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1. Introduction

Most siudies on e-chymotrypsin {o-CT)” specificity
and stereospecificity refer to esters which camnry pooz
leaving groups like methyl or ethyl aleohol [I—6]. Re-
cently some studies have been pubiished on the o-CT-
catalyzed hydrolysis of substrates having a good leav-
ing group [7—12}, and it may be esked whether the
specificity of o-CT towards activaied esters is similar
o that observed with methyl or ethyl esters. In order
to answer this question, we comnpare in this papsr the
different resulis of the literaturs with our own daia
on p-nitrophenyl esters {10-—-12].

At optimum pH, under steady state conditions, the

o-CT-catalyzed hydrolysis of esters RCOOR' may be
descyibed according to the glastical scheme [13]:

1511 kg Jfg }’3
E+8S = E3~—ES' —ES -—E+Py .
‘3 . s +P1 .

where E’ is the anyme 8is the subsmate BS iz the en-

zyme—substrate complex, ES’ is the ac:y}venzyme P,
and Py are alcohol and acid hydrolysis products, re-

spectively. The ‘subsequent reaction rate and the kinet-

ic parameters are g:ven iz equations 1—5: . .
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. The rate-determnining step changes with ithe nature
of the leaving group so that comparison of &-CT-cata-
byzed hydrolyses of different substrates must be car-
ried out by means of the second-crder rate constant
Koo/ Xy = k5/K . Bender et al. {13, 14] have inde=d
shown that, of all sinetic consiants, k /K, most a=-
curately reflects the specificity of subsirates to «C1.

2. Materials and methods

The physical properties oF subsiraies, their synths-
siz and their enzymatic hyﬁm]vses have bhen de-
scnbsﬁ already ﬂi 1,312},

'73 Resuits and (hwussm:n

in 'IBblB 1, the. i“aI}lES Df k JK for = series of

* acyl-substituted methyl and m;mphenya esters ars Y-

ported. It is found that the ratio of &5y Ky, fe_.l pni-

,tmph*:wlyi and methyl esters is high and varies in the
tange 7 X 192 6.8% 103, depending o the nature -

" of the acyl group R. Such ! ihlgh ratios have beenalso
IBpDI‘;ed by Wﬂ.ia,-,s i 13]: fnr I}m - mt; Dphenyl and -
5 vl




Vn]uﬁie 34, number 2

FEBS lE’I'IER‘S

- “Tabie 1 S T :
Comparison:of kcm;]( va]ues fior the a-chymotrypsin-catalyzed hydmlyms of acyl-subsniuieﬁ esters RCDOR .

; -Amgpsii@?&‘

R kel K (M sy " Ratio .
Methyl® p-Nitrophenyl - -

‘H 0,023 1.56 % 10°° 58 %105
CH30CH, 2.02b 73 %10°°  35x% 105
CgHsCH, 1.37—  1.96 5.6 x10° 32 — a4 x1p®
CeHs(CH), 73.4 — 97.7 5.0 x10° 51 = 6.8 %x10°

CHs(CH,)5 144 -192 1.35 X 10° 7.0 - 9.4 X10°
CsHs(CH,)4 58 — 7.7 0.74 x 10° 9.6 —12.8 % 10°

BICsHNMCHL), 181 —242 1.12 % 10° 465- 6.2 %19°

2 Pattabiraman and Lawson 163. Tfhear experimental valnes were obiainegd at pH 8 and 25°C, in ag. 41.‘7@7 dimethyls ulfm;x:dg. The -
‘values which are repor ted here are different from those measured experimentally, by & fzetor 15— 29 in order o @':.mmct the sol-
vent effect [6]. .

‘borhe second-order rate constants for the e-chy motrypsin-catalyzed hydrolysis of ethyl esters of formic acid and methoxyacelic
acid were measured poienﬁmmeixmaﬂy al p}] 7.0, 23°C and 0.5 M NaCl. The soncentrations bf enzyme {$.9 X 10 ~5_2.2 X 10~
M) and substrate (4.8 X 1072 '

© A1pH 7.0, 25°C, 0.5 M NaCl.

—2.4 X 10”2 M) wers varied over a limited Tangs.

Table 2 )
‘C@mpanson of the second-nrder rate constants for acylation of e-chymotrypsin by N—Ac-ammo acid OMe, N—Bz—zmnno acid OMe
and N-Z-aminp a:id ONp, at 25°C.

