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STATiMEN’i OF COMi?WCE 

This study meets the requirements for 40 CFR Part 160. 

Appendix 2 is not considered part of the study rend 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. I-ID-1 protein study da!a 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& which it is included. 
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The gene encoding neomycin phosphotransferaee 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 Nl?TII 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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IN’I’RODUCTION 

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 (I). 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 (ll), 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 L-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 Boehringer Mannheim Corporation (Indianapolis, IN). All other reagents 
were reagent grade obtained from commercial sources. . . 

Protein. Neomycin phosphotransferase II (NPTXI) -- 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 application), and 
demohstrated to be equivalent to NPTII protein expressed in plants ($tudy 
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 

- 

- 
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w&h NTTII is stable [SO mM R-is/HCl (pH 7.8), 20% (w/v) glycerol and 1 mM 
13-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 settled after 
preparation. Digestive fluids were assayed for activity prior to use in digestion 

Pepsin activity was measured by monitoring the increase in 
~~~~~ance at 280 nanometers (nm) following trichloroacetic acid (TCA) 
precipitation cf 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 l-ml 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 the t = 0 
samples and for the whole incubation sample control to keep final quenched 
sample volumes compatible with equipment used for aliquots from l-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 ~1 of 0.2 M sodium 
carbonate per 50 ~1 of SGF. For samples to be analyzed by western blot, 
quenched aliquots were kept on an ice bath until dilution (l:l, v/v) with 2X 
SDS-PAGE sample buffer [lo0 mM Tris-HCl, pH 6.8,4% (w/v) SDS, 2O%..(v/v) 
glycerol, 10% (v/v) B-ME, and 0.2% (w/v) bromophenol blue]. Samples were 
heated for five minutes at approximately IOO’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 I: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=O), protein was added to SGF and 
SIF after ad+i;,inn of quenching reagent. To allow a calculation of the recovery 
of NPTII proi~i:;,rl i*om digestion fluid, this protein was added to l-ml solutions of 

’ buffer and th :;- I 2 :‘:r-:wi riled and quenched as described above. An additional 
cpnt?ol was ~~‘~~:;::: , ,..,I t.o allow the determination if the 50+1 aliquot was 
representatl ,‘, ,!’ I +ntire digestion incubation solution. For this sample, the 
digestion inr:t i ‘\! ‘3 1 =?lume was reduced to approximately 0.1 ml and the 
entire sampi.,: --r,. I :: ,. :\ched. 
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Western Blot Andysis. Samples in Ix SDS-PAGE sample buffer were thaw& 
and reheated at approximately IOO’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 protein 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 ha&life were estimated, A 
visual assessment of western blots was used because the results were 
sufhciently 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 j@rnl 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 sample 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 UC 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 fifiy microliter 
aliquot removed from the l-ml incubation solution was representative of the 
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entire incubation solution. Itis conceivable that rapid precipitation of an added 
protein in the digestive fluid could account for lack of protein in fiRy 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 estkblished 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 NFTII was completely destroyed by a 2-minute incubation in SGF 
and 15minute 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 aRer ingested as a 
component of food or feed. The extremely rapid degradation of NFTII protein 
was expected and supports the safety of the NPTII protein for human and 
animal consumption. 
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Figure 1. Degradation of NPTIX in simulated gastric fluid as analyzed by 
western blot. 

Legend: 

Western blot shown is representative of results from three replicates per 
treatment. Lanes were loaded with 10 ~1 sample in 1X sample buffer. Lanes 1 
and 2 are NP’I’II standards at 10 (lane 1) and 5 (lane 2) r&lane. Lanes 3 and 4 
are unincubated buffer with (lane 4) and without (lane 3) addition of NFTII. 
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 61, 10 (lane 7), 20 (!aae 8),30 (lane 91, 60 (lane 10) and 
120 (lane 11) seconds at approximately 37°C. 
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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 ~1 sample in lX sample bufTer. Lanes 1 
and 2 are NPTII standards at 10 (lane 1) and 5 (lane 2) @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 NEYI’II enzymatic ktivity in simula$ed digestive &ids. 
NPTII activity values reported are the mean value from three 
replicate treatments. The standard deviations are in parentheses. 

r”*r p 
P i 

(111 i 
Incubation time NPTII Activity 
(minutes) W~rng) 

bJ 

F 
b 

L 1 

Gastric fluid 0 6.55 (0.11) 

2 0.02 (0.03) 

P 
Intestinal fluid 0 7.67 (0.18) 

L 

21 15 0.01 (0.05) 

1 One Unit (U) of activity is that amount providing one pole of NPTPI- 
dependent NADH consumption per minute at 37 ‘C. 
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The purpose of this study is to measure the-rate of degradation of truncated B.f.h. 
HD-J delta endotdxin (hereafter called “HD-1”) and neomycin phosphotransferase 
II (NPTII) using in uitro mammalian digestion models. HD-1 is the activated . 
(tryptic) fragment of the B.t.k. H.D-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. 
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ords 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. w-ill be saved. All raw and final data will be archived it the 
conclusion of the study. 

-s: May,1992 

- 

ed studv termination da@: June, 1992 

- 

l?urified truncated B.&k. HD=l delta eudotoxin from E. coli (pMAP40). The B.t.k. 
protein.& 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 
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insect, resistant cotton plants. 

Puriiied neomycin phosphotransferase Xl (NfnlI) km E. coli (pMONl636). This 
protein is equivalent to NPTII expressed in insect resistant cotton plants. 
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Test svstex~~ : 

HD-1 and NPTlI 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 uivo 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 Study . 

Part;l. Measure ment of protein degradation by western blot aklysis 

Treatments: 

A. Gastric fluid 
B. Gastric fluid, plus HD-1 
C. Gastric fluid, plus NPTII 
D. Intestinal fluid 
E. Intestinal fluid, plus HD-‘l 
F. Intestinal fluid, plus NPTII 

General procedtire. Three replicate l-ml samples will be prepared for each 
treatment. AI1 samples will incubated at approximately 37 “C in individually 
labelled 15-ml test tubes. Purified protein samples of HD-1 and NPTIS will be 
added to temperature-equilibrated (approximately 37 “C) digestion fluids to a find 
concentration of approximately 2 pg ml-i 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 @aliquot) of treatment 
solution‘6 will be removed, added to individually labeled tubes and the reaction 

. . . 
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process immediately terminated. Samples will be diluted 1:l with 2X SDS-PAGE 
sample bufYer,..heate$ $0 apprqximately JO0 O C for approximately five minutes, 
cooled in an ice bath and stored in capped 1.5~ml microcentrifuge tubes at 
approximately -20 O 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 
termi,nate the reaction, 50-~1 aliquots of incubation solutions will be added to 
indi#+dually-labeled 15ml tubes containing 15 ClJ of 0.2M sodium carbonate. 
Tinq:course assays will be carried.out sequentially due to the short incubation 
intervais. 

- 

Intestitial fluid assitys. 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-~1 incubation solution samples will be added to individually-labeled 11.5 ml 
tubes containing 50 ~1 2X SDS-PAGE sample buffer and immediately heated to 
approximately 100 “C for approximately 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 co-mparison of the specific proteins detected 
in the “t=O” digestive fluid samples to those detected in buffer. The “t=O” 
incubation sample will be generated by spiking the specific protein into already 
terminated assay samples., : 

I,.. -I‘; , 
Da+ Tpalysis, Specific protein levelsin each sample will be estimated by 
c&$.a+on ‘of intensities of bands on western blots to corresponding standards for 
ea~h~$$&in. The mean value for three replicates will be determined. An 
appr&xi’mate half-life will be estimated by kinetic evaluation, of the rate data, if 
a.p@opriate. In some cases, limits on half-life (e.g. “less than 10 seconds”) may be 
reported instead of an actual half-life. 

1. * .:,‘., 1 
Part’f’T, .* Measure’ment ofdebadation of protein activitv. _ _ 

- 

- 

- 

- 

- 

- 
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KD-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 
bioassay. 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 Comnliance: 

This study will be conducted according to the applicable provisions of EPA FIFRA 
Good Laboratory Practice Standards (40 CFR 160.). 



I cst Sjoiutiotts / Soltrfiotis 

for w in s!sining endocrine tissue. dilute this test soii;ticn Ferrous Sulfate, Acid, Xi-Dibsoivc 7 g of ferrous suifate ayr- ? 
&h fa qua1 volume of \wtcr. lab in 90 mt 4 recently boiled and thoroughly cool4 water. 

Tnd odd sulfuric acid 10 make iO0 t& Prware this sulutioa 
, 

eg&9 Ragmt4ee Mcrcunk Sulfate Ts: 

Dbobcwnaulfonic Acid TS--Place in a bukcr 1.57 g of 
su~f&ic acid. pntiously dried at 105. for 3 hours, add 80 mL 
of v;rtcr and 10 mL of diluted hydrochloric acrd. and warm on 
a steam bath until,dtilvtd. Co01 to IS* (some of the sulfanilic 
acid may s$paratc but will dwlvc later), and odd slowly, with 

6.5 mL of sodium nitrite solution (I tn. 10). 
$$%E~$ w&r to 100 mL. 

immediately prior 10 UT& 
* --- 

FoIfn-Cioalreu Phenol ‘IS--into a ISOGmL tit invodu~e 
1tXl g of sodium tongstate, 2S g of sodium molybdatc 700 mL 
of water, 50 mL of phosphoric acid, and 100 mL of hydrochloric 
acid. Rdlux the mtxtum gently for about 10 hoon, and add 1 SO 
g of lithium sulfate. SO mL of mter. and a few dmpt of bmmine. 
&ii the mixture. without the -denser, Ior about IS minuta, 
or until the cxcus bmmii is up&d- Cool, dilute with water 
to i liter, and lilt= the fiilntc has no greenish tint.’ &fore use, 
dilute 1 part of lihrato with 1 part of water. 

Fo&ild~hydt TS-UK: F~ldehyde S~lutfbn (su in the 
section, ReugenU). 

Dichloroffubranin TS-Dissolve 100 mg of dichlorofluorc+ 
sin in 60 ml.. ~f’,alcohol, add 2.5 mL of 0.1 Nsoditmt hydmxide, 
& and dilute with water to 100 mL 

&dobcxykrnine Acetate -IS-Dissolve 50 g of di+cloh&- 
~hmine in 1 SO mL of acetone, cool in an ice bath. and add with 
&in&s solution consisting of 18 mL of giaciai a&c a&d in 
150 mt of acetone. Recryatallire the ptxcipitatc that forms, by 
hatin 
&NJI, % 

the mixture to boiiing and allowing it to caol in an ice 
ca collect the crystals 0a.a flltcring funnel, wash with a 

smag v&me of acetone, and air-dry. Diivc. 300 mg of the 
diFydohexyiamint acetate so obtained in 200 mL of a mixture 
of 6 vol~mcs of chlomform and I volumes of water-saturated 
ether. Use immediately. 

f7-Dihydroryrtaphthahme D&--Dissolve IO0 mg of 27dihy- 
droxynapbtbalene in 1000 tnL of ‘sulfuric add, and allow the 
solution to stand until the yellow color dim 
is vay dark did it and prepare a ucw 10 ution fmm I difkrcnt P 

p&a. If the solution 

supply of sulfuric acid. This s&t Lion is stable for approximately 
oncmonthifstorcdinadarkbottlc. 

Diiodofhaorcsceia T&Diilve’SOO mg of diiodofluomsain in 
i mixture of 75 mL of alcohol and 30 mL of mter. 

DiIutul Lud SuhaMatt XT-&e &ad Subacctare IX, DI- 
lured 

pDimahyian.tiibenutldehyde TS-Diilve 12S mg of 
mcthyiaminobcnzaldchydc in a cooicd mixture of 6S mL o 1pd 

i- 
SI& 

furic acid snd 35 ml. of water, and add 0.05 mL of ferric chloride 
Ts? UKwithin7daya 

Dinitro hcoyih~dnxhc TS-Carcfully t& 10 mL of water 
snd 10 mL of sulfuric acid;and cooL To the mixture, mntai& 
in a glass-stoppcral flask. add 2 g of 2.44initrophenylhydmxinarint. 
and shake unul dksolv+ .To the solution add 3S mL of water, 
mir. ad, and filter. 

. 

23 2.P 
mine TS-Dissolve 1.0 g of dlphcnylaminc in 100 

uric acid. The solution should be co&rim. 
Diphat&arb~rone ‘IS-Diilve 1 g of &tallint di hcnyl- 

carbaxonc in 75 mL of alcohol, then add alcohol to 
ULL Store in a brown bottic 

ma!L 100 

DllumEthylcncdlaminetetraacetate T!g--Diive 1 g of di- 
sodium ubylencdiaminctctraaa%atc in 950 mL of water, add SO 
mLofJcobol.andmix. 

Dithixaoe 7S--Dissoive 25.6 mg of dithixonc in 100 ml.. of 
alcbhoL Store in a cold pia?& and use within 2 months. 

E&II Y TS (adsorption indiator)--Dissolve SO mg of &in Y 
in 10 mL of water. 

Etiodxow Blrdr TS~Diss&e ZOO ,mg.of uicchmme black 
Tom:2 g of hydroxylamme hydrcchlonde m melhurd to make 

Erfochromc Cyuhe TS-Diiolve 7sd mg of criochmmc cy. 
anme R in 200 mL of water, add 2S g of sodium chloride. 25 g 
of ammonium nitrate, and 2 mL of nitric acid. and dilute with 
wstcr to loo0 mL 

FchItng’s SolutioP--See Cup& Turfrare zS, Alkalh. 
F&C- Ammotiuu~ Sulfate WissoIvc 8 g of i&c illllm 

aium NJ&e in water to make 100 mL 
Fe&c Chloride E--Dissolve 9 g of ferric chloride in water 

to make 100 mL 
Ferrom Sulfate ‘IS-Diiolvc 8 g of clear ayst& of fc.n-op~ 

suifatt in about 100 mL of tcccntiy boiled and thoroughly coaled 
water. Prcparc this solution fresh. 

puchsin-Pyro@d TS-D~&W 100 mg of basic fuchsin ia 
50 mL of water that prwiosuly has ken boiled for IS IniatUlcs 
sad dowed to cod di 
solutioa of sodium bisul K 

btly. CM, add 2 mL d a utunted 
ttc, mix, and allow to stand for not Ias 

than 3 houn Add 0.9 mL d hydrochloric l oid. mix, and allow 
turtandovcti 

ant! 
ht. 

h cffocted, 
Add 1OOmgd~mgallol,shakeuntllsoiutioo 

dilute with mterto 100 mL Store in an amber- 
glass bottle in a rdrigcntor. 

Fuduln-Salfm Add TS--Di&ve 200 mg of bssic ftichsio 
ia 120 mL of hot water, and allow tht solution to COOL Add a 
solution of 2 g d anhydrous sodium sultitc in 20 mL of water, 
thcoadd2mLalh 

P 
hloric add. Dilute tho s&ion with 

water to 200 mL, an allow to stand for at laxt 1 hour. Prepam 
this sohltioa frah. 

r? 

- 

’ Gastric Ftnid, Sinudated, IS-Dksalve 20 g of sodium chlo- 
ride and 3.2 g of pepsin in 7.0 mL of hydmchlotic rcid and 
sufftcient water to make WOO ml.. This test solutioa hu a pH 
of about 1.2 

Celefin Is (for the asmy of CMfoorro 
340 g of acid-treated prtcuraor g&tin 

in ftfjccrion)-Dive 
ce ypc A) in water to make 

1000 mL Hat the solution in a8 l utoolave at 1 IS* for 30 min- 
uta after the exhaust line tempaatum has reached 1 19. CM 
the solution, and add 10 g of phenol and 1000 mL of voter. Store 
in tight contaittus in 8 tehigentof. 

Clsdd A&de Acid v Acrrfc Acid. Gfadd, 7X 
Glucose 0B T!+-A solution coauiniig. in each 

a&, 0.5 wuol of 4-@=antip~rmo, 22.0 ~01 of.sodmm phy. 
dmxybenxr~!~ pX Irn w 7. tlluts of 

f 
lucose ox~dssc, rod not 

;ytJun 0.5 timu of pmxuiase, and bo fend to a pH of 7.0 $Z 

* .htfrabfl~p-When ured for determining giuaae in ln&t, as- 
certain that DO signiiicaat color rumlts by reaction with fructose. 
and that a suitable absorbance-vaaus-concntration slope is ob 
uincd with glucaa 

idi C2tIorIdr TS+iilve 1 g of gold chloride in 3S &L of 
water. 

HY 
9 

ta ‘PemxUt ‘Is--use Hydrogen Peroxide Tropical So- 
fuf/on ( SP monograph). 

- 

Hyd 
fide. ma T 

en Solllde TS-A saturated solution of hydrogen sul- 
t by passing HIS into cold water. Store it in small. 

dark amber-colomrl bottle, lillcd nearly to the to 
able unim it por~erta a strong odot of H$. an 8 

. It is unsuit- 
tmlux it pm 

- 

- 

ducu at once a copioru ptuiptute of sulfur when added to an 
equal vohne of ferric chloride IS St& its a cold, dark place. 

