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The last few years have witnessed considerable success in the elucidation 

of the primary structures of d-chymotrypsin and trypsin ls2. Attention is still 

being focused on problems of the mechanism of action of proteinases l¶M* me 

participation of one serine residue and of the imidazole ring of one histidine 

residue5p6'7 s In the catalytic action of chymotrypsin has been proved. Criteria 

for the characterization of the region of the active center of chymotrypsin 

have also been investigated and formulated in detail 82' . Anumberof papers re- 

porting on studies confined to a comparison of primary structures and the mecha- 

nisn of action of chymotrypsin and trypsin have appeared 2,lO . The investigation 

of the reaction of enzymes with specific inhibitors is one of the most effective 

methods of examining the structure of the active site of enzymes0 This kind of 

approach has met with success in studies on 
6,11 

proteinases , pyridoxal enzymes 

12,13 , and several other enzymes* 

The specific inhibitor must conform to tm, conditions, i.e. a) it RUst re- 

semble the substrate and contain the same functional groups as the natural sub- 

strate rrhich is a prerequisite of high affinity of the pseudosubstrata to the 

l To &om inquiries should be adressed 
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active site of the enzyme, b) it nust contain functional groups nhich can react 

in the active site of the enzyme, i.e. to block and thus to "label" simultane- 

ously the area of the active site of the enzyme rJ?ich is essential for its fun- 

ction. 

At the time when this study was begun a short note appeared on the synthe- 

sis of N-$0tosyl-L-lysyl-chloromethand, an inhibitor of trypsin 14 . The task 

of the present study was to follow the reaction of trypsin with its specific 

inhibitor, TLC?,!*, 

hterial and Methods 

Trypsin was a three times crystallized preparation 15 which was dialyzed 

against 0.001 N HCl‘and lpphilized. The activity of trypsin was determined 

at 20' by the spectrophotometric assay Using RAEE 16 as a substrate. 

Activity measurements: To 3 ml of O.O5 M phosphate buffer at pH 8.O5‘in 

a spectrophotcmetric cuvette was added 25~1 of 6 x 10% solution of MEE. 

The spectrophotometer reading was zeroed and 25~1 of 4 x 10-4id trypsin solu- 

tion was added. The increase of optical density at 253 rq was then measured 

at definite time intervals. 

Determination of the Degree. of Inhibition: To 0.8 ml of 0.05 k4 phosphate 

buffer at pR 8.05 was added 0.1 ml of 4 x 10% trypsin solution and 0.1 ml of 

the TLCM solution of a definite concentration, and the mixture was incubated 

for 10 minutes at 20'. 25~1 of this solution was then added to the Sp8&0- 

photometer CUVett8 containing 25,~l of 6 x 10% 8&E solution in 3 ml of 0.05 y  

phosphate buffer at pH 8.05. The increase of absorbance at 25.3 y  for a period 

of 15 to 45 sec. was compared and the degree of inhibition determined for each 

concentration. 

+The authors are indebted to Dr.J.Rudinger and Dr.LJare&ovi for the synthesis 
0f nur. 

*Abbreviations: TLC& N-cGtosyl-l.-lysyl chloromthane; BAEE: X-benzoyl-L- 
drginine ethyl ester. 
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Results and Oism 

The interaction of TLCM with trypsin was follorml in terms of the length 

of the pre-incubation period, the temperature, pti and also the presence of a 

number of substrates and pseudosubstrates which can interfere with the in- 

hibition of trypsin by the specific inhibitor. 

TLCM readily and irreversibly inactivates trypsin and the rate of inacti- 

vation decreases rapidly with decreasing temperature. At 20-fold excess of 

the inhibitor (concentration 4 x 10%) and 20' trypsin is inactivated by 50% 

within 5 mine At the same temperature and 10 min. of pre-incubation the same 

degree of inactivation (50%) is brought about by a concentration of TLCM as 

low as 5 x 10%. The action of TLC%4 is fully irreversible and reactivation 

of the enzyme cannot be achieved. The increase of the intensity,of inhibition 

with increasing time of contact of trypsin with TLCM is shorn in Fig. 1. The 

rate of inactivation was observed to be maximal at the ph-value which is cha- 

Fig. 1. Inhibition of Trypsin by TLCUl as a Function of the Length of the 
Pre-Incubation Period. 
Tesqerature 200; of trypsin 1.8 x. 10%; concentra- 
tion of inhibitor 4 x 1 activity control 0 0 0 ; activity 
of trypsin samples pre-incubated with TLCM for 30 sec. o 00 , 
5min. PAA ,12min. xxx ,30and45min. IrAA . 
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racteristic for the catalytic action of trypsin (Fig. 2). This suggests that 

the selective inhibition involves the functional groups of the active site 

which participate in the catalytic action of the enqse* 

Fig. 2, Inhibition of Trypsin by TLCM as a Function of pH, 
Length of pre-incubation 10 min.; temperature 200; con entration of 
trypsin 3.6 x lo-!%; concentration of inhibitor 5 x 16 5 . 

