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A detailed investigation of the mechanism of the este- 

ras8 activity of aC-chymotrypsin has shown that one serine 

residue and one or two residues.of histidine participate 

in the action of this enzyme 1. Using a specific inhibitor 

of crC-chymotrypsin, TPCMx, Schoellmann et a1,2'3 and Meloun 

and Pospf3ilova4 were able to demonstrate the substitution 

of one histidine residue of the eC-chymotrypsin molecule 

and to determine that the histidine residue which Wa8 la- 

beled by the irreversible inhibitor was bound in the pep- 

tide sequence Val.Thr,Ala.Ala,Ris.Cys,Gly,Val,Thr.Thr.Ser~ 

Asp, 

Trypsin contain8 three histidine residues and the 

amino acid sequences around two of these residue8 are very 

x Abbreviations: TPCM: N-crC-tosyl-L-phenylalanyl chlorome- 
thane; WM: +C-tosyl-tlysyl chloromethane; 
TLC&trypsin: trypsin labeled with N-X-toayl-L-lysyl 
chloromethane; DIP: diisopropylphosphoryl; BAEEt 
d-benzoyl-L-arginine ethyl ester* 
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similar with the neighborhood of the two histidine resi- 

dues contained in the molecule of d-chymotrypsin 5,6* 

Since the two proteinases, &chymotrypsin and trypsin, 

are somewhat alike in their primary structure 5,6 and in 

the mechanism of their function, we set about investiga- 

ting the inhibition of trypsin by the specific irrever- 

sible inhibitor8, TLCM, The first part of this study9 

dealt with the investigation of the reaction conditions, 

the kinetics of the inhibition, and the geometry of the 

active site. In the present study an effort was made to 

determine which one of the three histidine residues of 

the trypsin molecule was involved in its catalytic fun- 

ction and was responsible for th, loss of enzymatic acti- 

vity after being labeled with TLCMO 

DIP-trypsin (1.5 g)was converted into its S-sulfo de- 

rivativel'. A 0.4% solution containing 1.5 g of S-sulfo- 

-DIP-trypsin was digested with pepsin (30 mg) at 37°C and 

pH 1.9 for 4 hours. The peptic hydrolysate was fractiona- 

ted on a Dowex 50-X2 column (130 x 2,2 cm) using a linear 

gradient which was developed with 5,000 ml of 0.05 M pyri- 

dine-acetic acid at pH 3.0 and 5,000 ml of 2 M pyridine- 

acetic acid buffer at pH 6.0, The fractionation of the 

hydrolysate on the column was followed by chromatography 

of 2 ml aliquots of each fraction on Whatman No. 3 paper 

in the system n-butanol-pyridine-acetic acid-water (15:3: 

:10:12) (cf.11 lo The peptides were detected both by ninhy- 

drin and the Pauly reagent. Histidine-containing peptides 

obtained from the Dowex 50 column were purified by paper 

chromatography in the above system or, alternatively, by 

descending paper electrophoresis 12 and characterized by 
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quantitative amino acid analysis 13 and end-group determi- 

nations, Three histidine-containing peptides were isolated 

(Hl, H2, H3; Table Ijo 

TABLE1 

Amino Acid Cogposition of Eistidine Peptides of a Peptia Hy&olysate 
of S-Strlfo-DIP-trypsin (El, X2, H3) and S-Sulfo-TLWtrypain (IEil,IHZ) 

PW’ 
fide us His Ser Olu Pro Glg Ala C!~s/2~Val as Leu Tgr phe I 

m 0.48 0.94 2.03 0.66 1.07 0.96 

Ii2 1.00 0.9 1.11 0.89 0.90 0.68 

H3 1.06 0.93 1.05 1.05 0.92 1.92 1.03 1.07 0.90 

ml 0.60 0.98 1.87 0.92 1.00 0.94 

IH2 

x Dated as CpsO H.&tar performic acid ofidation of the peptide con- 
taining S-sulfa-c&ne 

In the second experiment 2.32 g of native trypsin 

(a 1% solution) was incubated with 530 mg of TLCM-hydro- 

chloride (molar ratio 15:l) at 5'C and pH 7.4. The modi- 

fied trypsin was dialyzed against 0.001 Y HCl and lyophi- 

lized, The obtained product, TLC&trypsin, was enzymati- 

tally inactive when tested on BAlZE. The inactive TLCM- 

-trypsin was converted into its S-sulfo derivative and 

S-sulfo-TLCM-trypsin was separated from the reaction mix- 

ture on a Sephadex 6-25 column. Quantitative analysis of 

basic amino acids of the parent active trypsin and of 

TLCM-trypsin demonstrated that the histidine content of 

the inhibited enzyme had decreased by one residue (Table 

II). S-Sulfo-TLC&trypsin was cleaved with pepsin under 
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TABLE II 

Ratio ofBas.icAmiw Acida inTkypainandTL*Trypein 

Amino Add Residues 48 His Arg 

l!Pypri.n llkoo 3.21 1.86 

TLCM-trypsill 13.60 2.33 2.01 

conditions analogous to those shown above. The peptic 

hydrolysate was fractionated by the same procedure on a 

Dowex 5042 CO~URUL 

Only two histidine-containing peptides were isolated 

from the peptic hydrolysate of S-sulfo-TLCM-trypsin (IHl 

and IH2, identical with peptides H3. and H2 from trypsin), 

Their structures are shown in Table III. 

TAEU III 

0truoturo of Hietidine Psptidcm of the Paptlo w&dLysete of &sulfo- 
-DIP-trypeirr(B1,~,H3)sndS-S~f~~trgpsin (I& I=) 

Peptide struoturs P* 

.rn Eie~.Pbe.Cys.Gly.Gly.Ser.bu. 493 

E2 ne.Val.mo.F!ro.ser.Tyr. 5.12 

El bl~~~Hill.Cge.Tgr.Ig~.Ser.Gl~.Re.Gln. 5.12 

Im. Ilis.Phe.Cyis.Gly.Gly.Sor.bu* 4.95 

Is2 'Ile*vel.ma.Pro.Ser.Tyr* 5.11 

x pE-due at rhioh the peptide emerged from the Dorsr 50 oolumn 
under the oonditionm given above. 
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As may be seen TLCB substituted the imidazole ring of 

histidine residue 46 of peptide H3 which forms a part of the 

longer sequence 

.,.,Tyr,His,Phe,Cys,Gly,Gly.Ser,Leu.Ile.Asn~Ser.Gln.~p. 
28 29 30 31 32 33 34 35 36 37 38 39 40 

.Val.Val,Ser.Ala,Ala.His,Cys.Tyr,Lys,Ser.Gly.Sle~Glu.Val~ 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 

.Arg *e*C., 
55 

where half-cystines 31 and 47 are connected by a disulfide 

bond14. 

The treatment of d-chymotrypsin and trypsin with spe- 

cific irreversible inhibitors results in the substitution 

of identical histidine'residues as could be assumed on the 

basis of similarities in the primary structure and mecha- 

nism of function of these two proteinases. 
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