-Hydroxyiamine H tImchloride XS-Diilve 3.S g of hydmx- 
ylamine hydrochlon c m 95; mL d 60 percoat ak~hol, and add 4 - 
0.5 mL of bmmophenol blue d&on (1 in 1000) and 03 p 
alcohoiic pomium hydroxide until a reenish tint dcv 
the soiutioa Then add 60 percent rlco to ?E’” 1 to make 100 m 

&Hydroxyquinoline TS--Diie S g of S.hydr&yquinoiinc 
in alcohol t? make 100 mL 

Indigo Chant 33 (Sodlunl hf~~orbd~ruf,fona~e 7S)-Dh 
solve a 
mg of 9: 

uantity of sodiam indigotiadtsuifonatc, uquinlent to IgO 
+sHsN+&(SOsNa)a, m ntcr to make 100 mL UsC 

withis 60 d+. 
ludophcnol-Acetate TS (for the - 

rim+--To 60 mL of standard dichlump z 
of Ccrrlcolropin f@r- 

cnoi-indophcnol soiutron 

- 

- 

- 

- 
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(see in the section. Volumc~ic Soltrrionr) add water IO maie iS0 

z 
mL. Add to the resulting solution an equal volume of. sodium 

1 ‘/ 
accta!c solution freshly prepared by dissolving 13.66 g OT anby- 
drous sodium acetate~in waler to make 500 mL and adjustin 

6 with 0.5 N rcc!ic acid to a pH of 7. Srore in I refrigerator, an 8 
use wi!hin 2 weeks. 

7 :* I nkstinal Fluid, Sin&ted, %Dissolvc 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 waler. Add 10.0 g 
of 
J 

ancreatin, mix, and adjust the resulting solution with 0.2 N 
ium hydroxide !o a pH of 7.5 + 0.1. Dilute with water to 

1000 mL. 
Iodine ‘IS-Use 0.1 N Iodinr (see in the section, Volumerric 

Solufionr). 
Iodine Monochtoride T&Dissolve 10 g of potassium iodide 

and 6.44 g of polassium icdatc in 75 mL of water in a glass- 
slop 
of c R 

red container. Add 75 mL of hydrochloric acid and 5 mL 
loroform, and adjust to a fain! iodine color (in the chlore 

form) bv addinn dilu!c ootassium iodide or ootassium iodate e 
lution. if mu& iodine’is libera!ed, use a ;!rongcr solution of 
potassium iodate than 0.01 M a! firs!, making the final ad’usi- 
ment with the 0.01 M Potassium iodale. .S!ort in a dark p ace, / 
and readjust to a faint mdinc color as necessary. 

Iodine and Potassium Iodide TS-Dissolve 500 mg of iodine 
and 1.5 g of potassium iodide in 25 mL of water. 

Iodobromide TS-Dissolve 13.615 g of iodine, with the aid of 
heat. in 825 mL of alacial act!ic acid (ha! shows no reduction 
with.dichroma!e and-sulfuric acid. Cool, and titr~t~~2j~O mL of 
the solution with 0.1 N sodium thiosulfa!c VS. recording the 
volume consumed as 8. Prc 
mL of bromine in 200 mL o P 

are ano!her solution containing 3 
glacial acetic acid. 70 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 
to double the halogen content of the remaining 800 mL of iodine 
s&lion by the formula: 

8ooB/SC. 

Add the calculated volume of bromine solution to the ‘iodine 
solution, mix, and store in glass con!aincn. pro!ccted from light. 

Nochloride IX-Dissolve 16.5 g of iodine monochloride in 
1000 mL of glacial acetic acid. 

I&pIa$nate TS-Dissolve 300 mg of platinic chloride’in 97 
mL of water. Immediately prior to use, add 3-S mL of potassium 
iodide TS, and mix. . . 

Iron-Phenol TS (Iron-Kobcr Reo&-Diuotve 1.054 
‘ferrous ammonium sulfate in 20 mL of water. and add 1 e 

of 
m of 

sulfuric acid and 1 mL of 30 percent hydrogen peroxide. Mix, 
hca! until effcrvucence ctaxs, and dilute antb water to 50 mL. 
To 3 volumes of this solution contained in a Golumctric flask add 

+a Sdkyhte TS-bitsolve 500 mg d ferric ammoniu& sub 
fate ~1 250 mL of water containing 10 mL of diluted suffur$c 
acid, and add waler to make SO0 mL To 100 mL of 
aolu!ion add 30 mL d a 1.15% sobuioo of sodium uli 
mL d dilu!cd a&c acid, and W mL of a 
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sodium acetate, then add water to make 500 mt. S!ore in a well- 
closed conlaincr. Protect from light. USC within two weeks. 

Lead Acetate TS-Dissolve 9.5 g of clear, transparent cryslsls 
of lud rceta!c in recently boiled water to make 100 mL. S!orc 
in well-rlOppcfed bOltlu. 

Lud Acetate 1”X Alcoholic-Dissolve 2 g of clur, transparcn! 
crystals cf lead acetate in alcohol to make 100 mt. Store in tight 
containers. 

Lead Subacttatt TS-Trituratc 14 g of icad monoxide 10 a 
smooth paste with 10 mL of water, and transfer the mixture to 
a bottle, using an additional 10 mL of water for rinsing. Dissolve 
22 g of lead acetate in 70 mL of water, and add tbe solulion to 
the lead oxide mixture. Shake i! vigorously for 5 minutes, then 
set it aside, shaking it frequently. during 7 days. Finally filler, 
and add enough recently boiled water through the filler to make 
100 mL. 

Lead Subacetate ‘Is, Dilufcd-Dilute 3.25 mL of lcad sub 
acelate ‘TS with water, recently boiled and cooled, to make 100 
ml. S!orc in small, well-filled, light containers. 

’ Litmus ‘IS-Digest 25 g of 
cessive, N-ml portions of hoi ing alcohol, continuing each cx- r 

wdered litmus wi!h three suc- 

traction for about 1 hour. Filter, wash witb alcohol, and discard 
the alcohol @Itrate. Macerate the residue with abou! 25 mL of 
cold water for 4 hours, filter, and discard the fiJtra!e. Finally 
dig=! the residue with 125 mL of boiling water for 1 bour, ccol, 
and filter. 

LockcRisrgtr’r Solu!ion-See L.ockr-Ringer’s 73. 

Locke-Ringer’s TS (Locke-Ringer’s Solution)- 

Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Potassium Chloride 

9.0 g 
. . . ..*.................... 

’ Calcium Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. Magnesium Chloride . . . . . . . . . . . . . . . . . , . . . . . . . 

S$xiturB!carbonate 

$” ; 

L..............).......... 0:s g 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P-5 8 

Water;rcccntly distilled from a bard-glass flask, 
a suff%en! quantity. to make.. . . . . . . . , . . . . . loo0 mL 

Prepare fresh each day. The constituents (except the dextrose 
and the sodium bicarbonate) may be made up in stock solutions 
and dilu!ed as needed. 

Magnai; hfiiture ‘IS-Dissolve 5.5 g of magnesium chloride 
and 7 g of ammonium chloride in 65 mL of water. add 3S mL 
of ammonia TS, sc! the mixture aside for a few days in a well- 
stoppered bo!tle, and ftl!er. If the solution is not perfectly cicar, 
filter it before using. . 

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

Makcbltr Green ‘E-Dissolve 1 g of: malachite green &ate 
in 100 mL qf glacial acetic acid. 

MaBory’s St&t--D&solve 500 mg of water-soluble anilii blue, 
2 g Of orange G, tad 2 g of oxalic acid in 100 ~IY.L of water. 

Mayer’s Rngcni~ Mercuric-Potassium Iodide 7X 
*. Mac&‘Ace!atc ‘IS--Dii;olve 6.6 
$acial acetic acid to make 100 mL l 

of mercwic acetate in 

protected from direct sunlight 
.: tore in tight containen 

M&sic-Ammoaiom Tbiocyanate ‘IS--Dissolve 30 g of am- 
:monium I 
fqake1OOOm “z _ 

anale and 27 g of mercuric cbloridt in water to 

h&c&c Bromide Is, AlcoboUc-Diilve 5 g of mercuric 
bromide in 100 mL of alcohol, employing gentle but to facilitate 
solution Score in glass oontaincn, protected from light 
;I kmrk CYal& ‘Is-I)iuoIve 6:s p sf mercuric chloride in 
water to make 100 mt 
. . k&k Sodi& ‘IS (Vulsc~~ ‘Rrag+-Stowly add potassium 

.iodidc solution (1 in 10) to red mercunc iodide @otil rlrncxst all . 
d the latter k d&o&d. and filter off the cxcus. A rolutioa 
abstaining 10 
‘imattfy~4 g d 

of potassium iodide in IO0 mL dilva approx- 
Hgla at a#)‘. 



- 

onsanto 
The Agricultural Group I 

Protocol Amendment - 
SOP Reference: GEN-POL-005 . 

New Products Division - RegulatonF Sciences 

Study Number: IRC-?l-ANA-6 Amendment #: 1 
Date change implemented: lo/O6193 
Experiment’s affected by this amendment’: 

- 

Page No/s. &/or Section/s: entire protocol o&$nal.ly stated: 
Original protocbl addressed assessing degradation of two proteins, truricated 13.t.k. I-ID-1 delta 
endotoxin (HD-1) and qeomycin phosphotransferase II (NPTIIL 
This section is amende@ as follows: 

- 

The protocol is amended to separate the two test materials, HD-1 md NPTII, into separate studies. 
NPT’II degradation will retain the originally assigned stGdy number; HD-1 will be assigned a 
separate study number. 

M” 

Reason for amendment: 
These two proteins, HD-land NPTII, were o&ginally placed in the same study because they were - 
components of a single product that \vas 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 Gil occur because of this amendment. It will allow - 
separate study reports (jr the CWJ different proteins \vhich will increase the ielevance of each study 
report to the regulatory dala package in which it is included. . 

Signature of Approval: 

Quality Assurance: 
Not Applicable 
Not Applicable 
No1 Applicsble 

Uate: . 
_ Date: 

Date: 
cc: 
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Digestion and Absorption in the i 
Gastrointestinal Tract ,.*’ i. e. 

The foods on wnich the My lives, wtth rhc 
ex:cption of smaIl quantmcs of substances such as 
wamtns and mlnc&. can be classified as ;srt+ 
hydrates. fati. r.d ptot~ms. However. rhesc gcn- 
CC&~ cannot ix abrorted m rhc!r natural forms 
througn the gastromwstlnal mucosa and. Ibr this 
reason. are uselesr 3~ nutncnls wthout !hc pre- 
lmunary process of digcwon. Therefor:. the 
present cnapter d~scusscs. fint. the processes b) 
which cd&hydrates. f~ls. and protcms are dt- 
gcsred mto small enough compounds for abso~ 
[ton and. second. the mcchanrsms by which the 
dlgesttke e&products. as uclf as xater. ~IK:TF 
l,rcs. and other subsrzmccs. xc Jbtorhed 

DIGESTION OF THE VARIOUS 
FOODS 

R.-R’- , H OBpc.“” <nzF R-OH - R’H 
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&mukif;cmio. J For by Bile Acids. fbe 6m slep ir, 
fas digestion ir to bra& Ihe 111 globules into small siacs 
so Uul the wafer-soluble digestive tnzymu un act on 
he globule &aces. This prorerr is &led emulsifio- 
Uon of the fat. and it is achieved under the influence ol 
bdr. rhc rcoclioo ol the liver tirat does not cont~n any 
d&rare c-es. However. bile doer ;onlun a large 
quurwy cl &lr roltt. mainly in ILK form of iomrcd 
sodturn ulu. Chich arc exlremcly rmpaun~ for [be 
cmulrific~uw of ht. The carboxyl (or poiar) pan of fhe 
Me salt is bigfAy soluble in water. where- the slcrol 
poruon of& bik salt is hi&IV soluble IO f&t. fierefoorr. 
the fat-sob&& portion of the bile salt dissolvr.s in the 
surface layer d the fat gjobule but with the carboxyl 
pomon of the salt prqtcung ou~atd and soluble in the 
surrounding bids: this eflect grutiy dwcucs the 
tnrrri%d leasion of the fan 

R’hcn the inurbcid unsron of a globule ol nonnus- 
ciblc 3utd is low. this nonmiscible Ihod. on agxat~on. 
can cc broken up mro many nunute panicles far more 
cull) than n an when !bc uwtfaczal lcosion 1s grut. 
Conxqwx!!. 2 rmpr hcaon of the bile salts \I 10 
m-&c ‘he fu globulw read2y hgmcnuble by qxauon 
Lo cite mall bwc1. 7%~ acuoc 1s tic we Y tb.31 of 
mury drwrpmts rhu are used widely m most household 
cirvsen far nmoviog gmase. 

mkelk. Siac these puLr groups am oegmvel 
cbVled. Chcv alhw chc cntirr mcetk nlobule to bccw 
diss&ed ic.thc waler of We dig&c Iluids aod t 
remam in stable soluuon dcrprte the very be size ( 
the mkeIlc. 

Durutg mglyceridc dipertinn. .u qxdly iu tbc mar 
ogtycendu and free fafty acids a~ formed tbcy bcwu 
dirsoived in the fatty porclon of rbc uuccUes. tic 
~mmcdauly R~OVCS rhesc end-pmducrs of digesti 
fmm cha vlcultcy of the dtgcsung ral~globuJer. Cm 
wqucolly. tbt &gestivc process car, proceed unala 
cd. 

The bJe sali icclics also acf as rh~nspcn as&w 
to any Ibe monoglyceridw and Ibe free fwy dd: 
both of which would othcrwse be -‘most completi 
msolublc. to I& txvsh bordcn of rbe ep&&l c& 
lkre th mamglyccndcs sod free fatty acids a! 
absmtd. L( x9 be discu~red Ilu.7. On delivuy ( 
these subnrnces IO tbc brush bordcr~ rbe bile s& a.~ 
agu rtkased back into rhe thyme to be used again ac 
agam for lb “fcrqirtg” process. 
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I glccrdon d ChdestcrrJ ES-. MCSI of the cholcs- 
.(.,A an tic diet .ts ID the form of cboIcsterd crten. 
.n,.h ~nnol k absorbed itt *As form. though fiec 

y;: tic Iarm coie II, "ferryfng" cbolerlerd as IAcy 
-u, I” “f:r@ng” nso,nogJycender sod free fatty acids. 
&,ccJ. Ltits rote of the btfe stktt mice!lo IS absolurclv 
,,rntd IO the abrorpuon of cholesterol kcau.sc erren. 
.:A,, ,I.., cholesterol IS absorbed without the prclcncc of 
.,ic ,Jits. On the other hand. as much as 60 per cc”t af 
.n( &*ccndes can be dtgestcd and absorbed :>cn tn 
,?c J:sC”FC of bdc Saks. 

;. ::SlION OF PROTEINS 

‘Ihr ?roldpr d tbr Wr1. The dicwy protern Ye 
Jrn,cd tirnost cotirciy from meats and veytablcs. 
These pcoteitts in turn are formed of long charnr of 

acids bound together by prprrdr linlgrs. A 
lmk3ge 15 the foIiowtng: 

bq.tns hc proccrs of prctero d~?ig:stton. stmply rplttttng 
the protemr mm protemcs. pep~pne,. and Large pool>- 
rcpttdes. Thts sphtong of pwtetnr is a process of 
hydrolysts occumng st the pepwe hkagu behvccn the 
annno Mds. 

Digertlon d hocdm by PllDcradc Stcr&cus. W&n 
dX PraklfU kwe she aomacicb. tqcy Ordinarily are 
UY in the forus of ~CWOSCS. peputttu. and Lup 
potypcpddu. Immediately up00 cotcnog the small in. 
LcsuOc. Ihc pantat breakdow products are artzkcd by 
cbc ~&~cruric cezymcs trygrin. rhymorryiurn. and co+ 
bo~poiyp~prt&x. AS illustrated to Figttrc 6W. tbcsc 
enzyme5 m opabk 0f hydrolyziag ti Ibe part4 
breakdowo pro&cts of pmtettt to pcptida and many 
also to the .q Gage of ammo u5d.5. 

D&sth of Prpddcs by the Eplthdkl Pcpddasa d the 
SinaIl lotada The cpithelial :elIr of the smti tnlts 
line conraiD sereni diGrent cnzymu for bydroltiog 
the haat pep&c tier of *be twnai&tg dipcpddes 
and ocher sdI polypcpu’dcs as they come in contact 
wh i&w. coithclium of the vti. The cnryme.s cespons- 
iblc for final hydrolysis of the pepudcs tnto ammo actds 
arc onuno-po&prprrd.w and the d,prpndorr~ 

AJI the pmcodyuc easymcr - including tho5-c of the 
gastnc pmz. tbc pancr:auc pi;:. and the brush bchdcr 

I 

wi, H 

R-L 
I 

---C--OH + H--?;--CH-COOil - 

% h 

NH, H 

t 
I 

R-CH-+H-COOH - HI0 

6 i 
T)ic chm::&tics of esch tybv of protein at? deters 

?.::cd by ‘us: !ypes of ammo acids tn :hc protctn 
-acaie md by the arzkngernent of Lhesc ~mtno acids. 
T?rc ph\stcal Ind chcn1c3l chanclcr.5::~r of the dir. 
tcrcnt protc:ns uiU be discussed tn Chapter 69. 

Dqsdon d Prtidm in the Sl~nr&. Pr,mn. tbe 
tcc.3onan~ pepuc c~rymc of the stomach. 1s most acove 
:: 3 pH of about 2 and LI completely tnactiw at a pH 
mow approxlm:.tcly 5 Cm5equcndy, for rhrr cruymc 
:a aure 33y c!lgesu*c Jc:lo* on protetn. thbc stomach 
:UIW must be actdic. It wiL’ be rccoifcd from Ch;rpter 64 
:.?a~ the gaz:nc gland, secretlt a kg+ qttanbty ofhydro 
-‘%ni acid Tbrr hydrochlonc acrd ts see-rtcd by the 
~1~ntt: ~panetaJ) :eUr rtt a pH of abwtt 0.8. but, by the 
“-e II IS tnrxcd wttb khr stovtach contelu tid wtb the 
=::ctmns from the non~xynuc glandular cctls of tbc 
rtcnach. Ibe pH tanger around : to 3, a htghly favonble 

‘. ~~itC al aab1y for pprh acovity. 

