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1. Introduction 

Bovine cu-trypsin differs from the single-chain /3- 
trypsin by an interchain split between Lyslsl and 
Ser 132 [ 1 ] . Further degradation of a-trypsin leads 
to pseudotrypsin ($-trypsin) in which an additio- 
nal bond is opened, between Lysl,, and Asp,,, [2]. 
This structural change occurs at the direct vicinity 
of Asp,,, which represents the specificity site of 
trypsin for the binding of positively charged sub- 
strates. 

Pseudotrypsin differs markedly from the a- and 
p-forms in its enzymatic properties. Its active center 
is only partially reactive: it reacts slowly in a stoi- 
chiometric ratio with DFP but resists to the substitu- 

tion with TLCK. With NPGB, specific active site 
&rant, there is only a slow liberation of nitrophenol 
instead of an instantaneous “burst”. Pseudotryp- 
sin is devoid of any measurable amidase activity. It 
has only a poor affinity for positively charged ligands 
benzoyl arginine ethylester and benzamidine. On the 
other hand its affinity for acetyl tyrosine ethyl ester 
remains essentially unaltered [2] . 

The lack of amidase activity seems to indicate 
that in pseudotrypsin the proteolytic activity will 
also be absent. We wish to report on an observed pro- 
teolytic action and specificity of pseudotrypsin and 
on its ability to bind basic pancreatic trypsin inhibi- 
tor (BPTI). 

Abbreviations: 
DFP : diisopropyl fluorophosphate 
TLCK: tosyl lysyl chloromethyl ketone 
NPGB: p-nitrophenyl-p’-guanidinobenzoate 
BPTI : basic pancreatic trypsin inhibitor. 
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2. Methods 

The preparation of cu-trypsin is described in a 
parallel study [3]. $-trypsin was prepared accord- 
ing to Smith and Shaw [2] . Autodigestion of (Y- 
trypsin was carried out for 7 hr under an atmo- 
sphere of nitrogen. The titration of the active center 
using NPGB [4] gave for cr-trypsin a value of 90%. 
At the end of the autodigestion, this value was 
brought down to 46.9%. After two subsequent 
treatments with TLCK the mixture was submitted 
to chromatography on SE-Sephadex. 

For determination of the N-terminal amino acids 
in JI-trypsin dinitrofluorbenzene was used in com- 
bination with thin layer chromatography. 

Crystalline glucagon (lot G 4250) was purchased 
from Sigma. Heptapeptide Gly-Phe-Phe-Tyr- 
Thr-Pro-Lys was the same sample as in the pre- 
vious study [3]. BPTI was purified chromatographi- 
tally [S]. 

Esterase activity assays were carried out in the 
same manner as described previously [6] with sub- 
strate concentration 0.1 M using a Metrohm Herisau 
type titrator. 

Conditions of digestion of peptidic substrates 
and the methods for fractionations of the fragments 
by chromatography on Dowex 50 X 2, described 
in the parallel work [3] were followed without sub- 

stantial change. 
Gel filtration of the mixture of J/-trypsin and 

BPTI was evaluated calorimetrically using BAPNA 
as assay substrate after precipitation of aliquots of 
the eluate with 5% trichloroacetic acid [7]. 
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Fig. 1. Separation by ascending chromatography of $J’-trypsin and TLCK-wtrypsin on an SESephadex C-50 column (1.5 X 150 
cm) at 4” in 0.10 M, pH 7.1 tris-HCl buffer made 0.02 M in CaC12. The eluate was collected in 5 ml fractions at hour intervals, 

the central part of the $-trypsin peak was pooled. 

3. Results 

3.1. Isolation and characterisation of $+ypsin 
Chromatography of the autolyzed cu-trypsin gave 

the same pattern as that described by Smith and 
Shaw [2] (fig. 1). The peak, corresponding to J/- 
trypsin, was well separated from the peak of TLCK- 
cu-trypsin. In addition to isoleucine and serine which 
have been found as N-terminal groups in the parent 
a-trypsin [3 1, the presence of a third end group, 
aspartic acid, was detected in I1/-trypsin. During the 
reaction of $-trypsin with NPGB, a very slow evo- 
lution of nitrophenol was observed, instead of a 
burst characteristic for cY-trypsin (fig. 3). 