Amino

K gl K M 5™

Ratios of ¥ gz/Kyp;

N-Z-amino hciﬁ ONp

-MN-Z-amino acid ONp -

" N-Ag-amino N-Bz-amino N-Z-amino
acid acid OMe - i acid OMe acid 'Dpr N-Acamine acid OMe - N-Bz-amino acid OMse
BGly 0.42° 7310 838x10° 20 %105 114 %10%
0.1265P 26,5° g 65 -~ x10° . 3.16 X 10°
Ala 1,728 248 - 152 x10? 885 x10? - 6.35 X 10°
Val 1,352 15.35Y Cossx10% 49 %10 4.3 x10°
1.97% - 9.8° T 3.35 X10° . £.75 X 102
Abu ' 19,62 - 2270 ©oasp xi® 7.5 %107 6.6 x10°
21.1% o oo 1 xw? L
Nva 2643 2882P Ce306 . x10%. 116 x10% . lamex10° -
L 3567 ' o oBe xi® T
Nle 12507 o212 oxwet w7 x10d
3 000° - B L0 X8
Leu 138 e X1t 1,315x103 R e
Phe . 42 000° 879%10%° ; 0.93x10°
- ‘.‘7,1040()011 , Lo IR

0.5 M NaCL 4 Rapp
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- : Table 3°° ’
Stereospecﬂicﬁy in tha a-chymotrypsm-naia}yzed h’ydxoly.ms
of N»acylammo acid esters, .

N-:acylaminb acid. i ‘ONp:a. : . oMsP
R : C oKy e Ky
& et/ Kpdp e KpdD
ZGly T | 1
For-Ala R - Y A -
Z-Ala : ‘ 14.1 > 7%
2-Val _ 611 > 14
Z-Abu . 838 > 200%
ZKva » 6.6 > 25508
Z-Leu 38.05 > 16000
Z-Phe » 171 > 420 DOD

2 Ratio of values given in [12]. P Ratia of values for N-geetyl-

amino scid methyl esters, according to Siver and Matta [9].
€ For the @:»chvmro ypsin-catalyzed hydroly sis of A-benzoylal-

‘kﬁaiﬂxm)la
% cod KD
8, at pH 7.9; 25°C; 5.1 M NaCl, after Rapp et al. [4]. 2 Cal

crigted from values given by Jones o1 2l. |3}, aceozrding 1o
Silver and Matia i9).

anine *neﬂ:)'ﬂ esters, the mﬁm is egual to about

o-C'T-catalyzed hydrolysis of specific esters [ 18], like
acetyl-L-phenylalaninate or aceiyl-L-tryptophanaie
(ratio ~ 50)..

These high ratios might be at least partly due to 2
more favourable vaiue of K in the k_, /K ,,, value {i.e.
koK ) for p-nittophenyl esters compared with meth-
¥l esters. Thus the interaction of the arvloxy group of
p-nitrophenyl esters with the enzyme sur‘ace might
lower the K values. Purdie and Benoiton [17] have
compared the activity of o-CT towards p-uitrobenzyl
and methyl esters of L-phenylalaninate {ratio of k_,,/
K, ~ 100}, 204 have suggested that a3 aryl function
in 1he leaving group could contribute substantially to
binding, Williams and Udris [18] have also recently

compared the ratio /K, for different possible sub- -

- strates of @-CT and indicated that the Ieaving group -

‘of these ~ubstrates could bind productively on the en-_ o

 zyme and particularly in the specificity pocket,

 Intahle2,the k car! K, values for she acylation of .
@-CT by Z-L:ammo acid p-uitropheny] £sters are com-

-pared with those obtained for the acylation by N-ace-

" tyl-L-amino acid methyl esters [3,5] and N-benzoyl- = -

“1-amino acid methyl esters [1,2.4,5]. For the acvla-‘
, ﬁon of Q—C’I’ by these three series of wcompounus,
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comparable tnﬁtiur@;ieaétivﬁiy sorrelation is ©b--
served. However, ihe ratio (k_,,/K,, JOpr( el

K, dome vaties with the nature of the amino acid, par-
ticularly when met? VI esters ane der .vaiwes of N-ace-

tyl amino acids; the less specific the amine acid side
<hain, higher is this ratio. So the acylation of @-CT by
methyl esters is more sensitive 1o siructural changes

_ in the Ixteral chain of the subaim tes than that by 5;-'

nitrophenyl esters.

Moz over, as shown by Siiver et al. [8 9} . this sen-
sitivity o the nature of the amino acid is s1ill moie
important if the amino acid is a D derivative. The ra-
tio (R o/ K, by MK oK )p for the o-CT-catalyzed
hydrolysis of enantiomers of Z-Phe-ONp is equal to
171 while it is estimated to be higher than 4.2 % 105
for the enzymatic hydrolysis of Ac-Phe-GMe (ses 1a-
ble 3). Silver 2t al. [8,9] have zitributed this phenom-
enon 1o the particular reactivity of p-nitrophenyi es-
ters dune to the apolar character of the leaving group,
p-nitrophenol, and have suggested that p-nitrophenyl
esters were abie to enier into muliiple productive
binding modes.

