded to cach
10 prevesr bacteri growth were placed ins 37
C water bath and mired continuousds AL Q0 3
i.02, 8, 4,6, 8, anag 24 b, 3-J d.quots wore
¢riwe from ach muxture and analyted for pH
and woenaty of XO. Proe o wnalyns, e
wlquots trom SC) th mils combusaons ware
homagemited 1n 1 homugeniier tube beciuse
the mulk curdied umder these arwdx condinons

The capenment was repeated  with midk
wti o iratal NO scamry and pH were 126 7 4
Q,mi per hand ¢ 85 Insdd.ton, to obiain an
indicitsen wheiher XO would survive the achon
of intemuny enpvmey tie B 7 SO milk cne-
a0 wis incubited foo § a3t 17 Coit then
wis (orbined with 3 e p:m‘vnxm’ {1 prepa
Anor of miny proceohitie eny o nobiied
from the pancrcatin jwce of he cow) wiuton
(pH 392,10 3 2 1 At and incubsted 1 37 C
with contunuous rraang AL 0., 5.1 5. 25V
$.5, 7 5, and 24 N atemas, bd dhiQuogs weTe
drwn 1nd auly wed for wnmey of XO and tor
pH  Mepercrnt scuivry of XO recovernd in the
SG) o milX amdl (5G] k) pancranin treut
menas wis aalcdited by dmding scoviny Gimes
100 it 1 pven L anterval by the comospand:
g acimaty in the pufflar mul contro

ALSULTY

ba Vo Expuars anares

Results ure an Fog 1 and 2 The find
expenmens shows thit at the  $- and 1+
interals, approumatdy 6% of the omginal
warery of XO v the mik adminsaered was in
the somach contents After 1.3 b, 46% of the

'Mertx 151 CoL e Raswwy, M)} OTOBY,
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MUY was recoverew In wdieguent antervals,
ity dropped tharpiy and Wiween 1o @b,
the recoveribie acinnty ringed between 0 to
118 Stomach contents of the contrul rio
showed casenoally ne carynx actmry (Fig 1)

In the swcond crpmament the trend was
tovard 3 gradwl reduction of sy o XO
(Fyg. 1) However, thu fime actinaty dropped
futer than i (he Iirv cxpenment. At 3 1, and
1 b of dgeinon. recovered aaimney of XO
were 23 1) and $% Thae lower alues
compured (0 thene 1n the Nz c3perimens are
snbated prmandy 1o the smaller v~lume of
mdk admuustered {2 mi)  Judpag from ihe
contents 1L the cycned stomachy, we {ound
that eypecal pamne tmnsn ome of acubated
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¢old (4 C) milk was betwcen 30 (o 40 mun for
the rat However, large actmity was evident 3t
S h (678 and 23%. Fig 1 and 2) and actmaty
of XO decressed ta hrve at 2 b (Fy 1)
dihough 1a some rars actmny Kl was gight tor
a long a3 8 h (Fig 1) At the .$ nterval,
stomuchs contained htde or no Nuid mdk. Any
actmry of XOQ between .3 3nd 3 h was localined
in mdk curds which were most abundant 3¢5 h
and kasz abundane a1 B h Theose resuts suggenr
that 1 consideradle amaurt of X0 1n ingested
MUk (about 40%) escapes grias digestion and
passes unaftered inro the ntcstinal tract Ve
obscrred no difference due 10 1k 1 actmny of
X0 1 the stomach contents af racs

EHoct ol pH 0w X0 Acgmay

Toe pH of commercully procemcd bowne
whok mik vanes from 6.62 to 6 89 depending
on the band. batch, and fredoest Asn Table
1, acovary ol XO i pascunicd-homeogeied
bovine whole mik with a pHof .78 rared o
decreass 1t 2 pH of abour 6.70. As the pH was
lowered furrher, the enryme was mactivated
ripedly and was tnacovated completety 3t about
FH 3.90 The rmcmvanan of Y0 in midk was
determuined at pH 7.3 a1 dacnbed under
Lrpenimenial Procedures Az pH 7.3 actmiry i
the sarung midk {(pH 6 78) was increased by
sbout 20% (Table 1) Recovery was hghest &t
pH 8.3 {pH opumum for bonine muk XO {Si,
bul we deaided to masure X0 ractvavon it
pH 7.3, 1 oM ncwr phynologwal pH. Between
pH 670 and 4.6%, 90} and § Iv ol actmary of
X0 w mik way recoverable. Within pH 6.70 1o
5.45. the difference in the recorery at thow
pH's and 3t pH 7 3 was smull. But recovery at
pH 7.3 was oncfold and clewenfold higher than
at pH’s 5.30 and 4.65. At pH's 390, 2.95. and
2.50, al} actwviry in mulk was loss. When the pH
of these mixtures was adjusied to 7 3 (Table 1),
352, 83, and 1 5% of XO w3 raactivated At
pH bdow 2 SO, there was no reactrvasion by
incrasng the pH of milk up 1o 82 Thus we
assumed that at pH bedow 250, XO way
derutwred voroversbly.

tmmedutely aficr combining SCJ and mik
mranosof 3:1,2.1, 1 1, 1.2,and 1 3, the ph’s
of the mixtuses were [.85, 108, 3.57, 5.14,
ind 5 56, and the recovered XO sctivitses were
0.0.0, 15.2, and 21.5%. When the pH of the
11,2:1,1 1, and | 2 ratios was adpusted to 7}

with .} N M0OH, spproximately 36 snd 56% 1n
the 1} and | 2 o003 was raactvaied. Bui, no
smuaviey was restored inthe ] 1ard 11 mtos
In umda ricas of bufler and mik combira-
tons, the pH waved acas acutcahity and actnaty
of XU showed lhirtle change between didunion
The pH and acuwty of XO of starting midk foe
thete fests were & 8§ and 176.7 ¢d Oy /md per h.

tn Vrro Erpes enercy

la the fint expenment immedutely after
S$G) snd mdk were combined, wemity of X0
dropped from 165.8 0 29.1 14 Oy/ml per b
pvinga recovery of 19.2% (Tabie 2). Thercafter
actmty followeg a gradusal reducton: 3t 8- and
24-h incuhapons, the recowered entyme actve
te3 were 14.9 amd 9.9%, The rutial pH of thus
eataent wss 5.20 and remained relatevely
unchasged chrowghout the 24 b incubauon.
Actwity in the buffer:mdk control also showed
1 gradual reduction with ame, and 3 subrannal
thange 10 pH ocrurred between 8 to 24 h
wiervals (Table 7). Mo acuwcy was detected wn
the SG) baffer concrof.

The remdts of the wcond expenment are in
Tables 3 1nd 4 Although the percent recovered
1camviues were lower, the chunctensie sharp
reducnon w activty of XO 1t wro time in the
first experiment (Table 2) was also in the
sccond experument {(Taole 3). At 3 h incuba-
non, 9 3% of agriviry of X0 wzr ccconered, AL
24 b umerva), 1 mebsuntal aamry (76 i
Oy /ml per b) was i the $C) mdk oearment,
Howerer, we were unable lo caleulate percem
swtiviey of XO ncovered for the 24 h. Thu was
due to bictera) respiranion ip the buffer:mik
onerol 3t the 24 & interval which interfered
with the usay The 7.2% recovere ! Mty
(not shown wn Tadle 1) for chs wierval way
cmmates by the B aamey value for the
buffer mJk courrol, 3 conservatve esamarce,

Tabie 4 shows the change in vatmviry of XO
wnd pH followng succeasive incubation of muk
with SGJ and pancrvaun, A mixture of
SG mdh (1 2) which had been ncubated for
5 h wus combined with a 1% pancrestin
wluike (pH §93)1n 3 2 1 ratio. AL tero ume
there ¥is a0 it frease n pH (due 10 the bgher
pH of pancreanin solution) 3nd 3 dight decrease
th 3ctrsry of XO (due 1o the dilubon effect of
the SCJ mudk wth pancreann). As i Table 4,
wcovity of XO and pH of the trexument

Journal of Bty Scrance Yot 40, No ¢
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=3 followed 2 gradusl reduction After 24 b

i g g .o oo incubaton, 3.4 ul Q) tmil per b of sctvry was

efilacenans S sl evident an the (SGJ midk) pancreanin o
. ge
-E. § DISCURSION
? -
% I Rl 3 Jolb g The 1in vivo data indiate that in the rat a
5 S ®eeeseves 3- large pormion of XO 1n ingested mik ewcapes
2 § pamne digasnion In the firk cxpenment, over
3 © 0% of the apparent attimey of XO of mdk was
¥ 3 recovered st 30 min of digaanon 1a the stom:
3 E= ©  1ch Since mow of the womach empticd within
E -g:g - £ 30 10 40 mun, wr assumcd thag good deal
H ITs 2 (about 40%) of acuve entyme pussed 1nto the
= P4 '2 2 wmall (ntesune shortly after it wesingested The
g x2l| sesos0s505 £ lower vaues of recovered actmry of XOan the
M & sccond 1 vivo expeniment sre probably due to
3 < 3 the mnaller volume of muk mitubated (2 ml) in
T I3 the cxpenment after 2 h of digestion, the
¥ -| 382232833 z J"; excsed rat ssomachs conuined bess curds than
3 e e~vvvooww = i stomachs of cats 1n the fist cxpenmenz, which g
2 S ¢ recaved S omloof mdk This may explin why
! _ 15 3 scummy of XO was longer in the somach of
R - i 3 e s an the i expenment (Fyg. 1)
§ . - S, 2 i g. Appasently the enazyme 15 protected we'l by 1s
3 %‘E ~ 23 close amocunion wath the mdk fat globule
2 _;5_.': t & U membanc 134) Alw, duc 10 the bu*fenng
< I= 3 X <« =
£ 33. H z 2 £ apiary of mulk, pepun with a pH optimum
4 ;‘:2 O 0D NG W - \.3 b3 between 15 and 2.0 (1)) would have hLrue
f - . E%?EE: IIX T £ b effect on XO In humans, the pH of the '
":',‘ T - 3 ;_ ¥ stomuch contents may range from | 0 (faered)
H « £ % tos00mmediateny diers mal
% < T ‘_-' Diu n Table | agree with thowe from
‘; oS- \;- '.é’ § vanous ruos of SGJ milk tests ArpH 3 90, no
] i SaioTooIx = ‘E 3 XOacumuy was evident and upon adjusting the
¥ E ¥ & fH te 7)) sbour 35% of XO acuvity was
3 £ ¥ 2 recvared This observabion ¥ important be
x 3 : E  cause it mggeso that even f the ramvme
3 = § T werenacnvated by the low pH cf the stumach,
H s 22 .2 2 it could b reactivatcd agun upon enienng
2 ’°_>_~£’ s 5 5> the morr akaline emvitonment of the tmall
-} ita £ ¥ I intesanc Furthermorr, the pH of J | nd
§ 33 ¥ £ 3 21nnesof SG) mill were I 85 and 2 C8. and
3 = - m g ; 2 _i‘ both mixiures were devord of XO scumry -
¥ | ARTIn2R22 17 3 7 Adjusing the pH 1o 7 3 did not reacinare XO
H 3: £ 5 inthew mixturen Asn Table Lonacovation o
.E H ‘; = wreveruble at pH betow 2,50, and the 3 1 and
z ] E 21 5C) mdk ratvos weve below that pH. Thewe
- r < ? 2 findings dnagree with Manpino and Brunner
e} 3= 3 <‘ 3 {113 who found that XQ acuvny in commer-
- -
< l ?; 6 ermovome |7 ° ¢ oaly purchired homogemied bovine mik was
Ld w= ~ rot reactivated below pH 3 2 That they deter-
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TABLL ¢ Peratensx of awthiae oxidac { XO) w vty following succomsw ncuhanon ol mitheicd bow

LIKARISET AL

whoot Ik wath umulared Fe e porce (3G and pannicrtin

Xacrmin * o

XY scumeytan

1SL) muik) PO bufler milt « XO
Sumpiing LR L _fenvallt D setmnys €
tume A i St H H St pr recowred
od tae + 3 40 1o i 1o 133
5 1bo 3 s 108 ¢ 3 109 tye
13 73 ' 508 Vid o4 + 7048 61
23 70 1 100 1120 N 708 6}
3 73 H > 00 106 6 : tes 13
L) 70 f 49 1071 ? 70y 63
73 66 1 491 106 3 b 708 61
14 Je 1 491t . 600

.A'ﬂ'\h Moty of duplaate wmphes Stormaned polarographuliy sod o cxpremcd in w1 O, /md per b

ah ol ooe of pancrrinn, pH 5,93

Cakculared by dmding sczmiey 1 {SCJ malkd pencrreus DaDTent at & grecn o teriad by the cones-

poadiag scumity w the buffor-umlk conrol uows 100,

‘Al thu powst, te $GJ] aalk (1 £} combananoo bad deed incubated [or § b and 1t hw poant 1@ actmity and
PHwere 152 ul O, /ol pet hand 3 14 Then the marure wet 3darted 10 s oo of 1 1 with I% pancreana woly

ooa wd Ky 16d pH derrmuocd 8 showa

*High sitodeboa, due 1o bas 2 Ferpirinoa ded Don peMuL 16 aTMILY hn.dq

mincd XO actviry in mulk tpectrophotomet:

neady muy accoant (o the ducrepancy
Presently, there s no durect in vivo informa
ncn on the fate of active XO after patsage into
the small tntemtine. The dsa an Table 4 show
that sctmary of XQ in mik perusced for vp 1o
24 h after succeswve incubition wath SGJ and
pancicaun. Aftar proventznon of portiors f
these date (29), Ho ¢t 1. (8) reported ca
iro studies whuch mippont our findings. They
incubsted freshly apirared human gastne ruice
»ith homogenuiedpagcurized bovine mdk
wwus oot Thes they followed with parsre
1w digotion for umer compmndle to Tanwt
tumes an the human gastroimtesunal tract {Ume
penods were v zeted). Under these conds
tons, they recovered 27% of the rotal sctmey
nothe sarung midk (8), 1 valuc which o
comparable bul bgher than wr found w then
o cxpeniments. Tha hagher value of XO
ity recovered may be anthbuted to differ
ences in the concentruron of pancrestin, the
pH of incubated ruxture, of other unnated
prAmeterL

A crucial quesiion 1n asesung Oster's theory
3 whether XO can be ibsorbed from the snult
intestne an an enzymatkally sctne form. No

lownal of Darey Saemr Yol $0, Mo, 4

onc has demonstrated the upuke of the acrive
enryme aither by the sbrorptive sorthelul cells
or by 3 parsccilular procews (221 MeCanthy 3nd
Long (14) recently concluded from feedirg
studrey nvolving thiee pegy and 25 humans that
no positive relitionship exrre Meenien X0
acuwry an blood srum and muk consumption
Mo wever, three facton may have provented
detecuon of such g rdationthp. Fum {39
imU/ol) was used. Acuwiey of XO in commer
cully pasteunzed-homogenized bovine mik 18
varable and normally raeges from 32 to 122
ImU/md wath an average of 55 ImU/my 73"
Serondly, the radiochemicsl asay used was
approsumately 10 tinds e sensiive than i
reeently  dewcloped adiochemucad asay (5).
Fiaally, pyg blood scrum contained low molecu-
Lr weghr inhuibirons whih when removed
increased XQ scunry cevenfold {5) Addinonal
rescarch u necded 0 eviluate whether XO
tsorpaion occurs through the gastroiptesiinal
LRt~ '
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Investigation of the mutagenicity of ethyiphenylglycidate

C. Tilch and PS. Elias
Pencicnforaimocgranciod Ay Erndhrung Passuch J6dQ, D 17300 Kartorvie (F2.G.)

{Accepesd 11 Juas | 988)

Sczmmuery

EPG and a3 m wmuro digest of EPG by pepein and paocreatin simulating mammatian digestios hurve
been exasmined for geacloxicity in 4 mutagmicity tests amploying different genctic endpomits.

In the Salmoacila reverse Tutation asexy, EPO showad saly shight mutsgenic activity agunst TAI0G a
£13in repoasive W dase-pair exhange activiry, ir the prescnse of 59 mix la vitro EPG was rootagenic for
CHO-X, BH4 colls with or without metabolic sctivaton, the activity being greater i toc prescoce of
mmm@mumswmﬁmmm&whmg,-ammwxd
meabolic acivation. EPG abwo induced trassformatios of CIH T104 mouse fibroblasts in vitro, producmyg
both type I and type 111 bl Subgecting an EPG sobstioa W & snulsted mammabian dgeston process

lowers the genotomic sty of the sotutiou,

Edryh-S-phenytghcidate (EPC), b ta artificial
flavouring substance which does Dot occur in o
twe. I Toparts & Ooral or fruity favowr pow

@-oé\c»—j-o—ap‘,
LUt 2 . sreryrpycamie (IPS)

(Fenarck, 1963) xad is used ut loveds of 4.6~
ppa In pwoct drinks and food products (Hall aod
Caer, 1965). It i Eased ondar No. 11334 in the
1981 pubBcoation of the Comacil of Enrope dealing
with flrvouring sobsiances sct fully evahiated be-
caute of the lack of rebevant data Lo support their
safery o use.
Structurally, many of U flavouring substances
tppearng 1o namral matenad apd many of those

ot found i patiral products are potentially reacr
tive with cell constituents following ingestion and
absopion. EPG bdougs w the group of mib-
stituted ethybene oxides whach would be exposted
w0 display biclogical activity (Wade 2t al, 1973).
Although the vast majority of tbese (Lavounng
subsiances are prescot 1 food w minute amount
ocaly, Lbere is pevartheless & pood for reassurance
regarding their sajety. The most imporuant coo-
cern relates 10 the possible carcinogemic of miuls-
puic potential of Oavouring suletances. Heooe
stadies of inddual flavouring substances bawe
Soers undertaken W detarmine thear Loxicologica
peroGies.

1t is DOow accepted that the determinauon of th
Dulagenc / caranogenxc potential of & chems
rbstance requires the performancs of a battery ¢
shoct-term tests, some of which should involve
vivo cxposwre. A receat study of 76 anibo
Sxvourng subslasces uscd 2 batary conssting
the Saimonddla,/microsome test, the sex-Hukad
ccasive Jothal test in Droeopbila and & mic
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rocdews test tn moure (Wikd of al. 1983) Iz oar
study we bave wsed 4 i viUo lests covering gepe
eations, chromosome DoUbont and malignent
trancformation o sounslic cells,

Muteriaie amd machon

Calf sera, antibéotics, Uypen tod culture medis
v porchased from Giteo (Glasgow, Scodand)
NADP and ghxcose é-phosphale from Bochringer
Meznbeim (Germany) metbykcbolan threne, cyclo-
phosphumide, &-thiogusnine 13d N-methyhN'.
bitro-N-aiosoguanidine from Servs (Heidelberg,
Geormany); pepsin, pancresting  coichiane  and
BUGR froor Cad Roth KG (Xarisrubs, Germany)

Ras-Bver boocgerate fractioo S$ peepared from
ths Bver of Sprague-Dawiey rats treated with Aro-
cier 1254 was purchased st 2 KCJ hamogroate
from Liticer Biooeths (Kmmwc. MD) This
preparution was wed in Al tests cxoept the
Salmonells reverye moutation aszay, in which freshly
peopared material from the bver of Spreguo-
Daviey ny tresied Lp. wad Asocdor were em-
ployed.

Saanple preparaziod

Esbylpbenyighidate (for specificaton xce Ta-
ble 6) was kindty suppbed by LOF.L (Geneva,
Swviterland). The EPG digest war prepared by
aichag & g of the sobetance o X0 m] dustilled
waser, This solution was trested according 0 the
s wtro digestion proceduse described by Phillips
et al (1980}

Tie pH of the wistion s adjusied w 1.8 by
37-39% HQ, 100 mg povcine popsin was added,
12d the mixture was shaken for 3 h at 37°C. The
pH was then adjusted w0 75 with N NaOH, X0
Mg poruipe pancreatin asd 17 myg  sodium
twrocholale were added, 0d Une mixture wis
whaken for § B oat 37°C The mixtwe was then
ceatrifuged for 20 wmin st 000 rev/min and uk
tafifered through' s Duflo wiuafiltration nxero-
b st 10000 dzxhos molesular moight The
cepolarity of the Anal EPG digen was determired
ier shnseatrifugation 1od fltration by a Xnaver
camometer. It was then adjurted to IO
wcsmotes, X3, and the EPC drgest was sierilised
by Mtratice. The fmad cooceatrion of FPO ia
te digest vas ‘4] mg/ml The standard EPQ

EA PR ;,- TN

2% .A.bu@. v_a...uﬂ‘ < -.t.-~...-,.. -
et

soluticn cootuned 50 mg EPG/ml DMSO, -
propcbudﬂuumsbdn(mrcdl«(htm&vid-
asl tests e Endhcated.