The loss of activity under the above conditions could be also due to the 

autolysis of the enzyme, It was demonstrated in control experiments that tryp- 

sin was not inactivated due to autolysis under the conditions of the inhibition. 

(Fig. 3). 

Fig. 3. Inhibition of Trypsfn by TLCM and Autolysis of Trypsin. 
h - time in hours; - inhibitioni 96 mg of trypsin and 14.76 ag 
of TLCrr hydrochloride in 10 ml of 0.05 I4 phosphate buffer at #I 7. 
(concentration of trypsin 4 x lO+, concentration of nLcL( 4 x. lr e, 
temperature 50; -- - 

), 
autolysisr The degree of autolysis was deter- 

Mined in terms of activity rkrealm in an experiment carried out under 
the same conditions as the inhibition but with the omission of TLC& 
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At 15-fold excess of TLCM, a temperature of 0 to 5' and pH 7.4 the inhi- 

bition was complete within 15 to 20 min ., and this ms paralleled by the loss 

of one histidina residue as shove by amino acid analysis of the inhibited pro- 

duct (cf. next paper). 

Additional data Which show that the reaction of trypsin with TLCM takes 

place in the active site of the enzyme was obtained from an investigation of 

the inhibition in the presence of certain substrate analogs and canpetitive 

inhibitors. Some of the preliminary data are given in Table I. 

TABLEI 

Inhibition of Trypsin by N-aC-Tosyl-L-lysyl-chloromtham in the Presence 

of Certain Analogs of Substrates and hpetitiva Inhibitors 

Cqetitive lnhlbitor concentration concentratim Inhibition 
or Substrate Analog (u) of TLCW) x 

5 x lo+ 50 

L-Lysine 1 xloa 5 x10-5 0 

1 x10+ 5x103 41 

L~hhbutyric acid 1 x to'-' 5 x lo3 42 

n-Butylaeline 1 x lo4 5 x10* 0 

1 x 10-3 5x103 20 

Benz&d in, 1 x 10-3 5 x10+ 0 

1 x10-4 5 x10-5 14 

1 x lo+ 5x10-5 40 

.Piperidina* 1x1o-2 5x103 10 

2+ethyl+ethyl piperidim lxlod 5 x10-5 47 

l the inhibition had a partly irreversible character 
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As may be seen in Table I, L-lysine at a concentration of 1 x lo%4 mm- 

pletely blocks the inhibition of trypsin by TLC% The affinity of the various 

compounds to the substrate-binding site of the active site of the enzyme mani- 

fests itself clearly in the case of L-lysihe and L-diamihobutyric acid. A con- 

centration of Laiamihobutyric acid 100 times greater than that of lysine is 

needed to achieve the same degree of protection of the emye against the 

action of the specific inhibitor. Another fact deserving interest is that even 

those compounds &ich can merely occupy the "place of the side chain" of the 

natural substrate are fully adequate to the protection of trypsin against the 

inhibitory effect of TLC&i. Thus, e.g. n-butyl amine protects trypsin more than 

L-lysine. It may be assumed that the carboxyl group of L-lysine has a negative 

influence on the tmcl between the side chain of the amino acid and the binding 

site of the enzqnre. The acylamiho group of the substrates, in addition to its 

effect due to a complementary linkage, is most likely responsible for a rigid 

orientation of the amino acid derivative in space, thus securing the hydroly- 

zable group of the substrate in the proper fit at the catalytic center of the 

enzyme. Indeed we Were able to demonstrate a complete protection of trypsin 

against the action of TLCM in the presence of benzamidine, an efficient compe- 

titive inhibitor of trypsin. Oue to its spatial arrangement (dimensions of the 

binding site) the protective effect of 2nethylathyl piperidine is not iden- 

tical with the effect of piperidine itself. Our results are in agreement with 

the data of Rule and Lorand17 who investigated the degree of binding of diffe- 

rent tosylagmatines to the active site of trypsin, and also confim the exis- 

tence of a "slit" into which the side chain of the substrate must fit in the 

active site of trypsin 18 . 

The reaction of the specific inhibitor, TLCM, with trypsin occurs in the 

active site of trypsin. The side chain of the inhibitor containing four methy 

lehe 6rOUPS and one 6-emiho group OCCUpieS the place destined for the side 

chain of the amino acid of the substrate. Due to the rigid orientation of the 

molecule of the inhibitor in the active site of the enzm the chloro&hyl 
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group of TLCM, which replaces the carboxyl group of the amino acid, is situa- 

ted in the closest vicinity of the active center. In this way there is a rapid 

blocking of the catalytic site of trypsin, i.e. an irreversible alkylation of 

the imidazole ring of histidine occurrs (cf. next paper). 
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