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1. Introduction 

The trypsin inhibitor from cow colostrum belongs 
to naturally-occurring polyvalent inhibitors. Besides 
trypsin, to which this inhibitor binds with a ratio of 
1: 1 [l] , it also inhibits chymotrypsin to a lesser 
degree [2]. It is known that the primary structure of 

inhibitor B from cow colostrum partly resembles that 
of Kunitz’s basic pancreatic trypsin inhibitor (BPT’I) 
[3] and that lysine 18 plays a role in the active site 
of the inhibitor during its binding to trypsin [4] . In 

this paper, evidence is presented which supports the 
hypothesis that inhibitor B from cow colostrum has 
an active site responsible for the inhibition of cY-chy- 
motrypsin different from the active site responsible 
for the inhibition of trypsin. 

2. Material and methods 

Trypsin, a crystalline product of LCEiva, Prague, 
was recrystallized three times with magnesium sulfate. 
cw-Chymotrypsin was obtained by the activation of 
chymotrypsinogen A (L&iva, Prague) which had been 
recrystallized seven times with ammonium sulfate 
and twice with ethanol [5]. The trypsin inhibitor 

from cow colostrum was prepared by a procedure 
described elsewhere [6]. Methods for the preparation 
of completely or partly carbamylated and guanidinated 
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derivatives of the trypsin inhibitor and the determi- 
nation of its amino acid sequence have been described 

in the preceding paper [4]. 
The inhibitory activity of the native inhibitor and 

of its derivatives was determined in terms of differ- 
ences in the activity between intact and inhibited 
enzymes. The inhibition of the esterase activities was 
measured by calorimetry of the uncIeaved substrate 
[7]. For the determination of the inhibition of tryp- 
tic activity, 0.1 ml of inhibitor solution or of water 
(enzyme standard) and 0.1 ml (10 pug) of the trypsin 
solution were added to 0.5 ml of 0.1 M tris buffer, 
pH 7.8. After 3 min, 0.5 ml of 0.02 M p-toluene- 
sulfonyl-arginine methyl ester (TAME) in water was 
added. The reaction was discontinued after 5 min 
of incubation at 25” by the addition of 2 ml of a 

mixture of aqueous solutions of 2 M hydroxylamine 
and 3.5 M sodium hydroxide (1: 1, mixed together 
one hour before use). After 2 min, 1 ml of 6 N HCl 

and 1 ml of aqueous solution of 0.7 M FeC13 were 
added. Immediately after the samples had been mixed 
with the reagents, their absorbance at 540 nm was 
measured using water as a blank. The color standard 
was prepared from 0.5 ml of the buffer, 0.5 ml of 
water. The percentage of hydrolysis of the substrate 
was read from the calibration curve obtained with 
0.5- 10 pg of the enzyme. The inhibition of the 
esterase activity of chymotrypsin was measured by 

a similar procedure. To 0.5 ml of 0.25 M phosphate 
buffer, pH 6.45,0.1 ml (0.1 pg) of chymotrypsin in 
0.001 N HCl and 0.1 ml of inhibitor in water were 
added. After 5 min at 37”, 0.5 ml of 0.012 M L-tyro- 
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Fig. 1. Effect of concentration of native inhibitor and of 
modified inhibitors from cow colostrum on (a) proteolytic 
and (b) esterase activity of trypsin. 

Abscissa: quantity of inhibitor in pg; ordinate: percent- 
age inhibition. n--o native inhibitor, a--n fully carbamy- 
lated inhibitor, LA CT1 with carbamylated lysine 66 and 
N-terminal amino group, o-o CT1 with both lysine residues 
guanidinated, o-e CT1 with lysine 66 guanidinated. 

sine ethyl ester (TEE) in 0.25 M phosphate buffer, 
pH 6.45 was added. All solutions were preheated 

at 37”. The incubation was allowed to proceed 20 
min at 37”. The subsequent procedure was the same 
as that employed for the measurement of tryptic 
activity. 

The inhibition of peptidase activity of trypsin 
was measured in terms of the inhibition of the 
hydrolysis of casein [8] . To 1.8 ml of 0.1 M tris 
buffer, pH 7.6, at 37”) 0.1 ml (10 pg) of trypsin or 
chymotrypsin in 0.00 1 M hydrochloric acid and 0.1 
ml of the native or modified inhibitor were added. 
After 1 min of incubation, 1 ml of preheated casein 
(1 g/100 ml of 0.1 M tris buffer, pH 7.6) was added 
and the incubation was allowed to proceed 20 min 
at 37”. After this period, the reaction was discon- 
tinued by precipitation of the remaining casein by 
3 ml of 5% trichloroacetic acid. The mixture was left 

for 20 min at room temperature, filtered, and the 
absorbance of the filtrate measured at 280 nm using 

a blank in which trypsin and the inhibitor had been 
replaced by the buffer. The values of the inhibition 
were obtained by subtraction of the measured values 

from those of the enzyme standard (in which the 
inhibitor had been replaced by the buffer). 

3. Results and discussion 

Inhibitor B from cow colostrum contains two lysine 

residues in its molecule, namely in position 18 and 66. 
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Fig. 2. Effect of concentration of native inhibitor and of 
modified inhibitors from cow colostrum on (a) proteolytic 
and (b) esterase activity of trypsin. The symbols are identical 

with those given in the legend to fig. 1. 

By modification of the intact inhibitor, derivatives 
were obtained in which both lysine residues were 
converted into homocitrulline or homoarginine 
residues. Derivatives with only one modified lysine 

residue, in position 66, were prepared by modifica- 
tion of the inhibitor bound in the complex with tryp- 
sin and subsequent dissociation of the complex. With 
these two types of derivatives, the effect of the modi- 
fication of the inhibitor on the inhibition of esterase 
and proteolytic activity of trypsin and chymotrypsin 
was examined. CTIB with both lysine residues con- 
verted into homocitrulline residues and N-terminal 
end group carbamylated loses more than 90% of its 
ability to inhibit both the esterase and the proteo- 
lytic activity of trypsin. The inhibitory activity 
toward the esterase activity of chymotrypsin re- 
mained unaltered and toward the proteolytic activity 
was even slightly higher after the modification. The 
antitryptic activity of the inhibitor with modified ly- 
sine 66 and N-terminal end group remained un- 
changed. The inhibitor derivative with homoarginine 

in position 18, i.e. with an amino acid in position 18 
sensitive to the specificity of trypsin, inhibited the 

proteolytic activity of trypsin to the same degree as 
the native inhibitor and the esterase activity of tryp- 
sin considerably less. This phenomenon is most likely 
caused by the elongation of the side chain of the 

amino acid residue in position 18. The derivative 
retained full antichymotryptic activity. 

It is thus obvious that lysine 18, which is essential 
for antitryptic activity, plays no role in the inhibi- 
tion of chymotrypsin. The active site responsible for 
antichymotryptic activity is necessarily different from 

the active site for antitryptic activity. The problem 
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whether these sites are located in different regions of 
the molecule, as is the case of e.g. certain avian ovo- 
mucoids [9], or whether they overlap, will require 
further investigation. Our results are in agreement 
with the recent results with the pancreatic trypsin 
inhibitor which have shown that the antichymotryptic 
activity is retained after acetylation [IO] or carbamy- 
lation [ 1 l] of the active site. 
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