of the intcsanal cptthehaf cells - arc very spectic for 
bydrolyzine trdivtduaI twes of oepodc linkr~cs. The 
l&g~rt&~ecrt~&~airr Oi&iOoiodr-dariO 
their bmd eoqy and other physrcaf chanctensuc~ 
frwn lbc till&es bctueco olix: parn. therefore. 1 
specific cnzjmc is rcquircd for each spcuftc rypc of 
linkage. Tbr ~ounu for the nultipbctty dpmtcoiyuc 
enzymes as rcfl h( for the fact that no ooe smglc 
cnlyme cut uaauy drgest protern all UK way to an Its 
constnuettt ammo actds. 

Wren btxl hu keo pmpcriy wucakcd and is not 
caten in too latgc 0 quartuty st MY ottc tune, about 9% 
per cent of all the proteins hnally become ctther ammo 
actds or vcty stnall pcpudo. ntainly dipcpudes A few 
molecutu of -ut are never digcs~ed 11 ail. and some 
remain ia the sages ofprotcostr. peptones. and yuyvro 
siz.es of polypcgcidcs. 

BASIC PRINCIPLES OF 
GASTROINTESflNAL 
ABSORPTlON 

ANATOMICAL BASIS OF ABSORPTION 

The total qoanary of Suid that must be absorbed 
each day is equal to the ingested fluid bbout 1.5 

- 

- 

- 

- 

- 
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sorpuv~ rutix~ of the mttswd mucos~ shot 

many folds ctiicd valrulae CDR~WC~~CJ (orjdd 
Kzrrhnp). uhich IK~CYC the SU.hX Yea of 
absorpttvc mucosa about :hreeJold. These fc 
extend ctrcularly mosi of the ~a!’ around 
intestine and arc especially ~~11 developed in 
duodenum and jcjunum, where they often p 
wdc 21 much as 8 mm. into the lumen. 

bted OW.~ rbe entire Surface of the ;‘b 
intestine, from approxunately the point at wh 
rhe common bile duct empues into the duodent 
down to the iieoc-4 valve. a~ littr;illy miJ& 
of small r7fli. which project about I m.n. from t 
surixe of the mucosa. as shown on the surf- 
the vahlac connivcnfes in Figure 65-5 xrtd 
detail in figure 6S6. These villi he SO clorc 
each 0th~ in the upper small hle~tine that ~JJ. 
actually touch i.1 most arear, but dxir distriiti, 
is lass profuse In t&e distal small intestine. n 
presence of villi on the mucosal surface enha& 
the absorptive area anothei IO-fold. .+. 

The intestina! epirbelid ceils arc characle& 
by a btush border. consisung of about 64) m 
crovilli I fl in length and 0.1 w in dimu 
protruding from each cell; these arc illuslratcd i 
the electron micrograph io figure 65-7. lair L 
C~CLSCS rhe surface area exposed to the hat& 
materials another ?O-fold. ‘fhus, the combinatjo. 
of the folds of Kcrckring. the vihi, and the tni 
crovilli incresses the absorptive arts of the mucc 
sa about @Bfold. making a tremendous roti ape: 
of about 750 square meters for the entire smaf 
mtcscine - about the surface area of a tent+ 
coun. 

figure 65-M iUustr;ltcs the general organ& 
don of a villas, emphasizing especiaily the adv8u 
tagcous arrangement of the vascular system for 

lit:& plus that secreted in the various gastrointes- 
tinal secretions (about 7.5 liters). This comes to a 
total of approximately 9 titers. About 8 to 8.5 liters 
of this is absorbed in the small intestine. leaving 
onIy 0.5 to I Iiter to pass through the ilcocecal 
valve into the colon each day. 

Tbc stomach is a poor absorptive ama of the 
gztrcintcstinal tract bcwusc it lacks tic typical 
viilcs type of absorptive membrane and also bc- 
cause the juncrions between the epithelial cells are 
tight junctions. Only a few highly lipid-soiublr 
substances. such s alcohol and some drugs such 
as aspirin. can be absorbed in small quantities. 

‘Ibe Absorptive Surface of tbc Intcrtitul Slu.~ 
sa -. T6t V~IH. Figure 65-5 illustrates the ab 
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Jbsorpoon of duid and dissoivcd material into the 
pcnd blood. and the arrangement of tbc ccnrraf 
~,crra/ for absorptioo inlo tic lymph. Figure 
t&6B shows the cross-secdoo of a vlhs. and 
Fiyxe 65-7 shows many small pi&y&c vcsictcs, 
uhlch are pinched-off potions of ilfolded epithe- 
hum surrounding ex~ceffulsr materials that have 
t=w~ cntmpped inside the ccds. Small amounts of 
~UCS~~CCS are absorbed by this physical process 
~i,~moc~rosir. though, ac noted later tn the chap- 
tcr tnost absorption occurs by means of single 
mc:ecular transfer. Louted near chc brush @order 
of !he epithciial cell arc man) muocfiondrta. 
which supply the cell 4th oxidauvc energy oeed- 
cd for acfiw ttanspon of materials through the 
wstinal epithciium; this also is discussed later in 
lhc chapter. 

- ‘C MECHANISMS OF ABSORPTION 

4bw-r;t:on through the ga3tr:~rntcs:lr& mucos3 
X:X by octivc rronsporr and by d&ton. as IS 
~SJ tnz for ocher membranes. The qhysiclrl prine 
:.plcs of *&csc processes wcr: cxplancd in Chap 
‘C, 2. 

BnefIy, YUVC uan5pon ~p.urs energy to the 
~bstmce as tt :I being oansponcd for the purpose 
d- conccnuaung It on the ocher side of the mtm- 
bnnc or for moving it a.gautsc aa tiectri~ poten- 
Id On the other hand, the term di&sion means 
“m~iy mnsport of substancrs *&rough rhe mcm- 
jr-dnc as a result 31 molecular movement along. 
Wcr tian a&St. an cleccrochelruul sadieat. 

‘ISORPTION IN THE SMALL 
:. ‘-ESTINE 

~omlaily. absorption fsorn Ihe small m1csunc 
kfi day ccr.s~sts of several huntired ms of 

carkhydrates. 100 or more gxuns of fat. 50 to IW 
gnms ol ammo acrds. 50 to I@0 gmms of mns, and 
8 or 9 liters of water. However. the absoww 
copoci~ of the small rntcsune is far grulcr rhan 
thj: as much u sevc~ Wopms of &hy. 
dnws per day, 500 IO 10oo grams offal per day. 
SO0 to X0-s of ammo acids per day. and 20 or 
more liters of water per day. In addiuon. the 1-c 
intestme od absorb sri!J more water and IOU. 
though almost no nutncnts 

ABSORPTION OF WATER 

isomlecir Absorption. Waru is transported 
through tbc intesunal membrane cntiirtty by tbc 
process of d;fi~smn. Furthermore. this difi%s~oa 
obeys fbc usual laws of osmosis. Tbewforc. when 
*he thyme is dilute. water is absorbed through tbe 
intestmal mucosa into the blood of the viUi by 05. 
masts. 

Water can also be tzwportcd by osmosis from 
fhc plasma into the thyme. Thrs occurs whcocvcr 
hypcrnsmotic solutions arc discharged from tbc 
stomach into Ihe duodenum. llzudly within min. 
Utes, sufficient water is transferrtd by osmosis to 
make the chymc isosmotic WiLh the ptasma. On 
the other hand. if there is excess water m the 
chymc. the osmosis into the plasma also causes an 
isosmotic s&k within a few minutes. Thereafter, 
the thyme remams timost exacti) isosmouc 
throughout iu total passage through t?c smJll and 1 
kge mcstine. 

As diwlved substances are absorbed from the 
lumen of the gu! into the bfocd the absorption 
tends to decrczz the osmotic pressure of the 
chymc. bar water dBuscr so readily through the 
intesunal membrane (because of large 7 to I5 .A 
intewtllular pores) that il almost instantaneously 
“follow” tie absorbed substances into the blood 
Thcrcforc. as tons and nutncotJ ue absorbed. so 
also is ao tsosmouc cqwvaknt of waler absorbed 
In Lhts way not only arc the tons and nutrients 
dmut enfnly absorbed &fore the chymc passes 
through the small mtcsttnc, but so also 1s almost FS 
pi cent of the wakr absorbed. 

ABSORPTION OF IONS 

.kci’vs Transport of Sodium. Twenty to 30 
guns of s&urn arc secreted into tbc intesunal 
sccreuons cacb day. In addition. the normal per- 
SOL cats 5 IO 8 grams of sodium cachday. Combm- 
in8 lhcse two. Lbc small mtcstioc absorbs 2s lo 35 
gn-ns of sodium cxh day. which amount lo 
akw: one~vcncb of all tbc sodium Lhsr is present 
io the body. One can udl undcntaad that whcn- 
ever the tntestmsl secrcuons arc lort to tic extcri- 
or. as in cxueme diarrbca. rhc s&km reserves of 

- 

-- 

, .- , 

- 

, 



822 THE GASTROINTESTINAL TRACT 

E” i i 

p 
r : 

P 1, >J 

P e : 

a 

:. I 

the body can be dcple:ed IO a iethal level *IthIn 
bout-s ~orma~y. this sodium is secreted and 
rubsorbed continually with only about 1 nu%. 
quwalenr lost in UX feces uch day. IhL sodrum 
plays an imponant role rn !hc absorption of sugars 
and amino ;ctds. as UC shall see in subsequenl d~s- 
cussions. 

The basic mechanism of sodium absorption 
from tie imesrinc is iilustrared in Figure 6-5-3. TfiC 
pnnciples of thrs. mechanism, which were dis- 
cussed in Chapter 4. are also csseoually tie SIX 
as those for absorption of sodium from the rrnal 
tubules, as discussed in Chapter 34. The motive 
power for the #sodium absorption is provided by 
active tnnspon of sodium from inside tie epiti- 
al ceur through ulc sid- walls of these cds in10 
?hc iotcrceIlular spaces. this is illus.Warcd by the 
bcsvy black arrows UI Figure 65-8. This active 
naospon obeys the usu3l laws of zLive UanspwL: 
it requires a carrier. it requires energy. and if ts 
catalyzed by appropriate .4-c czunsr cnzynwj 
ic the cell scmbranc. Pan of the sodium is uans- 
pored along with chloride ions. PM IS ~~~~spo,ti 
in exchange for porassium ions. and part is vd115 
pored withour either of ties:. 

The active Q?u’~spon of sodium reduces its COD- 
cenuation in tie 4 to a low value (abodt 50 
mEq~%tcr). 3s also illuruared in Figure 6-S. 
Sncc the so&urn concentration in the chymc 1s 
nomal~y &our tJ! mEq.Ntcr (thal is. approu 
zzrcly cquaI 10 fhal IO Use plasma), sodium da. 
fuses from the thyme through the brush border of 
the cpithelial cU into rhe cpithelial cell cylopkwn. 
‘I’S replaces the wdn~rn &II is acuvely VMSW~I- 
d OUI of the cpLthctial cells ioro the m~crccl!uIar 
spaces. 

The next step in the transpor. process *s osmo- 
sis of wafer out of tie epltheLi.l ccl1 into the 
m~crccUular spaces lhis movement is uuscd by 
tic osmoric mdienr cruced by chc reduced COP 
cention of sodium tnslde rbc cell and tic tleval- 
ed conccnLr3rion in tie intcrccllular space. The 
osmou: moveolcnt of water creates a flow of flurd 

mro the lntcrcctiular space. then through IBM 
menr membrane of rhc cpithcbum. and final 
the circulaang blood cl the 4.L Sew %: 
fuses along \s~lh vAum through tic brush I 
of rhc cplchclial cell LO replenish the wale 
osmoses 1f1~0 Lbc mte:ccWar spaces. 

Trzmrporc d Chloride. In rhc upper pan 
small mwsunc chior~de twtspor: is marr 
p3sstvc tiusioo. The uanspon of sodium 

through Lhe cp~thclium creates clecuonegad3 
the chyme and elcctropositinty on the bw 
of the epittAia.l 4s. ‘Iben chloride ions 
atong his &ctrical gradient to “follow’ 
sodrum ionr 

A&r Absofptin 0,f Chloti Ions and , 
Sccrcdon of iXca7borusLc Ions in the Lorrr llcw 
in she L.argr fnmxinc. ‘Tbc epithclial cells E 
distal ileum an0 of tic large intcsline haw 
special capab~ljty of acurely absorbing chl 
ions by mum of a tightly couptcd active tran: 
mcchamsm in which an equivalent num& 
bicarbonate ions arc sccrcted. Tbc functional 
of this mechamsm is to provide biurbonatc 
for neuualbuoa of acidic products formci 
bacfena - cspcciany in the large inlcscinc. 

Yanous bac1enLl toxms. p3rtlcularly Lb05 
cholera. colon Sac&i. and stapnylococci, 
svongly surzu ace ttUs chlonde~biurbonatt 
change mechanism. The sccrcteu btcarbonatr 
umcs WI&I II sodium ions. and the two of ti 
together carry an saszn~oc equivalent of w 
WCU. Tlus rc~ul~ in rapid UOW of tluid from 
distal pan of the gut* thus causing diarrhea 
choicra. especially. fb: diarrhetl can be SC se\ 
tbaf it can cause duu, wtluc 24 hours. 

Absot-pdoa d (hta Ions. Calcium ions 
acwely absorbed. especially from the duodeol 
and dcium con aharprlon IS cxxdy contdo 
rchuon to Ihe need of Lhc body for calcium. ( 
lmponanr fac:or conzroiling ca!cwm absorpltol 
pararhyroid hormone secreted by the pmth~ 
&nds. and another IS vnamin D. The FarjlhYr 
hormone acuvates vlcamin D in tbc ludncys, I 
tbc actwaled vltamm D in turn grcally .cnb;uy 
caicium absorptioo. Tbcsc effects M discuW 
cklapter 79. 

Iron ions arc Jso actively absorbed from’{ 
small intestmc. The pnnczplcs of iron absorpq 
and the regulauoo of irs absorpuoa in prop@. 
(0 tit body’s nctd for iron were discussd~ 
chpkr J. 

Powsium. magnesium. phosphate. and pmb 
bly still orhcr tons can also be actively abso* 
through the mucosa IO general. the monad 
ions xc absorbed wtb use and m grur quan 
ncs. On fbe other hand. the bivalcnt iooJ h 
non-rdly absorbed in only small amour~ts; foe 
narcly. 0llIy smal! quantltics of these arc nod 
needed by the body .? 



rl~g~~TIOH OF NUTs!i’lENTS 

-:-^.:,,on ol Cdrbthydrafes 

E,,:‘~,s!lv ti dx c;ubhydrxws arc Jbsorbcd 
.ns ie m of mono:.acch;lnc!cs. OOly 7 smdl 

jFmLrl~n of a per CCOI betog ahmbcd cu dia. 
,.-hLdo and almost none as farger carbonydnte 
.,mpoufids. Funhcrmorc. btrlt carbohydrate ab 

, ,r;r,~n muks Erom rimpi< d&s~on. for tie 
#+, oi rbc mucosa through WtLlch diffusion 

,;QK are esscn~~tiIy impermeabie to water. 
d~utle 501u:cs uifh moftcufx weqghts grc3fer 
‘,xl loo 

TM tie ‘nmpon of mos: monosaccharides 
ihr~~gh the intesh-saf membrane is an active proc- 
es) 1s dcmonstrald by scver~J lmpotunt experi- 
WILII obscmuoas: 

I. T-port of most of them. especially &- 
CDSC and &actose. can be blsxkcd by metabolic 
,nh;bitoK, such as iodoacetic acid. cyanides. aad 
tilorhun. 

2 AC frusporf 1s se!rctivc. specifiully LIMs- 
pxw~~ certain monosaccharides d&out vans- 
pr.mg othcn. TXe order of prcfertrcc for uans- 
portng d&rent monosacchtide+ and their 
rcI3u~c ralts of RampoK in comparison with 
gluiosc ire: 

C3hc:ose I.1 
GUCCSC 1.0 
Fructose o..l 
Maxlosc 0.: 
X)iOSC 5. i5 

A3binose 0.1 

I. Ace is a maximum ra:c of transport for 
~3:: ~)pc of mcoosacctidc. The most r~p~dJy 
:msponcd mooosaccbtide is galacrosc, wtb 
WXGC rucniug a close second. Fructose. which is 
& one of the rhrce imporunt monosacchsndes 
h .:‘l:r.tson. IS absorbed less than half as rapIdly 
i.5 -:Lkr g3lla;fose or glucose: also. 11s mccharusm 
;i JCSOrpuon is merent. XS fl bc cxpfauted 
x.-m 

d Acre is competition between ~CCUJI sum 
!or hr. rtspccdvc tier system. For insw~e. ti 
‘% ;mounLJ of gaiactox we being vansporfui, 
*c amount of gtucou that can be fIansponcd 
~*mubncocsly is considerably reduced. 

?ktta&as d Clnanc and Gala- .Lbrorp 
D’~ Glucrne and &acf~se transpon ceases 
*~cncver actwe sodium uanspon is blocked. 
3ercfore. it i~ arsumed that the energy Irquir?d 
‘Or !mnspon of these two monosaccharides i; 
ar:uaily provided by tbc sodium transpon system. 
A ‘hcory thaf aucmpu 10 explain -his is the 
‘0210wng: It IS knowa U.a tie carrier for mnspctn 
H-1 - *Uxe (wixb is tic carrier for gakkctosc as 

wcifl IS prcseot in the brush border of tbt cplthcliai 
cd. However. f&is camtr ud! a0f rranspon the 
ghcosc in the sbseocc of so&urn trvrpon There- 
fore. It ts beticv~~I abar the iamcr has rcct?lor 
sites for both 3 ~IUCOSI: moitcule 3na a so&m ion. 
