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A detailed investigation of the mechanism of the este-
rase activity of & ~chymotrypsin has shown that one serine
residue and one or two residues of histidine participate
in the action of this enzymel. Using a specific inhibitor
of & ~chymotrypsin, TPCMX, Schoellmann et al.z’3 and Meloun
and Pospiéilové4 were able to demonstrate the substitution
of one histidine residue of the «£-chymotrypsin molecule
and to determine that the histidine residue which was la-
beled by the irreversible inhibitor was bound in the pep~
tide sequence Val.Thr.Ala.Ala.His.Cys.Gly.Val.Thr.Thr.Ser.
Asp.

Trypsin conteins three histidine residues and the

amino acid sequences around two of these residuea are very

* Avbreviations: TPCM: N-«-tosyl-l~phenylalanyl chlorome-—
thane; TICM: N-«£-tosyl-L-lysyl chloromethane; :
TICM~trypsin: trypsin labeled with N-£-tosyl-L-lysy
chloromethane; DIP: diisopropylphosphoryl; BAEE:
ok ~benzoyl-I-arginine ethyl ester.
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similar with the neighborhood of the two histidine resi-
dues contained in the molecule of aC-chymotrypsin5’6e
Since the two proteinases, o«L-chymotrypsin and trypsin,
are somewhat alike in their primary structure5’6 and in
the mechanism of treir functlon we set about investiga-
ting the inhibition of trypsin by the specific irrever-
sible inhibitor®, TLCM, The first part of this study®
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 TLCM.

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

rivativelo

e & 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.ll). The peptides were detected both by ninhy-
drin and the Psuly reagent. Histidine-containing peptides

obtained from the Dowex 50 column were purified by paper

chromatography in the above system or, alternatively, by

12

descending paper electrophoresis and characterized by
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guantitative amino acid anslysis™ and end-group determi-
nations, Three histidine-containing peptides were isolated

(M1, H2, H3; Table I).

TABLE I

Amino Acid Composition of Histidine Peptides of a Peptic Hydrolysate
of S=-Sulfo~DIP-trypsin (Hl, H2, H3) and S-Sulfo-TLCM~trypsin (IHL,IH2)

Pep~-
tide |Lys His Ser Glu Pro Gly Ala Cys/2" Val Ile Leu Tyr Phe

H 0.48 0.94 2,03 0. 66 1.07 0.96
H2 1.00 0.90 1..11 0.89 0,90 0.68

H 1.06 0.93 1.05 1.05 0.92 1.92 1.03 1.07 0.90

m 0. 60 0.98 1.87 0.92 1.00 0. 94
IH2

¥ Determined as CySO.H after performic acid oxidation of the peptide con~
taining S-sulfo-cyBteine

In the second experiment 2.32 g of native trypsin
(a 1% solution) was incubated with 530 mg of TLCM~hydro-
chloride (molar ratio 15:1) at 5°C and pH 7.4. The modi-
fied trypsin was dialyzed against 0.001 M HC1l and lyophi-
lized. The obtained product, TLCM-trypsin, was enzymati-
cally inactive when tested on BAEE. 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 G~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~TLCM-trypsin was cleaved with pepsin under
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TABLE II

Ratio of Basic Amino Acids in Trypsin and TLQU-Trypsin

Amino Acid Residues Lys Hig Arg
Trypsin 14,00 3.21 1.88
TLC'll-try'p s:l.n 130 60 2¢ 33 2.01

conditions analogous to those shown above, The peptic

hydrolysate was fractionated by the same procedure on a

Dowex 50-X2 column.

Only two histidine-containing peptides were isolated

from the peptic hydrolysate of S-sulfo-TLCM-trypsin (IH1

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

Their structures are shown in Table iII.

TABIE IIX

Structure of Histidine Peptides of the Peptic Hydrolysate of S-Sulfo-
-DIP-trypsin (H1, H2, H3) and S-Sulfo-TLOM-trypsin (IHL, IH2)

Peptide Structure pH
‘Hl HismePhoo Cys. GlyeGly, Ser.Leou. 4093
H2 Tle.Val.His.Pro.Ser.Tyr. 5.12
H Ala.Ale.Hise Cys.TyroLyseSer.Gly.I1e.Gln. 5¢12
IN. BipePhe.Cys.Gly.Gly.Ser.Leus 4.95
IR ‘Tle.Val . His.Pro.Ser.Tyr. S5¢11

x pH-value at which the peptide emerged from the Dowex 50 column
under the conditions given above.
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As may be seen TLCM substituted the imidazole ring of

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

longer seguence

eosoTyr.HisPheCys«Gly.Gly.Ser.leu.Ile.Asn.Ser.Gln.Trp.

28 29 30 31 32 33 34 35 36 37 38 39 40

Val.Val.Ser.Ala.Ala.His.Cys.Tyr.Lys.Ser.Gly.Ile.Glu.Val,

41 42 43 44 45 46 47 48 49 50 51 52 53 54
oAPZo 000y

55
where half-cystines 31 and 47 are connected by a disulfide
bondl4.

The treatment of «L~-chymotrypsin and trypsin with spe-

eifie 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.

REFERENCES

Bender M., Kézdy F.J., J.Am.Chem.Soc. 86, 3704 (1964)
Schoellmann C., Shaw E., Biochemistry Z; 252 (1963)
Ong E.B., Shaw E., Schoellmann C., J.Am.Chem.Soc. 86,
1271 (1964)
Meloun B., Pospifilové D., Biochim.Biophys.Acta 92,
152 (1964) |
w§12h)K.A., Neurath H., Proc.Natl.Acad.Sci.US 52, 885
964
orm F., HoleySovsky V., Mike3 0., Tomé8ek V., Collec-
tion Czechoslov.Chem.Commun. 30, $103 (1965)
Bender M.L., Killheffer J.V.,, Kézdy F.J.,, J.Am.Chem,
Soc., 86, 5331 (1964)
Mares-Cuia M., Shaw E., Feder.Proc. 22, 528 (1963)
Sevepin E.S., Tomé3ek V., This Journa
Pechere J.F., Dixon G.H,, Maybury R.H., Neurath H,,
Je«Biol.Chemo 2%3, 1364 (1958)

. Valey S..G°é atson J., Biochem.J. 55, 328 (1953)

Mikes O.,
é195;i 1 D.H St W.H

ch an ollo o ein ollo MOQ‘I'& S. Analochemo 0
1190 (1958) ’ ’ 2
PomdSek V., Mike3 0., HoleyZovsky V., Sorm Fe., Collec-
tion Czechoslov.Chem.Commun, 29, 3123 (1964)

ollection Czechoslov.Chem.Commun., 22, 831

549



