Volume 9, number 2

FEBS LETTERS

July 1970

SUBSTRATE ACTIVATION BY NON-COVALENT BINDING IN THE
ACTIVE SITE OF CHYMOTRYPSIN*

V.K.ANTONQYV and L.D.RUMSH

Institute for Chemistry of Natural Froducts, USSR
Academy of Science, Moscow, USSR

Received 10 June 1570

1. Introduction

One of the possible reasons for the high efficacy of
enzymic catalysis is activation of the substrate on its
multidentate binding in the active site of the enzyme
(so-called “rack mechanism”™ [1]). Such activation was
demonstrated for lysozyme [2] and pyridoxal en-
zymes [3]. This paper presents evidence indicating
that, in the case of a-chymotrypsin, multidentate bind-
ing of the substrate can also increase its intrinsic acti-
vity towards nucleophilic attack by the catalytically
active enzyme groups. This suggestion is hased on a
comparative kinetics study of the alkaline and en-
zymatic hydrolysis of methyl N-acetyl-L-phenylalanin-
ate, (I), and a number of its cyclic analogous, (11)—
(VIII), with restricted conformation.
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2. Materials and methods

Compounds (1)—(IV), (VII) and (VIII) were pre-
pared according to the procedures described in [4—9].
In order to isolate (+) - (1), the racemate was hydro-
lyzed with chymotrypsin at pH 7.2 (35°) in 20%
aqueous ethanol. M.P. 138—139°, [a]3 + 43.2° (¢ 2
in CHCl). Compound (V) was prepared by methyla-
tion of (IT) with CHsl in the presence of Ag,0. An oil
was obtained of Ry 0.4 in ethyl acetate-hexane (1:2);
r:1660 (Amide I)'and 1750 cm™! (CO-ester). Com-
pound (V) was obtained by refluxing a mixture of
o-phenylene diamine with bromo-malonic ester for 5
hr in CHCl;—C,H;OH solution. M.P. 146—148°.
o-Chymotrypsin was a crystalline preparation of the
Leningrad meat-packing factory with an active enzyme
content of 67—70%. The pK, values were determined
at 25° in 50% (v/v) aqueous ethanol. Alkaline hy-
drolysis was carried out in an aqueous KCl solution,
containing 4% (v/v) CHyCN, at pH 8.5-10.5. The
KOH values were caleulated from the slope of the
pseudo-first order linear plot of rate constants vs. pH.
The course of the enzymic hydrolysis was followed
with a Radiometer TTT Ic pH-stat at pH 7.2 in
aqueous 0.1 M KCl solution containing 4% (v/v) of
CH3CN. The enzyme and substrate concentrations are
presented in table 3. In the case of (III) the constants,
obtained for the (+)-form, were corrected for inhibi-
tion by the (+)-form with K; = 4.35 mM.

3. Results and discussion

We have recently [10] observed an anomalously
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Table 1
Alkatine hydrolysis of esters (I)—(VIII} and pKj of corresponding acids.
C d kOH K c d OH
ompoun (MJ sec'l) pK, oIpoun (M'l sec ! ) pK,
(1)) 3.27 4.27 V) 0.83 4.40
an 30.0 3.80 N 13.7 3.90
(I 0.26 4.55 V1D 0.49 4.60
(av) 117.0 3.50 (VIID 48.4 3.77
Table 2
Activation parameters of alkaline hydrolysis.
o K X 10° sec! amt art Tas* as#
Compound T K
{pH 8.5) (kcal/mole) (kcal/mole) (kcal/mole) {e.n.)
298 0.5 154 27.1 11.7 -394
[{4] 303 0.68
307.5 1.03
312 1.62
321 3.95
330 8.95
(an 298 4.0 15.8 234 7.6 —25.5
303 1.5
307.5 9.5
312 14.8
321 30.3
330 77.2
Table 3
Enzymic hydrolysis at pH 7.2 in 0.1 M KCl with 4% (v/v) of acefonitrile.
(8]0 [Elo Kcat Kmiapp) kcat/K m(app)
Compound M X 10° M X 10° sec-! M X 10° M sec”!
() 0.33-2.0 0.01 76.5 1.50 5.1 X10*
an 0.33-2.0 0.02 122 0.55 2.44 X 10*
Qi+ 04 —1.6 1.0 0.12 1.80 6.65 X 107
(V) 0.33-20 0.01 150 0.70 5.0 X 10?
V) 2.0 1.0 does not react
(4'1%; 2.0 1.0 does not react
(VIDy** 0.03 0.5 1.1 X110}

* (—)-Form. Data for the (1)-form have been cotrected for competitive inhibition by (+)-(I11) (K; = 4.35 mM).
** The value k¢qt/Km(app) Was obtained under the conditions [S]q € Kp(app)-

68



Volume 9, number 2 FEBS LETTERS July 1970
log KOH + 1 Jog KOH + 1
3.0 3.0k o e
2.0 2.0/
1.0 1.0/
0 05 1.0 15 20 0 1.0 2.0 30
pKy-3 log keat/ Km(app)-2

Fig. 1. Plot of the alkaline hydrolysis rates of compounds
(D~ (VLD vs. pK of corresponding acids.

high rate of alkaline hydrolysis of carbomethoxy-
dihydroisocarbostyryl, {II}, in comparison with its
acyclic analogue (I). We and, independently, Lawson
et al. [11] have shown that this anomaly also occurs
in a number of chymotrypsin cyclic substrates of the
type mentioned. This is evident from the data pres-
ented in table 1.