3nd Lhat if wiJlnof trampon either oft.hesctO the 
irlwior of tie epitflcjiaf cell unld both rcccpro: 
sites arc simuJt3ncously 5&i. The energy to 
cause movcmenr of the cm-&x from the cxwnor of 
tie membnoc 10 rhc insenor is derived from the 
dlacrencc in sodium cooccn~on bclwcc3 the 
outside and iaside. That is. as sod~u.m diatsc~ IO 
the Inside of the ~~11 it “m” tbc -cr. and 
therefore the glucose as well. along wth II. thus 
pmviding chc eoergy for transport of Lhc glucose. 
For obvious reasons, this uplpnuioo is called tbc 
rcxfiom co-rrrvrrporr fhrmy for &x0x txus- 
poti. 

Subsequently. we v&U see t&d s4diutn amspon 
is ah required for taospoll of amno acrds. 
supesong a rmiiar “unicr-chg” mecharusm ior 
ammo and tnnspon. 

Abaorptlw d ptoctosc. Traqon of iructosc p 
is stighrly different 54m that of most orber mow 
saccharides. It is wt blocked by some of the same 
metabolic poisons - spe.cifjcaIly, phlorbizin - 
and it does not require mefabdic energy for 
transport. even thcugb it doa require a speciric 
carter. Thedor~, it IS rraosponed by /acilirated 
di~usion Farber tld 3.&w LFaaSp4rt. Ns4, it 1s 
mainly convened into glucose ixwde tbc epithcW 
c-4 befort entering tie portal blowA. the tjuctosc 
first becoming phosphorylared. thea coovrted to 3 
gh~cosc. and f&Jly relcscd from rhc cp~thcl~~I 
cell into he blti I 

Absorption of Proteins 

Most proteins ue absorb-4 in the form of amioo 
acids. However. small quantities of dipeptidcs and 
ewn tripeptidts arc aJso zbsorbcd. and cxb-emtiy 
mmute quauuttes of whole pmleins can at times be 
absorbed by tbc process of pioocyrosis, though 
txlt by the usual absorptive mechanisms. 

A:absorptioo ofamln4aci& ak.0 obeys the 
PMCiplU ,iSIcd d,CW iOr 3dXiVe abSO~tiOn Of 

gimnc; IhaI IS. ihc diaercn1 Types of amiD acids 
arc absohcl selccdvely and certain ma interfere 
tirh the J.bsorpti4Ya of otbtn. iilustlati~g alal 
oxnumc &es system3 CxisL Fmally, metabolic 
poisons block the absorpnoa of amino acids in tbe 
same way lhat thy block tbc absorption of glu- 
WK. 

Absorption of amino acids through tie iotestiuaJ 
mucoa a0 0uxr far more rapidly than cam 
pnJ1eiz2 digestion in the IuIrlen of the intudne. .4s 
a result. USC uorud rate of absorptioa ii dcter- 
mined MN by tbc ra%e a! rhicb they M be 
abm-hcd but by the ratz at which they CM be 

- 

- 

- 

- 
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hAeased from rhc prntcins’during digestion. For 
these reasons, essentially no free amino’acids can 
b: found in :hc intestine dunng digcsiibn - that 
is, rhey are absorbed PS rapidly as tic?’ a~ 
formed. Since most protein digestion occurs in the 
upper small intestine. most protein absorption 
occurs in the duodenum and jeiunum. 

B&C &cba&mr d Amha Add TW 
port. AS is hue for monosaccharide absorption. 
very litllr IS known about the b&c mechanisms of 
anIn acid tmnspon. However. at least four dif- 
ferent carrier systems tnnspon different ammo 
acids - one transports ncurral amino acids. a 
second ua~~spons basic omino ucirfs, a third Lr;ms- 
pens acidic amino acids. and z fourth ha ~peci- 
ficiry for Ihe two imino acids proline and hydroly- 
proline, Also, the tnnsport mechanisms have far 
greater aI?inity for uansporting r-s~creoisomen of 
amino acids than o-stereoisomers. And expcri- 
ments have dcmonsuated that pyridoxal phos- 
pborr. a derivative of the vikamin pyridoxine, is 
rquired for vaaspon of many amino acids. 

Amino acid txmsport, like glucose fmnspon. 
occurs only in the presence of simultaneous ti- 
urn uafupn. Furthermore, the wrier systems 
for amino acid wanspon. like those for glucose 
uanspm. arc in the brush border of the epithtlial 
4:. It is bckved that amino acids are transported 
by the same rodiun co-rransporf mechanism cu 
ha! explained above for glucose transpon. lku 
is. tie rhcor)t postulates that the unier has recep 
tar WCS for both an amino acid molecule and a 
sodium ion. Only wben both of rhc sires are silled 
wiil the carrier move to rhe interior of the 41. 
BCGUSC of the sodium gradient across the brush 
border, the sodium diision to the cell interior 
pulls the carrier and ifs attached amino acid 10 tbc 
inrcnor where the amino acid becomes trappa!. 
Thcrc7ore, amino acid concentrauons incrust 
wn.%n the cell, and they then &Fuse through tbc 
sides or base of u1c cell into the penal blood. 

EArlier in this cbaprtr it wasgointed out that as 
fau are digested to form tionoglyccndcs and free 
fattv acids, both of tbcx digtstivc end-producu 
become dksoivcd in the lipid portion of the bit 
acid rniceks. Because ol the molecular dimen- 
dons of these mkclies and also bccausc of their 
highly dmrgcd exterior, Lbey arc soluble in the 
&Yme. to &is form the monoglycerides ;ul,l the 
hny acids arc -sported to Ihe surfic~s cl tie 
cpi2ietial ds. On cordog in coatau with these 
surfa~. botb the moooglycerides and the fatty 
ads knmdiaie:y diffuse through I~C ~pithelid 
~mbm~~. leaving the lilt acid micclles slill.in 
rbc thyme. The miccks tbco diEuse back into rbe 
&Ymc and &sorb still more monoglyutidcs and 

fatry sclds. and similarly transpo~ there a.b 
the :ptthchaJ cells. C~ur. the Sk XI& perfo 1 
“fcr~mg” function. which is highly unpomr \ 
fat absorption. In the presence of an abundan. 
bile acids. ap~roxinutely 97 per cent of the I 
absorbed. XI the absence of bile acids. only : 
60 per ten; is nomdly absorbed. 

The mechanism for absorption of rbe monoi 
cndes and Catty acids through the brush bord 
based on the fact that both of these su~tance: 
highly bpid-soluble. Therefore. they become 
soivr:d in the membrane and simply diffuse (0 
inIerlor of rhe cell. 

The unoigested triglycerides and the djg 
crides are both also highly soluble b tbe I 
membrane of tic. epi$eiiJ cell. However. c 
small quantities of these arc oorma.lly absor 
because the bite acid miceltes will oat ditsc 
either triglycerides or diglycetides and the& 
will not ferry hem to the cp~lheiial membnnt 

During cklrry into lbc epirhelial cell, maoy of 
monoglyrcridcs are funher digested into g+ytyce 
and fauy acids by an epitheiial cell Iipasc. ‘Ib 
the free Wry acids are reconstituted by 
smood cndoplasmic fcticukum into uig!yccrid 
Almost alt of the glycerol that is utilized fort 
purpose is synthesized de nova from alp 
glycerophosphate. this synthesis requiring b 
energy from ATP and a complex of cnzytpes 
caraiyze the reactions. ’ 

Once farmed. the triglycerides aggregate wit! 
the endopfasmic reticulum into globules J!!. 
airh absurbcd cholesterol. absorbed pbosc- 
pids, and newly synthesized cholesterol and pi11 
photipids. Each of these is then encved in 
protcm coal. utilizing prolein Jso synthuiz 
by the endoplasmlc rellculum. This globu 
mass. along W&I iu protem coat. is extruded by 
rhe sldcs of the epithelial cells ic:o the intetuilu 
spaces. and from here it passes into the ccat 
I;rcrul of the villi. Such globules are called ch) 
l7llCIOflJ 

The prawn coal of Ihc chylomicrons a& 
them hydrophilic. alfowmg a rcasonaMc c 
grce of suspension stabiliry in the cxttaceilu 
fiurds. Patrons or genetic disorders that prrvc 
formarIon of the protein for coaaling the cby 
microns cause the fat to accumulate in the e 
thelial cc!1 and no1 lo be extruded into the CXL 
cellular fluid. 

nalqmll or the Qylodcrol?a b 1 
Lymph. From the sides of the epitheti 4s t 
chylomicrons wend &eir way through the k 
ment membrane sod into the ceotaaJ tac:ul d1 
villi and from here an propelled, along with t 
lymph. by the lymphatic pump upward thrw 
the thoracic &ICI to be emptied into the gnzaf vci 
of tic neck. Between SO and 90 per cent of all 
absorbed from the gut is absorbed in this mam 
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:,; ,s tnmsponed to the blood by -SY of me 
,b,,n;lc lymph Jn the form of chylomicrons. 

mrec~ .&bsorption of Fatty Ads into me Poti 
g,&. Small quantities of short cham fa!ly 
,+ such iu those from butterfat. arc absorbed 
J,rck!~y mo kc ~OIQ.I blood nther than being 
+,,,,, <ncd iuro uigl:*ccndes and absorbed into the 
,,mFh3ti~s. Thhc CJUSC of thrr d.i!Tcrencc txween 
.h<,~ snd long chain fatty acid absorption is prc. 
,uTJ~~) that me sboner cham farty acids art more 
,,,:cr.soiublc, wtdch allows du:ct diffusron oi 
I,tli ac:ds from the epJt.helial cells mo chc c3pl]- 
or\ blood of the vi&~. 

.hwpcion nc Bitt Salts. In the upper portion 
il( the sm~Il intestine the bile salts arc not ab 
fled. this failure to be absorbed rcquircs ‘them 
lo rtmain in tbc thyme and to couttnuc their 
bncuon si “fenying:’ free fatty acids and moo- 
&c:ndcs ,;o 0th~ inlcstiual mucosa through the 
cni1r2 exrcnr of the small intcsLine. Once the 
processes of fAS 4igtstion sod far absorpdon have 
bcs~ accomptished in the upper and mid-intestinal 
bels. however. the bile salts tbemselvcs are then 
absorbed lmm the disral ileum More the thyme 
crr.pt:cs iota the large intestine. This absorption is 
an acuvc process and is wier-mediated. 

Wcr batg Absorbed from the dist.aI ileum, L!IC 
bite iails arc again sccrtted in the bile by the tiver 
md re:umcd once more to the upper in!es:inc. 
Thus. the we bile salts are m-secreted s~verai 
umcs each day and are used again and again in the 
process of fat ahsorption. Only a rm3lI portion of 
rhc UC salts (approxim3tely 5 per cent) is lost 
dunng cacb cycle of this “bile salt circulation.” 

On ocusioe, tbc bile salts faiJ to be absorbed in 
ihc l!eum and instead empty with the thyme into 
Ihe !arge intestine: this occurs especially in pa. 
wxs whose distal ileum has bet.1 mnoved be. 
cwse of ilcit~s. Tbc presence of btk salts in the 
iar3c Jntesunc frequently uuscs severe diarrhea. 
%sumably because of the dckrgtnt effect of 
(hex SAJ~S acung on and imuung L+C large iarcsu- 
nal rnUCOSb 

-:OAFTlON IN THE LARGE ’ 
-3TINE: FORMATION OF 
=, FECES 

Approximatciy ,&to loo0 a!. of ::hyme passes 
*rough the ilcocccai valve into tbc large tntestiur 
mch day. Most of the water and clcctrolytes UI 
Iha are atisorbcd in the c&m. usually Icaving less 
‘h 100 mL of fltlid to SC excreted in the feces. 
Al%. cssenualjy all the ions arc aLr0 absorbed. 
‘~3 mg iess than I millicquivalent C&I of sodium 
and chloride ions to be lost in tbc fem. 

pomon the name abrorbing colon. wtdc tic distal 
colon functions ptinc~paby for storage and IS 
therefom caped the sror~ge colon 

Absorpttoa and Secrrtioo d Ekctrol>~tta acd 
W’a~a. The mucosa ol the l~gr intcsunc. like 
thAl of the small intestine. has A very high :apacJry 
for active absorption of sodium. and the elccvlci 
potential created by tie abrorptionpf the sodium 
causes chloride absorpuon as well. In addition. as 
in the distal portJon of tbc small intestine. the 
mucosa of the large ~ntesunc actively secrctts 
bicarbonate tons while it sJmultaneous!y acuvcly 
absorbs an equal amount of chlonde ions in an 
exchange uanspon process. The bicarbonate 
helps to neutiizc me acidic end-products of 
baclcrid action ic the colon. 

The absorption of sodium and cUoride ions 
creates ac osmotic gradient across the large intcs- 
Lid mucosa, which to turn cwcs absot-ptiou of 
water. 

CompaiitJoo of tie Fem. The fcccr nomdiy M 
hour three-fourths water and onc4ourU1 solid tua,tcr 
composed of aknn 30 per cenl dd bacteria, 10 to 3 
per cent ht. IO Lo 20 per cc01 inot+c maner. 2 t, 3 per 
czct prokm. and IO per cent undigured roughage of the 
food +ad dried SOD~~NCIL~S of digc~twe juices. such as 
bik pigment and slougbcd cptthtiiaI c&s. The large 
smount ol fat derives hum uaabsorbcd fartv adds from 
the diel. fat lormed by bacrcrir. and fat ID the sloughed 
cpluXliaJ ceLis. 
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athough !he nutritional quality of pro 
fans must, in the final analysis. be estab 
hshed \vrth feecbng trials. in \irro methods 
of protein evaluatjon are useful in screen- 
ing new protein foods and processing 
methods because of their rap:dity. Recent 
reties s of laboratory methods of protein 
q1131,ly e\alustion have been gven by Grau 
2nd C;rroU ( 1 1. Campbell (21, Pearsan 
3rd Dnrby (3). Frost (4). and Mauran 
(5 ;. TWO procedures widely used fur 
screcnrng potential pro:ein fcodstuffs, the 
chrmtcal score (W3) and the essential 
arnrro acid Index (9, 10) were based an 
the total omtno acid ccmpusiuon. These 
procedures were rapid and in many cases 
accurate. howexer, no ajlowsnce was made 
/or ~-onst~ons in the djgcscbility and zvsil- 
151lrty of ;mmo sctds. SheKner et al. ( 11) 
!<\e!o.peti the “pepFmdigest.residue ammo 
acid I$~CX- whrch combined the pattern of 
:s;erad ammo acids rclrased by in vitro 
~psrn digestran with the amino acid pat-- 
em m the remainder of the protein. The 
vork Involved was considerable stvce 10 
\r.Lno acids had to be determined !n an 
acid hydroiysate as well os In a pepsin dl- 
;est by the use of mtcrob:ologlcat tech- 
uqucs. Therefore, thfs method djd not 
p.pcar suitable far evaluatjon of lruge 
:umbers of foad proteins. The procedure 
o be described !n :.he present paper gives 
n ammo a-id index based an the release 
f amino acids by pepsin followed by pan- 

NFIxII,Orn, 83: ‘64 

creatin. The labor and sample sire re- 
qurred for rtsssy wns reduced by the use of 
outomatrc amino acid a-dys~s. 

hiZ?rHODS AlCp MATERLALS 

Pepsin digests were prepared by incu- 
bsrjng with snahng 500 mg dned prctem 
(samples were dned to constant weight 
over P,O, at room tempzrz:itre) with 12.5 
mg pepsin ’ in 15 ml of 0.1 N hydrochlanc 
acid for 23 hours at 37” in a wate; bath. 
Pepsin followed by pancreotin digests were 
prepared by fncubatin,: 100 mg protein 
wirh 1.5 mg pepsin 1~ 15 ml of 0.1 N 
hydrochloric acid st 37” for 3 hours. After 
neutralization rtith 7.5 ml of 0.2 N sodium 
hydraxide and addition of 4 mg psncre. 
sun ’ in 7.5 ml of p&I 6.G phosphate buffer. 
the digestion mixtures were incubated fc; 
on addiuonal 24 hours at 37’. Enzyme 
blanks were prcplred by incubation under 
the described canditlons with the protein 
n;lmyle omttred Fifty pzrts per mLUion 
merthlolate srhlch were -idded to the djges- 
?ron mixture to pment growth of nucro. 
orgrrnlsms dJd not intxfere wtth the dlge+ 
tion and subsequent annly313. len 
milliliters of dlgcsdon n1Jxtur-c were added 

- 

- 
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to 50 ml of one per cent picric acid soiu- 
t,on and centrifuged for 30 minutes at 
1000 X g to remove undigested protein 
and larger pcprides. 

fiftv milliliters of supernatant were 
passe; through a column containing anion 
exchange resrr ’ in chloride form into a 
250 ml lyophilizing bottlr. After rinsing 
rhe column with three 5.ml ~OITIOIIS of 
0.02 N hydrochloric acid. the’samples were 
dried by lyophtiizauon. The dried samples 
were dissolved and diluted to IO nJ with 
pH 2.2 buffer. Ammo acid analysis of the 
Jamples was made by the ion exchange 
method of Moore et ak (12-14) with a 
5p;nco model 120 amino acid analyzer. 