The Salmooclls reverse awilatioo Assay was care
ned out by Mr. RB. Vaskey a1 Taxiol. Lrboraio
ries, Ledbury, Herelonddsre (England) EPG and
EPG digest were Lesled lor mwtagensc potcnnal
accordng 0 (be method of Ames et sl (1975)
with and without the sddition of 10% m~abobc
)tvatos mixture a8 9 mix The fovowang
bacterial strains were wod: Sabwmonells fypAura-
rivm straios TASS, TA1537, TA1S538 TAIO0 end
TAL1535, a0 xept 2t Toukol Laboratonss Pre
hminary tais for eytotomxaty revesled that EPG
doecs excxechng 1000 pgp/plate wore toxx 1o the
tester strans wed EPG dig=st, bowever, wm
wicrsted in concentrations of 1p 10 10 my/plate
EPG was therefore waed at dosus of #0, 400 and
mAUphu.vthbcEPGdlpzmuwdu
400, 2000 and 10000 ng/plate

Calf saroival

The ocll murvival test was performed oo CHO-
K,-BH4 cddls. Cells were growm in MeCoy's Sa
modium suppleoentod with 103 fetal calf serym
and 1% antibwtcr (pericdlin-suoplomyan). They
were cultured routicely tn plaatic culture bottla
MNunc) at 37°C in 2 waks-uturated CO, incuba-
tor.

Preliminary investigalicns were cauned oul o
determiune the coocestrations of EPG 1oluuon and
EPG digest that would be wleratad by the CHO,
cells n cultuwre. Cytlotonsaty was deterouned as the
percenlage of cells surviving after exposure foc 2 h
W0 vanous coocentrabions of EPG or EPG dugeat
The 1aitial concentrabons were 41 mg EPG /mi (or
the digest x0d 0 mg/ml lex the DMSO solutico
of EPG. Tes sclutions were prepared by dijuton
with culture medium. Culls were counted wath a
cell cuiture counting apparatus (Zass).

- Thoguanine resutance (TG') text

The methodarges Lied atre thase descmbed
by Hoe et al. (1979); O'Nall et al (1977) and
Phillips et &l (1980) THO-K ,-BH4é cellc were
grown o McCoy’s Sa mediurn supplemented with
103 fetal calf serum asnd 1% penicliin- sirep-
toarycin. They were colmred routinely in plastic
culture botthes (Nunc) a1 37°C i a weler<aturated




i rogg,

CO; incubator. About 3 X 10% cells /boutle were
exposed for 2 b 1o the test solutiocs and then
replated 21 8 X 10 cells /bottle every sxond day.
Cells (2% 10* per bottle) were treated with 6-TG
mediure (2 4g/ad) for 10 days begsaning wilh day
8. Each dose point was detarmiped in tnplicate
Mcthyene-blue staiped muust cell clooss were
counted on the 10U dsy MNNG was used as the
positive coatrol in the test wathout S9 mux aod
CPA 1n the test »ith S9 mux $9 oux was added at
the Joved of 10%.

SCE tesr

The methods used were those deseribed by Perry
and Wolff (1974) and Philups et 23. (1980). CHO-
K ;-BH4 cxils were grown in McCoy’'s Sa medium
supplerenited with 0% fetal calfl seruro and 1%
penicilin-sureplomycin, They were culiured
routaety 1 plastic culture bextles (Nunc) at 37°C
1 2 water-saturated CO,; incubalor. For the test,
1 X 10 ceils were prowm in 175-mm boctes for 24
b Alter veatment foc 2 b with the test sohinoas,
ediusn coalaining 10 kg BUIR/ml was used.
Colchsane (2 pg/ml) was sdded 24 h after the
beginning of the BUIR axposure. 2 b later, ol
wers barvested, exposed 10 1% citrste solubon for
20 o a1 37°C, fixed 10 2:1 cthanal /acetic aaid,
spread ca ilides and stained according to tbe
sunduid  Giamsa-Nuorescent dye metbad. Each
mubo = e latol with aud without Wbe additioa
of S9 mux. MNNG wis the positve conunl for
tests wathout 59 mix. A negative coatrol with zod
anbeut S9 max wis also st up. 4 ides wore
prepared foc sach dose point, and 15 mephases
were evaluated per side

Transformanion test

EPG 1nd EFG digest were tnvesugated foc ther
abibty o induee transfomatico of cultured mouse
fibroblusu of the 1ype CIH/T10]. The method
employed way tut desenbed by Moadal et al
(19°6) and Remmukofl et af (1973). CIH/T10¢
mouse embryn fibroblaste were plated n plastc
bottes (Nunc) aod grown mn Dulbecco’s medium
+10% beat-inactivated fewl calf serum +1% 2ou-
roucs (pecilin- streptomyan T Cultures were -
cubated o humidified incubators st 37°C. MCA
was used 23 ponbwe contiol 20 boxted each coo-
tauning 6000 cells, were waed for each dose point

}

Cells were cxpoced 0 tbe test substance for 20 h
wilbout 59 rax and were then grown for 7 weeka,
the modium bang changad ooce or twice weekly,
Cells were them sizuned wath metbylence blue, and
raasformed loa were Wentfied by compansos
with he baciground moocayer. Focs of type 1
and type 111 were Wdentificd s evidence of trans-
formuing actmty. Type [ foa are ocfoed a2 coo-
sisung of vansfonned cells that, oo wiecton wito
mgenic smmals, produce arcomats w 60% of
the anipmly vesea Type 1 foa are defined as
conusting of Uansforoed cells  that  produce
sarcoma s 1o over 0% of syngenoc ammals o
lowing 1.¢. wyectson. Trasaformation capainlity was
cvahated from the rabo of bottkes wits trans-
formed o to the 101l number of bottles used foc
cach dowe pot snd expressed as peroenlage.

Rewaits

Salmoneiia reperse woutation 1est [Ames fest)

The reswly fox EPG and EPG dugest are bued
' Table 1.

The dals represcnt U means of 4 phies pex
dose ponl Tiwy show po Ioulagenic activity of
ather EPG or LG digest s the absence of 5% aux
13 mecubolx sclivabos rystem, cver al 3 coo-
ceotrabon of 2000 or 10000 xx/plste for any of
the et srauns used. The additon of §9 mux dd
ool alTect the revulls eacept for a doubling of 1Be
mecan numbxr of revertants when EPG was taated
against TATOQ 1t may be concluded from these
resufts that ZPG has only weak mutagenic acuwity
in the Ao et and Lheo oaly against the lester
stran TAIO0 w the prosence of SO ux. A positve
response in s Lest sysiem iodicates a mutagenuc
w)uwnty of e base substiiuuon type. The EPG
digaat showed po mulagenic acuvity in  the
Salmooclls reverte mutauoa test agunst all strung,
even 1b the presence of 9 mux.

Tabk 2 summanses the resuls of the cytotore-
Hy determinanoe for the 2 samples aganst CHO-
K.,-BH4 celis.

Tabk 3 shows the rosults of the forward muts.
Loa test w toms of TG mutanis produced
the CHO/HGPRT " st

Toe suviving Iractions for the concentretions
used were s lolows. 8% EPG digead (+59): 072,
3% EPG dhgent (-59) 059, 03% EPCO digest
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MEAN NUMBER OF KEVERTANIY PER PLATE

e 3 N

EEs va)j

T3

T "’:"'"“1
[P

Sacwin R Comostsatiom of EPQ (ag/plate) Comotrauars of EMG digens (pg/ph a
Q . «a 3000 o 400 10c0 10C00

TAL3S -0 116 ) 140t 3 120122 3 3.7° 183492 1Hos4s 1772 33 1172 32
TALSY '] Tig 23 €3¢ 13 80234 374 046 30310 2010 30t 20 132 13
TAlIS o 7% 19 27+ 13 1017 332 29° Izt 100¢26 1104 40 T3¢ 32
TAN 0 WIt 3.0 200¢ 46 160210 170¢ 61° 304017 N1¢LY 134 1 1212 40
TA100 0 $11¢ 94 MOt 46 $MILT4 104131 t51240 1043¢00 13233144 «)z 35
TALSY 10 133x 32 1732 32 177x40 1332 23 10420 19723 034 1Y 97 2)
TALSSY 1o 107¢ 13 00t 10 107406 53+ 21 87206 8106 voe 146 e3¢ 13
TAISN 0 1502 30 1372 2 140210 13 1) WIS 190210 127 33 140t )
TAN 10 )Gy 26 1 M 110¢30 157 12 150233 243440 304 18 131¢ My
TAI00 10 L R Y ¥ ) 11372135 M30¢34 T 18) W71s74 33283 23 47 10602147

* Baduosd bach growms taen.
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TARLED

OYTOTOXK(TY OF EPG AND EXO DICEST TO CHO CELLS

bl ol (341 Soroen Lage Poroenags Maserial EPG Ferces Lige Prroenunge

(ang/ ) wrvivad marveved (g # o0} narvrved arvred
’ withoal 99 - Y —ihou 59 i M

C—;D'd 100 100 10% PG bl 0 Qo

MNNG Q1 5L ) - - 3% EPG s (] [

CrA - N

SI% EMG digont o © ™ 1% EPG (%] [ [

1S EPG dugent 0.4 80 91 03% EXG o 3 ’

4% EPG dapest Lh4 » n 08 EPG o1 0 53

1% EPG degest 13 51 49

108 EFC degemt L8] & 13

(+S9): 087, 0.3% EPG digest (~59): 0.89. 05%
EPG sclutice {+S9). 0.042, 0.5% EPG solutioa
{—59): 0.084, 0.25% EPG solutioa (+59): 0.56,
0.25% EPG soluuoa (- S9): 0.6

Resuits were judged w0 be posiuve if the num-
ber of induced mutants equaled or exceeded 1.5
umes the cootrol value st 50% survival Hence (o
dose pounts without S mix asy oumber of mutzpts
excoeding 43 mutants /10 clls should be re-
garded as posiuve. Sumilarty, for dose polnts wath
$9 mux aoy numnber of mulints exceeding 0.8
mutents/10* cells represcnts 3 positive result

iarr o
TLaLD S

Coasderatos ol the values listed in Tabke 3
shows that the EPG digest b weakly poative &t 8%
with and wathout S9 oux This correxpoods to
cxposure 1o 2 wiuloa cootzining 33 mg EPG/ml
In the case of undigesied EPG oaly the results of
tre 0.25% »ctutico can be considered, because the
03% solutoa was found W be o cytowoxic for
tbe rezuls to be tnlerpretable. The 02354 EPC
solutoa was mulagenic both in the preserce and
absence of S9 mix but duisplayed bigher actvity in
the prosence of $9 mix. The 0.25% pormal EPC
soluboa cormespoods to zp exposure of 0.125 mg

FREQUENCY OF MUTANT THIOGUANINE RESISTANT CELLS N CHO CELLS TREATED WITH EPG AND EPQ

DICEST

Mavensd 3 0] Numuber of owtana / Toead Meas puter of Mutaals per
(g md) botthe muush it obwervod 10° cel

1 2 3

Comtrot - 59 o 0 1 1 033208 17

Comird + 59 2 | 2 H 1.7 20387 [ .

WNNG Q) g/ mh s bl 1 % LY r208 2

CPA(0ag/mD) 12 b L) M [RS0 I D¢ | %5

1S EPG degemt - 5 13 3 1 1 o0 10

1% EPG Sgeus + 9 5 ] s 6 ‘ 1 & 10 0

2% EPG dugent - 39 wlis 3 | Pl 3 vl zos? »

03% EPC digest + 99 (8] 2 1 ‘ 1 13 r182 1%

03% 220 whiooa ~ 9 0 1} 3 3 1 13 2is n.?

058 220 wisuca + W xS b k] 1 » 13 2d¢ M

0% EPG solotes ~ 9 Qe 3 3 4 12 4 210 x

0258 EPO sistics + LB ] 0 1 1 n 1Y 2057 33
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TABLE ¢
™ YTTRO DNDUCED XEs IN CHO CELLS

e vt ’ EPG Mran
(g ) SCEs
por &0
awLaphases
Nagpptw comuol - 38 16240
Nagstrv cowerad + 39 MWIt14
CPA (10 pg/mD) MId2
MNNG @] sg/w) 87248
FS EPG g 59 32 RESES S
1% EPG dagest » 59 323 120318
023% ENG sotuicm ~ 59 01 155227¢
A.23% EPG sotutcm + 59 10 LY TRV A

¢ Sgxficantly diformat frau control vajee w8 I-taded ~ient
oy ~anp

EPG/ml. which is the 1ame covcesmition of EPG
a3 ix found in the 0.3% solutioo of the EPG digest,
While the digest shows po mutagenic Kuvity at
this Jow ocnoczatntoa, the undigeswed EPG s
Glearty mutigenic.

Both EPG and ENG digests were examiped (oc
heir sdility to induce $TEs in CHO-X,-BH4 cells.
The coocentiations nsed for this Lest were based
oo oee effective in the forward mutatios test,
Lo, 8% [ e EPG digess and 023% for the EPG
solution. The results are listed o Table 4.

Culy the undigested EPG showt clasiogenic
activily both with and wiihou! the additicn of $9
mx The increase 1o SCEs was significant for that
Soee point i all the sldes exrmined

Yable § summanscs the results of the trans-
formation test in mouse fibroblast cell ype
C3HTI0{. The cooceotratons used were the same
23 bose (ound W be acuve 18 the other 1n vilro

TABLE S

TABLE ¢

SPECIFICATION QF EPC AS SUPPLIED BY GIVAUDAN
A

Product Eidyd phaorry (ghyoniam
Na of kx 934313

Donary (¢ ) 1134

Fdies, of rdfracuca (a3} 1318

Acdty 10

Punty (o indar) 100%

Vo) chiler a.1%

mutagenicity tests, ie., 8% foc the EPG digest and
025% jor EPG.

The results show that be soluloo ooataining
0.1°3 mg/ml of EPG bas » capagty © transfom
mouse fibroblasis that is about $8% of the activity
of the poaitive control. The EPG digest conuinng
33 mg/ml, or 26 limes the concerlrabon of the
undigested EPG solutoa. has 8 capacity for trans-
formation that is about 33% of the activity of the
positive contral. Although digation does bot re-
move e ransforming potestial, it reduces 11 by a
[actor of approximately 44,

D .

The suspriacn thal EPG would possess geno-
toxic potential, based on structurl consideraons
(Wade ¢t a)., 1978), has been coafirmed o 10 wvitro
tesls unng different genctc codpownts. In 2 previ-
ous iovesugaton (Wild et al, 1983), EPG was
found to be mutagenic o 5. 1yphumusium TAT00
i 3 plate test with and without $9 mux, st con-
coninuons up 0 4 my /plste. EPG was moce taxc

KESULTS OF THE TRANMSFORMATION TEST !NV MOUSE FIBROBLASTS

ded lorad . G Numbder of boidar wih $ boxtien wnih Type H
(g/md} traasformed loxa / and Type 1] foa
10dal purnber of bodiles
Conrol pYE- 114
MCA (10 p g/ md) /0 0
% EPG Sgamt =5 6/ x
0258 EPO 0.103 $/2 43

0630r122

B BN o e -




when proscubation procedures were apphod. and
1 was not mutagenx under these coodiuoas be-
cause of 13 hugh cylowuaty. Ooe out of three
sex-inked recosuve lethal tests i Drooopiila
melanogaster showed an  increased mutation
frequency. No actuviy was powed in 3 micro-
pucleus test w rmice.

Under our conditions for the Saimoosells /mi-
crosome reverse mutate  Lest wo significant muls.
gemic acuvity was detectadle. The slight reducuoa
in the number of revertants obseried at the hughest
exposure keved of 2000 pg EPG/plate 1n the ab-
senct of $9 mux, tegether wath the reductioa in the
vackground 'lawn’ oo the agsr plaes, is svidence
of & ozic effect ou the test organisms. The xddi-
oo of 2000 xg EPG /plate doubled the number of
revertasts for S. fyphumaonon TA100 compared to
coatrols. Tais findicg differs from that reporied by
Wild and coworsers (1983), who noted significans
mutsgenic activity in TA100 st 4000 xg/plate
The dilferent results may be due to differsoces in
the eafication of the EPG examined, a possibil-
ity suggested by ibe difference in observed cyto-
toxjaty However, owr tests may have failed to
detect uignificant mutagenc acuwty in TA100 ox,
indecd, 1 any of the otber strains employed be-
cause our lest conditicas were 00l optimised with
regard to the copceatrsuon of S9 mix and no
praunubatun provcdures were included. Never-
theless, our fisdings wdicate that TAI00 appears
to be scauuve o EPG gegotoxiaty, fypelfying
base-pair subsutiuoo activity.

In witrs digeston of a 20% EPG-water mixture,
uang the metbed of Phillips et al (1980) sbolished
the mutagenic activity of EPG in TA100. It also
reduced cytotoxxaty by about 5-fold, so that coo-
centrations equivilant to 10 mg EPG/plate could
be tesied

EFG induced forward mutations 3t the HGPRT
locus of CHO ceils, yeiding bomarygous mutants
resistant 0 S-tnogianine. A §ose-respoase curve
could not be ~irhhihed hecyure of e ciotoxue-
ity of EPG. Although the 0.5% soiuton induced
wxe muiants idependent of the presence of 59
muix, e dow murvival rates S caly 4-3% made
Quantiative wterpratason of the results difficult
However, uning 3 025% soluboo inceased the
suvival e 10 %6-603 and produced positive
mutagenk: respocses i the prosence and sbscoce

LG oty

of 59. lo [act, the respouse was equiabent quant
tauvely 1o the acumity of 10 s cyciopborphaond
1n the presence of S9 mix or 005 2 MNNG o U
sbtence of S9 mux

1o viro digesbon again reduced 1be mputageny
acuvity of EPG o tus tese The aummber of mutant
produced by 3.3 mg EPG/mi as digest was abou
ball that wwduced by 0.125 mg EPCGi/ml as solu
uoa. irespective o Uw presence of $9. In vitn
digesvoa therelore cawsed 3 13-lold reducboo u
the mutageruc acuvity of EPG. i the wadence o
mutants 13 compared for 0.123 mg EPG/ml o
digest and 0.125 mg EPG/ml of soluvoa. Thi
reducbon would be much larger for the 3% diges
(33 og EPG/ml). becawse the sope of the thoo
retical dose-respooie curve for the EPG sotution
would be coosiderably stecper than that of th
dose—reapoase curve for the EPG digest The aun
ber of mutenes produced by 0% of digest of it
EPG solution was not significantly different frou
the cootrot values, Urespastive of the presence ©
5% mix

Sisniler reduction wn clastogenx activity wa
observed 1w the W vitro SCE test The diges
coorimung 33 mg EPG /ol produced no sign.f
cant nse in SCEs, whik 0125 mg EPG/ml a
solutioa produced a clear claxogenic respons
equvalent to a 26-foid reduction in actvity by ©
wvitro digestion. It should te ooted that the wam
concenrauon (0125 mg/mi) of EPG sotution gav
posuve resulls in lest sysieras employing dufercn
geneue endpownts.

The v vilro transformmation test unng the mous
fibroblast cell hne CIH T10§ yidded pomitive 1
sults with both the EPG digewt and the EXX
solutioa The solutioa of 0.123 mg EPG /m! ha
about $3% of the transforming activity of a mett
yleholanthrene soluuoa coolaumung 10 xg/ml Th
digest cootunuing 3.3 mg EPG/ml had about 33¢
of Uw trapsforrung acuaty of methykeholar
tirene. Thus digesuon &id bot abolish the Unns
fermung potzoud of EPG but reduced it by
factor of

(3.3,0125) x (58/33) = approx. 4.

The positive outoome of 3 out of 4 different b~
wvitro tess unng 4 searsie genct endpoats coo
fums the genotoxxaty of EFG under these mxpen
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mesldd coodiboas. Such & rmull would be ex-
oecied in vicw of the chemical strucwure coqasning
3 reacUve epaxide proup. However, wben tosud in
two in vivoe sysiems, conflicting resuits have been
reported. Thus there 11 8 clesr need 10 resolve the
dilemma by cooducuag further in vivo tests in-
volving both 3erm and somat cells. The poatve
trandormaltioo st i difhaut 0 1aterpret in the
abwence of evidence for adduct formation between
EPG 2ad pudear DN/ The interesiing finding
that @ witro digesuca supulating the mammalian
digestive process reduces the Dutagenic sctivity of
the compound 0 b Vit Wsls 0 some cxlen!
wupports the equivocal or negative resulls seen 0
far w is vivo mutagenicity tests. Froam the pount of
view of risk to the beaalth of the consumer this
provider some assurance, because the use of this
componied 25 & flavouring is foodstufls ts ualikdly
to exceed severa) tens ppor However, & quantits-
tve risk estimate cannot. b made from the avails-
Sle data, por can 2 bealih risk be ruled out, unless
compicic inactvation by in vivo mammalian di-
geson has been coavinangly demoosaated. The
work repocied in this paper jupports the vicw that
digestion 18 Lkey to diminish the mutagenic
potental of ceruip 1.2dimbstituted ethylene
oxides with 1 molecular structure similar w EPG.
11 also Thustrates the value of conducting a battery
of 8 vitro mutagenisty teds if the chemical struc-
ture of the counpound raises the suspicion of bio-
logical reacurvity,
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A Pepsin Pancreatin Digest Index of Protein

Quality Svaluation '

WALTER R. AKESON ano MARK A, STAHMANN

Department of Biochemustry, Univeraity of Wisconsin,

ABSTRACT

Madisen, Wisconsn

A pepsin pancreatin digest indax was devised for a rapld, accurate

esumation of protein quality The index was calculatad from the amino acids released
by an in vitre digestion with pepsin followed by pancreatin. The amino aclds were
determined by adtornatic amino acid analysis which allowed rapid protewn quality

evaluauons with very small samples.

