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1. Introduction

X-Ray data have shown [1, 2] that sorption of 2
quasi-substrate, N-formyl-L-tryptophan, on the active
site of a-chymotrypsin does not perturb the enzyme
conformation, whereas acylation of the active site
noticeably affects the positions of several of its con-
stituent atoms, Acylation of serine-195 is accompanied
by disruption of the “charge relay system” [3]. One
may therefore assume that this system plays an im-
portant role in maintaining the native conformation
of the active site.

In this paper, we present evidence in favour of the
fact that the charge relay system is a conformation
stabilizing factor not only of the active site but of the
entire chymotrypsin globular molecule. This follows
from comparison of the rates of urea denaturation of
the native and Ne-histidine-57 methylated a-chymo-
trypsins.

2. Materials and methods

a-Chymotrypsin was a crystalline preparation from
the Olaina factory with 70% content of active enzyme,
by titration of the active site. The enzyme was purified
by CM-Sephadex chromatography and methylated by
treatment with methyl p-nitrobenzene sulphonate
[4] . The modified protein solution was passed through
a Sephadex G-25 column, the eluate was concentrated
with dry Sephadex G-50 [5]. The concentration of
Ne-methylhistidine-57 a-chymotrypsin was measured

* The paper is dedicated to Prof. A.E. Braunstein on his 70th
anniversary.
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spectrophotometrically at 282 nm. Urea of *‘chemi-
cally pure” grade was used without further purifica-
tion. Optical rotatory dispersion measurements were
made on a Cary-60-spectropolarimeter in a 2 ml cell
{width 0.1 ¢cm). Spectrophotometric studies were
done with a Specord instrument ina 3 ml cell (width
1 em). Stock solutions of 8.2 M and 12 M urea and of
1.07 X 1072 M proflavine bisulphate (€4, 332 0.1 X
10*) were prepared in a 0.02 M Tris-HCl buffer,

pH 7.6. pH was measured with a LPU-0.1 pH-meter.
Proflavine solution, 0.1 mi, was added to the cell can-
taining protein (9,3 X 10~° M) and urea solutions. The
initial absorption of the protein—proflavine complex
(465 nm) was found by extrapolating the kinetic curve
to zero time. Spectropolarimetric experiments were
performed with 9.25 X107° M protein solutions.
From the observed &, ,, values was subtracted the
rotation of the denatured protein,i.e. the value of

&, 55 after denaturation of chymotrypsin or its
methylated derivative for 30 min in 7.8 M urea solu-
tion. Absence of autolysis was shown in a blank experi-
ment with chymotrypsin in 3—7 M urea solutions (up
to 2 hr) by the ninhydrin method. CD-spectra were
recorded on a Cary-60 instrument (fitted with a Cary
6001 accessory) at 25°, pH 4.8. Concentrations of the
methylated and native enzymes were 1.1 mg/ml. The
cell was 0.01 ¢m thick (at 180—250 nm), or 1 cm
thick (at 250350 nm).

3. Results and discussion
Farlier we have shown [6] that chymotrypsin
methylated at the N'e-atom of histidine-57, although

practically catalytically inactive, completely retains its
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[B]x1072 18] Table 1
4ofF Denaturation rate constants for native and methylated chymo-
trypsins,
2of “ ) k102, min~!
i Urea concentration ’
AN (M) .
ALV Native Methylated
0 MLY:
30 320
) Anm) :1’3 gg
’ 4.5 0.5 2.0
-5 4,95 0.7 2.3
5.12 89 17.5
5.05 14.5 26.7
6.15 20.4 423
-1 15 83.0 83,0

Fig. 1. CD Spectra of native (———) and methylated (----- )
chymotrypsins.

substrate (ethyl N-acetyl-L-tyrosinate) or competitive
inhibitor (proflavine) binding ability and without
change in the binding stoichiometry *. The ORD and
CD curves of the native and modified chymotry psins
(fig. 1), showed considerable similarity in the con-
formations of both proteins. Some differences between
the CD curves refer mainly to the aromatic chromo-
phores region, being practically zero for the far UV-
region,

The denaturation velocity for both proteins was
studied at various urea corcentrations at 25°. The
initial rate of denaturation was measured by following
intensity changes in the trough of the ORD curve at
233 nm. In separate experiments the concentration
change of the protein—proflavine complex was meas-
ured at 465 nm [8], reflecting the change in the
protein binding capacity (fig. 2).

Table 1 summarizes the denaturation rate constants
(calculated according to first-order kinetics) of
chymotrypsin and its N-methylated derivative, for
varying urea concentrations,

The data demonstrate that N¢-methylhistidine--
chymotrypsin is denaturated faster than the native
enzyme. This is evident from fig. 3, which presents
the concentrations of folded proteins vs. urea concen-
tration after 15 min incubation. Under these condi-

* Independently the same observation was made by Henderson

{7]:
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tions, a-chymotrypsin is 50% unfolded at 545 M urea
concentrations, whereas Ne-methylhistidine-57-a-
chymotrypsin is unfolded to the same extent at urea
concentrations as low as 4.65 M. The spectropolari-
metric and dye binding data fall on the same curve for
both the native and methylated protein indicating that
both local and general conformational stabilities
remain at the same level for the two different proteins
(cf. [8]).

In summary it may be said that the charge relay
system in chymotrypsin plays an important role not
only in catalysis as had been shown earlier [3], but
also in the conformational stability of the enzyme
molecule, This gives a better understanding of the
functioning of the enzyme. Thus on formation of the
Michaelis complex it is the conformational rigidity of
the enzyme that is the decisive factor, providing for
the “key-to-lock™ arrangement of the substrate and
the active site. At the stage of acyl-enzyme formation
(as well as at histidine-57 methylation), the charge
relay system is destroyed, augmenting conformational
lability of the enzyme. In order to cleave the acyl
grouping the participation of a new nucleophile, water,
is necessary. This can occur only if the active site
undergoes a conformational perturbation {2] which
apparently occurs as the result of decrease in the
conformational rigidity of the entire molecule,
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Fig. 2. Semilogarithmic kinetic plats of a-chymotrypsin (a) and N¥€methylhistidine-$7-a-chy motrypsin (b) at urea concentrations
(M): (1) 1.8, (2) 2.7, {3) 4.5, (4) 4.95, (5) 5.12, (6) 5.65, (7) 6.15, (8) 7.5; concentrations of protein 6,4—9.25 X10-% M.
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Fig. 3. Denatured protein fraction vs. urea concentration after

15 min incubation; (1), native chy motrypsin, (2), methylated

chymotrypsin. The data were obtained by proflavine (6—o—0)
and ORD {e—s—=e) techniques.
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