BJSIC amino acids were separated on a 
locm column using pH 5.28 buffer. The 
acidic and neutral amino acids were sepa- 
rated on a 13cm column using pH 3.25 
buffer followed by pH 4.25 buffer after 
S 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 
hgdrolysate represented 53 mg of protein 
and the pepsin pancreatin hydrolysate rep- 
r:scnted 5.3 mg 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. Chrormtograms of the pepsin fol- 

lowed by pancre;tin hydrolysatrs 8a\e ex. 
cellent resolution of the amino mds. In 
those areas showing peptides. a slanting 
IJne was drawn as illustrated in figatrr 1 
which served as a baseline for integrating 
the amino acid peaks. Prehminary 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 cf 6 N hydrochloric 
acid for 22 hours at 110” in a sealed tube 
containing a nitrogen atmosphere. After 
filtration and evaporation to dr,mess 3 
times with vacuum distillation. the sam- 
ples were dissolved In pH 2.2 citrate buffer 
and diJwted to 25 ml. Tryptophan which 
was destroyed by acid hydroiysis was an- 
alyzed after hydrolysis with 5 N sodium 
hydroxide +n a manner si.mUar to that of 
Dreze (15). 

The pepsin pancreatin digest index ~33 
calculated in es:.entiaiJy the same manner 
as the “pepsin-tiigest+rosidue amino acrd 
index” described by Sheffner et al. (11) 
with slight modibcadons. The amtnoacid 
concentrations were expressed as grams 
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mined ,n the enzyme hydrolysates. A car- 
rection for the n-yp!ophan concent was 
thcrcforc included in some calculations to 
set whether the tqptoghan content of the 
proteins tested would mfluence rhe results. 
This csrrection which was the rado of to- 
tal tryptophan in the sample to total v 
tophan in the reference protein was ~1. 
eluded in the geomernc mevl of each 

soybean protein. gluten. zein.’ wheat flour,’ 
yest ’ and gelann.’ Whole egg (raw). 
milk (psrteurized) and beef (roasted) 
snmplcs were prepared bg lyophilization 
followed by grindjzg and miztig with a 
mortar and pestle. Before lyophtiization, 
the beef samples were homogenized with 
50 mI of water with a Virtis homogenizer. 

RESULTS AND DISCUSSION 

The pepsin pancreati amino acid index 
values calcu!ated with and without the 
tryptophan correction are d-own In table 1, 
columns 4 and 3, respectively. The bio- 
logical values for growing rats as reported 
in the Literature for the 12 proteins are 
shown In column 2. One or more reports 
of the biological values were iound for 

100 
89 
8i 
85 
80 
78 
68 
74 
s-4 
4 9 
42 
29 

:a 81 
79 66 

67 51 

71 55 
52 32 
47 40 
27 17 
18 1 7 

as 
aa 
a3 
89 

82 

81 
61 
55 
33 
2.3 

xxI5clen!. I = 0 962 0.390 0.940 
(0.995) ' 

0.979 
(0.9%) ' 

Repe,r.on cquatJor.." Y :: 1.097x-- Il.co 0.970x -0.54 
(0 954Xi5.65) ’ 

0 331x+ i-1.48 
(0.940x+ 1.98) 0 

1.006X-99.46 

tz of otimrtc = 1.45 1 05 1.58 
(0.92) ’ 
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each protein except zeln which doea not 
supper: growth or maintain body weight 
\virhaut stipplcmentation (18). 

JYhoIe egg was selected 3s the standard 
3r.d set cquaI to 100 since it had the high- 
cst biological value of the protelns tested. 
,i better correlation ~3s observed bet+feen 
the pepsin pancreadn digest index and the 
biolog;c~ va)ue when whole egg was used 
3s the standard (r = 0.990) than when 
egg white was used as the standard (r = 
0.976). 

Arginine which has been classified as a 
semi-mdispenr3blc amino acid (19) and Is 
required only in small amounts (16) was 
not included in the calculations of the 
pepsin pancreatin digest tndex shown in 
t3ble I. A better correlation was observed 
between the pepsin pancre3tin digest index 
snd the bioiogic31 values when arginine 
was excluded (r = 0.990) than when it 
was inclvdcd 0. == 0.972) in the caMa* 
tions 

Indcs vaJues c;Jculated with the trypto 
phan correction showed better correlation 
with brologicsl values from the literature 
(r = 0.990) th3n did index v&es caIcu- 
\sted without :he ttyptophan correction 
(r = 0.962). The index values were vir- 
tusily the s3me with both methods of 
cJculation for aI1 proteins tested except 
for zein 3nd gelstin which were devoid 
of imptoph3n. ii’hen inc’exes for zein and 
gclsc’in ‘scre excluded from the correlation, 
the correhrtion coeficients were the same 
tthe:hcr the tnptophan correctton ~‘3s in. 
eluded (r = 0.39;) or excluded (I = 0.995). 
Rcse (16) shorved the mimmal level of 
tryptophan required for growth was lower 
(0 “5 ) th3n for the ctte: c:sential 3mmc 
scids. Therefore. -,ood cstim3uons c3n be 
m3de of the biologycal value without in- 
cluding the tqptophan correction except 
for prcteinslow in or devoid of tryptophan. 
This would eliminate the need for a sepa- 
r3te b3s1c hydrolysis and short column run. 

Table 1 shows 3 comparison of the pep 
sin pancreatin digest index values with the 
chemical score of Bc;.der (8) and the 
essenti3I amino acid index of Oser (20). 
The latter 2 methods were calculated from 
the total amino acid content of the food 
protein< tesml Th~pslup3ncrt&nti- 
a--: mdex showed better correlauon with 
the literature biclogical values (r m 0.996) 

than did the chemical score (r = 0.940) 
or the essential 3mino acid index (r 3 
0.979). Similarly the standard error of 
estimate was smaller :or the pcpsm pm- 
cre3tM digest index (1.05) than for the 
chemical score (2.58) and the essentiJ 
amino acid index (1.65). In genera]. the 
chemical score underestimated the biolog. 
ical value of the protein, whereas the es 
semial amino acid index overestimated the 
bIologIca value. There were cases whent 
the agreement between the essential amino 
acid index or the chemical score and the 
biologicaI value was poor. For example, 
the essential amino .acid indexes of casein. 
milk. and iactalbumin were equal, but the 
blologicJ value of c3setn was actually 
lower than milk and lactalbumin. 

Because a value of 100 rather than 96 
or 97 was assigned to the egg stnndard. 
the pepsin psncrestin digest index shghtly 
overestimatedethe biological values. More 
precise values may be ohtamed by multi- 
plying the index hy the correction factor 
(biological value of whole egg/ 100). This 
cl;rr<ction agreed close!y with the regres- 
sion Line (Y = 0.9iOX - 0.54). This cor- 
re-Con could not be accumtely applied to 
the essential 3mino 3crd index or the 
chemical score because their corresponding 
regression lines (Y = 1.006X - 9.46 and 
Y = 0.831X - 14.218) did not correspond 
to the correction factor. 

The essential amino arid index and the 
chemical score 3rj: useful in screening 
large numbers of potenti3! foods. How. 
ever. m3ny potenthtl food sources such as 
seed 3nd leaf proteins require extensive 
processing which often may have a dele 
tenous effect on th,e nutritive value of the 
protein (21). Par example, ccubohydratea 
may react ~1111 the side ch3in of some 
amino acids like lysine (22). Other proc- 
esses mny imprcve the nutritive value by 
irmcti*:ating digestive enzyme inhfbltora. 
Pro;:edures bssed on the amino acid com- 
psltion using acid hydrolysls may not re- 
ved these changes In the nutrftive value 
induced by the processing. However, they 
would be detected by the pepsin pancrcatln 
digestion. Hence, the pepsin pancreatin 
digest Index would be useful not only in 
estlmcltlng the nurritfve value of processed 
protelns but also In evsluating processing 
procedures. 
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A dhdvmcage of this procedure is the 
calcdation required for the index. Fur- 
rhermore. any evaluation based on amino 
xid analysis does not take into accotxtt 
tbe contribution to the welfare of the ani- 
mai of factors other than amino acids. 
Afitchell (23) suggested that some protein 
looh may contain factors other than 
ammo JC~C!S which add to their nutntive 
value. Althaugh processing procedures and 
processed foodstuffs must. in the final ana:- 
ysis, be rested with feeding trials, a proce- 
dure such .is the one described would be 
useful in preljminaty work because of its 
rapidity ano accuracy. The procedure’s 
greatest advantage was the small sampie 
stze requ+rPd. Only 150 mg of protein 
tyere required for estimation of the bl* 
logical value. Thus many variations of a 
process could be readily tested on J small 
iabor2top sc3le. 

for rhe r;t J. Blol. Chrm.. 163. 599. 
7. Lliack. R. 1.. and H. H. Mitchell 1946 .%e 

In >kctlng Ptdte,” Needs of Infants and 
ChJdvn. Dub. 843. Natronal Academy of 
Sc:enccr -i f\a~lonal Rcr.:ntch CounclI. ‘.‘falh- 
hteton. D. C p. -IO?. 

9. cxr. a L. 1951 Method for Inte~atlng er- 
scnclal rmmo acjd content In the nuttitlon.1 
cvriuruon .: pwrtln. J. Am. Dictet. A.. 27: 
396. 

IO. 

11. 

12. 

13. 

14. 

1s. 

16. 

17. 

18. 

19. 

20. 

teln mmimum. J. ;arl Chcm., 2.0: 351. 
Block, R J.. and D Bollirr~~ 1944 suti. 
t,onal opporwnttw~ wnlh anuno arldr. i 
AT. Dielet. A.. 20 6Y. 

c 

Oscr. B. L. 1959 hn ultegrated c~rentlol 
amino acid lndcx for prcdicung the bioloalcrl 
VAIUC of proran% in Protein and Ammo 
Acid Nunitmn. cd.. A. A. Mbnnerc. Acadcmlc 
P~CJS. Nca York. P. 281. 

21. tichI. XV. A.. and J J. Barbauk 1960 

22. 

23 

24 

25 

26. 

27. 

N~cbeu. II. H. 19s4 arOlOdcd TPIUI of 

pmtelnr and ammo atid mtcracuon. Quuier- 
master Food pnd C-ntuncr Inst. suruey1. 
Naclonal Fwcucb CmncJ. Waihingron. D. C. 
Sheffncr. A. L.. t. A. Eckfcldt md ii. Spcaor 
I956 l-be ~ep.L”-dJznt-rcrldue (-PDR) amino 
acid index of “et pmtein utillzadon. J. Nu- 
tritlon. 60: 105. 
Acme. 5.. D. H. Spackmar~ oz~d W. H. Stein 
1958 Automatic rccwdtng rpp~atu. for ure 
in the chrolr:rto~.pbr of amino nclds. Fed- 
~ratl0l-i Pra.. 17: 110-Y. 
Moore, 5.. D H. Spackmm and W. H. Stein 
1958 Chromrtopr;>by of amino ncldr on 
rulfonated p~lvwenc rrrln. An Improved 
cyrtrm. And. Chctn., 30: 1185. 
Spackbnm, D. H., Vi. If. Stein md S. hlootc 
19sa Automrtic mcardlng appuntus ior “IC 
In the chromu(ograt:by of amino acid,. A”& 
Chcm., JO: 1190, 
Drr. A. 1956 Lt dorage du tryptophane 
danr lel milkux nntnrcl. I. StabilitC du 
tryptophane vtr-a-tir &a agents d-hydrolyxe. 
Bul. Sot. Cblm. Biol.. 38: 243. 
Rex. w. c. 1937 The nut7itIvc sianti~ 
cants of the amino acida and certa~” related 
compound%. Science. 86: 298. 
Row. w. c. 1939 Numdve significance of 
~rnlno dcldy. Pbvziol. Rev.. IS: 109 
~rixxnc. T B , and L. B. .Mendel 1915 -l-be 
comparative nutnow vtloc ot ccrram pro- 
tcmr in growth. and the problem of the prc- -. 

Ecaluatio” of Food Procn%nn. edr , R. S. 
Harm and H. V Loerccke John \Vilcy and 
Son<. Inc., New York. p 521. 
Carpenlcr. K. J 1958 Cbemicnl melhadr 
of cvaluaring plotl,” quaht7. Proc Nutrr1ton 
sot, Ii: 91. 
Mltchcll. H. Ii 19i2 The nulrltional evaI. 
uatlon of Protcrn: A half century of pco- 
prr33 Numtron Rev.. IO: 33. 
Sommer. E. E 1938 The b!oloslcal value 
of mJk and CF.~ protein In young and mature 
rat,. J. Nutition. J6, 123. 
%ltchcll. H. H.. and J. R Kesdler 1950 
RiologIcal value of sL* partially purrlIed pro- 
I&II for the adult aibla, rat. J. Nutrltlon. 
40. 2s. 
RlDwn. w. P. 1959 A comPadron of WY. 
crii mc:hoda for t~timatlnr the “urrlllvr 
value of pmtcln~. Brit. J. Nutrition. 13: 243. 
Brnder. A E.. D S. .VUlrt uld E. J. Tannrh 
1953 The blaloxlral valor of petatln. Chem. 
Ind (London). 30. 799 

-- 

“- 

- 

- 

,- 





C,X,B International 
Wallingford 
Oxon OS 10 SDE 
UK 

Tel v+~alllngford (O-191) 321 1 ! 
Tckx 8-1796-i fCG%IAGG G) 
Tclccom GoWDialcom. 81: CAUOOl 
F3x (GlYl)V508 

$J C A.B Irrtcrnat:3nal 1991. All rights reserved. No pan of 
rh~s pubhcarlon rndy bc rcproduccd in any form or by any 
means. electromcally. mcchsnically. by photocopying. 
rcccrding or othcnv!sc. without the prior permission of the 
copyright owners. 

A catalogue entry for th,s book IS available from the Brrtish Library 

ISBN O-85198-7 I%2 

Pnr,tcd and Ixxnd in tbc UK by Redwood Press Ltd. Melksham 

Authors 

Irmodl 

PART ’ 
- 

Chap& 

Chapter 

Chapter 

Chaps 

- 

- 

- 

- 

Discus! 

- 

- 

- 



Contents 

. . 
Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.............. . . . . . . . . . . . . . . ...*.........*.. . . . . . . . . . . . . . . . . VU1 

introduction . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi 
. 

PART 1: What are we trying to simuJate? 

Chapter I 

Chapw 2 

Chqxer 3 

Chaprer 2 

Digestive enqme actjvjdfs in pigs and pou!Uy . . . . . . . . . . . . . . . . . . . . . , . . . . . $3 

A.C. Longland 

The role of the microflora in digestion . . . . . . . . . . . . . . . . . . . . . . . . ..s.............. 19 

3. Ralcliffe 

The physical and chemical constitution of fotiG 
effects on rx&ohybatc djgation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

M. Groharn 
--._ . 

‘Indirect cfkcts of food anlbUrienrs on protein 
digestibility and ,wtritionaJ value of diets . . . . . . . . . . . . . ..-.................... 45 
A. Pusztai, R. Eegbie. G. Granr. S.WB. Ewen 
and S. Bar&c2 

Discussion or Part 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._.........._....................................-....... 62 

V 

--u - 



- 

- 

- 

Conteru 

PART2: In vitro simulation ofdigestionand absorption in the gastro-intestinal 
tract of pigs and poultry - methods and results 

Chapter 5 

Chapter 6 

Chapter 7 

C+apiei 8 

Chapter 9 

Chapter 13 

Chapter 11 

Ch2pLa 12 

The chemical and biological bases of a calculation 
system developed for predicting dietary energy valuc~ 
a poultry model .._.............................................................. . . . . . . . . . . . 67 
B. Cad 

Enzyme modelling of protein digestion and L-lysine 
availability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
MB. Assownani und N.P. Nguyen 

............ .86 

Use of pepsin djgeztibility. multienzyme pH change 
3nd protein solubility ZS.DYS LO predict in vivo 
protein quality of feedstuffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CM. Parsons 

:‘......... 10; 

Estimation of true ilcal digestibility of amino 
acids with pigs by an in vitro method using 
intestinal fluid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5. Ffuuya 

......... 116 

F’rcdiction of the energy value of non-ruminant 
feeds ustng in virro digestton with intestina.! fluid 
and other chemical methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1213 
H. Graham and U:. lbwgren 

A model for fred evaluation based on in Virgo 
digestible dry matter and protein . . . . . . . . . . _ . . . . . . ..__.. _..............._.._.... 135 
S. Boisen 

In virro simulation of protein digestion: 
an integrated approach . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 
L. Sawie 

Simultaxous estimations of ~pre4zaeca.l protein 
and carkohydrare digestion in the pig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 
A.P. Drake. M.F. Fuller and A.Chessor: 

Dtscus-sion of Part Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 

. . VI 

PART3:’ Q - 

Chapter 13 7 

Chapter14 J 
/ 

- 

Discussion ,I 

List of Par I - 

IT-l&X 

- 

- 

- 



Contents 

, 

PART 3: The way forpiard 

Chapter 13 The fuiwe requirements of tbc feed industq . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . 18 1 

B. Hardy 

Chapter 14 The scientific challenge ,........, . . . . . . . . . . . . . . . . . ..,... . . . . . . . . . . . . . ..* . . . . . . . . . . . . * 193 

IA. Mdlab 

Discussion of Part 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I............... 199 

List of Participants ..,............. ,..,...,................................,....................~........... 203 

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*...-......................................................... 2QS 



- 

-_. 

- 

- 

- 

- 

- 

- 

-. 



. 

f 

Li- i 

I ,,..,. s.. e... - I’d. II I h:..;r I I t .,,I., . ,I I(&, 
._. . 