MNevertheless, this is not the oaly poseible explana-
tion. Thus some evidence has been given recently for
the formation of a tetrahedrsl intermedinte in the -
CT-catalyzed uydrolysis of phewy? esters (3191, amides
[20] and anilides [21—23]. The formation of thir
teirghedral intermediate is a likely rate-limiting siep in
reactions of esters, but it may be assurned, in the acyla-
tion of o-CT by esiers having a poor leaviog group
and a nonspecific acyl part, that the breakdown of
this tetrahedral intermediate becomes the rate-limit-
ing step; consequertly, the rate of the enzymatic hy-

* drolysis of such compounds is strongly reduced. Thus

for the p-CT-ratalyeed hydrolysis of Z-L-{or C)-
amino acid p-nitrophenyl esters and for that of N-ace-
tyl- or V- ])Emoy‘ml ~umino acid methyl esters having

a specific amino acid side chain, the formation of this

" tetrahédral in tennediate would be the mie—h:m;mg
- step, while Tor that of less specific substratss such as

N-acetyl-glycice methyl ester or methyl formste, ifs
breakdown would become partly the rate-limiting

: kiep Polgar 124] has suggested that this tewrzhedral
- intermediate interacted with mndazohum jon ofthe
= . histidine :3? nﬂﬁ that this mteraction nnplsc:a*ipd the
- formation.of a bifureated hydmgen bond. It may | be
mtumeé ﬂlen ?hai ﬂnss :mwra ‘on is. Eess Pfﬁme‘aﬁ A
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.'Wlfh substmtes ha\nn g a Poor leavmg group rand a non-'

specific acyl part; ccnsequenﬂys the bxeakdown of
th1s mtermedxate is'more difficult.

Caplow and Harper {25] have recenﬂy compaxec o 7..;_;-111] Dupaix, A., Béchet, 1 and Roucgus, C. (1973)1; 7‘; R

ﬂ]e rates of hydro]ys:s of N»—acetyLLm{yrosme me'thy]

' ester and N-acetyl-V- methyl L-tyrosine methyl Estex_ '

inthe presence of @-CT; they have interpreted the
varying effects of substrate structure in terms of the

stability of the transition states ]eadmg to and from
‘the tetrahedral m’termedmte

Ref.e’rences

11} Jones, 1.B. ard Naemann, 'Ca w(1962) Bmchemlstry 1

. 1093
1231 Wolf, I]l L.P., Wallace, R. A Pe terson, R.L. and
" Niemann, C. {1964) Bmchemlsh'y 3,940,
[3] Jones, J.B., Kunitake, T., Niemann, C. and Hein, G.E.
(1965 1. A’m Chem. Soc. 87, 1777.
{4] Rapp, J.R., Niemann, €. and Hein, G.E ‘(1966}
Bmchem;stry S5, 41060;
5] Berezin, 1.V., Kazanskzya, N.F. and K]yao@ov, A.A.
" {1971) FEBS Letters 15, 121.

6] Pattabiraman, T.N. and Lawson, W, B. (1972) Biochem.

o 3.126,645.
73 Ingles, D. . and Know[les, -R. {1967 Bnochem J. 104
T 369.
- [8] Silver, M.S., Sioﬂdam, M., Sone, T. and Ma'na, MS
A{1570) 3. Am. Chem. Soe. 92, 3151.

FEBS IEIT;E;RS" P

e

19] S:dver, M.S. and Maﬂa M S; 11 "72) A':rch ZBméhem
Bmphys 151, 62._, L

. 1110] Dupaix, A, Béchei 33, and Roucous, C. i}g’,‘x@)‘.’_f"'-f'f"

Biochem: Bjophys Res. Commun. 41, 464,

- Biochemistry, in press.

~ [12) Bécher, 1.1, Dupaix; A. and Roucons, c. 1(197.-,),51 R

Blochemlstry, in ipress.

© [13] Bender, M.L, andxezdy;m (1965) Atin, Rev.

~Biochem. 34 40,

- [14] Biot, FE. sand Bendex,ML (1059) 2 Am ‘Chem, .Soc

C gy, FIRT.
1]5] “Willtamis; Asq 1270 onchemzstly s 33833 ;

‘ '[16] Zezner, B, Btmd RP.M.and BendexD M, L. {1954) 3. L -

Am. Chem. Soc. 86, 3674,

' [17] Purdie, J.E. and Benmton,N L. (19‘70) ‘Can J Bms:hem.:

48,1058,

. §1B8) Williams, A. and Udns J (1 972) anpB-Sey]e:r s Z

Fhysioi. Chem." 333, 6 28.

{19] Frankiater, A. and Kezdy, ) 1—13, (1971)3 Am. Chem.

Boe. 83, 4039, -

[20] Fersht, A.R. and Rem.ena Y {19?1)3 Am Chem
Soc. 93, 7079, .

[211 Caplow M. {19569) 1. Am. Chem SBC 51, 3639, .

: [22] Fastrez J.and F@rs“m AR. (1973) Bmchemlstry 12,

10867. -

23] Philipp, M., Pollack, R.M. and Bender, M.L. 119733

Proc, Natl. Acad. S¢i, U.S, 70, 517,

{247 Polgar, L. {1971) J. Theor, Riol. 31, 165.
. {257 Caplow, M. and Hamer, C.I197233 Am. *’*ram Soe.

94, 6508.