The alkaline hydrolysis rate constants of the com-
pounds under investigation show a satisfactory cor-
relation with the pK, values of the corresponding acids
(fig. 1). 11 can be deduced, therefore, that the one and
the same steric and electronic factors govern the hy-
drolysis rate of these compounds. In such cases it is
rather difficult to distinguish between polar and steric
effects; however, the following data show that the dif-
ference in the rates of alkaline hydrolysis of com-
pounds (I) and (i) is due, mainly, to steric effects.
We have studied the effect of temperature ranging
from 25 to 57° on the rate of alkaline hydrolysis of
these two compounds. Table 2 presents the activation
parameters of the process calculated from these data,
from which it can be seen that the difference in the
alkaline hydrolysis rates of (I} and (11} is due to dif-
ference in the activation entropy. The transition from
(1) to its conformationally restricted analogue (II) re-
sults in a change of the hydrolysis activation entropy
by about 14 ¢.u. Now, it is known [12] that the

Fig. 2. Relation between chymotrypsin specificity to cyclic

and linear substrates and their alkaline hydrolysis rates. Dashed

line shows estimation of intrinsic reactivity of (I on its bind-
ing in the enzyme’s active site,

freezing of rotation is associated with activation en.
tropy changes of 4-6 e.u. per bond. Therefore, the
activation entropy observed changes must be due to
the restriction of the rotation about three bonds, viz.
C;—C4, C;—Cp and Co—N.

The sorption of substrate (I) onto the active site of
chymotrypsin also results in the restriction of free
rotation about the same bonds due to hydrophobic
bonding of the aromatic group and hydrogen bonding
of the substrate’s acyl NH with the corresponding
enzyme loci. According to crystallographic data [13],
when substrate (I) becomes attached to chymotrypsin
the conformation of the former becomes similar to
that of (II). One might expect that the binding of the
substrate would increase its intrinsic reactivity up to a
value at least commensurable with that of (II).

Table 3 presents the kinetic parameters for the
enzymic hydrolysis of the compounds studied, deter-
mined under identical conditions. Only compounds
{D—(IV) and (VII) are endowed with substrate pro-
perties. For various reasons compounds (V), (V1) and
(VIII) are not hydrolysed by chymotrypsin. Apparent-
ly compound (V) cannot form a productive complex
since its carbomethoxy group is axial whatever the
polarity of the medium [14]. Compound (I1I) not
being aromatic does not bind to the enzyme.

Fig. 2 reveals a distinct correlation between the
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rate of the enzymic hydrolysis (log kcat/Km(app)) and
alkaline hydrolysis (Iog KOH) for cyclic substrates
from which the linear substrate (1} deviates. Such de-
viation is due apparently to the fact that the intrinsic
reactivity of (I} in the active site of chymotrypsin dif-
fers from that in solution, whereas the intrinsic reac-
tivity of the cyclic substrates (II)—(IV) and (VII) does
not change since their conformation is the same in
both solution and the enzyme complex.

We believe that this confirms the claim that the
increase in reactivity of substrates of type (I} on bind-
ing in the enzyme’s active site is only due to freezing
of the internal rotation. This does not by any means
exclude other ways of substrate activation by the en-
zyme. Such activation can be approximately evaluated
gince the reactivity of (I} in the enzyme active site
should obey the correlation shown in fig. 2. From such
an estimation it follows that sorption of the substrate
leads to about a 30-fald increase in its intrinsic reac-
tivity.

References

[1] H.Eyring, R.Lumry and J.D Spikes, The Mechanism of

n

FEBS LETTERS

July 1970

Enzyme Action (John Hopkins Press, Baltimore, 1954)
p. 123,

[2] D.C.Phillips, Sci. Am. 215 (1966) 78.

[3] V.LIvanov and M.Ya.Karpeisky, Advan. Enzymol. 32
(1969) 21,

[4] H.T.Huang, R.J.Foster and C.Niemann, J. Am. Chem.
Soc. 74 (1952) 105.

[5] C.Niemann and G.E.Hein, J. Am. Chem. Soc. 84 (1962)
4487.

[6] H.Leuchs and H.Katinszky, Ber. 55 B (1922) 710.

[7] R.Filler, A.B.White, B.Taqui-Khan and L.Gorelic, Can,
J. Chem. 45 (1967) 329.

[8] 5.G.Cohen and R.M.Schultz, J. Biol. Chem. 243 (1968)
2607.

[9] S.G.Cohen, A Milovanovic, R.M.Schultz and Y.Wein-
stein, J. Biol. Chem. 244 (1969) 2664.

{10] V X.Antonov and L.D.Rumsh, Dokl. Akad. Nauk SSSR
185 (1969) 821.

{11] Y.Hayashi and W.B.Lawson, J. Biol. Chem. 244 (1969)
4158.

[12] E.G.Foster, A.C.Cope and F.Daniels, Y. Am. Chem. Soc.
69 (1947) 1893.

[13] T.A.Steitz, R.Henderson and D.M.Blow, 1. Mol. Biol. 46
(1969) 337.

[14] N.D.Abduillaev, V.F.Bystrov, L.D.Rumsh and VK,
Antonov, Tetrahedron Letters (1969) 5287.