.( 
) . I \, .#A.-, I,.: ,. .-, 

. tt... )r , I ,,,-n Y II tcm+l.-.r \I 4 t4.h.l: J 

. v.4 I -.-, I,.; ,. ,--A’ 



:- : :- 
1 -*y 1 

- *x r-:-:..- .: 1:: ,*:.:..e.. .- . :- -_ .- - 
; 

- 

- 

- 



I(.- .‘A.. 0 . : . . ,,. ..-... - , I.. I .., II. : , * . ..-...- ‘-: L 8, \ I 121 

*L-w I, 
. ,,- Z.“ 

,,-, ,.‘. _. . . a ,b.. *-.. :;.,: 
. -.:1 . . . . . t 

:-, ,...I 

‘ 

r.:- ,,., ..‘-‘:. 
I 

: .‘- \ .- r: 



-- 

,. 0 I. . . ., 

- 

r_l 

- 

-\ 

- 

- 

- 

- 

- 

- 



f 
t : 



- 

- 

- 

- 

- 

- 





- 

- 

- 



ri / 
I 



‘ .I 
.s 

l?rlK 
6.. 1; 



. I .._. 

,” ,: 
x .,” :,. f.‘,,,“,,.< ,; 

1990 

USP XXII 
NF X-VII 

THE UNITED STATE PHARMACOPEIA 
THE NATIONAL FORMULARY 

By ourhoriiy oi ihe United Stoles Pharmacopeial 
Conbention. Inc.. meeting at Washmgton, Q.C.. 

MorcS 22-24, 1985. Prepared by the Committee of 
Revisron ond published by the Boord oJ Trustees 

Official from January I, 1990 

m e 
UNTED STATES PHARMACOPELAL COiVVJWTIO~~~ 

12601 Twinbrook Parkway. Rctckvillc, MD 20852 



- 

- 

- 

- 



FerCc Clhide KX--Dwolvc 9 g of ferric chlondc in vatcr 
lo nuke 100 mL 

F- sume ‘TE-DluolVC 8 g or clear cryrub d re:rour 
dlatc I” about tW mL d reccnlly boded and thoroughly cooled 
rllcr t’rcpm thr, solution Ircsh 



- 

mkc IO(x) ml. 

- 

- 

- 

- 

- 

- 



--- 
2.12 Pepsins, Gastricsins and their Zymogens 223 

2.12 Pepsins, Gastricsins and Their Zymogens 
Pepsin A 

EC 3.4.23.1 

GaJWicsin (p&in C) 

EC 3.4.23.3 

Andrrw P. Ryl: 

2.12.1 General . 

Acid proteinases are fou;td in the gastric juice of mammals and have been reported in 
the juices of birds, amphibia and fishes. The major enzyme from tile pig, pepsln’A, is . 
a single polypeptide of 327 residues [ 11 and is formed by cleavage of 44 residues from 
the amino terminus of pepsinogen A [2); one or more of the pepride fragments 
removed inhibit the activity of pepsin A and other acid proteinases at pH values above 
5 [3]. The other rymogens investigated show a similar decrease in molecular weighr 
from about 39OW to about 35000 on activation and this activatiog is at least partly ’ 
autocatalytic. 

Besides having proteinase and peptidase activity, pepsin can catalyze the hydroiysls 
of suitable depsipeptides (ester analogues of peptides) and even of sulphite eslers. . . 

.- -- 
Application of methods: in ciinical chemistry, biochemistry and pharmacy. 

Enzyme properties relevant in analysis: in most of the species examined rhe gastric 
acid protein- show considerable heterogeneity. In young mammals the zymogen of 
chymosin (EC 3.4.24.4, formerty called rennin), which ha: a high ratio of mitk-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 
zv-nogens). These zymci’gens. and their enzymes, are immunologically distinct [4]. The 
e lzymes have somewhat different substrate specificities IS, 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 pepslns and gastricsms are further distinguished by the 
differing distribution of their zymogens in the gastric mu;osa and m their occurrence 
in low concentrations in p&ma, urine and semen 19, lo]. 



I Prorrmascs and Their Inhibitors 
------ 

A characteristic leature of the gastric acid proteinases. aiso shared by slmllar 
protelliases of microbial origin, is their sensitivity IO inactivation by dlazoketones [II ] 
and by I.?- epoxy-3-(4-nitrophenoxy)-propane [ 121. They are also inhIbIted b> pepsra- 
tans pentapeprides produced by strains of Acfrnornycetes. uhlch bind e\rrsmzl> 
ttgi1tiy (K, ca. 10e9 mol/l) to pepsins but 10 to 100 times less right14 to gastricsins [ 131 

Most pepsins share another unusual property: great lability at pH values aboLe 6 
The gastrics~ns are rather It s; sensitive to this alkaline drnaturarlon. and chIcken 
pepsin IS stable up to pH 10.5 at 25” 1141. 

Pepsms and gastricsins can catalyze transpeptldatlons of both the amino-transfer 
and the CarboKyl-transfer types with suitable substrates [IS]. These rextlons not onl) 
have Important Implications for the mechanism of action of the enzymes; they may 
also interfere in assays using yeptide substrates with unprotected amino or carboxyl 
groups, or assays using any peptide substrate if other peptrdes are also present. 

Methods of derermination: the rather broad specificity of the acid proteinases of the 
s:omach has allowed the development of numerous methods of assay’ some differ 
only trtvially, but some have been devised to be especially useful for particular pur- 
poses. The methods fall Into IWO broad groups: those which use a protein substrate 
and thos- which use a synthetic substrate, usually a peptide. The assays usir,g protein 
substrates are useful when one wish& to measure tota! acid.proteinase, although I[ 

must be recognized that the sensltl\1ty and the linearity of the response may differ for 
dl fferenr enzymes. 

Assays wfh proleln substrares 

The extent of hydrolysis of protein s.ubstrates is usually determined by measuring the 
concentration of the products that are not precipitated by trichloroacecic acid; thrs 
measurement may depend on the ultraviolrt absorbance of the supcrnatant or on its 
reactlon LI ~rh Fdin-Ciocalteu reagent. Use of a radio-iodinated protein as substrate 
lncreajes the sensitivity of the assay about 250-fold [16]. Another sensitive method 
employs ,\‘,N-dimethylated &bin as subsriate and measures the actual peptlde bonds 
hydrclyzed by the reaction of the liberated amino groups with trinisrobenzene sulphc- 
nate [ 171. A third sensitive method [ 181 uses fluorescamine to detect amino groups 
liberated frcm succirlylatxi 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 
when rhe high sensibvity is important. 

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

Assays based on the diffusion of the enzyme into a gel containing an ixoluble sub 
sIrale have been used, but have been criticized [20] as being inaccurate even over a 
LImIted range of et-q-me concentration. 
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,-lssays with gwlherrc subsrrotes 

Assays using peptides or olher sbnthclic subsrratcs oiier the posribili,?, oI’ cilsllngulsh- 
lng beruecn the different enzymes. ivlany subslratcs have been dtsztbcd. *lrh dc’rci- 
[ton of the reactIon by various means, includmg reactton \rith ninhydrin. reactjon 
\vlrh fluorescamine, direct absorption spktropholomslry and fluorlmetr!’ Table I 
lrstj some useful synthetic substraIcs iogerhcr with their kinerIc data and the mode oi 
derecrion used. I[ is obvious that some of rhr newer subsrrates are hydrolyzed Ler! 
much faster than the earlier ones. Cse oi such srnsi(lve subscra:es. espes;sil! \\hen 
coupled with the use oi fiucrimc[ry ior dcrection. provides an e\tremely sensulje 
assay for suirable enzymes. Such substrates \~ould no doubt be more \vrdely used if 
rhey were more readily available. 

Caution regarding hererogeneity and specificiry 

Lince the gastric acid proteioases are so heterogeneous and since little is known of the 
substrate specificities or specific activities of the mtnor components, there must be 
some uncerrainty regarding what is being measured with any assay of catalytic actlvir) 
rbhen in is applied to a mixture such as a’n activated mucosal eYtrac1, or to whole 
easiric Juice. 

Oiiter means of assay 

Pepsins and gastricsins can also be estimated by active-site [itration with radioactive 
diazoacetyl peptides (ll] though how all the minor enzymes respond is not known. 
Calnepsin D can be estimared by active-site ritracion uith pepstatin 1211 and [he same 
technique could be applied to the pepsins. The rveaker binding of the inhibitor by the 
gastricsIns would make their estimation by this method more dirficulr. 

Radicimmcnoassay [4] can be used to measure, separately, pepsrns and gastricsIns 
(enzymes corresponding IO the pepsinogens of groups 1 and 11, resyectiveiy) wIthout 
distinguishing between the members within each group. 

Selected assays 

Ihe assays with haemoglobin and acetyl-L-phenylalanyi-L-diiodotyrosine as substrates 
are described here. The assay with haemoglobin is still usefu! for estimating total 
proteinase activity (although it f&Is to detect pig pepsin B [22], XI enzyme for which 
no human homologue has been described). 

Although aceryl-L-phenylalanyl-L-diiodotyrosine is not a very sensitive substrate, it 
is commercially available and no! prohibitively expensive. The method used for this 
substrate is readily adaptable to use with any other pepride substrate for which the 
nAl>drin merhod is the best available. 

. . r’ 
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Table I. Some small rubstrares for pepsIn\ and gasrrtcstnr 

----I---- ---- 

Subrrrar-’ ?.lcthod” PM k.2: Km i.,:, K, RcC ‘I*’ 

IS”) (pm01 II (I * mm01 . ’ x 5 _ ‘t 
-- 

AC- Phc. Dtr. s 2.0 0 20 75 2 67 a 

I-His-Phr-TroOEr N 4.0 0.51 230 112 b 

Z-HI:-hph-Phr-OXtc S 10 0 :9 360 0 6J c 

2 HI,-Xph-Pla-Oblc S 10 0 
-- 

-mJ I 93 i 

Z-Cly-Gly-Phc-Phc.OP.!P N 35 ‘1 e 420 171 d 

Z-Ala-Alh-Phc-Phc-OP4P N JS 28’ Jo 7050 e 

Phc-Cly-His-Nph-Phc-Ala-Phc-~,~c S 40 20 a SC0 f 

Z-Gly-Ala-Nph-TrF.NHCHzCHzOH S 4.0 41 2 266 15s is 

Dns.Ala-Ala-Phc-Phr-OPSPhtc’ F 3 I X8 39 7510 h 

Pro-Thr-(3lu-Phe.Nph-Arg-Lcu S 31 90 77 1170 13 
dlrro - pig gasrricsln s 3I 54 95 568 II 
dtrto - human gastrlcsin S 3 1 23 370 62 iI 

A~-Tyr-Lcu-Val-His.NH: a poor rubsrralc for pug and human pcpsinr 
ditto - ptg gastricsin N ’ ‘.I 1.06 2so 3 45 36 
dltio - human gastrIcsIn F-J -‘I nd n.d I 2 16 

HCO-Tbr-Phc s no Llneric data a\allable - !’ 
a btrtcr sI;brlrare for human 
g3t;l:i;Sln rhan t::man pepsin 

blsp.‘lcnyl slJlphltc (25 “C) 5 3: 0 0” 100 0 ” _- I 
- -- -- 

’ Do[a xc for pig pcpsm and 37°C unless stared othcrutse 

‘* %’ nmhjdrm: S spcctroohotomerry. F fluortmcir! 

“’ al u T lockson. ,W Schlomowi!: . .A Show. B~ochcmlr~r\ 4. 1537 - ! 513 (1965) 
bl K Inouje. I M. k’o-~nick. C R Delprerrr. J S Frurorr. Blochcmtsrr! 5. 2J’3 .- 2483 (I 966) 
3 h’ iwuye. J S. Frufon. Biochcmisp 6. 1765 - 1777 11967). 
d! G F’ Surhder, J S. Fmron. Elochcmtsrr) 8. -I?31 -41138 (1969). 
el G P Snchdev. J 5. Fmtoo. Blochcmrstry 9. ~65 - UT0 (1970). 
n .K. ,Med:hradsky. I. .M. ~oynrck. H. .Cled~rhradsky-Schwerger. J. 5 Fmron, 13mchcmtslry 9. 

1154-1162(1970). 
9) G 8 ~nvne. N L P(umson. D T. Mmore. Btcxhem. J. 211. 237 - 242 (1983). 
h) C De.vup. B. M Dunn. Anal. Bmchcm. 129. SO2 - 512 (1983). 
0 T P Stem. T U: Reid. D Fuhmey. Anal. Blorhcm. 4/. 3GJ - 3M (1971) 

- Abbre\la:i ns 
2. bcnzyloxycarbonyl- 
Dns- 1~dimcfhylamtnonaphthaJcn~~sulpbooyl 
-0P4P -3-(bpyridyltpropyl CS!CT 
-OP4PMc+ -0P4P mcLhylarcd on the pyrrdme nnrogcn 
DII 3,5-diiodoryrostnc or IIS rcstduc 
?la 3-phenyilacric acid or its r&due 
Kph ~nltrophcnylalanine or its residue 
Phenyllac:l: acid and all ammo actds mcn[loncd ICKCP~ glycrnc) have Ihc L-configurallon 
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Deferminntion of pepsin and yasfrrcsrn in rrristures 

:*lerhods depending on two differen! principles hate &en des<rlb<d. USC :3n be n~~dc 
of the greater scnsillvity of pepsin 10 alMine denarura[Icn LO permit rhe dclcrmrns- 
tton of the proteinase activity of gasrricsin alone after suitable lrcalrnent \vjth allaIr. 
The difference betueen this acti\,i[y and [hat found \cithout alkali treatmrnt is the 
activity due to pepsin i6.36). 

The second group of merhods rehes on the differinp speclfizitl?s of pepsin and 
gastricsin. Total aill\‘lty can be measured \tith a prorein substralc. and pepsin alone 
with Xc-Phe-Dit; after suitable con\crsion of the unlls in \\hich rhe accl\lties arc 
expressed the difference gives the activity due IO gastricsin 16). This method has been 
found to correlate well with that using differentiat inacrtvation when applied to 
human gastric juice j36j. 

Alternatively, pepsin can be assayed with Ac-Phe-Dlt and gastric.sin with Ac-Tyr- 
Leu-Val-His-NH? [37!. The pii optimum for human gastricsin acting on Ac-Tyr-Lev- 
Val-His-NH:, 25 mmol/l, is 3.8 [38]. The peptide formyl-Tyr-Phe 139) can also be 
used fo; estimation of gastricsin although it seems to be more slouIy hydrolyzed. 
Kinetic parameters for the formyl peptide have not been published. . 

Defermination of enqmes and ;ymogens in mi\fure~ 

T;vo principles can be applied here. The toral activity determined. \bhethcr \\ iih a . 
protein or a synthetic substrate, after activation near PH - ’ is lhe sup1 of the actl\irles 
of the enzyme and zymogen. Alkali (reatment of the unacrivaled mix;,re will destroy 
the enzyme so that the zymogen alone will nou be measured after activarion al pH 2. 

lnzctivation of gastricsin will require a higher PI-I than that which IS adequate for the 
destruction of pepsin. 

Some substrates are hydrolyzed ar a significant rate at pH ralues i+hich are high 
enough not to allow the activation of the zymogen, so chat by their use the enzyme can 
be assayed in Ihe presence of the zyrnogen. The milk-clotting assay has been used for 
this purpose 13.191 and the release of dye from dyed casein ‘or collagen (azocasein. 
azocoll) can also be used [40). --. 

Internafioeai reference methods and standards: the interna~ionaf Commission for rhe 
Sfandardizorion of Pharmaceufical IZnvtvmes published a report [ 231 in 1966 describ- 
ing an assay for pepsin very similar to Anson’s original method 1241, except that the 
temperature used was 25°C and the unit corresponded to the liberation in one minute 
of ma:erial behaving like one micromole of tyrosine in the Folk-Ciocalfeu reaction, 
rather than the millimole of Anson’s unit. 

A committee of the Japanese Sociefy of Gasfroenreroloyy has published a report 
(IS] describing an assay also based on the method of rtrls~~ [2-I). 

An international reference substmce for pepsin is available ([23] cf. Vol. II. chapter 
2.3). 

i 
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Enzyme eft’ettors: alcohols are \veakly inhiblrory to p:psin 1%). Some pep(ides may 
ac; as acrlvarors or inhibitors in the hydrolysis of others 127.281. These effects of 
secondar? ptprides are less marked at ptd 2 than at higher pH values. 

2.12.i Melhod with Haemoglobin as Substrate 

t ASSi3> 

Method Design 

Principle: the method described by ANO~ [24] depends on [he estimation or those 
products of hydrolysis of haemoglobin (which is denatured at the pH of the assay) 
which are soiubie in trichloroacetic acid solution. The estimation originallv depended 
on the use of Foiin-Ciocdfeu reagent.buf was modified I291 to use the ultravloler ab 
sorbance of the products instead. The response with this modificaiion is lmear for pug 
pepsin over a wider range and, since UV spectrophotometers arp now generaPly avall- 
able, only the UV method wili be described. The method given below has been scaled 
doun and modified io :liminate a dilution step. Tbny 161 describes a similar assay for 
human pepsln and gssrricsin conducted ar pH 3.1. and the method using rhe Fo/oi!n- 
Ctocalreu reagent has been adapted to the rechn~on AutoAnalyzer [ 301 

Optimized conditions for measurement: the.behaviour of haemogiobin as substrate 
for pig pepsin has bee,] critIcally studied using rhe Fohh-Ciwalteu merhod 131). The 
coaciusion of rhis study is that the conditions used by Amon arc, close IO optimal 
except chat Ihe cr,ncentration of haemoglobin should be somewhat higher. Hoverer 
so mary workers have used the same concentration as Anson that it seems best IO 
retatn it. The pH of the incubation mixture is I .7, achieved by inclusion of HCI to give 
0.05 mot/l. If the enzyrne samples are buffered (as with eluares from a chromate 
graphic column) it is necessary to include additional, compensating HCI. 