3.2. Incubation of glucagon with $-trypsin and TLCK- 
Wiypsin and analysis of the resulting products 

Glucagon was incubated with ti-trypsin or TLCK- 
ar-trypsin under conditions described under fig. 2. At 
the end of the incubation with $-trypsin, all the sus- 
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pension of glucagon disappeared, the small precipi- 
tate formed on subsequent acidification was removed 
by centrifugation. The chromatography of soluble 
products on Dowex 50 X 2 column gave seven pep- 
tide fractions (fig. 2). 

Peptides were analysed directly after evaporation 
of the corresponding fraction or they were rechroma- 
tographed by paper chromatography before analysis. 
Recoveries of alI isolated peptides are compared 
with the results of previous studies [3, 8, 91 in table 1. 

Glucagon incubated under similar conditions with 
TLCKiu-trypsin remained insoluble. No detectable 
amount of peptidic material was observed after chroma- 
tography of the supernatant. 

3.3. Assay of chymotryptic-like activity with Gly-Phe- 
Phe-Tyr-Pro-Lys as substrate 

Incubation of the heptapeptide was carried out at 
pH 9.0 and 37” in parallel experiments with $-trypsin 
and with twice crystallized trypsin Worthington TLR 
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Fig. 2. Elution pattern of a $-trypsin hydrolysate of glucagon. The eluate from a Dowex 50 X 2 column (0.4 X 65 cm, 200-400 
mesh) was collected in 1 ml fractions at 20 mm intervals. Two subsequent gradients of pyridine acetate buffers (35 ml 0.15 M 
pH 3.0 - 35 ml 0.40 M pH 5.5; 50 ml 0.40 M pH 5.5 - 50 ml 0.80 M pH 7.0) were followed by 50 ml of 2 M pyridine pH 8.5. 
0.4 ml of each fraction was evaporated for chromatography in butanol-pyridine-acetic acid-water. Ordinate - no. of fractions; 

abscissa (S) - standard amino acid mixture. 

Table 1 
Yields of peptides resulting from the digestion of glucagon by commercial trypsin and pure CY-, p- and $-trypsin. 

Trypsin Incubation Yield in % Ref. 

hr o His r -Phee mr7-Lm2 M13-A%17 &cl8 Alal9-Tv25 hu26 -Th29 

Worthington 

Worthington 

Worthington 

50 

15 

15 

50 

50 

50 

25 L-?- 55 95 80 30 35 
III-I 

I 30 I 

30 L_.?-31 32 C?._-l131 43 I l-??J 

30 t_!z..- r16 50 ,150 44 I t_z..-J 

18 
I. I 

25 61 47 83b 61 
IIUI I 

10 I I 

25 47 b 
11511 

68 
I 

12 
1 1 

25 16 6 - L Il_?__Al?_J b l_?_J16 

12 8 
1 I I I 

181 

[91 

191 

[31 

(31 

this 
Paper 

a Not determined quantitatively. 
b Direct assay of the digestion mixture on the short column of the amino acid analyser. 
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Fig. 3. Inhibition of the reaction between NPGB and $-tryp 
sinby BPTI. (a) NPGB (1 X lOA M) and $-trypsin (1.5 X 10e6 
M), time dependence of pnitrophenol liberation, (b) the same, 
BPTI (6 X 10e6 M) added to $-trypsin 30 min before the 

assay. 

to which 1% of cu-chymotrypsin was added. Reaction 
mixtures were analysed by paper chromatography. 
No splitting of the heptapeptidic substrate by $- 

trypsin could be detected. In a parallel experiment, 
a contamination of cw-chymotrypsin in commercial 
trypsin caused a total disappearance of the substrate 
and a formation of six peptides corresponding to 
the fragmentation at the sites of aromatic residues. 

3.4, Inhibition of catalytic action of $-trypsin by 
BP7’I 

During the reaction of $-trypsin with the active 
site titrant NPGB a slow liberation of p-nitrophenol 
occurs. In the presence of a 4-fold molar excess of 
BPTI the reaction between $-trypsin and the active 
site titrant is inhibited (fig. 3). 