Using whole egg as a standard, excellent cor-

relation was observed between the pepsin pancreatin index values for 12 orotelns and

the)r biolegacal values reported in the lLiterature from feeding trials.

The proteins

tested were selected to cover 2 wide ringe of protein quallty. Tbe pepsin pancreatin
digest index values showed better correlation with the biological vrlues for the growing
rat than <id the essential amino acid index which tended to overestimate tbr value,
or the chemical score which tended to underestimate it.

Although the nutritional quality of pro-
teyns must, in the final analysis, be estab-
bshed with feeding trials, in vitro methods
of protein evaluation are useful in screen-
ing new protein foods and processing
methods because of their rap:dity. Recent
resiews of laboratory methods of protein
gual,ity evaluation have been given by Grau
and Carroll (1), Campbell (2). Pearsen
ard Darby (3), Frost (4), and Mauron
{33. Twa procedures widely used fur
screcning potendal protein {codstuffs, the
chemical score (6-8) and the essential
aruro acid index (8, 10} were based cn
the total omino azid cempositon. These
procedures were rapid and in many cases
accurate, however, no allowance was made
jor vanauons in the digest:bility and avail-
1bibty of arnino acids. Sheffneretal. {11)
ieveloped the "pepsin-digest-residue armno
12id 1mdex” which combined the pattern of
»ssepila) amino acids released by in vitro

xpsin digesuon with the amine acid pat-_

ern in the remainder of the protein. The
votk involved was considerable since 10
wano acids had to be determined in an
wcid hydrolysate as well as in a pepsin di-
iest by the use of microbliological tech-
uques. Therefore, this method did not
ppear suitable for evaluation of laige
sumbers of food proteins. The procedure
o be described in the present paper gives
n amino a~id tndex based on the release
f amino actds by pepsin followed by pan-

Normuarion, 83: ‘84

creatin. The labor and sample size re-
quired for assay was reduced by the use of
automatic amine acid analysis,

ME'THODS AND MATERIALS

Pepsin digests were prepared by incu-
bating with snaking 300 mg dned protein
(samples were dned to constant weight
over P,0, zn room tempercture) with 12.5
mg pepsin ' in 15 wl of 0.1 N hydrochlenc
acid for 24 hours at 37° in a water bath,
Pepsin followed by pancreatin digests were
prepared by incybating 100 mg protein
with 1.5 mg pepsin In 153 ml of Q.1 N
hydrochloric acid at 37° for 3 heurs. After
neutralization with 7.5 ml of 0.2 ~ sodium
hyvdroxide and addidon of 4 mg pancre-
aun ’in 7.5 mJ of pH 8.0 phosphate buffer,
the digestdon mixwres were incubated fer
an addiuenal 24 hours at 37°. Enzyme
blanks were prepared by incubation under
the described conditions with the protein
samople omutted  Fifty parts per million
merthiolate which were 1dded to the diges-
ton mixture to prevent growth of micro-
organisins did not interfere with the diges-
tion and subsequent analysis. Ten
milliliters of digesdon mixture were added
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258 - WALTER R. AKESON AND MARK A. STAHMANN

to 50 mi of onc per cent picric acid soiu-
ton and centrifuged for 30 minutes at
1000 X g to remove undigested protein
and larger peptides.

Fifty milliliters of supernatant were
passed through a column containing anion
exchange resir ¢ in chloride form into a
250 mi lyophilizing bottle. After rinsing
the column with three S.ml portions of
0.02 N hydrochloric acid, the' samples were
dried by lyophilizauon. The dried samples
were dissolved and diluted to 10 m] with
pH 2.2 buffer. Amino acid analysts of the
samples was made by the {on exchange
method of Moore et al. (12-14) with a
Spinco model 120 amino acid analyzer.
Basic amino acids were separated on a
10<m column using pH 5.28 buffer. The
acidic and neutral amino acids were sepa-
rated on a 139-cm column using pH 3.25
buffer followed by pH 4.25 buffer after
8 hours and 30 minutes from zero time.

Chromatograms of pepsin and pepsin
pancreatin hydrolysates of egg white pro-
tein are shown in figure 1. The pepsin
hydrolysate represented 53 mg of protein
and the pepsin pancreatin hydrolysate rep-
resented 3.3 myg of protein. Analyses of
pepsin hydrolysates were unsatisfactory
since large concentrations of peptides ob-
scured peaks of some amino acids, many
of which were present in small concentra-
tions. Chrom:tograms of the pepsin fol-

af A
ar’

* \
o 1

]

A PEPSN OCXIT

ey el

lowed by pancreutin hydrolysates gave ex-
cellent resolution of the amino zacids. In
those areas showing peptides, a slanting
line was drawn as illustrated in figure 1
which served as a baseline for integrating
the amino acid peaks. Prellminary studies
showed this method of integration to be
more accurate and reproducible than the
usual method (14) when varying concen-
trations of the enzyme hydrolysate were
analyzed.
The total amino acid content of the
samples was determined on acid hydrol-
ysates. Fifty-milligram samples were hy-
drolyzed with 2 ml ¢f 6 N hydrochloric
acid for 22 hours at }10° {n a sealed tybe
containing a nimrogen atmosphere. After
filtration and evaporation to drymess 3
times with vacyum distillation, the sam-
ples were dissolved in pH 2.2 citrate buffer
and diluted to 25 ml. Tryptophan which
was destroyed by acid hydrolysis was an-
alyzed after hydrolysis with 5 N sodium
hydroxide “in a manner similar to that of
Dreze (13).
The pepsin pancreatin digest index was
calculated in essentially the same manner
as the “pepsin-digest-residue aminc aad
index” described by Shefiner et al. (11)
with slight modifications. The amino.acid
concentrations were expressed as grams

CAG 2.X 8. 200-400 mesb, California Corporation
for Biochemical Resvarch, Jos Angeles,
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Representative chromatograms from the Spinco Model 120 amino acld analyzer. A, a chro-
matemtam of a pepsin hydrolysate of eqg white; B.s chromatogram of a pepsin followed by pancrestn
hydrolysate of exg white. The chromuatoqrars of the pepsir hydrolvsate shows peptides and smina acids
from 10 times mcre protein a3 the chromatogram of the pepsin.pancreatin hydrolysate.
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PEPSIN PANCREATIN DIGEST INDEX 259

per 100 g total amino acid rather than as
mulligrams per gram of pretein. Amino
acids used in all calculations included ly-
ser 2, phenylalanine plus tyrosine, methio-
niie, threonine, valine, isoleucine, leucine,
and histdine, the amino acids classified
by Rose (16, 17) as essenual for the grow-
ing rat. Tryptophan was destrnyed during
the picric acld procedure and not deter-
mined n the enzyme hydrolysates. A cor-
rection for the tryptophan content was
therefore included in some calculations to
see whether the tryptophan content of the
proteins tested would :nfluence the results,
This correction which was the rado of to-
tal tryptophan in the sample to total tryp-
tophan in the refcrence protein was in-
ciuded in the geomernc mean of each
fraction.

: _~ The procedure was tested with 12 food

proteins which co_ge_md_me_enﬂre_xang_c_of
protein_guality. Commercial preparations
tested were egg whte, lactalbumin, casein,

soybean protein, gluten, zein,' wheat flour,"
yeast’ and gelann.® Whole egg (raw),
milk (pasteurized) and beef (roasted)
samples were prepared by lyophilization
followed by grinding and mixing with a
mortar and pestle. Before lyophuization,
the becf samples were homogenized with
50 ml of watcr with a Virds homogenizer,

RESULTS AND DISCUSSION

The pepsin pancreatin amino acid index
values calculated with and without the
tryptophan correction are shown in table 1,
columns 4 and 3, respectively. The bio-
logical values for growing rats as reporteg
in the literature for the 12 proteins are
shown in column 2. One or more reports
of the biological values were iound for

3 All obtained from Nutritional Biochemicalr Corpo-
ratlon. Cieveland.

. Pl:}sbury': Best, The Pilsdbuery Company, Min-
heapolls.

? Red Star Food Yeast, Red Star Yeast and Products
Company, Milwaukee, Wlicansin.

* Bacto Gelatin, Difco Laboratories, Letrott, Michl-

gan. -

TABLE 1
Comparsoa of peptin pancreatin digest index (calculated with and without the tryptophan carrection)
uvtth bwlogical velues reported 1n the literature for the growing rat, the chemical score !
and the cssentinl amino ac:d mdex?

Pepsin pancreatin
digest index

gl

Literature Essentlal
Food Chemical et
pisiein ol Erowinn s Speon osadng o wnaes?
correction correclion

“Whole erg 896,297 ¢ 100 100 100 100
Exg white 83282297 89 90 100 97
Muk 90,2% 843 (dried), 84 ¢ 87 86 79 89
Lactalbumin 85284 835 87 79 88
Beef 7634 80 78 8! 83
Casewn 732692787 78 79 68 89
Scybean raw 537359° -

’ heated 75.%74° 68 67 51 2
Yeast 63.2165* 74 Ti 33 81
Wheat Bout 52 54 52 42 61
Gluten 400617 49 47 40 55
Zein -— 42 27 17 a3
Celaun 2570 k] 18 17 23
Correlation coeficlent, r = 0982 0.920 0.540 0.873%

(0.995) * (0.994)°*
Regress.on equadon," ¥ =z 1.097X--11.00 0.970X ~-0.54 0831X+14.48 1.006X -5.46
(0954X+0.65)" (0.940X+1.98)"
tr of estimate = 1.45 105 2.58 1.65
(0.92)* (1.04)°*
{ Bender (8)
) Qeer (70)

? Block and Mitchell (7).

¢ Sommer (24)

? Mi.cnell and Block (€)

¢ Mitehell and Beadles (33}

? Rippon (38)

? Eender. Mlller and Tunoen (27),

" VJues in par th: es exclude gelatin,

1Y : predictec biulogical vafue, X =z pepsin parcrectin divest index.
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263 WALTER R. ARESON AND MARK A. STAHMANN

each protein except zeln which does not
suppor: growth or maintain body welght
without supplementation (18).

Whole egg wa2s selected as the standard
ard set equal to 100 since it had the high-
est biological value of the protelns tested.
A better correlation was observed between
the pepsin pancreatin digest index and the
biological value when whole egg was used
as the standard (r = 0.990) than when
cgg white was used as the standard (r =
0.976).

Arginine which has been classified as a
semi-indispensable amino acid (19) and {s
required only in small amounts (16) was
not included in the calculations of the
pepsin pancreatin digest index shown in
table 1. A better correlation was observed
between the pepsin pancreatin digest index
and the biological values when arginine
was excluded (r = 0.990) than when it
was included (r = 0.972) in the calcula-
uons

Index values caiculated with the trypto-
phan cortection showed better correlation
with hological values from the Literature
(r = 0.990) than did index values calcu-
fated without the tryptophan correction
{r = 0.982). The index values were vir-
tually the same with both methods of
calculation for all proteins tested except
for 7ein and gelaun which were devoid
of {ryptophan. When indexes for zein and
geladin were excluded from the correlation,
the correlation coefficients were the same
whether the tnptophan correction was in-
cluded (r = 0.394) or exciuded (r = 0.993).
Rose (16) showed the mimmal level of
tryptophan required for growth was lower
(0 2% ) than for the cther cosential aming
acids. Therefore, good estimabions can be
made of the bivlogical value without in-

cluding the tryptophan correction except
for preteins low in or devoid of tryptophan.
This would eliminate the need for a sepa-
rate basic hydrolysis and short column run,
Table 1 shows a comparison of the pep-
sin pancreatin digest index values with the
chemical score of Bender (8) and the
essential amino acid index of Oser (203}.
The latter 2 methods were calculated from
the total amino acid content of the food
vroteins tested The pepsin pancreatin di-
2..: mdex showed better correlation with
the literature biclogical values (r = 0.990)

AT

TG

than did the chemical score (= = 0.540)
or the essential amino acid index (r =
0.979). Similarly the standard error of
estimate was smaller for the pepsin pan-
creatin digest index (1.05) than for the
chemical score (2.58) and the essential
amino acid index (1.65). In general, the
chemical score undercstimated the biolog:
ical valve of the protein, whereas the es
sential amino acid index overestimated tbe
biological vajue. There were cases where
tbe agreement between the essential amino
acid index or the chemical score and the
biological value was poor. For example,
the essential amino acid indexes of casein,
milk, and lactalbumin were equal, but the
biclogical value of casein was actually
lower than milk and lactalbumin.

Because a value of 1090 rather than 96
or 87 was assigned to the egg standard,
the pepsin pancreatin digest index slightly ki
overestimated -the biological values. More §
precise values may be obtained by muldg-
piving the index by the correction factor
(biological value of whole egg/100). This
cuircctdon agreed closely with the regres-
sion line (Y = 0.870X — 0.54). This cor-
rection could not be accurately applied to
the essential amino acid index or the
chemical score because their corresponding
regression lines (Y = 1.006X — 9.46 and
Y = 0.831X — 14.48) did not correspond
to the correction factor.

The essential amino 2acid index and the
chemical score ar: usef{ul In screening
large numbers of potential foods. How-
ever, many potentiul food sources such as

seed and leaf proteins require extensive B

pracessing which often ynay have a dele
tertous effect on the nutritive valuec of the
protein (21). For example, carbohydrates
may react with the sicde chain of some
amino acids like lysine (22). Other proc.
esses may impreve the autritive value by
inactivating digestdve enzyme inhibitors.

Procedures based on the amino acid com- ki

rosition using acld hydrolysis may not re- §

veal these changes in the nutritdve value ¥
induced by the processing. However, they B

would be detected by the pepsin pancreatin g
digestion. Hence, the pepsin pancreatin
digest index would be useful not only in §
esumating the nutritve value of processed
proteins but also in evaluating processing
procedures.
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A disadvontage of this procedure is the

calculation required for the index. Fur-
thermore, any evaluation based on amtno
acid analysis does not take into account
the contribution to the weifare of the ani-
mal of factors other than amino acids,
Mlwchell (23) suggested that some protein
iocds may contain factors other than
amino acids which add to their numtive
value. Althaugh processing procedures and
processed foodstufls must, in the final anal-
ysis, be tesied with feeding trials, a proce-
dure such as the one described would be
useful in preliminary work because of its
rapidity ana accuracy. The procedure’s
greatest advantage was the small sample
size required. Only 150 mg of protein
were requited for estimation of the bio-
logical value. Thus many variations of 2
process could be readily tested on a small
laboratery scale.

>
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Bt SNHITRCO Fie Q0 wath 4 ohlenen: 7obut 2 vmd
amine D 1o problems eapenienced in the winine
termenal of the 2 prodecting grmp eumgsaind- 33 gnd
55a 88 were prepared hy vsing the alks lation chemisn
with BOCNHOH CH —~CH.CH_ Br' and BOCNHUH O
COH Be® asthe eletrgihidn eespoctineit Cumgnnind
34 was vditamed Ie Leondlare redin ten od snebeur 30e

Wao s M Mabetasrar N T o0 0 = hee g6, 195Y
Somer A 5y temrar P12 T, g hee 192 T e

I Petemia b Howbrger | Chorte ¥ Gtiee Mt - 0, #
Emie 1 me e 19K 51 e
The sunthemie < thowe tien 10 Rl as o aftordt sopt a o utiny
e the presedurs dresibed bn Versah bleam Aarera
[ I TR N B AU R § ML )

Table V' Phive al hata Le Henen inhitering $oommpramnds

covugml e §* wdubahits * mg mi.
- - [
43 K . g
x A <ioarh
» T <nwnj
1% L b R
1 St o ud

82 - T

e T H T pheae R e Burtlet

Letv et anud-goes 81 &1 mvre perpared v alkyiaten
of diester Lhoasth 1 irert-butosvoarhomy lamine] -
chlur 2 gtune 13 athording intermedute 16

Results and Discussion

1. Structure Activaty Retstronships. Mimt of the
cvngrarnds i Tabie |V hace heen teted (o0 inhihiten
od menkey plasma e st PR AC Foe comparstne
PR e~ il cemipm e Rov e gl Deen mabuated
toe snhilnted ot human plasme renin minaty Since PRA
values are vonskderahiy hghee i the G depletmd 1oe-
wmidr trealed monhes than the buman the B, vadie
Joof Lo bidmiet afe ewivinds o] G0 de ey i e § dearhy
the cdmered 1rends wathin The meoakes plasm s i
ate predutive et results i buman plaamas .

From Fabide [t s interentng 1o nede that hangss sn
cabmtituimn 3 the 1 jmmilie n inflaerir the trssiting
paderny when the I* e v1nta ne g hoane- st tuted ude
han ot erample, detm | compurisen of 17 with 26 and
2) with Inallusteates that when ', I, e slatine, it m
preeteeabie te The )0 o be sabmiituted wath the 128
merhy i lumine group rather than the taminaeibiv e
meaphodme gronp Howeser this me tread o md ob-
wned when ' 1 e AURPA icampagnivn of I8 wath 331,
Uhe inactn ity ol the 11N dimethilamide P owhetituted
inabineor 39 was women hal curpriing 0 vees of the hieh
prolrtm s of many of the cther thuares anahyues and the
sedd grdrney ot the corri~eonding anabigue with His ot
POOHNMA Hyesty SOHOODCH 0l e 82 il Thee
rvntilie trwlm ate that jrdemey os gimted In the cvmbinaten
st B Lnd B subetstatame vhieen Abobe ular medeling

, Valees
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Homaa b ot w saey Ju, aemense o oon ' st

shimlus with the i tive 12N dimethy Limude anabogine 33 :

twt the m e enpe el 1T ape sleme r1lastan waten sl
1M sarh w e bt Lor U gesteti s odmersesl

VMothe 71 wibe the evjes Tred i fegse 10 (ustem s in
repiaement oo <tatine wath ACHPA ¢ llinizated i
vompaseein ol 2% with 12 and 35 with 34

The slatine o ataing mdilates 26 v ssphth mews pue
e th i the wetrmgeonding fhim w1fe S OLRINE shakue
10 g rend nopenteel pceeadn 0 However this came
e is et sev 1 s hen coamparing the A0 HEPA ad v
rrapeauting didieroesuintituted AU HL A goap v com.
1mnends 12 amt 1 where the greteniies atv verv atiilat

L ompatieen of Uhe ddirernt actd groupe o the 31 ade
chain il gl that 1The prumphonaie Loy bae, amd 7
groape tend to be dettimenial tooan e pedenen e
voempeonds 38 20 and T3 Thre mas he relsted 1 the
cewniatud ol the haane side chzin in the flap regwn of
the enzvmne cleft. Himever it shesalc be noted that sil of
the [vsnedernaiaed compounds §7 25 (a1th the excep-
taver of 28 and 243 are moer pedent than 3 vhich cntains
s {ree bine gnaap ot P2 1t can be ween that subatstuten
of hntedine a1 P acumpaind 14 dew nest appear to ad
verwe!lv affect the in aitre potency with mans of the com
pands studied

The actnity of $3 n Senew hat surprising 10 Vew o the
fact that wther o N-Z-h~iae compennds showed peaor a¢-
bty e, 29 snd 32 Presamably this s partiy a result
of the preence f the diflunrntatone mewets a2 Py P
which o bebenod tobend in the actr e te ar the hvdrated
foem of the difluoraketine griwp  Unfortunatels, other
anak o rald nd be prepared wnce attempis o femone
1this 7 gtiwp werr uneuscressfulin the presemne of the du
Nucrnheone minety

Turmag to the (et ot the 1) group 8 oar remin
Ritntews, compatian of 32 3% wind 33 st ates hrti
Change 100 e Jadeps s Hewevee, sulntitution with
vdimethylabtom Bpheabilaine and partuaddaris the
eavsrphodenemattons bphenylalane B, 10 gnape. oo 1
aml 12 catad 2 submtaniidd 10 rase 10N VTG Wi eney

Companwn of 28 with 35 27 wath 37 and 2% with 16
ines mies that she by simethabacetsd Shop s
peeferabie Lo the subntitinted sixvinae aod Boghaag in thee
evaraples

Mure ceornth etfidnie R devent dieextes] som rd i
coerpraation of (wiiar B groape in on gitemot b dewer the
lo £2 v alues and 1ncrpzes agrieoin ~odubudity b onir tenin
inntutore Thie e ol the woilenviphens lalenine 0
Iragmend has given t1ee hieservrral Bachly actine e ana.
1 1S wuth hmer b £ raiioe taee Tabhie 1y The squesars
~dutuloy o wimted inhibite caer g range o b S0 alne
moahweann Table b Acthe by £ valiw 1s lemaemag, M an
weinhihiny s indeed inereased

In grnecal the adnaty pealis froun the I chain lemeth
sty ande ate that o foarearben Chan, [ hine ap.
pears to heopitemal - Homever come cantion must be vae
ety e when comparsae cumpninds an Table | with theee
10 Tatkde 1l wme thowe vith the snnatueal amine acwd chasn
fenvth sre e dvare oll dactermmerie mivture at the I
wate seserpt I which wore anibeased trom Feo o hanes
and Renes the ttae 10 waliem mosn b fower Than theee
detotinnned Lo the innture :

Himever wane coinjatiears may sLll e made wanh
cettanty Thas the 1all o 10 ey idmened on
shorteaing the letgth o the cude hatn from §theoogh !
vartens s allostrated by svampariven of 17 with $7 and 2%
with 36 Crampanen ot 22 with 8 indu atem 4 2lieht bad
v g temen ol the three carlen ondbeae Fog aned oy
carte o han e mye ande Jhea Bintle datter e in peatema

Y, -

0S5 7122

P e o
Fieuro 1. Calors indicats the follouring yellew, conponnd IT;
hiue. * 1ermiomm of compound 38.
relsine W the nstural armino acd o -carbon chein length
Mustrated v comparison of 17 with {3 and $1 (note &Y
snd 31 are duleresmernc miztures).