Temperature conversion factors: the temperarure IS altered from the 35.5”C of 
A~on’s assay to 37 “C for conformity with widespread practice. Jordiilier er al. (311 
state rhar the extent of hydrolysis found ti 37°C is 25% higher than thar ar 2S”C. 
This is nor in accord with the statement of Anson 1241 rhar the rate ar 35.5”C is ! .82 
times that at 25°C. In any case the tempaature coefficient may differ for different 
enzymes. 

Equipment 

Cons ant-temperature b&h. UY specrrophotorneter. 
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Reagents and Solufions 

Purity of reagents: all reagents of hrghesr purrtv available. Commcrcisl srandard HCI 
may cortt?rn mercuric chloride. It shouid nor be used. 

Preparation of solutions (for about 50 determinations): make all solutions In rc-purr- 
fied water (cf. 1’01. II. chapter 2.1.3.2). 

1. WC1 (0.30 mol I) 

dilute 30 ml HCI, I mol/l. wi[h 70 ml water. 

2. Trichloroacetic acid (SO g/l w/v): 

dissolve 20 g TCA in water, make up to 500 ml with water. ’ 

3. Waemoglobin solution approx. neutral (25 g/l): 

stir 2.5 g bovine haemoglobin enzyme substrate powder (Armour- Pharmoceur~cal 

Co. Ltd., England). with about 90 ml waler. dfalyze againsr tuo batches of about 
1Ooo ml water each to remove small peptides and adjust to 10 ml. 2.5 mg 
Thiomersal may be added as preservative. 

4. Haemoglobin solution. acid (20 g/l): 

a,::difv rhe haemoglobin solution (3) uilh 1 quarter of its Loiume of HCI (I) or ’ 
ocher appropriate concentration, and filter or cencrtfuge to remove any insolubic 
material remaining. 

Lability of solutions: acid (I) is stable at room remperature for a long period of time; 
TC4 solurlon (2) may decompose during one year 10 a minor degree to chloroform 
and CO: kvhich does nor impair rhe determination. Solution (3) may be keg al 
0-4’C for 1 or I seeks; solurion (4) should be u:ed wirhin one day. 

Procedure 

Cokct.ion aod treatment of specimen: collect gastric juice by the usual gastroentero 
logjcal procedures, with or without stimulation as appropriate for the investigation, 

I 
I 

and assay without delay. Dilure the juice with water (a Z-fold dilution may be suit- 
able). Mince mucosi finely and extract with phosphate buffer, pn 6.9 (NazHPO, and 
Nall,PO, both 10 mmoVi) for estimation of the zymogens. 

I L, Stability of lhe enzyme in the &rple: since the acid proteinases are themselves pro 
teins, solutions which are acidic should be assayed without delay. 
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Derails for measurement in !issue: assay mucosal extracts In phosphate buffer, 20 
mmoi/l, pH 6.9 (see above) using HCI, 0.315 moi/i. for acidlficarion c*f the haemo- 
glot IV. 

Assay conditions: wakelength 280 nm; light path 10 mm; incubation volume i.2 ml; 
37°C. A!1 measurements in duplicate. Run Mar-& measurements by adding the trl- 
chloroacetic acid (2) to rhe haemoglobin (4) before the enzyme is added. When the 
enzyme is partiy purised (as with fractions from chromatography columns) so rhar 
the absorbance of the solution ar 280 nm could contribute only negligibly 10 the final 
absorbance, a sir,gle pair of blank determinations \vhich contain warer (or the appro- 
prlate buffer) in place of rhe enzyme may be used. Equilibrate all solurions IO 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 Anron [24], cf. chapter 2.15.2. p 270 (Fig. I) 

Measurement 

Pipette successivdy in!0 15 ml centrifuge 

pepsin 
gastricsin 

2.5 - 13 mg/l’ 
2.5 - 8 mg/l 

50 mmol/l 

trlchloroacelic acid (2) 5.Oml 

’ 

- 
If a centrifuge capable of taking many rmaJ1 lubes and a self-filling attachment for the spcctropholo- 
meter is available the voluma used in the assay may be halved. For the most accuralc rork a new 
standard curve should be prepared for each new batch of haemoglobin substratc. 

Determination of gastricsin and zymogens 
rr 

Gas~ricsin: Fig. 1 also shows a curve prepared with pig pepsin C (pig gastricsin). With 
this enzyme the digestlin’proceeds much more slowly when the incre.ase ir! absorbance 
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has exceeded about 0.3, so that the plot is far from linear. The abscissa kaluc‘s ior 
pepsin C were arbitrarily adjusted to make the two curves comcidc at 0.4S/O.ZY (abs- 
cissa/ordinate). The curve for pepsin C underlines the nectsslty of preparing a stand- 
ard curve for each different enzyme assayed. 

Tony [6] describes a similar assay conducted at pH 3.1, close IO the pi optimum for 
human gastricsin. 

Z!wogens: pug pepslnogens A and C may both be assayed in esacrly the same \\ a> as 
the enzymes (wrth HCt of the appropriate concentration). lncluslon of a pre-incuba- 
IIOII at pH :! bciorc addition of the sub;;rate makes no difference tc :he xt~\ II\ iound, 
indicating that the acti\ation is very rapid under the conditions of the assa). This is 
not neCeSSarily me for other zymogens or other pH values in the assay misrure. 

\JS - 

04- 

2 03- 
f 
<: 02 - 

OI- 

(-T----t I I I / I 

01 Q2 03 0.4 0.5 06 Q7 08 09 1; 11 
rnlii, (PU ] “a psv ml enzyme tiut0n 

Flp i. Standard cur\cs ior assay of PIQ pepsms h and C w11h hxmo@obm a.s subsi:alc 

Calculation: the differences AA t80 between the mean sample and mecan blank absorb- 
antes are converted into An~on’s units by reference to a standard curve prepared 9th 
a sappIe of pig pepsin previously assayed by Anson’s method 1241. Such a curve is 
show in Fig. 1. The unit ((P.U.jHb) used is the activity that liberates ;aluble products 
cquivaient to 1 millimole of tyrosine, zs estimated by the Folin-Ciocalreu method, per 
6 ml of incubation mixture per min. 

I: is not possible to convert these units into international units as defined by the En- 
z:;me Commission becauv- 4L neither the colour in the folin-Cioculfeu reaction nor the 
absorbance at 780 nm is caused solely by tyrosine residues. Furthermore. cleavage of 
any single pepride bond in the substrate could result in the production of a soluble 

. . . . 
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pepride containing no, one. or more than one residue of aromallc amino acid or even 

no soluble peptide a( all. An at!emp,f to conven [r’.U.] Hb to units i5 likely 10 be more 

misleading than helpful. 

- 

0: 

Validation of Method 

Precision, accuracy, tletectioc limit and sensitivity: at about AA, = 0.6 the coeffi- 
cient of variation for pepsin is about 0.05. For pepsin C, AA,, 9 C.3, it must be 
about 0.07 (nor measured). 

Suurces of error: inc’jrrect pH in the assay mixtu:,e due to incorrect compensation for 
buffers in the enzym’: sample; possible inhibitors or activators in the sample. 

Specificity: the method detects most acid proteases. with varyme sensiti:,lty; pepsin B 
of the pig is not detected. 

Reference ranges: in human gastric juice 6 to 123 (mean 54) [P.U.lHb/l IS found The 
values are corrected from the trroneous ones in the second edition of titis uorl, [32) b. 

- 

P’ 

2,12.3 Method with Ac-Phe-Dit as Substrate 

Assay 

Method Desigr? 

Principle 

Ac-Phe-St + H,O -??!!!-+ Ac-Phe + Dit. 

The peptide is hydrolyzed ar the peptide bond; the liberated amino groups are esti- 
mated by the calorimetric reaction with ninhydrin. 

Optimized conditions for measurement: the assay described is conducted at pH 2.0, 
the optimum for pig pepsin A at the substrate concentration used uhich is at the limit 

. . 



i-i- 
3e 

A 

I 
2 

, 

:i 

‘3 
: ! 

2.12 Pcpsins. Gastricsins ;Ind thclr Z!rnogens ‘33 

of its solubility. Tong [6] describes a similar assay at a slightly higher pt{ bum in the 
unbuffered solution the pw control musr bz lsss certain. i;or automated method ci. 
[34$35]. 

Tempersturc Conversion f3CtOrs: not known. 

Equipmen 

Constant-temperature bath, boiling water-bath, spectrophorometer 

Reagents and Solutions 
. 

Purity of reagen!s: I-ICI, NaOH, acetic acid, sodium acrtarc are analj%cal grade re- 
agents; I!-methosyethano!, ninhydrin, hydrindanrin must be of good quality Lvith IOU 
blank reaction; ethanol is a standard laboratory reagsn!. 

Prepsration of solutions (for about 100 determinations): make all solutions in re’- 
punfied hater (cf. Vol. II, chapter 7.1.3.2). 

1. Ac-Fhe-Dir (1 mmol/l; NaOH, 10 mmoL’l): 

dissolve 62.2 mg Ac-Phe-Dit in 10 ml NaOH, 0.1 Inoiil. \‘+‘ajh the solution quanti- 
tatively into a 100 ml volumetric flask and make up the volume \rith water. The 
peptide dissolves only very slowly in NaOH, 10 mmol/l. but remains in solurlon if 
dissolved in this way. 

’ I-ICI (50 mmol/l): b. 

di!ute 5 ml HCL, 1 mol/l, with 95 ml water. This concentration is suitable for assay 
of enzymes 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 
increased so that the final incubation mixture is at PH 2. 

3. Ninhydrin reagent: 

the reagen: described is the modified reagent of Moore & Stein {331; other quanti- 
tative ninhydrin reagents would aIso be suitable. Dissolve 20 g ninhydrin (indane 
tricnc: hydrate) and 3 g hyd;indantin in 750 ml peroxide-free 2-methcxyethanol, 
taking care not to include air bubbles. The solvent is sufficiently iree from per- 
oxIdes If. *hen mixed with half its volume of 4To Ki solution. only a light strau 

. 
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colour is obtained. To this solution add 250 mf acetate buffer (5-W g CH,COONa . 
3 I-I,0 and IOG ml glacial acetic acid in 1 lirre), mix and store the deep red soluclon 
under nirrogen in a d&k b&it. 

r 

i 4. Diiodotyrcsine (0.25 mmol,‘l). 

dissolve 21.7 mg diiodotyrosine in HCI, 50 mmol;l. and make up 10 200 ml with 
the same. 

j 5. Ethanol (6040 V/L): 

dilute 1200 ml absol’ute e:hanol with 8rx) ml Hater. 

Stability of 'solutions: the substrate solution (1) is stable for weeks at 0 -4°C. The 
HCI solution (2) is pracGcaIly indefinitely stable at roolm temperature. The ninhydrin 
reagent (3) can be store1 for abcut a month at room temperature. Diiodotyrosine (4) 
is stable for several weeks at room temperature. 

Procedure 

Collection and treatment of specimens: cf. p. 229. Ciaslric juice and mucosal extracts 
should be dialyzed to iower the blank salues. 

Srabilit~ of.tbe enzyme in the sample: cf. p. 229. 

Defaiis for measurement in tissue: the high ninhydrin blank prohibits assay of undia- 
lyzed tissue extracts. 

Assay conditions: wavelength 570 nm; iight path 10 mm; incubarion volume 1.0 ml; 
37°C; measuring volume 7 ml. All measurements in duphcate. 

Since the ninhydrin reagent reacts with prjmary and secz>ndar); amiqes and ammo- 
nium salts thelubes used for the reaction must be free from such conlaminations. This 
is achieved by reserving a sef of tubes for this reacrion and cleaning them only by 
soaking in detergent, I’olJowed by thorough rinsing and drying. 

Blank reactions musy be prepa:ed for each solution assayed by adding the ninhydrin 
to the enzyme before the substrate and omitting the incubation at 37’C. The conccn- 
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. 

Skcdard cume for diiadolyrosine: treat 0.0, 0.2, 0.4, 0.6, 0.8 and 1 .O ml diiodotyro- 
sine solution (4) made up to 1 .O ml with water, with 1 .O ml ninhydrin re;agent (3) each, 
boil xnd dilute in the same way as the reaction mixtures. Plot absorbance, corrected 
for blank, AA,, ~rsk:s diiodo’!yrosine amount (pmol). The slope of the plot should 
exceed 2.8 Drnol-’ (equivalent to an absorption coefficient of I.96 1 X mmol-’ x 
mm - I). If a smaller slope is observed the ninhydrin solution should be repiacti. 

-. 

- 

_- 

- 



:tF” 
j ! 

i3r 

XIeasurcmerit 
-;- 

Ptpet:e into ckan P: rex i~nicriir3~10n In x43! 

equilibrate to 37°C 

mix and incubate for exactly 20 min 
- 

ninhydrin reagent (3) - 1.0 ml 

atany convenient time: 
HCI solution (3 0.25 ml - 
ninhydrin reagent (3) 1.0 ml - 
substrate solution (1) 0.25 ml - . ___-_ 

1 mis, cover tubes and place in boiling 
izr esactly 15 min; cool: 

(5) I 

_-A , 
5.0 ml 5.0 ml 1 

--.--I 

against \vater. I L - 

Determination of zymogens: incubation for 10 min \vith the HCI soiution (2) before 
addition of the substrate is more than adequate to allo\\ complete activation of the 
zymogens. The blanks should be stmilarl!: pre-rncubated since the initial acti\atron 
peptides and their digesricn products bvill produce some coiour ujth ninhydrin 

Calculation: subtract-the mean absorbance of the blank from the mean absorbance of 
the sample. R&d the corresponding umoles of diiodotyros;ne from the standard 
curve. The activity concentration of the enqme in the sample is 

b= 
n x 1000 

U/l 
txv 

where 

rf amount of diiodotyrosine liberated in umol 
1 Ooo conversion factor from ml to I 
I incubation time in tiiin 
v sample voturne in n-11. 



‘36 2 Proteirtases and Their Inhibitors 
--- 

Dettrmlrration of inhibitors of pepsin 

Apart from such chemicals as diazoitetones [ 1 I, 41) and 1 .‘-eF>o~~-3-(5nitiophenoxy)- 
propane [ 121 which irreversibly inactivate pepsins by cokalcnt modificatton. the 
enzymes can be inhibit& by rhrce classes of agents: proteins from rlscor~ 1~~brt- 
cord&, pcpstatins and peptides liberated, on actib.ation. from the amino termtnus of 
the zymogens. A!1 these inhibitors have been reviewed [ 131. The activity of pepsins on 
protein subscrates can also be louered by acidic polysaccharrdes, but this effect 
appears to be due more to the binding of the polysaccharide to the substrate than to an 
intc;actton \rtth the enzyme j47,43]. 

Al’ the reversible tnhibrtors of pepsins could be assayed by their effect on the 
enz!nes. but the choice of enzyme and of substrate is important: furthermore some of 
the enzyme-inhibitor interactions may be time-dependent [44,45j. The 4scaris inhibi- 
tors and pepstatins are potent inhibitors of pig pepsin at pH 3 (K, ca. 10Vg mol/l), but 
bind much less tightly to pig and human gastricsin (pepsin 5). At the concenttation of 
enzyme (ca. IO-’ mol/l) used in the assay wirh 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 stcichiometric. At htgher 
degrees of inhibition, however, or with more sensitive substrates (and so less enzyme) 
significant proporttons of the inhibitor will still be free at eq’uilibrium. 

The inhibitory activation zymogen-derived peptides dissociate from the enzymes at 
10~ pH values, so that they must be assayed at pH 5. at which the milk-clotting assay 
[ 191 can be used [AS]. The association of enzyme and inhibitor is time.dependent and 
pre-incubstton of 30 rrin or more may be necessary; furthermore K, values may be 
conr;derably laiger than those of the gastricsins [ 131 so that no set fo,mufa can be 
provided and destgn of an assay 4) require some care. 

Validation of hiethod 

F’recision, accuracy, detection limit and sensitivity: with an activity of about 5 nmol 
diiodotyrosine per min in the my tjlbe the coefficient of variation is about 0.06. 
Detection timit is 0.004 U. 

Sources of error: the presence of small peptides other than the substrate could 
decrease or increase the apparent activity of the enzyme [27.28). It is nut known how 
serious such possible interference is in practice. 

Spekcify: pig pepsin C [S] and human gastricsin [q have little or no activity against 
Ac-Phe-Dir. 
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Reference ranges: in human gastric juice 23 - 81 (mean 53) U/l [32]. 
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c Casein, resorufin-iabeled 

* 15 mg. CaLNo. 1080733 

w ---- ,- 

9 Plepan:wm Casaln lmm cow InIlk reams mnl aclr.-aled 
resoruhn (N-(resoruRn.4carbonyl)plpefldlne~nlc wrd. 
N’-hydroxysuccmrmrde e5tef.l with the followtng puriticalon 

* by cnmmaccgraohy Cs 90 rg rewruln are bound to 1 mg 
casem (ccnrml by local hydmlysts usmg pmnasr’) 

Stability: Stable al -20%. noted dry and prwxled lfom 

9 
liinl. An awews sohmn is smbb for several months a 
-2O’C and for 2-3 days al +4t. II rs recommended lo 
sore aqudaus sokwms nn alquotr a -20%. 