Similarly the original esterolytic activities of J/- 
trypsin towards benzoyl arginine ethyl ester (2.25 
peq/min/mg) and acetyl tyrosine ethyl ester (0.64 
peq/min/mg) were completely inhibited in the pres- 
ence of BPTI. 

3.5. Direct interaction between $-trypsin and BPTI 
Gel filtration of a mixture of BPTI with $-trypsin 

in a molar ratio 2: 1 shows two peaks of inhibitory 
activity, when aliquots of the eluate have been treat- 
ed with trichloroacetic acid prior to activity assay 
(fig. 4). The first one corresponds to BPTI bound to 
$-trypsin, while the second represents the excess of 
BPTI . 

TUBE NUMBER 

Fig. 4. Gel filtration of BPTI and $-trypsin complex on a 
Sephadex G-75 column (1 X 45 cm) in 0.05 M tris-HCl, 
0.02 M CaCla buffer pH 8.3 at 25”. 1.5 ml fractions were 
collected in hour intervals. .a - - - A, inhibition of p-trypsin 
by the samples after their treatment with 5% trichloroace- 

tic acid. 

4. Discussion 

When discussing the observed degradation of glu- 
cagon by $-trypsin (fig. 2 and table 1) wehave to 
take in careful consideration the possible objection, 
that our preparation of J/-trypsin has been conta- 
minated by o-trypsin from which it originates. 

In a parallei study [3] we have shown, that pure 
cu-trypsin cleaves in glucagon exclusively the bonds 
adjacent to three basic amino acid residues. The 
presence of ar-trypsin, still surviving the treatment 
of the autolysate with TLCK, could therefore ex- 
plain the cleavage at these sites, but not the degra- 
dation at the aromatic amino acid residues. 

If active a-trypsin would be present in the TLCK- 
treated autolysate prior to the chromatography 
shown in fig. 1, it would contaminate according to 
its elution volume rather the peak of TLCK-cu-tryp- 
sin than that of J/-trypsin. The incubation experi- 
ment which we have performed with glucagon and 
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TLCKa-trypsin resulting from the same column se- 
paration as $-trypsin, has shown that it was entirely 
inactive. This seems to eliminate the possible source 

of erroneous interpretation. 
The additional cleavage of bonds adjacent to two 

aromatic amino acid residues is similar to that ob- 
served by other investigators [8,9] during the diges- 
tion of glucagon by commercial samples of crystal- 
line non-fractionated trypsin (table 1). To compare 
this additional activity of $-trypsin to that of ar-chymo- 
trypsin, we have submitted to their action a heptapep- 
tide, which is highly sensitive to the action of chymo- 
trypsin. No traces of chymotryptic activity could be 
detected in $-trypsin. 

We therefore conclude, that both types of clea- 
vages observed in glucagon, at the sites of basic and 
of certain aromatic residues, resulted from the activi- 
ty intrinsic to $-trypsin. 

The yield of fragments is lower than that produced 
by cr- and P-trypsin under similar conditions [3] . Re- 

markably lower is the liberation of free Arg,, . 
All this witnesses a relatively low affinity of $- 

trypsin for polypeptidic substrates. As regards its 
affinity for a polypeptidic inhibitor, BPTI, the speci- 
fic interaction was proved in two independent ways: 
BPTI inhibits the hydrolytic action of $-trypsin on an 
active site titrant and two ester substrates, on the 
other hand it associates with $-trypsin as showed by 
the gel filtration experiment. 

It can be concluded that whereas the cleavage of 
the first bond Lys,,,-Ser,,, in fi-trypsin leading to 
cu-trypsin did change neither the specificity nor other 
properties of trypsin [ 1,3] , the cleavage of the bond 
Ly~r~~--Aspr,, in o-trypsin has a profound influence 

on the catalytic properties of the resulting +-trypsin. 
In addition to the changes described earlier in the 
original work on this enzyme [2] , $-trypsin displays 
in contrast to the (Y- and P-form an ability to split a 
very limited number of bonds adjacent to the aro- 
matic amino acid residues. Although the opening of 
the bond Lys 1,6 -Asp r,, in the trypsin molecule has 

lowered the affinity for polypeptidic substrate and 
broadened the specificity, it did not destroy the bind- 

ing site for basic pancreatic trypsin inhibitor. 
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