Tahle 11} mxludes axmpounds with unsaturstion in the
hoane side charn. Masi of these are mistures, dissterro-
menc ot the P, wte ialthuugh in 4 few cases separsiion hes
heen ponnihle s.e.. 550, Slab, 62, and €31. The £ and
Z ulefinic anahgues are of cunparsble potency 1o the
“aturated compiinds. it cumpanson of 33 with 17 and
34 with 25 inote 33 and 34 are diasterevmeric mixtures).
in xeneral the 2retyiens anakguoes have sthown comparsble
e Suehtly hgher puaency than the curresponding ssturated
anakyues: [ example, cumpareen of 354 with 25, 57T mith
32, and 62 with &2,

Mans highh petent compounds have bren synitbesizad
within thes acetvienic «ernes with varuation of the N-ter-
minal acv| zowp, te . 53a. 58, 3%, 60, §la. €2, and €3

2, Nelectivity. Tshie I\ illusizsies the speaifianty of
wime selested inhibitors of cenin ({rum Tebles 1-111 over
the threly related aspariic prateinase cathepan D (bo-
vined, \When wsiine s present at Py-P, selectivity foe
reain ss e cathegein 1) is les than 100 (compoands 17, 26
30 32 and 331 [nflerent chain lenagthe or degree of
un~atutatinn st the B, ste do nat appesr to affect the
wiecliny sienifiwantis . illwirated by compounds 30, 52,
and 338 Howeer when satine s replaced by ACHPA
ond MEA wath AEM ivmullaneouslys there w 2 substan-
tial sncrease 10 swiectivav tef compound 32 with com-
praiiads 17, 26 and 3% Thie - cmpounds 42, 56, 88, and
39 are sl naghlv spen ific inhebitars ol renin.

3. Molecular Modeling. 1n an atterapt to retionalize
wone o the siructure actinity relalivnships described
slane we siudied pomorbie onentatinns foe P, side chaims
i ahe gchive site od renin This modecular mudeling tudy
inv by md o king analywes of weveral remin inhibitors into
a mudel of human rerin denaeG Mhuen the crystal structures
Wl varpsus tungal apartic protrases ¥ The thivurea de.
rnetive vt Bvane, fiend incompoyund 17, (Figure 1), was
amwing the sulntitvents studwd. Particular atlention wes
znvens b the refatumship upon lnding. betneen the Ly
e =N HEH rude chaim and the P, whatituent which
can vmrupn g vacant ~ hinding site (with statine-type
moieies 4t 1) and ', there 1o na P, sude chamn). Resulas
indu «te that I’ ude chains having s ceran length and

Aextbilin, are able 1o estend into the 3, binding pocket
thu- redusing the ¥ hinding size syaslabshity. In the

» Hinmielt |1 Sdands H D Hemmonge. 3 M Fuundling,
S b o Snse U1 Prad B H Wed N P e Mideruiar
tern e, fhaem Bedene S0 CR Tute NS
P Flerv et Nene BV Homedual Divivear Ameler.
tin IR Nethweland. 14w p 42y
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Pigwre 2 Dem VAW sarlaies, Coloos Indicate the follownne
vrikm, thasuve rade chain of cumpmsnd 17; blue, Nthde
methismude of naapuund 33

example of the inactive anslogue 39, the lack o putency
might be due 1o the interacton of the loag P, side chain
with the /2 Vdimethvlamide at P, upsit decking intes the
ennvme (Fiyguees 1 and

Moreoner, turthber mudeling analvwes suppawted the
premuse that the (2.\N-dimethylamide functinality was
compatible with the cleft This mas subntantiated whon
the histdine deinatine of 39 IBNMAHi S NCH -
«OCH 11 was prepared and fisnd ta he sctive 1monkes
renin. K, &2 a1 With the shorter substituent at P
there ia tws snterference beiween the P and P reidues
upnenr hinding

Thus. mede ubar muadeling studies nvalving doxking
ciperiments indicate that & potential unlavorabite inter
2 Lo between the I’ and 1", subntizuents may swrcuran
wothe L ases, Tesulling an kower then expeited potency

i Evaluation of Compound 42 ('impwnd 12w
rhemens [ furihes paluation dae toats high preteney and
selectivity foe rerun In aimulated intectinal juxe at 37U
12 pomsesed 2 halfdife of 1T mia §t was virtualh wnaf
[rcied 10 simulated gastrk juice after 4 h Compaand 12
w2 abwa fiaund W be very stabie 1n neutral. aadic. and hasu
aqumur wiuty wi with meoee than 937 ainhibiter remaining
after 24 h Remn inhibitiwr 42 wan selective fue renin vers
wiher ¢} meis trlated aspanic prodeinases imhibiing Sine
cathepain D wathan K, = 17,0 and percine pepein wich
an IO, > 10ty

Heenn infuhiter 12400 3 31 n\D was eleted T
vive evaluatesn  Figure tihastrates the hived prese e
Femfwitse s AR IRIEAVEN e IRTsien of bomg kel 42 0o
1 bt sl depieted memidentne QT Mo Monkess
« 21 \Mean anenal preaure {ell by a manimoem o6 2
mmMy Hoxever compoand 12 chomed necral s
upein po admmisiratioed T ko0

Conclusion

"Ren:n inhuhiters mith enel medificatnns at the P e
weee peepared and te~ted (8 sitre A aamber of conclo
stons can be drawn frono the stricture 3oty relatien
~hipm

Frest ot~ vlear that the cleft of the remin enzvme 10l
crate~ 3 wide range of acl-subatituied hvane ade chains
st the P.uite Nide chains smaller than the natural b
('3 chain appear te sdversels affect n vitte potency
tonsstureteen i the lane chan or longer carlnn e
thains ~hosed Little eflect an porteney

Sevnnd the actinite ol the P omocilied eenn snhibitoes
i~ larpely Aepercdent on the natrer o the Poate We hase

F .
X
[ . P
£ . . .
. . e
H .
« .
1
*
L]
’
N A}

FIME (hourst

Figure 2 Flteet dampund 1200 mg ke o infiwea | b e
1d oal juremmtsry Wi wadl depileted s dre dommary e dns me ks
oW

<homm by mudeling that it o pepable T the P ode chain
tosateract unfavorabiv with the P bwnding <iie snd this
mav prinade wente explanatin (ur the i sctinmty of
snalewue 39

Thied. varwstnon gt the 'y ~te has been utilized 10 wer
the ig £ values of repre~entatine renin inhibitor efTec.
tinely The <tabilits of the P hine modified reninin-
husuters i gastne and inte<tinal jusce< has been found ta
be fairhy Righ. Himever, the<e (actors are cearly nox the
ondh requirement< for oral efTicacs and duration of scnoa.
Hence, aithough 8 reavnable and proknged drog in Jkxd
pressure was mted upon ntrasenous ddminniratwn of
compeund $2ural administration ~showed hittle effect o
blsd pressure Poor oral shraorption and or extenane
rimenatnn are poesidile tra~ons tof this nbenaton ™ ®

Footiv we have shawn that 1t s peasthie to cuntnd the
spe oty of gz inhibiars hetwren 2enin and ratheprn
18 he simple medificatuen at the Posad P, P, wien

Fxperimental Section

Ihe NVMK sprara weee teoeded on o Vanza FA 90 \anan
NE 2o e an IRMEW PR ipctrument The FAR \MN was
Seteraunel o s VG anal vweal TOTOF HE moass spectnameter in
N T Nt WD 1200 sisewt as The Laryrt g Hodstsew
arte tnsrbed @ g Beth b Flmer Modet 130 pxdatimeree T1.0C
wos b o 0 prrecated chewtorsain a gl A S5 \erekt Sulne
TGPt s e as hone WTh Roaeelgel 0001700 T 0 meah o
- Bremech tog Hashe

Vi vomipeinds were purtited by checamati gz s e sla s gl
@l wete ysudlih Lhisioed as woihid Bams that (den relaned
=ovrnt evrnen peenged AR under vauum lnlermedsies
ang the cenignds o Tables 11V ol cheraed the dierest e

“tetGlat mon 10 tiw AR mens cpetrum The NVH wan cosastent

@ e enegtwd st tures The b, 7 ahae o the cremps aands
e batnes 1L sere ddriermined by using o standard HPLE
verrelatun metimad

Modeling, “tudi~ were (aresed st with the L AN seranmn of
The syt muclmulsr Medelng prowrem” sith ywe ol an Fraas
anied Sytheriand P e

A mudel o human tenin denined o the smotal scractures
ctvatieus tungal aspartk pridrsas 100uding rided his pepen,
yennilhgermin aml thizoguis s hinensis® erte owed m 1he suds

T aena TV 6 Tharm dae 195 174
o Mlaagihzes N8 L Jngtome 19~ S,y Muroh X, 1998 10

I
srec Maty PP Yeasng A MO S E R el o 1A T de TS
e N ran Trire Ve wgtem Ine Veilnwdian of Fuam and
~other onl fase s Hualey Kl ~ane 810 %1 e Meaain
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whu h setw cdwasred I phoetang o Bt saoentrte en i
Ut e e CREE e provkino g 0 snhatuten Tn o song
wadiinat fixtemendd il ain 17, ittt tndobil wat od hiemar
renin wete e trrmiredd I the methhal fejuwiod proveends

Paubutens o4 fa e cathe grint £ oM gone w1001 Sre svwmand

n uplicate s the Badradueis oo taaie beaeghduit e, 7 ceve
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The sehu b coamntod ol cmature .3 °% dimethibastamot 807
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Stehidits Studam Sinnidde) e me e s prepared o
P e NNl T s md e gasiin uer st T
e whbntee cml ol oy el wditem od 120 methernd 1Y
. mb e Bl wdutiin was plued an s water hath ot 7%
Sanpie s wrte wothwh onte jorrwobn A andd anahred I ML
e b e o3 weLwnitile imecniam phaphaty swr
S heew s wliosdet e ol LN H 1N o mate o ) Homi. enn
et 4 ned nlth et tea ot SV Bme
el testing v simkatedd sntesional pawy 1 SEOXXT 1 ERO
o in v srreel sait I uing the shvine perpwrimentsl swdituea
ferweral Nunthetic Pracrdures. (eacea] Procedure A
Cuupling Kesrtinas Uslug Micrrlahrexricarbodiimide and
t Hrdrovibensairissole. 10 smineHE't ciwoponent 110
soten 43 e vatteas cveuerear 19 mamdd, and HORT 1) 0 maredt
it sbiemdioadan FIMF 1% entoa unnd paded 0000 %C The mhsm
was Arr ool @A IR0 00 masett s DNTF 00 ot Sdboned by
LE v Gsomneds The rradsn v stirvwd o LA st 00C flbemed
tn v b gt feam tempwrsture
Pl manhun sae then fihend and sy apreated tednmem Tie
teanha W Lben o F2OA 0 3emls and wanhed with wiurmed
NaHU 4 ditea and hone wgtwatialis The aexane setract
mas diwet INaANMEb, raperaied 1o drimess and 1he reudue
chevmatigt aphed v siiscn pel
Ceners! Precedurr B, {'aupling Reactioss [uveiviag
e elohexs esrbodivmde sad ! Hydrexyben ostRale, The
carlans ompeawar 10 mmadt and HOHRT 111 suoed) aete
e di et DAY 1 by aned cvedded 1090 %0° The wditnn wne
e etant wath £2 0 v mnudin DA ol and aereed e 10
min The amine s nent 110 maeods was then odded  After
chirtaen s 9 't L Ehoaod in 20 hoat temam tempersiure the
~tispm e nas w3 filtered aned 1he lilteate srapursted to drimes.
Lhe remstor wan taken npoan ERVAC (i mb and wadhed wuih
wtuzated NoH1 6 wdinnw 1Y mba end heine (10U mLs. The
Sty Lt was dered 03 N ruagewated b dnmea and the
tesidioe o Weoamatogzaphed on sthea el
{wners! Procedure ©. ("3upling Reuctions lavoiving
thrsclohesvirsrbodiinide and | Hydroxyhenzotrizzole.
ERais g e mtogms wosimuiba e perwtal prowduee R sath the avdifed
S 2% o ohan rtfwed  \tter Hirttain 0 arwl ey agecatnn under rechured
Jesantn the seaslie @ 3 ke agran F1I0A 8 mbr and saabed
sl with B mb peeeteens wf § N atne aod. selursied
Nt} satirated NeHi 41 wduten and wturated Nt wdutee,
N pwws uiiale s Slered Iroum the ceane Liee shch aae then
dlewad s Ny M Cand mapeeated and the readir chinenatowraphed
fwneral Procedure 1), Removsi of terr Rutesycarvoay!
fieayp g0 N wdatnarrd the BOX protrcied amine 11 1 mmald
at He tomlsws reared with THA 1) miba and starred for
L hos e nitempstature Rea tam s umpletion s as aawesard
b THE ™ e rrenmn el under teduced preaure and
te remplin nideed agth Fi8a, 0 3 mba fdkund n wahing wath
Ne i wdotes The wrgana Lnee was washed with brae and
1wl N30 The wdarnt aus e duaga wisted and the meadue ded
weele € Neh oL mnm et sever il s
tBe Vit id the X prsstes ted amuee cimponent 1) 0
s b VI cmlaa t R MK 1 T was maded 1o
P vt aden HE D e Badided inte the masture e 15 ovin Afier
1 mditien was strred T 2Tt her e min the wivent was
wrapmirated snder reduced preenre 1 he feadiee was tsken op
W UHET vl the wdirnl feawd ot under pecivred preauee Ths
proverlin was e sied ey nere The eeidue was then drd
abet Ngh L num b s rial heurs ond the teulling sroine
hotrew hilernde amedd et th sn roasing tem tnns
twaersl Procedyre F. Remoral of Resnviorycarbenyl
fooups by Catslvtic Hudrogrmation, A wduun of the L
e e tiiews e ent 1 4 mimed ! oy methamsd (Y mbs wae
1o ateh wotlt 07 pulladiam v carhen 003 mouds and siirned
winlet 2 hvdecgtyn aimemphere e & 2 b Heactun cunpietion
S dvemned In TIA The ouviure wae ltered and e apreated
unber redun v preeaure
BNMA His Sta NHUR CHICH DCH CH, (1), Title even-
prooated 1 owee qeerpares] oy iteviemindy repmarted *¢
Al St NHUH CHIWCH WHER (3, . N-ROKC.,.2
et dvmaedand Mo NHURLHG H R CH L HO

[P e

Y .



1288 Jwmal of Mrdieanal Uhemsses 1381 Vd W N 7
&

A3 01 g A4 mmedt were svupied acneding e genersl
prcvdue A with HOHT 10 T2 gt TFA @i T4 ml. S Mmoo d), ared
IRC I g, 5t mamedd i DMF 10 it The pndunt om
punfed by indums cdwsmat grapin oo s gel chuting with 12
FaAc rvane 1o aflwd the rauphed andnt (2502 RT3 o
8 white bam Drpnamane of ROC LamiZ M NHOTESH
WHKCHOH, wm carrwed sant senveding Lo groensl pnevdurs |
189 Lsafleed the prdert 347 10 L KUIT 1 2 white b, isiduwd
direvth m Lhe ort remtam.

BNMA-LyxZi$ia NHCH CRICHO)CH LA, (0. Com
Fund 31210 2 414 mmwdd and bad ! panis v imetulieort e soxd
N L 12 M) werr cupled acoevhing Lo geneesl prevdure
B The crude padut was recrastalived frum THLUT, 1 alfiwd
o wiute fumam 110, 7301 The rndur frem the medivee wpaw
win purdird tn dus chromatigrapin: on whes gel slsting wiih
CHCY, FrOAC 121 o afliwd addatunal prdurct 1050 ¢, 18.4% )
Anal KCLRNOOCH, N: € ealed C, D38 fund 7, TR UL
FARMS (M + Nla': 8233 (9.

BNMA-Lys 8- NRCH CR(CH CRLH, (51 Compound
$ wms perpared is BIY Vviekd from § (155 £, L0 memad) n
general prvedure £ Anal 10 RGN SHOC H N, FAR
MS: M ¢ H} m/s 6055 16950,

NA{{1)-Dimethyirthonyicarboay]-5- (1 H-pyrrad 1-yd)-i -
necvailar ) A ndstsm of - AOCrmuthoe (1 0 2 L0 mmad)
10 AcOH U mit was treatad eith 25-dunethasistraindnduran
10.40 ¢, £ 10 mmnd) and hesird tu reflus while alunng AcOH
1~ 15 ml s dumtal off. The cemainder of the ackd wms remunvd
uncier reduced preaure  The teudue wam Ukeo w10 dilute
NadH, acsdified woth | N atre a0, and extrscied twwee wath
THQY, The unganx ratzacts weee deved (N RO, filiered. and
rvapursted  The crude prdunt was punfied b chvusutographs
om cilics pel with B1I0Ac Lo affuwrd the phouct ¢ as 8 yelbow o)
1070 4°.5% 1 0

Diethyl [{3:(1-Nephthaleayl)-2.¢1-napbthaienv]
methyl'-}otoprepyimmine lprepasedionts (7). A wmprrnn
of 1dwthiismimimabomte hvdnchhnde t4 1.3 3 DM medd in
Ch 01,0300 mlt was trested with hut 1 naphthaimethy bacein)
bhosde 170 L DUt mald al U °C TEA 13 SV ml. 00t mob
wan added dngune a0d the whude Lirred 21 120 fiv D min and
8t (v tempresture iarighl. The wepetmea san fillersd and
* apanaied under erdured preaure

The rreacue wus Lakes up 18 F10AC and wanhed wrth | N HCL
H.0. setursted NaHOD, sduton, and brine wquentuih After
the residur was dned (N2S0,) and mapewated. the produt §
was wblsaned a0 8 white sdod 19.26 £, 54T ). mp 112 187, M~
tED A = 3T el HNMRICDCI B L IV H 1 J = g1
Hih 295 TS H w408 12 Hoq. o/ » 1N Hn 3el Ho d
o JHA TN TSN m Andl, 0, H NOOEC KON

Diethyt ([3-(1 Naphthalen) ) 2 (1.napbihalenrll } oxo
prepyijamise} 2 {5 [[(phenvimetbozyicarbonrljamino]
peniyl]prose sedionte (£), ~edium hudnde 1 %10 10 2l wanhet
[ree of snl sith dn pricsdeum ether, 032 g 9 % mmadr g
wapended n DMSO LU al), The makaate 731y 9 0 mmeds
wus added 1n prevaew and 1w sunpras slietrd unhil maduten
of Mdners At cvaned THe wduivn mas then ttraied wi1h
1 Z-amine Sl meths bufonvison jpentane 1 10 g Y 0 menade
and W] (1 g1 an DASO 110 ml 20d the mosiuse simed loe
dava. The adutam wan then dilited wrth F20AC and vahed ey
with water sstursted NaHCO, wdutnin, and wiwrated N,
sequentialh  Drang 1Na 0,1 and remen al of the wihvent under
reduced presure pave the cvude pnduct X Puniicatem tn wius
gel chroenatogrzphy 117 MeOH CHOL) afficded pure matenal
801 Mg ared 2 musture of arting matenal T and prduct iz e
Lo~ S0 wd sdbdtaeal T A0 g FARMN (M Ham - 7470
[