Spectnl properties: AbwplKn (arc~lsbon) mawnum in 
r me neutral and alkahnc r4ng+ A- !574 nm. L PE~CCQ 

p x mW x cm-‘/. II the actdtc range A - 467 nm. 

Application: The preparauor 1s used as an unspecific p~lb- 
* as.8 woslrate II is espectally well swed for me delenra~ of 

Iraces 01 prolease acc~vnies 

* 

Rmc~pls: By lrealmenf wlh uwmases. pepudes. resc#ulin 
* labeled. wh:ch cannot be preclpttaled by Inchlocoacel~c rrd. 

are rsleaseo from casem. cesorufin labeled. These pe@des 
are eouwalent to the proleolyt~c actwry presenl. 

b . 

p Appl~alwn eumpla for the detemwnabon of proteoh,Rtc 
l c~wty according to Twmtng (1). 

* 

q 1 Subscnle x4ubcn 
Casem. rssoruhn-kfmbd. O*W4 (wtv) I* w&st wa*a 

II Incub&xm butfer 
TIE-HCI. 42 MM. pti 78 CaC+. 002 m&l 

rl 111 Sample solul~on 
N Stop reagent 

rcuay procedure: 
wava-bngm: 574 ml7 
Cuwmes: Samedl cuvettes (10x4~45 mm} 
Light path: 
Tempearurs~ 

Incub al 37-C lw a ~Wabl~ space of llme (15 m!:, ltll 
ouernighl). Slop tescuon by addmon of 

stop reap8831 
--e.---- 

lncubafe hx 10 mm al 37%. subsequenlty cenlrlluge tar 
5 mm and papene mto Samedt cuvenes 1 

supernacanr 4oOul 1400 VI ] 
assay buffer f-4 ! 6oouI, 6ooul ; 

mu and mwnedrdIety read absorbance of the sample 

$2 * 
agamsl blank al room temperalure (- A.4 sampb) 

On appllcatlon of 01 rg lfypsm swuenong gmbe’ m Ihe 
sample wlume (actmy 110 Ulmg. ChromozymC’TRY as 
SubStf~if8) Ihe absorbance JiHerenCe (a&,,,,+.) amountS IO 
0.07, when mcubalmg lor 15 min under fhe aforemenlroned 
wnditmns. Usmg 0.1 rrg endoProtemasc &pN sequencq 
g-sue* ~4~~ IS 009. 

The assay wtll be mote sensmve (by tactor 10) if the delerml. 
“SIC” 1s Carrl8d O‘S 6UO”“T.St”C3liy 
The delecoon Imw can be lowered by a funher Iaaor ca. 10 
by prolongaIm 01 the mcuballon me 10 16 h Lwemtghl) 

Total hydrolysis w!!, pfvasc m the standard assay lag. I mg 
pronas8 overnlghl al 37%) results In AA.-- - la. 

e 

016) a.99 1 loqur i Boehringer Mannheim Biochemica 
* 

. .____ . . - . . ._.I. _- . _ . 
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PuRIPI~TfOl AM) SPEffRDP tiCCW&SXXC ASSAY 

OP NCOKYCIN PHOSPRMRL36PEru.SL XX’ 

Patricia R. Goldman and Dexter 8. Northrop’ 

School of Phrr?ascy 
Unlvcroicy of W2rcon*~n 

nadisoll, WI 53706 

Received November 29.1975 

SIJN~AR’Y: Beanycin phosphotronnferasa II it maximally rcleared 
by osmatic shocking of R* e. coli between late log and early 
stationary pham. A 300-400-m purification of the enzyre 
protein is accomplished by #treptauycfn sulfate and arrooniw 
aulfara prccipitationr of osmotzc shockarts, followed hy 
affinity and ion-exchange chraaatcqraphy. The recovered 
enzyme preparation is electrophoretically 9D% pure, iu free of 
ATP-see rctiv1ty, and can be conveniently assayed 
s-+ct:;phorcmetrically by linking the production of ADP to 
pyruvate kinase and lactate dehydrogenarc. The purified 
cnrpe. beer, is not #table. 

. 

IKTR53UcTIOY 

A ncu fatally of cnrpes, found in grm ncqativc bac:e::d 

carryinq R-factors, inactivate amlnoglycos~de antti~otlc~ and 

act as the princlpls agents of clinical re¶ls:ance to ?nciblotlc . 

therapy (1). Investiqatlons of the chsracterlrtics of these 

enzymes !uve been hindered by a lack of highly purified 

preparations and rtlrable assay methods. ATPdependrnt 
phoaphorylation is a c-on enzymatic nechanlsn of ~na~tivaclon 

by R’ bacteria. Consequently, sme of the rnactlvatinq enzymes 

:ess&le the klr.are enzymes and. once ptlrificd. rhwld bt nu5- 

ject to similar methoda of assay and study. 

Ntmycin phbsphotrmsferaac II catalyzes an ATP- dependent 

phomphorylatlon of the 3’hydroxy group of thr aminohexore 

‘Thir Lnvestigatlon vas supported by Research Grant 61-18070~ 
of the ihtlonrl Institutes of Health. md by P-L Blochcmicrla, tic. 

‘TO vhu inqutreio should be l drasmd. 
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moiety of b.:rnmycine, necmycin*, psranmyclns. rlbortamycin. 

and butiroslns (2-4) . he i,,itfa,l dlrc%tvely. partial Ci~ar.%ctar- 

lrstlon, and partial purification (< 10% plrlty) relied upon 
fixed tLrm .~rraym aploying rad~oac~f~ity (Ii or =icroblologfcal 

activity (4) mearuremcntr. This report dercribt* * highly 

purified preparation conveniently assayed by th* mntfnuour 
spectrophot,sctrlc method slployed for other klnsse enryoes. 

elBERLI(ZKTN. . L 

Kanmycln sulfate (potency 750 wg,/mgbq) and k. coli JR76.2/v677’ 
were gift4 from Dr. Julian Davies. me orgmxm produces 
qentamicin adrnylyl tranaferaac, described Prev’wslY (5). as 
wall as namycin phosphotrmsfcrare I?. Ihe pr crdurer for 
graving the bacteria, extracting enzymes by oswtic Ihocking, 
precipitating proteins with amJonlum sulfate. and chraMtographrng 
the recovered protein on DE&z aqoross utre identical for both 
enzymes. column fractions containing neasycln phosphotranrferasa 
II: were desalted on a column of Bio-Gel P-2. equilibrated vlth 10 ti 
tris-AC1 buffer pH7.8 containing 0.125 x&4 WA, 0.3 M dithiothrcitol 
an3 7 - -Xq-- - .-. [standard buffer). The desalted enryree was applied 
to a gentamicfn Cl -Afffsel 10 affinity column dr:scrLbed prs- 
viourfy (6) , and l t uted with 2H iunmonirrPr rulfae i.h sr.andard 
buffer. peti fractions ware again desalted on Sb-Cel P-2 
and applltd ta a second column of DEW aqaroe= (BLO Rad. W3.E 
Bio-Gel A) Equilibrated with 8tendArd buffer. The purified 
enzyme was eluted frclrr DChe agarose with a O-D.9 n potassium 
acetate gradient in standard buffer. 

column elotion gradients wers determined frar mnductivity I 
measurerPenes using a LA-Line eiormeter. Disc gel electro- 
phorcsir was conducted in l Bio-Rad node1 3OOA ceil driven by a 
tie1 400 povcr supply. GCL acanni,ng was pcrfod on a Gilford 
2410-s Linear Transport. Lnzymatx activity in crude f=-ztlons 
was aecemind by the radioactivity assay octhod of Gzanne et al 
(71. Purified frrotlon8 wc~‘e l ~saycd mpectro+*-etricallylT- 
340 11~ and 25%~ wing a Gilford &cl 240 rpcctrDphorancter and 
a Leeds and Northrup XL-610 recorder, by linkiw UP production 
to pyruvate kinasr and lactate dehydrogenase. Beretion mlxturar 
contained 1.9 units pyr+wsta kinare, 1.6 uaits lrtate 4ehy&o- 
qenasa. 0.1 usolr DPSII, 0.4 umoles phosphocmi pyrwate, 5 I: 
moles maqne1ium acetate, 10 umolar potassium acetate. 0.2 umles 
AT?, 0.066 umlas kanuycin, 25 um1er trrsdS1 p+l 7.8, and 
o-o.1 tits of aemy:in ‘phosphotransfsrare fn a total volwe 
Of 0.5 ml. Control assay* were conducted In the ab~t3rk2a of 
kanamycin. Dnitr of enzyme were defined l J umolar product 
forzed pex tinuts. Assay chemicals 4021) obtained f-mm sipa. 

RtSULTS AX3 ‘DISCDSSICS 

T!w yisld of naoryeti phorphotransferase obtained by omotlc 

shock varier conrldsrrbly as a function of the qrwth CUF,W of - 
‘3. co11 JR66/~677 (Z-4) has thr ~me pumntal origin &I 

& & JR76,2/W677 (J. Dwler, personal -~lcation). 



TICJRE 1: Release of neomycin phosphotransfcrase and protein by 
osmatic shock at a functfon of bacterial grouth. After addition 
of 1% overnight inoculum. protsla u-d enzymatic activity ware 
determined on osmatic shockater prepared free 40 ml colturq 
sampies, harve6trd at the tha indicated. me open and closed 
circles represent neomycin phorphotransftrase activity obtained 
in the prererre and absence of 0.S 'pi magntslum. rtlpectivcly. 

P coii, -. reaching a peak between lcq and statlwam pharc. then 

&qping co half the peak level in stationary phase (P:gure 1). 

~heae result8 are similar to genramcrn adenylyl transferas* 
(51 which wrk,r in early stationary phase buL drop8 to a guartcr 

of peak level, and similar to qentamicln acetyl. transftrass (6) 

vhich paks in lart log phase >ut drcp to undectablc levslr. ’ 

Dxfferenctr between the activity profile8 of the three l nryae8 

53uggtst sm.311 di;farencsa in their perxpla-ic location. Xn 

contrafit, !&os~al atd Stppel (8) observed DO dec.-earc in the amOunt 

of periplasmic enzymes catalyring ?rydmlytic reactions, relealed 

by oslrrotic @hock frca Z, & in l tatfonaq versus Logarithmic 
phase, except under conditions incorporating msgnesiura in tha 

shpCk odium. As Jhm in Pig-.Ira 1, Jagneri*.x had only a emall 

effect on the rcleasa of the phosphorylating tnryw, cccuring 

throughout ths grwti CUNC. Ths ssgnaniun-de.~wlent differences 

beween activity profiler of hydrcrlytrc and a3inoglycoeide 
inactivating anrymt* s.ggsat large dliferancar In thlr peri- 

plastic location. 
The first chromatographic step ix the purificstloa of nmxaycia 

phosphotrasnrferams anployn DENS agrrora. rnir in alo0 the kmy 

- 

- 
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PXCVRE 21 Affinlcy chrwcography of neomycin phosphotranaferase 
II on genluucin C,a-Affi-Gel 10. 250 ‘~9 of protei.0 0b:alned 
from a first Dt?U! agarore column were added to a 1 x 30 cm 
column and eluted at a flov rate of 0.5 ml/min. c 

step In the pulflcation of yentanicin adenylyl timsferaes (5). 

and server to separate tha two enzyrw~ in extractr from bacttrlr 

containlog R-factor* which direct the synthcsi, uf botn. 

Scparatlon ir necsb*ary at Thor stage since it bar Mt yet been 
possible to cluts the adenylylatron enzyme from qcntaeucrn 
affinrty columns. Fkwavcr, the step 2‘ neither necessary nor 

significantly rlvmtageous in the purrfication of the pho#phory- 

lating cnxyau. 
fha key l ttp in the purification of numycin phoaptitransfsra*s 

i# affintty chrcmtOgraphy on gentmicin Cta-Affi ~a1 LO. k 
- .--,. --_ .. 

IO-fold puziflcnt~on 1s achieve6 by this step, cstirpatcd frm---- - 
the protein profile of Figure 2. SpecFfic l ctivitlca of pelk 

ii-action* krrird frcm 2-13 unita& ln four 8bpdrate preparations. 

There r&ivLtlmr are conrlderably higher than those obtalnbd by 

Hatsrrharhi l t a: (4) froa affinity CTJ~LZBM. l?m differems is -- 
prcbrbly dependent apon tha inclusion of a spa-r betussn the 

antlblotlc md yrrose during preparation of affinity realm. 

Rnetava md his rrroclatoa (4.9) and othrr (IO) have shown 

that in th &saor.ce of a l prcer. saincqlycosld. inactivating 
l nrymsr *lute frcm antlklotic l fZlnity wlumnr vltbln ralt 

gradimt8 (which Lo atypic of affinity bhroaotcqraphv (11) i 

of adarate icmlc otrength in l imllar Fashion to tj. l Atrtim of 



FICLTC 3: xon-exchanqe chromtography of neoqcL. Fhoaphotranns- 
ferase IT on DEL? dqaross. 5.6 mg of Trotein obtaine-l from the 
afflnlty CO~UWI were added to a 1.S x 30 ca colrrsnn and alutcd 
at a flcu rate of 0.5 ml/am. The salt gradient wae generated 
with equal voluars 127 ml) of standard buffer and standard 
buffer plus 0.3 I4 wtaasium acetate. The final protein peJk wat 
eluted with 0.3 H ammonium sulfate. 

- 

PIGrRz 4: Disc 9~1 l lectruphorearr NW of purified necqcin 
phosphotranvferarc II. Approxcatcly 50 -q of the peak traction fin 
D?AZ agarosa c.!uwcog:aphy v~re plr& on 7.5% polyacrylamid* gel, 
and -run atpH 8.9 and 3 n.iliiwqs/tuSe. Ge!l wtie rtninad for 
pro:ern in a solution containing 0.1 9 cocr-arris blue, 45 ml 
merhonol, 45 al &O md dilutecl 3-fo?d vztFl water )urt bexfor~ 
use. Dertaining ~6.) carried out in 1’76 Xh for 12 hours. 

these enrmr frm DJLU ion-ex&mgs resins (3.5,61. In contraat, 

WC have found that. inclusion of a spacer renders slution by high 

ionic strength’sxtrmaly difficult. Onca bound to l gantaroicin C,J- 

hifl-~al lo column, grntanicfn adanylyl tranafera~e =annot & 

rluted by high concentrations of salt. gentanrlcin acstyi trrafsr- 
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aas l lutsr \8 J very bmad dilute pa& (61, and naanyc,in pho*pfro- 

t_r~wferrae *lute8 In 8 full column volr~r ~8Ft-y l concrntrrtion 
-I_. 

Of UW4Onima mulLat* vhich approachor the limit8 of rulubklitY 

of the protein (?igure 2). It therefore appdbr0 thdt l rprcer 

i8 nocss~ry to rcccoplhh tlm fLm and apcdflc binding of 

aaincglycoaid~ l ~ymcs, normally attributed to nfflnrty 

ChraWtogtsphy. 
The final step in the purif icatfon is ion-exchange CtiCxW- 

--bgt..qkj, ‘50 a rtcoad DW-rgarose colum. ahovn in figure 1. 

Gel electrophoresia of active fraction5 produces three protein 

fbandr, tuo nlnor componenta and a major band comprising 9C$ 

of the added protein, l B *how-n In ?tgura 4. Asaayr of g*l slicer 

frm parallel gela shw all the phorphotrrnsferaoe actfvlty migrating 

with the major band. A 3-fold purification io achieved by the 

final rtcp, estimated frm the protein profile of Figure 3. 

Specific acttvltiar of peak traction8 were nearly constant 

vithln a 8ingla praparrtlon. hut varied tron 3-10 units/* 

be-en ciiff crcnt prcpratfons, In only one preparation was the 

l ptciftc actfvity increared by the final purification 8tsp 

reaching a value of 10 unitsh, and this occurred vith the 

preparation having the lowest specific activity after affinity 

chroclotography. It appears that corrtasinsnt protein0 exert a 

stabilirinq effect oh neomycin phosphotrmrferaae II, Cace the 

enzyme har been rluted from tnc affinity CO?U.-I, it becccrca 

NghLy~t.tils, losing as much as SD% of itr actav.lty in leas 

than a week. Attempta to rtabliize the enr~me have not ken 

rucccs0ful. 

Calculations of lntemediatc specific actzvitrar, recoveries, 

and overall fold of purification vero cco?Iicated by the iartability 

of purffied fractions and also by the inaccuracy of the radio- 

activity asmay. awevar, the. overall purlfrcation can b 

ertistod at 300400-fold OD the ba*i.a of pntsin fractiunatiOn. 

In our hand., the radioactivity asray lacks llncacity vlti 

tirm ud enzyar, concentration. Siailar rerults rerm obtained 

vith thr raclloactivity aaray for adenylylation (5). mv8r!dleleas, 
th4 radioactivity asrry i0 necessary for sd-quantltatiro 
d:!tection of eha enzyau in sally stager of purification. Sub- 
mtmtial ATPZUIO activity &rpF;latea the sprctrophotcnetrlc rrsay in 

the*0 initial fractionr, but plrsem through gsntmicia affla.ity 

235 
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eoluma. ~oi~~lrq this stop, background rate8 ln control i 

assay* YOZW small [-0.502 &D/minl urd ~ndepmdsnt of the protein 

concentration in assayat f ractiona. SpactrPphotaustrlc array* 

of neoqcin phosphotravferam II rctlvity follwlry( affinity 

chromtography wr. linear with tir and *IU~W concontratlon~. 

Use Of this assay should greatly facllitatq the charactsrlrltion 

of thir and other aninoglycosidt antfblotlc phorphoryLating O~FI. 
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