11 Asise S-{{mmisleuifonyeazvipestane Ticamene
peatan-l1-=d (Mg 19 mdiin dunane s 112 ml) and woter ¢ ae
L 200 *C wan aided temun ] chivardiemate €27 T mi 0 14 muds
d.opaine  After hall of thas rragent had heen added NaoddH o7 7

41 Fian R E Rate K F Un Fatomi | ™ T 1om
3 Reh DM, wan £ 7 Hgparan A S J foap t hom 195 30

e .
shne Weae P WON Tetmbodrion Lot I3 55 &7
17 Rjutehde s T Hewn B Heclges T4 sapn
o

mman 1wy

Lishert, 1t ol

han et mi, H i1 e odded  After o wupirte addatam the rectsn
wan marmrd L newn lemprrat iy and dwred iv R Fotrwra s
ansias FIUIA annl s odung with HA ), NaHK ), and tnne prve, af\re
drving INaM) snd Rapestawa the crude pduct 31
sy garian §od 1850, 925% ) The watenad 1 IN11 g N0 smd)
amdemrd v CHET IS s 3 et e drd e DC TEA $A)
M1 09342 e di fedbeorwwd be: et hasvwiiflimvd ciierde (X0 mll,
DL wudt srer acdded ANy sirning L T R e mdulvn was
w mnbwrd vath ssturated NaHOU, aod then wiursied NXT The
cargzan ies wen dresd 1IN0 N, and cepesied  The cnude
materal was Hllered (thhaneh 2 waall plug of uivs pet t sTowd
the peadut | 2 armime " imethvinutfuminas pentane 11 L Wi g
WD b aem anewd THONMK e MM 1IN0 M 19N R N
o, DREH L LYV H G v R BIAHIY 83012 HL oy,
dsmred Hobe s, 50000 Hoat, TR G Hou ANVICT « CH M
e Him : 31594816

(£)-2(13-1i-Nepdthalenyi-3- (). naphidaloaylamet hyi ) 1-
oseprepytlawine]-T-[[{phenylmethozylenrinayl Jamine )
hrpis polr Acid (9). A mbution of U dirmare 81130 ¢ | B sncact)
1 duinane (1wl and MeOH (70 mld w treaded wth NaOH
wduten Mg m S ml H O A0 meond) and the remudiang oaisture
darred it LK al pawm tempersiure  The mistion was diluted
with 1) and wanhed wrth FLD. Andificeliom 4 e red wath
dilute HOl wrs Gdbmeed by ezitarticn with et scedate The
ventured sepane ertracts were waded with wewr and Lhen brne.
After drang (N2 1,1 3nd evape waten under reduced presause
1he rradur wan diwe b in Uduene (30 ml) and deaane (10 bl
and heated under reflus lie 3 b to affent decarbory latwn, The
wedven! om roapated undet reduced pressure and the crude
product $10 70 ¢ utiluaed directh in the nest ructea: FAR MRS
™M+ Hem - A1T 281D

S.lodel {{1er1-butylexycarbonyllamise rthase {18). To
! beumvethilamuw hvdrndhnamde (100 g AR mmad) suspended
i CH LD 11 mba ot movm lempersture was added TFA §5 11
ml. 312 et (edline rd bn di- RO dacarbavuate 110 R4 £ 4R 8
meedtin CHAL @t mla Aler irnng v 1R B the shent was
ev apeeated nrder neduced presaure and the madue taken up
F16)a ano s asbed weyuennaliy with HO and beine  Dnwng
N1 and ruentrals 0 v ¢ cdorbew ol whch wan punfed
n cdumnchnerut wraphy on s gel eluung mith CHAY, The
edutt ! liamme 1 [aert bupshitscsrbuns llamanulethane was
cdaed a3 shute wBid (5 g S35 PH NMR 90 MMy, CTXY
ardvieH oo 1l H ome Aned CHNOBRD C H.N,

The hrimide 153 My 250 mmedt was 12860 up In acvtone (X0
mi.and treaved with rsvess anhidziws wdium sadde 150 02
Afrer sienne foe 28 h Al hewn lempetelure ihe suaperewon was

= diuted wath Fi 0 and filtered thriagh 3 smail ped o neutral

ahimin Fasjeesten o The wdvent gave a crude selbom ol whach
w 1= puinlnd b ooadumn cbramategraphs on ubes gl eluting wath

WS D an devane U sffoad g vdothme wl 14 22 g To 1y
wtentdied e the Dide padade CHONAH run MHE CIXT a4
GrH ow oo m b Hom

Fihs) 1§61 Dimetdylethoxvicarbonyt] 3-{{3.(}.

naphthaiensli 2 (1 naphthalenyimethyl) | exoprepyl}
amimc} 2 ¢10 3 py rroiidinecarboxyiate (11 To wdium -
Jride 015 in sl washed free ol sal wrth dR prindeyum etber.
g 1T mmedt an DMND oW mi was sdded basil-
Aaphthuimethudl metimah emab ate 16 3 g, 1WA mmlLl o DMSO
cavenli pasowme The mutiure was dured ke 15 h afier wrach
S uadeed [ bty loxvensinns i tamuer o hane 11800 ¢4 2 g 1A
e lean DAY ¥ ml o was added Afet T2h in the dark 1he
e atien w e dihited with F1OAc 1 L1 and the bvers werr wp-
atatrd The aguwmass Laver man riteacted with FIOAC twwry, and
The svantined cogana extrscts srre washed with H0), aatursied
NaHU O, and brine 1 ing SN L seentritsa, and chine
matinriphy e cdivs gl empioning 257% FI0A 0 herane af-
Narefed rmracted Mobonate 2 g §TH L wdide INRS p, IX% ),
404 the 1tk cnmpeaind 11 ¢ £ VET TH NMR o0 MMz,
CIX Y T170tH ) = THe 3 H 1390 H, el 298
HH. ddd JenT o Ha, bt Home, LW N, me 4002

Hm U H m bin i 2H me n 3 Hoa T 4Ll H, e,
T T wsmH o FAR MS N NBOXC s 390 10408538 Anal
WLHoN UG H N

(200 {[1L1 DimethylethexyicnrbosylJamine) 2 {341
naphihaiensts 241 ouphthaiensimethyll l oxeprepyl]
aminc|buissore Acid (12), Treatmmwnt id ester 1 o 4 20 g Sar2
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Human Kearn (. atacuey Ko guaes me s at 1o 1% N

memdr an Mot IH it b waith Nl HH wdutew 00 45 g in 17l
dHO 1A mmd e 1 realind in esmhidrnbee ch  Aher
dduine with H 41 Vi mlothe pH aan sdrsted 0! Tewh | N
HOT The misture s oo vyties ted with PiLIAL theee i am)
the cogana over nashead aith natef ond dred s MgN Ater
ARz 0t the whenln v the ruling shite lam R0
£4 wa ahen upran Ldume e mbe and rellused Le 2 A The
wdrvent woe ovapedaind and the revdur talen up in MedIH 8¢
relet NattH wuuiwn iy g in Sl 2 HaL $ s mmedi nue
sded anl thr re iz gt e D The pH o comw sgain
bBeoaght 6o 0 P anh BN HUT sad the mustare ralemited wath
wveral painae o FIUA Aller the misturr n o sashed sith
HAL the vombuned crgane rytzacts sere dosed (MgSO,0 and
apvated uniler redwed presure The tile sman md 1121
2 cdkasme} o~ 4 S hotr hwm vg. %)% THONMR o3 MH.,
CICLs A 1T7 M H o IS0 0] S ma, 1] M, me, 26012 W,
ey L1 me, L !n‘tH m 4190 H.dd. J = L4 s My KR,
GH b TR Hom T4 Homi, TS 12 H, dd. J = T,
AHO T IH L dmisHn Twnt K d J e TAH 104
PH. e FARMS Ve B POC) w3 3042 0,

1.1-Dimrtbylet byl [&1{2-Hydrony-4-{(2- methylbuiyi)-
smine)-1-(2-methylprepyl)-f-otabutyl)amine].3-}[3-{1-
thaleay!)-2-{i-uspdikalesyimethy]) | oxeprepyi}-
amens J-aachuty joarbamate 1131, The litle cenpund 13 e
btared b ampling of preveas a0d 12 60 30 g DXL mmeds snd
Nta NHUH CHUCH CHEUH, <27 me, 1038 mmds, seneding 1o
general praredure B The prduct wa punfied In pdumn
chnmal grechy on olacs g Pkt with 2 < 1T MeOH 0 CHCT,
1WR g, ML 1T 0 ubiained as 0 shuse fiam  'H NVH cxvt MH»,
CIXTo a2 H oot 2002 H o me T WIS K, w, tin
PH e A B o H i R H d J = 9% H2e 728 755
A H o, TR E Home FAR MS (M ¢ Hlm 2 T8TR006T)

Diethv! (SL{[2-[11 Morpholinvisulfonyilamine] 3.
shenyl-loxspropyijanine)prepanedionte (14} A wiuinn
of vow epivdineegilons hipheas lalanine ¢ 12 37 ¢ 16l awdi HORT
13X 0l medt, and datinlamire omabvate hvrdnahb evde 1 52
£ medtan VY c Nubspl s mas ovaibed snaee and THA L
ml, 00 medt man avdded (dbhomed b 5 wduieen of [XC07 s W)
g1 mudiin DIMF (2vmlo After strving 810 °C for ¥ mun
the muatwe sme alkmed W warm e newn temprrature and Lured
wvrmaght. FiRratan and aaprats o gave the crude rradure shich
e ke up e Falldc ad wanhed »ath | N HOT HD wiumied
NaHCO, wdtne wnd heme, requmctivels  Pmang S aned
reerwa ad o the wdvent undee redued preaiur e [ e 2 snoen
ol R 10 9 1% THNME a2 MMy IXCLedt Wk H
JeaTHiLZm simm K ome tmrtd H L e bsHe 2y
HaortyudHd Jol lHn tmaH 4 JeniHp b1y
HH A JwdiHp, Tt H d SRt He S0 %3100 H
mo MSCT e CH I o Mo 2 AT

Distdrl a8 2{H{[0.1-Dimethriethoxy tearbonr ).
amine ] 2-dutymri]-2-{(2[14 merpbolins lrulfons ismive} |
¥10-3 gheny lprogs Hlamine [propanedinate (161 A unypnen
of wwbium Byrirsde o L ulg 0aT7 mwue 0% a0 ke mashed v
of ) wan wgraded o DA LTI mie under Rt and (rested
e with o wdatee ol the mabaaie $3 0170 016 mde
i DMSO ot mbt The mogture was stireed e 3 b and then
treated aith )-Jsrerr-huteas carbeunts lamine:)- oo hboee ! stane
STt 2 NUR nediand KT 10 g) Aliet stirnng e W1 N
the miziure was diluted wih FaOhAe and sanhed w3th 1 Nentrw
awl HJ)and satiwated Xaf Y wddun. repwetneis  Alter drowe
1M, the whvent v napraied under reduced pemeary and
the ressdue chrmatbographed vn sihea gol. o1k 19 MeOIH 0
CHCL e eluent o alled 131132 5. K1 9% ) an 4 viacvans prdden
ool FARMS M ¢ H-BOC1rm 7 KWWY Y

BAMA-LystC ~SUNBEKR )-SU-NHCHCHICH CHAH
173, Compearmd 34605052 078 mavndt w o dressdiod 1 CH (] 1
Q% mbarvl vedeed 1601 Methal mdhear anats ¥ g aan
added. and 1he mixture wan alhmwd 10 warm 10 25 °C and tar
f AR The udvent s rmapseated and the rewde procding
punfed tn cdumn chnaserephs un wiles gol @1tk g gradeng
s FAO A hesane 1§ 11 aneharnt o puirr Bt The sppn ginatie
(2minen sore cmbared W alleord the pioviind 17 a8 whalr lewm
s we o WEST L FAR MR e Hib oy s The CeTaw \nyf
H \

HNMA Lyt OaNHCH viovie SHOH oCH R0

0 Teeompeand 30 i mac et K0 op mla e

S S

Jewsonal of Mede el 8 hemuste, 1wt td W0 Ne & 1987

91" wae acdderd methid mervsnate 142 o1 1WTE memed) and U
mitlure slhard ko sarm o Aass eomprrsiure. Aler 4 b of
dwnre, XL v adied b e white susprasaw aod Use st
Irred The <dxd na drwd U afloed the prodhaty 13 (UB g AT L
Anal UHON

BNMA sl RINHPRH St NHCH CHCH CH O,
1195 By uang 1he g evdure of rearapie 17 phemi sothe cvanete
asre the Gthr coampand i3 Anal. COH N,

HNMA-LyaP XOPAL) Ma NHCHLH(CR)CHCH,
(901, Troa whaved Sty 072 manedt 1 CHOLTHF 1401,
1% mlrr a8 10 % non adched TT.A, fulkmed by dipbeoyl pham
pheia Kbwrdate i 15 ml, 0 ™) manwdi Aftre stirneg ba 3 M the
~dUta B apaated udd-hnn' wath FROAs, Waskiog wxh
~oturated NaH(TQ, wdvtium and brume. drying {Na,SQ,). ed
~apeerainn undnwdund preescre alfowded Use crode praduct
23 Chrematigraphy on diies gel vhwting with PxOAc/devane
01 3 =810 affurded 1he pure pradurct 29 10,06 2 T0.0% ) e 8
white kmam Anal C. H N

BNMA-Lys(C-MCN(BCH ))-8ta-NBCH,CH(CR,)-
CHCR, (210 A whstpar of $ 10L31 g 044 mannl) in lM
mi) % trested sub dimethyl cymaumsdudithiacurbonele
my. LT s i) and dwted sl hedn lesogerature Avenaghl. M-'
A apwalen undes sedured . the rradue was chrumato-
graphed 10 sdus pt wah F2OAc. besane 11:1) = EXQAc 4 duret
10 $flewd the product 3 AL 4T.5% as & whate fonm, Asal
CHON

N (2-Hydrosy-4-[{2.- methylbuiyDomine |1 (). amethyl-
propyli-t-exobhutyl]-w-[{3-()-uapbihalenyl)-2-(1.
naphthaien) imettyl)-1ezoprepyljamive L .pyrrele-).
hersnamide (2. Comprund 23 wen prepared from bisd ).
axphths imeths hacrtic srd and 16-pyrndo 2 asunche eyl
o AN emethy Tnasvtamine o HT yaekd by the rosthds dewcnbed
1o ezamplie 8 Anal C.H N

BNMA L)u(‘l)\ﬂ -8t NHCH CHICH )CH,CR, (231, A
wdutnn of 310 81 g, 440 mmedt 0 deinane 115 bl e3s Ueetad
with AcQH 61 401 fllimed by mudium cvansle (30 my, (.46
mmedt in H Ol ml) The resct v meziure was wnrmed Lo 48
U fowt 4 N, then naded, and partitumed betweea E1OAC and
mturated NoHUU, wduisin. The FAUAC layer wus wanhed wath
hrine, deved 1 \a O, Gitered, and ;mvaporated. Culumo chro-
malsgrapin cn uivs el et ine with FAOAC, thra EXOAc * MeOH
1 gthrde] 23000 g RY 2T w8 whute fusm, Asal C. M,
N

RNMA LystTenkSts NHOH CHICH )CH CR, (24). R
1] naphthsimethiarin scid 184 g LS mmeudi sad Lyw
rmeste SHOHUHCR CHOH, aril g 125 s ds (prepared
in the meihd dearied 110 30 were capled anrding to peners!
preavedure  to athied the prodint 2410 £ IT0R 1 ae a whute
teserty S1te?  Aromatigraphy on siles pel tefuting ith < 3%
MeIH an CHOL Anal COHONLCL

HNMA Lystt’ (K Sta NBOH SFHICH)CHOH, (23). A
wdtithon o Soacrithmdanide ¢, 124 £ .02 tnmody and § 1050
£ T2 mmedyin INF 12 mb was ctirved 81 nawn trmpersiure
carmight The vt s o rennned undet reduced preesare and
the tr~sdue tahen up ia FIGAC The slulien wie washed snth
1N sotre s xd, sstursted NeHOU, and beine, revpectnely. Aler
~dutnn was deed tNa M0 and cvdumn chrvaatugrephed va
whes gel with 1% \MelJH an CHCL, a2 cluent, the prudoct
23 was shtaned 12 g 2% 0 as 8 white (vam, Anad, C. H.
A

HNMA Lysit® SINHOH L Sta AEM (25), Ry procedures
ks i theow sred 150 the s R of ompound 17, bt uung
1amitmet by himerpdudine snatead sd 251 methyvibutivlamune, 28
e sdtairwd as ¢ b liam inem HNMA LN AFM in 6%
vwedd Anal L HONOS HPLC T s HLO, CHON,
wer 1 mun, Vide odumn, |5l o s rate; 1% pumty
Iy S\ puny

HBNMA Lysit’ NHINHNO ) S AEM (270 To s swdution
o BNMA e ARM covntheswed n praedures samudar 1o
thuese Lot cremprmind 3001 i g 2 enrndton FAOH s w sy was
whied 2 methail 1 pitres ! thngmeudsmires $ 515 me. LN mmed?
sl thr mevinn ciermd of neen Iemyueratury be TR The wihem

1ee lesha N Ngme | hul-u T \nrm- A, owvame M
[ N A AR | TV S 1] |

{



126X Jewornoi of Vedioenal § homyarr, 2wl V0 45 N g

was evgpueated ond the reaulur Chrevmatigtaphed o aila 2 grl

Pnownang 6 redient ehtedn of 5 2 105 NeldHa t L The
POt 3T eax chigined s s whifr ham nts g 4n T Rnn

CHON ) s

BNMA Lawt® WONSCH 0 s AFEM 20 Ko eambiee
Similes o theme oot i the saaitheces od seynarmi 21 2 wae
chtaimned a2 whilr G ot W g BN Dhasiatepr dadd ©H,

BNMA LysiZ) sta bew NHUR PB 430 By e mdore
2malas e theme wned b the santheis o svempas aimml § bt sl
suting Ly NHUH Phoanctead o % methyviinaslamme the
tatbe cvompeind T3 Cas o ditaned ae 3 white frem i g 0 T
final depr Ll § M, N

BNMA LysiC S(NHCH 1 Bta Lew SHOH PR Ky
Perardur~ S malar i thems Tor the sunThesce o2 17 the Tal
Armpaand 11 sar diained as g whaie bam L Ng D7 fina
uept Aral U H N

BNMA Lysi€© NIUNHNO 1.Sta Lev NHCH PR UL By
pravdune «milar to 1leme 1ed (o0 The sunthesn o IT i title
crenprasnd 31 % s iduasred as 4 white fowm it Wig, 43 3% final
sirpt Anel O HON

Preparsties of (N.Niy Aminod brdrens V|21
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1788 Test Solutions [/ Solutivns

For usc n staiming endocnine tissue, dilute this test slutian
with an equal volume of water

Demgs' Rezgont—Scc Mercuric Suifate TS

Diazobenzenesulfoiic Acia TS—Place 10 3 beaker 1 57 g of
sulfs mhe acid, previcusly dried at 105° for 3 hours. add 30 ml
of water and 10 mL of d:luted hydrovhione .:cad,‘md wirm on
1 steam bath unul dusscdved  Cool o 157 (scme of the subfsmln
aaid may sepacate but will dissolve later), 3nd 339 slowly, with
constant strnng, 6 5 mb of sodsum nitrste solutica (1 10
Then dilute with water 10 100 mL

Dicblorofuot escein TS—Dissalve 100 mg of dichlorefluores-
cen tn 60 mL of alcohol, zad 2 5 mL of 0 1 % sod:um hvdrotde,
muz, and dijute with water s 100 mbL

Dhcyclobexslamine Acetate TS—Dissdlve J0 ¢ of dwicioher-
vizmine in 130 mL of acerone. cool .n an ice bath and 3¢, with
stirring, 3 solution coasisiing of 13 mL of giacial scetic 3cad n
150 mL of acctone  Recnsiallize the precipitate 1hat forms. by
hesuing the mixture 10 boding and Jliowng 1t to cool i an e
tath. then coliect the crystals on 3 filiering funnel, wash with 3
small volume of acetone, 3nd mirdev  Dissolve 300 mg of the
dicyclohexylamine aceta'e so obiained 1n 200 ml of 2 muxture
of 6 volumes of chloroform ang 4 volumes of watersaturated
ciber Use immediately.

2,7-Diby drox yasplitkuene TS—Diszoive 100 mg of 2.7-dihy-
droxynaphthalene i 1000 mL of sulfunc acid, and allow the
solulion 10 stand entil the vellow color disappears 1 the solution
is very dark. discard it and pegpare a new solutien from a diffezent
supp'y of sulfunc acid This solution s stable for approximately
one moath if stored tn 3 dark bottie

DiiodoNuorescein [S-—Dissoive S00 mg of diiodofluorescein in
3 muxture of 75 mL of aleohol and 30 mbL of water

Diluted Lerd Subsceiate TS—Se: Lead Subocetate TS, Di-
luied.

»-Dimethylamioobenzaldebvde TS—Dissolve 125 mg of pedi-
methylaminobenzaidehyde in a coolea muixture of 65 mL of sul-
func acd and 15 mi of water, and 3¢ 0 05 mL of femc thionice
TS Use within 7 days

Dinitropheny thydrazise TS—Carefuily rmix 10 mbL of water
and 10 ml of sulfurc acid. and cool  Ta the mitiure contained
i1n 3 glass-stoppered Nask. add 2 g of 2. 4-dimitropnenyinyCrazine,
and shake vnul dssnived  To the solution 3dd IS mb of waer
mis, cooi, ang filtss

Dipbenylsmine TS —Dussolve 1.0 g of diphenylamine 1in 100
ml of sulfunc acid The solution shouid be coloriess

anhes_vldﬂuzont TS—Dissolve | g of crystalline diphenyi-
cacbazore an 15 mb of aicohol, then 3dd alcohol 1o make 100
ml  Store in a2 brosn buttle .

Disodium Ethybenediamiaetetraacetate TS—Dissolve ! g of di-
sodium ethvienediaruncietraacetste in 950 mbL of waier, 2dd 30
ml of alcanol. and mix

Dithizone TS—Dussolve 18 6 mg of dithizone s 100 mi of
sicohol Storc 1n 3 cold place, and use within 2 montds

Eosu ¥ TS (adsorption indicator i—Dissolve $0 mg of eosin Y
i 10 mL of water

Erochrome Black TS—Dissolve 200 mg of enochroms black

T and 2 g of hydrozylarame bydrochlonde in methanol 1o make
50 mL. .

Eriochrome Cyanine TS—Dhssolve 750 mg of enochrome cy-
arune R 1p 200 mL of waier, add 25 g of sodrum chionde, 25 ¢
of ammomum nitrate, snd 2 mL of minc acid. and dilute with
water to 1000 mL.

Febling's Solwtion—Sec Cupric Tartrate TS, Alkaline

Ferric Ammoaiam Salfste TS—Dissolve 8 g of fernc ammeo-
num sulfate is water to makc 100 mk.

Ferric Chlocide TS—Dwsolve 9 g of ferric chlonde in water
1o make 100 mL

Ferrows Salfate TS—Dissolve B g of clear crystals of ferrous
scifate 1n about 10C mL of recendy boied and thorougbly cooled
water  Prepare this solution [resh

LOP YN

Ferrous Sulfate, aoid. TS—Duscive 7 g0l ferr i wullate orvs.
tas 0 0 mb of receatiy boded and thoroughiv covied water,
and 1dd sulfune 3.:d 0 make 100 mL Prepare thn soluton
wrmedaateis prior T use

Fohn-Ciocaltes Fhenol TS—Invs 3 1500-mL "k intioduce
1) 2 of sow sm tiapsiare 1% 2 08 wéum mo vOdatz, TO ml
o aaizr 0 bl of ~hospaora aced 34¢ 100 L 27 avdrochiorn.e
30:d¢ Reftut the minture geate for about 1D houny aad aed 189
g ot nthium sulfate SO ml of water, and a few iz of Bromine
Botl tne mitture without the condeaser, for adowt 13 minutes,
ar gatid the evcess oromine s cxpeiled Cool ¢ .otz with water
o { Liter 3nd Dlier the filtrate has no greemish siat Bedore use,
duute | part of iltzate wirk 1 part of water

Formaldebyde TS—Usc Formaldehide Solutin tsce 1n sthe
section. Recgenis;

Fuchsin-Pyrogaliol TS—Dissolve 100 mp of s, tachen ia
10 L o water tnat pres.oushy hus been doiled tor 18 minyies
and 3liowed to cool shgntly Cool, 2dd 2 mbL of 3 »aluraied
solution of sodium bisulfitz, mix, and allow 10 stasd fur not less
than ) hours Add 09 mL of hydrochioric acid, mix. and sliow
10513nd overmight  Ada 106 mg of pyrogallot, shake until solution
is etfecied. and Cilute with water 10 100 m{. Store an an amber-
glass bottle 1n a refngerator

Fuchsio-Sullfurous Acid TS— Dissolve 200 mg of basic fuchsin
in 120 mL of hot water, and allow the solution 10 cool Add 2
soiution of 2 g of arhydrous wodium suifite in 20 ml of warer,
then add 2 L of hydrochlonic acid  Dhlute the wivtion with
water 10 200 mb, and sllow 10 stand for at jeast | hour  Prepare
this solution fresh,

Gastric Fluid, Stmulated, TS—Dissolve 20 g of sodium chio-
nde and 12 g of pepsin in 70 ml of hydeochionie acid and
sufficient water 10 make 1000 mL  This test sowmton has 2 pH
of abeut 12

Gelatin TS {for the assay of Corticotropia Injection)—Dissolve
330 g uf acid-treated precursor gelaun (Type A) 1u water to make
1000 mL  Heat the solution 1n an autociave at 115°* (or 30 mun.
utes 3fter the exhaust bine temperature has reached 115° Cool
the sotution and 3dd 10 g of prenol and 1000 ml of w3ter Siore
15 Lght conidiners 1n 3 relnigerator

Glacial Acetic Aeid TS—See 4.etic Haid Gl::.‘.'al. 75

Glucose oridase—curomogen TS— A soluhion conluning, in each
mb. 03 umol of amincanupyrine, 220 umot of sodiuen pby.
drax,oeazoate, not lesy .han 7 § uniws of glucose oudase, and not
las:‘han 0 § umits of peroxidase, and buffered toa pH of 70 =
0!

Sunrability—When used for derermining glucese in fnulin. as-
certain that no sigmificant rolor results by reaction with fruciose,
and that 3 suniable sbsorbance.versusconceniraon slope 5 ob-
tained with glucose

Cold Cbloride TS-~Dissolve | g of gold chlonde 1n 35 mi. of
wasr

Hydrogen Peroxrde TS—Use Hidrogen Peroxide Topical So-
fat:on {USP monegraph)

Hsdrogen Sulfide TS—4A saturated sotution of hydrogen sul-
fidz, made by passang H)S nto cold water. Siore 1 sn small,
cark amber<colored botties, filled nearly to the top 1L 1s unsust-
abic uniess 1t possesses 3 strong odor of HyS. ard uniess n pro-
duces at once 3 copious precipiate of sulfur wheo added to an
equal volume of fernc chlonde TS, Store 1 2 cold. dark place.

Hydroxylamioe Hydrocblonde TS—Dusolve 3 S g of hydrox-
viamiae bydrochlonde in 95 L of 60 percent aloodol, and add
0.5 mL of bromephenol blue solution (1 in 1000) and 0.5 ¥
alcoholic potassium hydroxide unul a grecosh int develops in
the solution  Then add 6 percent alcohal to make 100 mL.

8-Hjdroxyquisoline TS—Dhssolve § g of B-bydroxyquinoline
in alcohol 1o make 100 mL

Indigo Carmjee TS (Sodium Indigotindisulfonate TS)—Dis-
solve 2 z:uumxy of sodium indigotindisislfonate, equivalert 1o 180
mg of C,oHiN/O,{SO;Na);, 1n water to make 100 mi. Use
within 60 days

Indopbenot-Acetate TS (for the assay of Corricotropin Injec-
non}—Ta 60 mL of standard dichlorophenoi«ndophenol solution
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iser ih tne section, Faltumerns Sofaions) add water to maie 25D
mL  Add 0 the reyulicng solutien 35 equil volume o sadiym
acetate solution freshis prepared 5. dissotvang 1306 @ cf 1ahe.
drous sodium aCeidte i water o make 300 mb and adjusunyg
with 0 & Vacetic 3cid to 3 pH of 7 Sture in 3 relnigerator, and
use within 1 weoks

intestinal Fluid, Simuoinied, T5—Dnsclve 6 3 2 of monobass
potassiue, phosoh:lc in 250 mi of water, met, 2ad 3dd 190
of G2 V sodwum hydroxide and 400 mL of waier AJdd 10
of pancreann, mit, and 2dpust lhc resLitintg solunon w 3N G 2
sxum ndronde o apH of TE = 0! Diluiz and water
1000 mL

Todine TS—Lse 37 N Jodine vsec o the sevuon, Fulamerens
Solutions)

fodine Monochloride TS—Dissolve 10 g of petassium odide
and 6 34 g ul potassium wdate in TS mL of water 1n 2 glass-
stoppered container  Add 75 mL of hvdrochionc acid and 3 mi
of ¢! lorcform, and adjust to 3 faint wodine color un the chloro-

form) by addiag dilute potassium 1odide or poLassium 10date so-
lunion, I much 1oding 35 liberated, use o stronger solunon of
potassium odate taan 001 M a: first, maiking the final adjust-
ment with the 0 01 M polassium rodate  Store i a dark place.

and readjust 16 3 {atnl :w0dine color s nevessary

f{odine and Potassium [odide TS—Dissohre 500 mg of jodine
and 1§ g of patassium wdide 1 23 mL of water

Jodobromide TS Cussolve 13 615 g of odine, with the aid of
beat, 1 825 mb of xlazal acetic acid that shbows no reduct: on
with dichromate 3nd sulfunc aaid. Cool, and titrate 250 mlL of
xb: soiuLion wub [ .\’ sadmm thiosullate VS, recording the

eame B oy aocihas ealifiam eomisiaima 3

VUIUH‘I; CU“)UHIW i3 D 4 TS ANOVKT sotution WIl\duul15 -
mL of bromine 1n 200 mL ofP;lacxal acetic acid Ta 50 mL of
s solution 3dd 10 mL of potassium wdide TS, and tirare wuh
the 0.1 .V sodium thicsuifate ¥S, revording the voiume consumed
43 € Caleulate the quanuty, 4, of the bromine solutian nesded
16 doubic the halogern content of 1ae remainisg 300 mlL of wdine
solution by the formula

‘e3
e 6

aners, nrotected {rom tiaht
tainers, protected Light

-
Xodochion e TS—Dussolve 16 § g of w0cine mondxchionde in
1000 mL of glac:al aczuc acid
Jodopiatinate TS— Dissaive 300 mg of prauni ¢licnide in §7
mL of water lmmediately pror 1o use. 3d¢ 3 f mib of porassium
sodide TS, and mux

PP . YU | I < Y ACe o ol
lren-Phens! TS {izom-Kover l'.(-gf—uv——ulnuw LU g O
1

ferrous ammontum sulfate 1 20 mL of water, and add i mL of
sulfuric acid and | mL of 30 percent nrorogen peronvds, it
acat untd cffervescence ceases, and dilute with water o 30 mi
To 3 vatumes of this soivt.on contained 1n 3 volumetne flask acd
sutfuric gcid. with cooling, 1o maxe 100 volumes Punfs phenol
by diststlation. discarding 1be Hirsy 10% and the last 5%, cch:cmw
the dsuliate. with exclusion of moisture, n 3 Gy, tareo glass-
stoppered fask of about 1wice the volume of the phenol. Selidify
the phenel 1n an ice bath, braaking the tyy crust with a glass rod
e cnsure compicte ¢rysalhization Wegh the Rask and 1 con-
teats, add 10 the phenol .13 umes s weight of the wron-sulfunc
2cid salution prepared as directed, inseet the stopper in the fask,
and allow 10 siang, \nlbou! coolmg but with occaswnal mmng
untif the pbenol i3 nqu:l\w Shakc the maxiure v=56i6u>\\ unii
mized, JIY ow 10 stand 1n the dark for 16 10 24 hours. and again
weigh the flask and iis contents. To the mixture 3dd 13.5% of
15 weight of 3 soluuon of 100 volumes of sullunc aad i 110
volumes of water, miz, tramsfer to dry glassstoppered botiles.
and store in the dark, protecied from atmospheric mowsture Use
wizhin 6 mooibs. D\sp:nsc the reagent l'rom 3 small- bor: buru
Zn‘—u‘lgfu io €xciude mouiure, :zpaulc of chlvcnng i ml in 30
teconds or less, and baving ™ lubnicant, other than reagent, on
w stopeock Wipe the buret up wath tissue before tach addition

ac:d. and add water to make 500 mL  To 100 ml of the resuluine
seiution 3¢d 30 mL of 2 1 15% solution of sodum sancylate, 20

ol of dituied goetic acid, and 80 ml of a 1)6% soluucn of

Solutions [ Test Solutions 1789

IR dcetdle $hen 1ee w3t rer o make $00 mL Store iny well-
ciosed container Procect feom aght Lse within twg weeks

Lead Acetate TS—Dossone 9§ g of <leas, trrasosrent orvsials
91 fead avetaic i cecently davled waler 10 make 100 mL Stors
10 wesi-sioppered dotlles

Lead Acetste TS, Alcobolic —Dissolve 2 g of clear transsarent
crestals of teae Jetate 1 aicohel 1o make 100 mb Store 1n tigat
contyiners

Lesd Subacetste TS—Triturare 14 g of lead monoude 10 1
>mosts paste a.th 'O b of water, and :r:’ni:r the miziure to
bc:'nc using Jn 3ddianal 1@ mL of water for nnsing Dissone
Y g of ead aceiste in T0 mL of water, and 2¢¢ t3r solution i

Py

1ma band meida iSiuss N
AN 1C3C OGS MU SSIKT i ¥iglroWws:y ‘& o minuies, then

set woande, snaking o (requently. during ? d.nn Finally filser,
and 3dd enougn reczntly boued water through the filter to make
100 ml.

Lead Subscetate TS, Diluted—Dilute 3 25 mL of {ead sud
acetate TS with water, recently borled and cooked, to make (00
ml  Store wn small, wzll-filled. ught coouinert.

Litmus TS—Digest 25 g of powdered hiimus wilh three suc-
cessive, (Q0-ml pactions of bothn ng alcobol, coatinuiog cach ex-
teaction for abuut | bocr  Filter, wash with alcohol, and discard
the alcohol {iltrate Macerate 1be residue with about 25 mi of
cold waser for 4 hours, fitter, and discard the fhrate  Funall
digest the resrdue wnik 125 ml of bosing water for 1 bour, cw{

ana tlter
ang juter

Locke-Ringer's Solutioo—See Locke-Ringer's TS
Loche-Ringer's TS (Locke-Ringer's Solutiony—

Sodium Chlonde

Potzssium Chlonde

Cateivm Chionde

Muzresium Chionde

Sodium Bicarbonse

Dex:isose

Waier recentiy dstioed from a bard-glass Cask,
3 syfficient Quazt:ty, 1o make .o . 000 ml

Saxe i vigorously for § minuies then

2

VRV N '~
00 00 0T tre Ou U

DQCaaaa

Prepare fresh cach day  The constituenys (except the dextrose
and tre sodum Sicarbonate) may be made up m ttock solubions
and diluted 3s needed

Magness Mixtare TS—Dissalve § 5 2 of magnesium chlonde
and " ¢ of ammonium cilonde 1n 65 ml of water, add 35 mL
of smmama TS, set the mutiure aside for a few davs in 3 well.
stappersd Dot o, and fliter I the solution 1s not perfectly clear,
Tirer 31 evcre using

Magnesiwm Sulfate TS—Dissalve (1 g of ensials of magne.
seam sulfate, suicczed for freedom from sifionscence, 0 water
1o mass 100 mL

Malachite Greea TS—Dussolve ) g of malachite green oxalate
w100 mi of glsc:al accue ~ovd

Mallory’s Suup—Duselve S00 mg of watersaluble amiline bive,

2 g of grange G. and 1 g of oxalic acid 1o 100 ml of water.

Mayec's Reagent—See Mercuric-Polassium lodide TS,

Mercuric Acetate TS—Dissalve 6 0 ¢ of mercunc acetate n
glacial scetie acid to make 100 mL. Store ia ught contamers,
protested from direct sualight

Mercuric- Ammoainw Thiocysarte TS—Dusoive 30 g of am-
momum thiocvanate anc 27 g of mercunc chionde in water to
make 1000 mL.

Mercuric Bromide TS, Alcobolic—Dussolve 5 g of mercuric
bromide 14 100 mi of aloobol, employing gente beal to facistate
solution. Store 10 glass contncers, prolecied from hght

Mereune Chloride TS-—~Dussolve 6.5 g of mercunc chlonde i
water to make 100 ml

saoentt—Slawly o polassium
Reagent}—Slewly :dd potassium
mercunc odide untl a all
of ihe lattsr i dissalved, Jnd filier off the excess. A solution
ventamng 10 ¢ of petassium rodide :n 100 mbL dissolves approx.

imates {4 g of Hgly at 20°
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2.12 Pepsins, Gastricsins and Their Zymogens

Pepsin A
EC 3.4.23.1

Gastricsin (pépsi:\ Q)
EC3.4.23.3

Andrew P. Ryle

2.12.1 General

Acid proteinases are found in the gastric juice of mammals and have been reported in

the juices of birds, amphibia and fishes. The major enzyme from tii¢ pig, pepsm’A, is .

a single polypeptide of 327 residues {1} and is formed by cleavage of 44 residues from
the amino terminus of pepsinogen A [2]; one or more of the peptide fragments
removed inhibit the activity of pepsin A and other acid proteinases al pH values above
5 [3]. The other zymogens investigated show a similar decrease in molecular weight

- . . . . . )
from about 39000 to about 35000 on activation and this activation is at least partly

autocataiytic.
Besides having proteinase and peptidase activity, pepsin can catalyze the hydrolysis
of suitable depsipeptides (ester analo_'gues of peptides) and even cf sulphite esters.

Application of methods: ir clinical chemistry, biochemistry and pharmacy.

Enzyme properties relevant in analysis: in most of the species examined the gastric
acid proteinases show considerable heterogeneity. In young mammals the zymogen of
chymosin (EC 3.4.24.4, formerly called rennin), which has a high ratio of milk-clot-
ting to proteolytic activity, is secreted. It is not considered further in this chapter. As
ihe animal develops chymosin is replaced by gastricsin and by pepsin (secreted as their
zvmogens). These zymogens, and their enzymes, are immunologically distinict [4]. The
¢ 1zymes have somewhat different substrate specificities [5,6] and also occur in
multiple molecular forms, both as zymogens and as enzymes [7, 8], though how these
differ is not entirely clear. The pepsins and gastricsins are further distinguished by the
differing distribution of their zymogens in the gastric mucosa and 1n their occurrence
in low concentrations in plasma, urine and semen [9, 10}.

0970122
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A characteristic leature of the gastric acid proteinases, aiso shared by simiar
protemases of microbial ortgin, is their sensitivily to inactivation by diazoketones [11]
and by t.2-epoxy-3-(4-nitrophenoxy)-propane [12]. They are also inhibited by pepsta-
uns pentapeptides produced by strains of Acrinomycetes, which bind extremely
ughtiy (K, ca. 10~% mol/]) to pepsins but 10 to 100 umes less tightly to gastricsins [13]

Most pepsins share another unusual property: great lability at pH values above 6
The gastricsins are rather less sensitive (0 this alkaline denaturation, and chicken
pepsin 1s stable up to pH 10.5 at 25° {14].

Pepsins and gastricsins can catalyze transpeptidations of both the amino-transfer
and the carboxyl-transfer types with suitable substrates [15]. These reactions not only
have important implications for the mechanism of action of the enzymes: they may
also interfere in assays using peptide substrates with unprotected aminno or carboxyl
groups, or assays using any peptide substrate if other peptides are also present.

Methods of determination: the rather broad speciiicity of the acid proteinases of the
stomach has ailowed the development of numerous methods of assay’ some differ
only tnivially, but some have been devised to be especially useful for particular pur-
poses. Tne methods {all :nto two broad groups: those which use a protein substrate
and thos= which use a synthetic substrate, usually a peptide. The assays using protein
substrates are useful when one wishes to measure total acid proteinase, although 1t
must be recognized that the sensitivity and the linearity of the response may differ for
different enzymes.

Assays with protein substrates

The extent of hydrolysis of protein substrates is usually determined by measuring the
concentration of the products that are not precipitated by trichloroacetic acid; this
measurement may depend on the ultraviolet absorbance of the supernatant or on its
reaction with Folin-Ciocalteu reagent. Use of a radio-iodinated protein as substrate
increases the sensitivity of the assay about 250-fold [16]. Another sensitive method
employs v, V-dimethylated globin as substrate and measures the actual peptide bonds
hydrclyzed by the reaction of the liberated amino groups with tnnitrobenzene sulpho-
nate [17]. A third sensitive method {18} uses fluorescamine to detect amino groups
liberated frem succinylated albumin and gives a linear response with 1 to 18 ng of pig
pepsin. These methods should be valuable for measuring the total acid proteinases
wnen the high sensitivity is imponant,

The milk-clotting activities of pepsin and gastricsin can also be used for their
estimation. This turbidimetric assay [3, 19] is particularly useful because it provides a
me=ans of estimating pepsins and gastricsins in the presence of their zymogens.

Assays based on the diffusion of the enzyme into a gel containing an insoluble sub-
strate have been used, but have been criticized {20] as being inaccurate even over a
limited range of enzyme concentration.
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£

i Assays with synthene substrates

' Assays using peptides or other synthetic substrates offer the possibilicy of distinguish-
ing between the different enzymes. Many substrates have been described. with detec-

! con of the reacnion by various means, including reaction with ninhvdrin, reacton
{‘ ' ' with fluorescamine, direct absorption spectrophotometry and fluonmetry Table |
£ fn ' fists some useful synthetic substrates together with their kinetic data and the mode of

detection used. [L is obvious that some of the newer sybsirates are hydrolvzed veny

much faster than the earlier ones. Use of such sensiuve substrates, especially when

E—j ; coupled with the use of flucrimetry {or detection. provides an euremely sensitinve
- assay for suitable enzymes. Such substrates would no doubt be more widely used f
51 they were more readily available.

” A t

S

i Caution regarding heterogeneity and specificity

.ot . o . o

A Since the gastric acid proteinases are so heterogeneous and since little is known of the

Lot substrate specificities or specific activities of the minor components, there must be

some uncertainty regarding what is being measured with any assay of catalytic acuvity

P00 ! when i is applied to a mixture such as an activated mucosal extract, or io whole
P gastric juice.
r
P :’ Other means of assay
St . :

Pepsins and gastricsins can also be estimated by active-site titration with radioactive

' diazoacelyl peptides {11} though how all the minor enzymes respond is not known.
Carnepsin D can be estimated by active-site titration with pepstatin [21) and the same
technique could be applied to the pepsins. The weaker binding ¢f the inhibitor by the
gastricsins would make their estimation by this method more difficult.

1

Faas
B s *
PPN

S
té 'Sﬂj Radicimmunoassay (4] can be used to measure, separately, pepsins and gastricsins
Rt {enzymes corresponding to the pepsinogens of groups | and 11, respectively) without
- ~J distinguishing between the members within each group.
1o S
bt = f
e ' Selected assays
r~ 22
f ; SN ' The assays with haemoglobin and acetyl-L-phenylalanyl-L-dilodotyrosine as substrates
; are described here. The assay with haemoglobin is still useful for estimating total
— ; proteinase activity (although it fails to detect pig pepsin B [22], an enzyme for which
Byoo3 no human homologue has been described).
b ! Although acetyl- L-phenylalanyl-L-diiodotyrosine is not a very sensitive substrate, it
~ is commercially available and not prohibitively expensive. The method used for this
=3 ' substrate is readily adaptable to use with any other peptide substrate for which the
é . nmnnydrin method is the best available.
- :
[ H
L. } ) N
—
:
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- 4 g
- 0390 1<
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Table 1. Some small substrates for pepsins and gastricsins

Subscrar-® Method®* pH &, Ao, LKy Ref *°*
s h umol h (xmmol ' xs™h

Ac-Phe - Dit” N 2.0 [ 7S 267 a
Z-His-Phe-Tro- Ot N 4.0 0.51 230 222 b
Z-Hi:-Nph-Phe-OMe S 40 0y 160 063 N
Z His-Nph-Pla-OMe S 40 0" 100 193 <
Z2-Gly-Gly-Phe-Phe-OP<P N s "1 R 420 170 d
Z-Ala-Ala-Phe-Phe-OP4P N s 282 40 7050 [
Phe-Cly-His-Nph-Phe-Ala-Phe-OMe S 40 20 40 500 f
Z-Gly-Ala-Nph-Trp- NHCH,CH.OH S 4.0 41 2 266 158 g
Dns- Ala-Ala-Phe-Phe-OP4PMe* F 31 2E8 39 7510 h
Pro-Thr-Glu-Phz-Nph-Arg-Leu S 31 30 77 1170 13

ditto - pig gastricsin S 31 h] 9s 568 13

duto - human gastricsin S kR 23 370 62 13
A.:-Tyr-Lcu-Va?-His-NH: a poor substrate for pig and human pepsins

ditto - pig gastricsin N 2 1.06 280 345 36

é1to ~ human gastricsin N 21 ng n.d 12 16
HCO-Tyr-Phe N no \inetic data available - R

a berter substrare for human
gastrivsin than Luman pepsin

bisphenyl sulphite (25°C) ) 37 0022 100 022 !

* Data are for pig pepsin and 37°C unless stated otherwise

** N nwhydnn S spectrophotometry, F Nuorimetn
"ty BT Jackson, M Schiamowirz, A Skaw, Biochemisiry 4, 1537 - 1543 {136%)

1966)

N Inouse, | M. Voymick, G R Deipierre, J S Fruton, Biochemustry 5. 2473 - 2483 ¢
2) K inouye, J 5. Fruton, Biochemustry 6, 1765 - 1777 (1967).
d} G P Sachder, J S. Fruton, Biochemistry 8, 4231 - 4218 (1969).
¢} G P Sachdev, J S. Fruton, Biochcmisiry 9. 4465 - 3470 {1970},

0 K. Meduhradsky, I. M. Voymick, H. Medzihradsky-Schweiger, J. 5 Fruton, Biochemustry 9.

1154 -1162 (1970).
g) G 8 lrune, N L Riumson, D 7. Eimore, Biochem. J. 271, 237 - 242 {1983).
h) C Deyrup, B. M Dunn, Anal. Biochem. /29, 502 - 512 (1983).
) T P Stein, T W Reid, D Fuhrney, Anal. Biochem. 4/, 360 — 364 (1971}

Abbreviali ns

Z- benzyloxycarbonyl-

Dms- I.dimethylaminonaphthalene- 5-sulphonyl
-OpP4p -3-(4pyridylF prapyl ester

-GP4PMe”  .OP4P methylated on the pyridine nitrogen
Dn 3,5-diiodotyrosine or its restdue

Pla 3-phenyllactic acid or its residue

Nph +nitrophenylalanine or its residue

Phenyllacuc acid and alt amino acids mentioned (except glycine) have the t-configurahion.
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2,12 Pepsins, Gastricsins and their Zymogens 22"

Determination of pepsin and gastricsin in mixtures

“tethods depending on two different principles have been described. Lse can be made
of the greater sensitivity of pepsin to aikaline denaturation to permit the determing-
tion of the proteinase activity of gastricsin alone after suitable treatment with alkal.
The difference between this activity and that found without alkali treatment is the
activity due to pepsin {6, 36}.

The second group of methods
gastricsin. Total activity can be measured with a protein substrate, and pepsin alone
with Ac-Phe-Dit; after suitable conversion of the units in which the acuvities are
expressed the difference gives the activity due to gastricsin [6]. This method has been
found to correlate well with that ysing differential inacuvation when applied 0
human gastric juice {36).

Alternatively, pepsin can be assayed with Ac-Phe-Dit and gastricsin with Ac-Tyr-
Leu-Val-His-NH, [37}. The pH optimum for human gastricsin acting on Ac-Tyr-Ley-
Val-His-NH,, 25 mmol/l, is 3.8 [38]. The peptide formyl-Tyr-Phe {39} can also be
used for estimation of gastricsin although it seems to be more slowly hydrolyzed.
Kinetic parameters for the formyl peptide have not been published.

e differine specificities of pepsin and
fering ficities of pepsin and

(9141 300

Determination of enzymes and tymogens in mxiures

Two principles can be appiied here. The total activity determinesd. whether with a
protein or a synthetic substrate, after activation near pH 2 is the sum of the achivities
of the enzyme and zymogen. Alkali treatment of the ynactivated mixiure will destroy
the enzyme so that the zymogen alone will now be measured after activation at pH 2.
Inactivation of gastricsin will require a higher pH than that which 1s adequate for the
destruction of pepsin.

Some substrates are hydrolyzed at a significant rate at pH values which are high
enough not to allow the activation of the zymogen, so that by their use the enzvme can
be assayed in the presence of the zymogen. The milk-cloting assay has been used for
this purpose [3,19] and the release of dye from dyed casein or collagen (azocasein,

azocoll) can also be used [40]. o

Internatiocai reference methods and standards: the /nternational Commission for the
Standardization of Pharmaceutical Enzymes published a report (23] in 1966 describ-
ing an assay for pepsin very similar to Anson’s original method [24], except that the
temperature used was 25 °C and the unit corresponded to the liberation in one minute
of material behaving like one micromole of tyrosine in the Folin-Ciocalteu reaction,

rather than the millimole of Anson’s unit.
A committee of the Japanese Society of Gastroenterology has published a report

(25) describing an assay also based on the method of Anson (24).
An international reference substarce for pepsin is available ({23) cf. Vol. I, chapter

2.3).
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Enzyme effectors: alcohols are weakly inhibitory to pepsin [26). Some peptides may Re

aci as activators or inhibitors in the hydrolysis of others [27,28]. These effects of

secondary peptides are less marked at pH 2 than at higher pH values. Py

ma

2.12.2 Method with Haemoglobin as Substrate ‘;:“'

1.k
’ Assay

Method Design ' 21

Principle: the method described by Anson (24} depends on the estimation of those

products of hydrolysic of haemoglobin (which is denatured at the pH of the assay)

which are soluble in trichloroacetic acid solution. The estimation originally depended I F

on the use of Folin-Ciocelteu reagent but was modified {29] to use the ultiraviolet ab-

sorbance of the products instead. The response with this modification is hnear for pig .

pepsin over a wider range and, since UV spectrophotometers arg now generally avail- |

able, only the UV method will be described. The method given below has been scaled
down and modified to zliminate a dilution step. Tang [6] describes a similar assay for
human pepsin and gastricsin conducted at pH 3.1, and the method using the Folin- s
Crocalteu reagent has been adapted to the Technicon AutoAnalyzer [30] '

Optimized conditions for measurement; the behaviour of haemog!obin as substrate .

for pig pepsin has been crinically studied using the Folin-Ciccalten method {31). The w
conctusion of this study is that the conditions used by Anson are close to optimal

except that the concentration of haemoglobin should be somewhat higher. However Stab

so mary workers have used the same concentration as Anson that it seems best 1o TCA
retain it. The pH of the incubation mixtureis 1.7, achieved by inclusion of HCl 10 give and ¢
(.05 mol/l. If the enzyme samples are buffered (as with eluates from a chromato- 0--

graphic column) it is necessary to include additional, compensating HCI.

Temperature conversion factors: the temperature 1s altered from the 35.5°C of Pro
Anson's assay 10 37°C for conformity with widespread practice. jqrdiifier ef al. [31]
state that the extent of hydrolysis found at 37°C is 25% higher than that at 25°C.

This is not in accord with the statement of Anson [24] that the rate at 35.5°C is 1.82 Colls
uimes that at 25°C. In any case the temperature coefficient may differ for different logic
enzymes. ' and a
able).
NaH
Equipment
Stabil

Cons ant-temperature bath, UV spectrophotoimeter. 1eins,

o,

AN AN
10<(fic2
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Pepsins, Gastricsins and their Zymogens

Reagents and Solutions

Purity of reagents: all reagents of highest punty available. Commercial standard HCI
may contain mercuric chioride, [t should not be used.

Preparation of solutigns (for about S0 determinations): make all solutions in re-pun-

fied water (¢f. Vol. U, chapter 2.1.3.2).

1. HCI (0.30 mol D).

dilute 30 ml HCL, 1 mol/l, with 70 m! water.

2. Trichloroacetic acid (40 g/1 w/v):
dissolve 20 g TCA in water, make up to S00 ml with water.

3. Haemoglobin solution approx. neutral (25 g/l):

stir 2.5 g bovine haemoglobin enzyme substrate powder (Armour Pharmaceutical
Co. Lid., England}, with about 90 mi water, dlalyze against (wo batches of about
1000 ml water each to remove small peptides and adjust (0 100 ml. 2.5 mg

Thiomersal may be added as preservative.

4. Hasmoglobin solution, acid {20 z/1):

a=difv the haemoglobin solution (3) with 1 quarter of its volume of HCl (1) or )
other appropriate concentration, and f{ilter or centrifuge to remove any insolubie

material remaining.

Stability of solutions: acid () is stable at room temperature for a long period of time;
TCA solunion (2) may decompase during one vear to a minor degree to chloroferm
and CO, which does not impair the determination. Solution {3) may be kent at
0-4°C for ! or 2 weeks; solution (4) should be used within one day.

Procedure

Collection and treatment of specimen: collect gastric juice by the usual gastroentero-
logical procedures, with or without stimulation as appropriate for the investigation,
and assay without delay. Dilute the juice with water {a 25-fold dilution may be suit-
able). Mince mucosa {inely and extract with phosphate buffer, pH 6.9 (Na,HPQ, and

NaH,PO, both 10 mmol/}} for estimation of the zymogens.

Stability of the enzyme in the éahple: stnce the acid proteinases are themselves pro-

teins, solutions which are acidic shouyld be assayed without delay.

;
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Details for measurement in tissue: assay mucosal extracts in phosphate buffer, 20
mmoi/l, pH 6.9 (see above) using HCt, 0.315 mol/l, for acidification ¢f the haemo-
glotin.

Assay conditions: wavelength 280 nm; light path 10 mm: incubation volume .2 ml;
37°C. All measurements in duplicate. Run blank measurements by adding the tri-
chloroacetic acid (2) to the haemoglobin (4) before the enzyme is added. When the
enzyme is partly purified {as with fractions from chromatography columns} so that
the absorbance of the solution at 280 nm could contribute only negligibly to the final
absorbancze, a single pair of blank determinations which contain water {or the appro-
priate buffer) in place of the enzvme may be used. Equilibrate all solutions to 37°C
before use.

Standard curve: assay suitable dilutions of solutions of pepsin A and C that have been
previously assayed by the method of Anson (24], cf. chapter 2.15.2, p 270 (Fig. 1)

Measurement

Pipette successively into 15 ml centrifuge concem.ralion in assay 1

tubes®: mixture

sample 0.2mil volume fraction 0.167
pepsin 2.5-13mg/!
gastrcsin 2.5~-8mg/}

equilibrate 10 37°C

haemoglobin solution (4 t.0ml haemoglobin 16.7 g/l
HCl 50 mmol/]

mix and incubate for exactly 10 min

trichloroacetic acid 2) S.Cml

shake; cenirifuge 10 min at 1000 g, or filter
(Whatman No. 3, 7 cm circles) to remove
precipitate; read absorbance against water.

[f a centnfuge capable of taking many small tubes and a self-filling attachment for the spectrophoto-
meter is available the volumes used in the assay may be halved. For the most accurate work a new
standard curve should be prepared for cach new batch of haemoglobin substrate.

Determination of gastricsin and zymogens

L]
Gastricsin: Fig. 1 also shows a curve prepared with pig pepsin C (pig gastricsin). With
this enzyme the digestion proceeds much more siowly when the increase in absorbance
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has exceeded about 0.3, so that the plot is far from linear. The abscissa values for
pepsin C were arbitrarily adjusted to make the two curves coincide at 0.45/0.29 (abs-
cissa/ordinate). The curve for pepsin C underlines the necessity of preparing a stand-
ard curve for each different enzyme assaved.

Tang (6] describes a similar assay conducted at pH 3.1, close 10 the pH optimum for
hluman gastricsin.

Zyvmogens: pig pepsinogens A and C may both be assayed in exactly the same way as
the enzymes {with HCl of the appropriate concentration). Intlusion of a pre-incuba-
tion at pH 2 belore addition of the subsirate makes no difference o the actin ity found,
indicating that the activation is very rapid under the conditions of the assay. This is
not necessarily true for other zymogens or other pH values in the assay mixtuyre.

07] P A

03 PepsinC

02‘1 P
T

A Ay

T T

0 Q2 03 04 05 Q06 Q7 08 Q9 12

iy (P per mi enzyme salution

Fig 1. Standard curves for assay ol pig pepsins A and C with haemoglobin as subsirate

Calculation: the differences A A 5 between the mean sample and mean blank absorb-
ances are converted into Anson’s units by reference to a standard curve prepared with
a sarrple of pig pepsin previously assayed by Anson's method [24]). Such a curve is
shown in Fig. 1. The unit ({P.U.]H?) used is the activity that liberates soluble products
cquivalent to | millimole of tyrosine, as estimated by the Folin-Ciocalteu method, per
6 ml of incubation mixture per min.

115 not possible to convert these units into international units as defined by the En-
ryme Commission because neither the colour in the Folin-Ciocalteu reaction nor the
absorbance at 280 nm is caused solely by tyrosine residues. Furthermore, cleavage of
any single peptide bond in the substrate could result in the production of a soluble

100043z
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§
peptide containing no, one, or more than one residue of aromatic amino acid or even

no soluble peptide at all. An attempt to convert {P.U.1HP 10 units is likely to be more
misfeading than helpful.

Yalidation of Method

Precision, accuracy, detectiorn limit and sensitivity: at about AA .y = 0.6 the coeffi-
cient of variation for pepsin is about 0.05. For pepsin C, Ay = €.3, it must be
about 0.07 {not measured).

© Sources of error: incorrect pH in the assay mixture due to incorrect compensation for
tuffers in the enzyme sample; possible inhibitars or activators in the sample.

Specificity: the method detects most acid proteases, with varying sensitivity; pepsin B
of the pig is not detected.

Reference ranges: in human gastric juice 6 to 123 (mean 54} [P.U.JH%1 s found The
values are corrected from the erroneous ones in the second edition of tiis work (32]

2.12.3 Method with Ac-Phe-Dit as Substrate

Assay

Method Design

Principle
Ac-Phe-Dit + H,0 ~—o—— Ac-Phe + Dit.

The peptide is hydrolyzed at the peptide bond; the liberated amino groups are esti-
mated by the colarimetric reaction with ninhydnn.

Optimized conditions for measurement: the assay described 15 concucted at pH 2.0,
the optimum for pig pepsin A at the substrate concentration used which is at the kmit
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of its solubility. Tang [6] describes a similar assay at a slighuy higher pH but in the
unbuffered solution the pH control must be less certain. For automated method «of.

(34, 35].

Temperalure conversion factors: not known.

Equipment

Constant-temperature bath, boiling water-bath, specirophotometer.

Reagents and Solutions

.

Purity of reagents: HCl, NaOH, acetic acid, sodium acetate are analytical grade re-
agents; 2-methoxvethano!, ninhvdrin, hydrindantin must be of good quality with low
blank reaction; ethanol is a standard laboratory reagent.

Preparation of solutions (for about 100 determinations): make all solutions in re-
punified water (¢f, Vol. I, chapter 2.1.3.2).

1. Ac-Fhe-Dit (1 mmol/l; NaOH, 10 mmol.}):

dissolve 62.2 mg Ac-Phe-Dit in 10 ml NaOH, 0.1 mol/1. Wash the solution quanti-
tatively into a 100 ml volumetric flask and make up the volume with water. The
peptide dissolves anly very slowly in NaOH, 10 mmol/1. but remains in solution if

dissolved in this way.

2. HCI (50 mmol/I}:

diluie 5 ml HCl, 1 mol/], with 95 ml water. This concentration is suitaple for assay
of enzrymes dissolved in water, giving a final concentration of HCI, 10 mmol/l
(pH2). If the enzyme is in a buffered solution the HCI concentration must be
increzsed so that the final incubation mixture is at pH 2.

3. Ninhydrin reagent:

the reagent described is the modified reagent of Moore & Stein {33}, other quanti-
tative minhydrin reagents would also be suitable. Dissolve 20 g ninhydrin (indane
tricne hydrate) and 3 g hydrindantin in 750 ml peroxide-{ree 2-methcxyethanol,
taking care not to inciude air bubbles. The solvent is sufficiently tree from per-
oxides 1f, when mixed with half its volume of 4% K1 solution, only a light straw
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colour is obtéined‘ To this solution add 250 mi acetate buffer (544 g CH,COONa -
3H,0 and 100 ml glacial acetic acid in 1 licre), mix and store the deep red solution
under nitrogen in a dark bottle.

»

4. Diiocdotyrcsine (0.25 mmol/1):

dissolve 21.7 mg diiodotyrosine in HCI, 50 mmol/l, and make up 10 200 mi with
the same.

5. Ethano!l (60% v/v):

dilute 1200 ml 2bsolute ethanol with 800 m! water.

Stability of ‘solutions: ihe substrate solution (1) is stable for weeks at 0-4°C. The
HC! solution (2) is practically indefinitely stable at room temperature. The ninhydrin
reagenu (3) can be stored {or abeut a month at room temperature. Diiodotyrosine (4)
is stable for several weeks at roorn temperature.

Procedure

Collection and treatment of specimens: cf. p. 229. Gasiric juice and mucosal extracts
should be dialyzed to lower the blank values.

Stability of .tke enzyme in the sample: of. p. 229.

Detaiis for measurement in tissue: the high ninhydrin blank prohibits assay of undia-
lyzed tissue extracts.

Assay conditions: wavelength 570 nm; light path 10 mm: incubation volume 1.0 ml;
37°C; measuring volume 7 mi. All measurements in duphcate.

Since the ninhydrin reagent reacts with primary and secondary amines and ammo-
nium salts the fubes ustd for the reaction must be {ree from such contaminations. This
is achieved by reserving a set of tubes for this reaction and cleaning them only by
soaking in detergent, followed by thorough rinsing and drying.

Blank reactions must be prepared for each solution assayed by adding the ninhvdrin
to the enzyme before the substrate and omitting the incubation at 37°C. The concen-
tration of enzyme is proportional to the difference between the mean sample absor-
bance and the mean biank if this difference does not exceed 0 6.

Stendard curve for diiodotyrosine: treat 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml diiodotyro-
sine solution (4) made up to 1.0 m! with water, with 1.0 mi ninhydrin reagent (3) each,
boil and dilute in the same way as the reaction mixtures. Plot absorbance, corrected
for blank. A A g, versus ditodotyrosine amount {(umel). The slope of the plot should
exceed 2.8 umol~? (¢équivalent to an absorption coefficient of 1.96 | x mmol -~ x
mm =), [f a smaller slope is observed the ninhydrin solution should be replaced.

1080f1<<
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Measurement

Pipetie inte clean Pyrex blank sample T cOncentralion in assas
iubes: mixlure: j
sample 0.50ml | 0.50mi | pepsin A 15— 80 mg/l |
equilibrate 10 37°C i
H(;i sotution (2) I - 0.25 mi ‘ HC 0.0t mol T 1
substrate solution §)) - 0.25 ml | Ac-Phe-Dit Q.25 mmol/l

mix and incubate for exactly 20 min

ninhydrin reagent (3) - 1.0 ml
at-any convenient time:

HCl solution 2) 0.25 m! -
ninhydrin reagent 3) 1.0 ml -
substrate solution N l 0.25 ml -

! mix, cover tubes and place in boiling water-bath
for exactly 15 min: cool:

! ethanol 35 5.0 ml 5.0 ml

i
| .
|

read absorbance against waler.

Determination of zymogens: incubation for 10 min with the HCl sotution (2) before
addition of the substrate is more than adequate to allow complete activation of the
zymogens. The blanks should be similarly pre-incubated since the initial activation
peptides and their digesticn products will produce some colour with ninhydrin

Calculation: suhtract_the mean absorbance of the blank {rom the mean absorbance of
the sample. Read the corresponding umoles of diiodotyrosine from the standard
curve. The activity concentration of the enzyme in the sample is

n x 1000

b= U/l
IXv
where
n amount of dilodotyrosine liberated in pmol
1000 conversion factor frommltol
t incubation time in min
v sample volumne in mi.
L 4

1090712
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—

Determunation of inhibitors aof pepsin

Apart from such chemicals as diazoketones [11, 41} and 1,2-epoxy-3-(4-nitrophenoxy)-
propane {12] which irreversibly inactivate pepsins by covalent modification, the
enzymes can be inhibited by three classes of agents: proteins from Ascarss fumbri-
coudes, pepstatins and peptides liberated, on activation, from the amino terminus of
the zymogens. All these inhibitors have been reviewed [13]. The activity of pepsins on
protein substrates can also be lowered by acidic polysacchandes, but this effect
appears 10 be due more to the binding of the polysaccharide to the substrate thar to an
interaction with the enzyme }42,43}.

Al the reversible inhibitors of pepsins could be assaved by their effect on the
enz /mes, but the choice of enzyrne and of substrate is important; furthermore some of
the enzyme-inhibitor interactions may be time-dependent {44, 45}, The Ascaris inhibi-
tors and pepstatins are potent inhibitors of pig pepsin at pH 3 (K| ca. 109 mol/l), but
bind much less tightly to pig and human gastricsin (pepsin 5). At the concentration of
enzyme (ca. 10~ 7 mol/1) used in the assay with haemoglobin as substrate, at 50%
inhibition the inhibitor will be present {at equilibrium) almost entirely as the enzyme-
inhibitor complex, so that the inhibition is essentially steichiometric. At higher
degrees of inhibition, however, or with more sensitive substrates (and so less enzyme)
significant proporuons of the inhibitcr will still be free at equilibrium.

The inhibitory activation zymogen-dersived pepiides dissociate from the enzymes at
low pH values, s¢ that they must be assayed at pH 5, at which the milk-clotting assay
(19] can be used [45]. The association of erzyme and inhibitor is time-dependent and
prz-incubation of 30 min or more may be necessary; furthermore K values may be
considerably larger than those of the gastricsins [13] so that no set fo.mula can be
provided and design of an assay will require some care.

VYalidation of Method

Frecision, accuracy, detection limit and sensitivity: with an activity of about 5 nmol
dilodotyrosine per min in the assay tube the coefficient of variation is about 0.06.
Detection limit is 0.004 U.

Sources of error: the presence of small peptides other than ths substrate could
decrease or increase the apparent activity of the enzyme {27, 28]. It is not known how
serious such possible interference is in practice.

Specificity: pig pepsin C [5] and human gastricsin {6} have little or no activity against
Ac-Phe-Dit.

Reference ranges: in human gastric juice 23 — 81 (mean 53) U/t [32).

~
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. Casein, resorufin-labeled

15 mg, Cat.No. 1080733

-
» Preparation: Casemn lrom cow milk reacts with actvated Asray procedure:
resorufin {N-{resotufin-4-carbonyBpiperidine-4-carbonic acid- Wavs-length: 574 nm
N'-hydroxysuccinimde ester’] with the following purification Cuvettes: Sarstedt cuvettes {10x4x45 mm)
w by chromatograpty Ca 90 ug resorufin are bound to 1mg Light path: 1em
casewn {control Ty 10tal hydrolysis using pronase®) Temperatuce- 3C
- I
Pipette into reaction vessels .| sample | sample
Stability: Stable al ~20°C. stored dry and protecied from | blank
" light. An aquecus solution is stabie for severa) months at 50 it
~20°C and for 2-3 days al +4°C. It is recommendead o f:::f;;::::‘:;:" (f:i s :I 22 ::
5 eaus solut al - . : i
Sqore aqueous solunons in aliquots at -20°C. cedist, water 100 3! Y ;
sampis solution (hn — 100 ut |
>

Spectral properties: Absorphion (excitation) maximum in
e neutral and aikaine range X = 574 nm, ¢ = E6000
f x mol™* x em='}, 17 the acidic range A = 467 nm,

- Emssion maximum In the neutral and alrahne range
i = SB4 nm, i the acichc range A = 559 nm.

Apphication: The preparator 1s used as an unspecific prote-
2se substrate 1t s especially well suited for the detection of
traces of prolease aclivities.

-

Principie: By wrsaiment with proveases, pepudes, resonufin
@ labeied. which cannol be precipitated by tnchiotoacetic acwd,
are r2ieased from casein, resorufin labeled, These peptides

o equivalent © the proteolyic activity present.

* Application exampia for the determination of proteohtic
activity accorsing to Twining (1),

Soluttons/Reagents

-’ Substrale soluhon

Casein, resorufindadeied, 04% (wiv) in redist water
Il tncubauon butter
Tris-HCIL 0.2 molA. pH 78 CaCl,. 002 molA

-l Sampie solution

vV Siop reagent
Trichloroacetic acid, S% [whv), us redist. water
& Vv Assay butter
Trs-HCI, 05 moln pH 88

[L.J

incubate at 37 °C for a suitable space of time (15 m: il
overnight]. Stop reacuon by adduwion of

stop reagent tv)

lasomlao.u

Incubate for 10 min &t 37 °C, subsequenlly cenlniuge tor !
5 min and pipette mip Sarstedt cuveties :

supernatant E 400 ul | 00 ut !

assay butter ™M ; 600 ul | 800 ut ;

mix and immediaiely rend absorbance of the sampie—!
against blank at room teriperature {= AA sampie)

On application of Q1 ug Irypsin sequencing grade® n the
sampie volume (actvty 113 Uimg., Chromozym® 'TRY as
substrate) the absorbance Jifference (AAgumaie) amounts 1o
0.07. when incubating for 15 min under the alorementioned
conditions. Using 0.1 kg encoproteinase Asp-N sequencing
gade’ Myympn ts 008,

The assay will be more sensibve (by factor 10) if the deterrni.
rauCn 15 carried out fluonmetncally

The detection it can be lowered by a further tactar ca. 10
by prolongation of the incubanon nme 1 16 h (overmght)

Total hydrolysis with pronase in the standard assay (.g. 1 mg
pronase overnight at 37 °C) results 1N BAyampe = 18,

Peference
1 Twming, S S (1984) Anal Biounem 143, 3G--34

* avalabie from Boehnnge: Mennhem GmbH
** registerad trademark of Pentapharm AG. Banel Switzerdang

-
G169 Ba99 1 10RT 488 O

b

-

Boehringer Mannheim Biochemica
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BOCHEMICAL AND BIOPHYSICAL TESEARCH COMMUNICATIONS

PURIPICATION AMD SPECTROPHOTOMETRIC ASSAY

OF NEOKYCIN PHOSPROTRANSPERASE 1t

patricis R. Goldman and Dexter B. Horthrop’

Schoal of Pharmacy
University of wisconsain

Madison, WI

i ~nY Lo

ek =g
[
L]

pi

53706

- of O B m,ml: Ratisamn
CS4l STetwaen

affinity and ion-exchange chromatcgraphy.
enzyme preparation is elecirophoretically 904 pure, is free of

ATP-age activity and can bhe
ATP-3ge ac tivity, anc can bhe

pyruvate kxinase and lactate dehydrogenase.

anzyme, hovever, 1= not stable,

INTRODUCTION

tily

1atra
a&Ta

The

T med omwloe
+O5 a&nG garl.y

in phosphotronnferase IT is maximally released
in

A 300-400-~fold purification of the enzyme
complished by streptomycin sultate and ammonium

o NEmmaAr -~ -hMb:b-:,

ot imna £ FnT Y rusad o,
tationsg oL OsSmBOTLIC snllXate

STLi0wes by

recovered

conveniently assaved

assayel

spectrophotometsically by linking the production of ADP to
The purified

A new family of enzymes, found in gram negative baczer:a
carrying R-factors, inactivate aminoglycoside antibiotics and
act as the principle agents of clinical resistance to antibiotic

therapy (1.

Investigations of the characteristics of these

enzymtes have been hindered by a lack of highly purified
ATP-dependent

preparations and reliable assay methods.
phoaphorylation is a cawson enzymatic mechanisn of 1nactivation
sase of the inactivating enzymes

by R” bacteria. Consequently,

resemdle the kinase enzymes and,

once purified,

ject to similar methods of assay and study.

should be sudb-

Neonycin phb:photrmsferale Il catalyzes an ATP- dependent
phosphorylation of the 3'hydroxy group of the aminohexoss

iThis investigation was supported by Resesrch Grant GM-180701

of

ito whom inquireis should be adressed,

Copyright € 1976 by Acwdeme Precs, Inc,
Al nghis of 1eprodacison i gny form rererved.
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the Hational Institutes of Health, and by P-L Biochemicals, Inc.
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molety of kanamycins, neamycine, paramcnycins, ribostamycin,

and butirasins (2~4). The {nitial dlscuvery, partial claractar-
ization, and partial purification (¢ 10% purity) relied upon
fixed time assays enploying radioactivity (2} er microblological
activity {4) measurements. This report descrides a highly
purified preparation conveniently assayed by ths continuoys
spectrophotmetris method employed 16: other Xinase enzymes,

EXPERIMENTAL c

Rananycin sulfate (potency 750 meq/mg) and £, coli JR76.2/W6777
were gifts from Dr. Julian Davies. The organiss produces
gentamicin adenylyl transferase, described prsviously (S), as
well as neomycin phosphotransferases II. The pr cedures for
growing the bacteria, extracting enzymes by osmotic shocking,
precipitating proteins with ammoniun sulfats, and chromotographing
the recovered protein on DEAZ agorose wers identical for both
enzymes. Cclumn fractions containing necaycin phosphotransferase

IY were desalted on a column of Bio-Gel P-2, equilibrated with 10 mx
tris-RC: buffer pH 7.8 containing 0,125 =M EDTA, 0.} oM dithiothreitol,

and 1 mM Mg++ (stindard buffer). The desalted enzyme vas applied
to a gentamicin Cy,~Affi-Gel 10 affinity column described pre-
viously (6), and eduted vith 2M ummonium sulfate in srandard
buffer. Peak fractions wers again desalted on 8io-Gel P-2

and applied to a second column of DEAE agarose (Bio Rad, DEAE
Bio-Gel A} equilibrated with standard buffer. The purified
enzyme was eluted fros DEAE agarose with a 0-0.) X potassiwm
acetate gradient in standard dbuffer,

Column elution gradients were determined from conductivity
measurements using a Lab-line Biommeter. Disc gel electro-
phoresis was conducted in a Bio-Rad Model 300A cell driven by a
model 400 power supply. Gel scanning was perforaed on a Gilford
2410-5 Linear Transport. ZSncymatic activity in crude f-o_:tions
was cetermined by the radiocactivity assay method of Uzanne et al
(7). Purified fractions were assayed spectrophotometrically at
340 rm and 25°C using a Gilford model 240 spectrophotameter and
a8 Leeds and Northrup XL-610 rvecorder, by linking ADP production
to pyruvate kinase and lactate dehydrogenase. BReaction mixtures
contained 1.9 units pyruvate kinase, 1.6 units lactate dehydro-
genase, 0.1 uzole CPXH, 0.4 umoles phosphoernl pyruvate, $ u
moles magnesius acetate, 10 umoles potassium acetats, 0,2 umoles
ATP, 0.066 umoles kanaxycin, 25 umoles tris-BCl pH 7.8, and
0=0.1 units of necrmycin 'phosphotranaferase in a total volume
of 0.5 ml, Control assays were conducted in the absence of
kanazmycin. UOnits of enztyma were defined as Umoles product
formed pexr ainuts., Ass2y chemicals were obtained froa Jigma.

RESULTS AND DISCUSSICYH

The yleld of neomycin phosphotransferase obtained by omsotic

shock varies considerably as a function of the growth curre of

2. coll JR66/W677 (2-4) has the same parental origin as
E, coli JR76,2/M677 (J. Davies, personal coummsunication).
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FIGURE l: Release of neomycin phosphotransferase and protein by
- camatic shock as a function of bacterial growth. After addition
of 1% overnight inoculua, protein and enzymatic activity wers
determined on osmatic shockates prepared from 40 ml culture
- sampies, harvestad at the times indicated. The open and closed
' circles represent neowmycin phosphotransferase activity obtained
» in the presence and absence of 0.5 myq magnesium, respesctively.
-
2. c¢oli, reaching a peak batween log and stationary phaaes, then
%  Qrpping to half the peak level in stationary phase (Fiqure 1},
These results are similar to gentamucin adenylyl transferase
¥ (S} which pez2ks in early stationary phase but drops to a quarter
of peak level, and similar to gentamicin acetyl transferase (§)
* which peaks in late log phase Lut dreps to undectable levelr, '
* Differences between the activiiy profiles of the three enzymes
suggest small diiferences in their periplasmic locatiea. 1In
» contrast, 50ssal and Beppel (B) observed no decrease in the amount
- of periplasmic enzymes catalyring hydrolytic reactions, released
by osmotic shock from 2. coli in stationary versus logarithmic
phase, except under conditions incorporating magnesium in the
- shock medium,. As shown in Pigure 1, magnesium had only a small
effect on the release of the phosphorylating enryme, occuring
- throughout the growth curve. 7The sagnesivn-denendent differencss
betwees activity profiles of hydrulytic and aaineglycoside
- inactivating enzymes $ 'ggest large differances {n their peri-
- plasmic location.

T™he first chromatographic stap in the purificstion of neoaycin
phosphotransferase eaploys DBAZ agarcase.

This i1 alse the kay
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PIGURE 2: Affinity chromatography of neomycin phosphotransferase
1T on gentamucin C,a-Affi-Gel 10, 250 =g of protein ob:ajned
from a first DEAL agarose cclumn were added to 3 1 x 30 ca
column and eluted at a flow rate of 0.5 wl/min.

-

step in the purification of gentamicin adenylyl transferase (5),

and serves to separate the two enzymes in extracts froa bacteria

containing R-factors which direct the synthesis uf both,

Separation is npecessary at this stage since it has not yet been

possible to elute the adenylylation enzywe from gentamicin

affinity columns. Bowever, the ater i1s nerther necessary nor

significantly advantageous in the purification of the phosphory-
lating enzymae,

The Xay step in the purification of necmycin phoaphotransferase
is affinity chroemctography on gentamicain Cig-Affi Gel 10, A
20-fold purificatron {s achieved by this I(QP; estimated from

the protein profile of Figure 2.

fractions varied froz 2-13 units/mg {n four separate preparations.
These activities are considerably higher than zhoss obtained by
Matsshashi 3_5:_}. [§) from affinity columns. The difference is
probadly dependent upon tha i{nclusion of a spacer betwesen the

antibiotic and agarose during preparation of affinity resins.
Umezawa and his assoclates (4,9 and others (10}

Specific activities of peak

bave shown
that in the adbsence of a spacer, wainoglycoside inactivating

enzyma: slute frem antidiotic affinity columns within salt
gradients (which is atyplcal of affinity chromotography (11) )
of acderats ionic ctrength in similar fashion to tue elution of
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FIGURE 3: Jlon-exchange chromotography of neomycin phosphotrans-
ferase IY on DEAZ sgarcse. 5.6 og of protein obtained from the
affinity column were added to a 1.5 x 30 c» column and eluted

at a flow rate of 0.5 ml/muin. The salt gradient was generated
“ith equal volumes {27 ml) of standard buffer and standard
buffer plus 0.3 M potassium acetate. The £inal protein peak was
eluted with 0.3 M ammonium sulfate,

Q
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PIGUREZ 4: Disc gel electrophoresairs scan of purified neomyein
phosphotransferase II.
DEZAZ agarose chromotography were placed on 7.5% polyascrylamide gels
and run atpg 8.9 and 3 milliamps/tudbe. Gela were stained rfor
protein {n a solution containing 0,1 g coouzassie blue, 45 ml
methonol, 45 =l B;0 and diluted 3-fold with water just before

use. Deataining was carried out in 104 TCA for 12 hours.

these enzymes from DEAZ ion-~exchange resins (3,5,8. In contrast,
we have found thar inclusion of a spacer renders elution by high
fonic strength extremely difficule.
Affi-Gel 10 column, gentamicin adenylyl transferase cannot ba
eluted by high concentrations of salt, gentamicin ascetyl traxfar-

234

Approxizately S0 .g of the peak fraction frem

Once bound to 3 gentamicin ¢, a-
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tee slutes as a very broad dilute pask (6}, and necmycin phospho-
transferase elutes in s full column volusa using s concsntration
—~—

of amonium sulfate which approaches the limits of sulubllity
of the protein (Pigure 2).

It therefore appears that a spacer
{2 necessary to acceoplish the firm and specific binding of
aninoglycoside enzymes, normally attributed to affinmity
chromotography.

The final step in the purification is ion-exchange chromo-
*agraphy. on a second DEAE-27arose column, shown in Figure 3.
Gel electrophoresis of active fractions produces three protein
‘bands, two minor components and a major band comprising 90%

of the added protein, »s shown in Pigure 4. Assays o0f gel slices

frem parallel gels shov all the phosphotransferase activity migrating
with the major band, A 3-fold purification is achieved by the
final step, estimated from the protein profile of Figure 3.

Specific activities of peak fractions were nearly constant
within a single praparstion, but varied from )-10 units/mg

between aifferent preparations. 1In only one preparation was the

specific activity increased dy the final purification step
reaching a value of 10 units/mg, and this occurred with the
preparation having the lowest aspecific activivy after arffinity
chroaotography. It appears that contaminint proteins exert a
stabilizing effect on neomycin phosphotransferase II,

Coce the
enzyme has been eluted from tne affinity coluan,

it beccaes
highly unstanle, losing as much as SO¥ of its actaivity in less

than a week, Attempts to stabllize the enzyme have not been

successful,

Calculations of intermediate specific activities, recoveries,
and overall fpld of purification were cosplicated by the instadility
of purified fractivns and also by the inaccuracy of the radio-
activity assay., However, the overall purification can be

estizated at 300-400-fold on the bas’ s of protein fractivnation.

In our hands the radioactivity assay lacks lineazity wigh

time and en:yme concentration, Similar results werw obtaiped

vith the radicactivity aszsay for adenylylation (5}, Nevsrtheless,
the radicactivity assay is necessary for seai-quantitative
dnrtection ¢ the enrtyme in saxly atages of purification, S$Sub-
stantial ATPase activity dominates the spectrophotcmetric aasay in

these initial fractions, but passes through gentamicin affinity

235
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columns, :
assays vers saall (~0.002 40D/min) and tndependent of the protein

concentration in assayed fractions.

MOCHEMICAL AND BOPHYSICAL RESEARCH COMMUNCATK’X{S

following this step, background rates in contrel

Spacirvphotommetric assays

of necsycin phosphotransferass II activity following affinicy

chromotography were linear with time and enryme concentration
Use of this assay should greatly facilitate the charactarization
of this and other aminoglycaside antibiotic phorphorylating enrywas,
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