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1. Intreduction

Psendosubstrates containing chemically reactive
groups allow valuabls information about the catalytic
cenires of enzymes 1o be obiained. Halogenomethyl-
ketones, inhibitors which retain the main siructural
features of subsirates as well as possessing pronounced
alkylating properties, have given gond results. They
have been used to demonstrate the role of hisiidine

“residues in trypsin and e-chymotrypsin {1, 2] and the
essential nature of SH-groups in papain and carbamoyl-
phosphate synthetase [3,4].

Because of these and other observations it looked
promising to use this type of irreversible inhibitor to
investigate the active centres of aminoacyl-{RMNA
synthetases (BC 6.1, 1). The carboxyl group of the
substrate amino aclid is not essential for binding to
these enzymes [s2e 5] and it may therefore probably

be substituted by an- al}kylaimg gronp mthmﬂ prevent.

ing binding,

1t is shown here that L-3»am1n0~1>c}ﬂom-4-methy}
pentan-2-one {chioromethylketone), an analogue of
L-valine, is an frreversible ;n‘.nbL 01 Of leyl-tRNA syn—

theiase,

2. Matexials and métho&s

2.1, Enzymes and tRNA .

Total tRNA was isolated from beef liver 16] Highly
purified Deef liver valyl-tRNA synthetase was obtain
‘by the procedure in’ [7] with medifications tobe -
described elsewheze. The pxeparahon contained traces

. nf some Gﬂlel' syrthetases and some o‘t}* o1 pxotems_ :

Noﬁixaﬂafland ‘;Rubksb;_r:g :Compzmy—- Amste.tdam'

2.2, Activity mmsurenvzm '

Enzyme activity was measured by e mmzﬂ rate
{3 min, 30°C) of aminoacylation of toial 1RNA with -
[14C ) valine. The incubation mixture (0.2 mi) contained

. {in pmoles): Tris—HCL, pH 7.5, 10; MgCl,. 4; K<, 4;

ATP, 0.6; L-valine, 0.01: in aﬂ«dit:‘mn', human serpm
albumin 0.05 mg; tRNA 0.05—0.} meg and a rate-
hmiting amount of valyl-tRNA synthetase. 1L-[34C)-
valine {100 130 Cifmole) was from the Institute for
Isptope Research (Czechoslovakia), ATP (Na-salt) from
Reanal (Hungary). ‘The reaciion was siopped by addi-
tion of 0.2 ml cold 10% trichioroacetic acid, precipi-
tates were collected on nitrocellulose filters {(RUES,
Chemapol, Czechosiovakia), washed with cold 5% tri-
chloroacetic acid and counted in an Intertechnigue
S1-30 scintiliation counter. :

Activity in the presence of L—vzﬂans methyl ester
and of L-3-amino-4-methylpenian-2-one {methylketone)
was measured in the same way. '

2.3. Inhibition _ 7 _ 7

‘The rate of irreversible inhibition was followed by
aseaying activity (asin 2.2) in szmples at different
times after mixing enzyme and inhibitcr. The inhibitors,
chloromethylketones, L-valine and L-aspartate analogues,
were incubated with enzyme in 8.05 M K-phosphate .

~ baifer, pH 7.5 at 25°C. The Xinetic constants of inhibi-
“tion were determined with a-100G-fold concentration

excess of inhibitor mer enzyme.

2.4, Te,sz for poss*;b}e reactivation e
- Enzyme {3 mgjml) was incubated for 3 In in the

‘presence of S X 10— M chivromethylketone or-methyl -
ketone as in 2.3, Aliguots were diluied 100-fold and -
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assayed as in 2.2. or aliquots were assayed -hﬁex passing’

through a Sephadex G-25 (fine) column (1 X 20 cm)
equilibrated with 0.05 M K-phosphate buffer, pH 7.5,

to remove excess inhibitor, The activities were compared-

with that of enzyme sbibjected to ’the same procedure
but without inhibitor. ,

_.5 Syntheses

For the synthesis of 3 amino-1- ch]om-ﬂl»mathylw
pentan-2-one {(chloromethylketone), N-carhobenzoxy-
L-valine [81, isobutyl chloroformate 9] and diazo- -
methane [10] were prepared. A solution of 1.2 g
{5 mmo}) of N-carbobenzoxy-L-valine in 10 m:l dry
ethyl acetate was treated at —5°C with 0.7 ml {5 mmol)
triethylamine and 0.68 mi {5 mmol) isobutvl chloro-
formate. After S min the triethylammoninm chioride
formed was removed and 19 ml (0.88 M) of asohtion of
diazomethane in dry ether were added. The mixture was
shaken for 3 hr at 0°C and left to stand for 10hr. It was
then washed at 4°C with water, 5% NaHCO 3, washed
again and dried over anhydrous Na,80,. After removal
of half the solvent, Jight peiroleum was added to initiate
crystallization of diazoketone, the yield of which as .
0.66 g(50%), m.p. 77—78°C, IR spectrum (in KBr) had
bandsat 2120 cm—1 {~N5)and 1715 em~! (—C=0).

Hydrogen chloride gas was passed into a solution
of 0,265 g (1 mmol) diazoketone in 10 ml dry ether
for 30 min at 4°C. After removal of the ether, the
residue was dried in vacup over NaOH. Two ml 37%
HBr in glacial acetic acid was added and the mixture
shaken for 40 min at 20°C. After addition of 5 ml ﬂry
ether the flask was allowed to stand for 12 hr at 4°C.
The solution was then decanted and the precipitate
washed several times with petrolenm in the cold and
dried in vacuo over PyOg and NaOH. Yield 0.15 g
(55%), m.p. 80—82°C, IR spectrum {in KBr) had 2
band at 1733 cm—? (—C=0), electrophoreiic mobility
1.05 X 10—% em?/sec/V.

1-3-amino-4-methylpentan-2-one (me&hylkeione)
was prepared by reduction of ;h]mo_methylketong on
Pd/C with:close to a quantitative yield, m.p. 59
electmphorehc mobility 1.4 X 10~4 cm?/sec/V. :

. 2-Amino-4-keto-5-chleropentanoic acid was p;repared o .

starting from the a-benzyl ester of N-carbobenzoxy-
L-aspartic acid [12] by the method used abeve for.
ICMOromethylketone L-valine analogue. “To eifect ihe
simultaneous femoval of the a-benzyl group and- the :
;carbobenzoxy group, treatment wﬂh 37% H]Br ks SO
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- glac:al acetm amd was wexiended to 12 hr. ‘The "produci ’
© Wwas jpunﬁed by preparative ele ctmphomsxs m.p.
- 151-1527C [4], electrophoretic mobility 1.3 X104

-cmgjsee/V L—valme mefhyl ester was p:repared as m

11
'_[ gnalynca] e]ectrophmems wwas in pynﬁwe—acenc
acid—water {1:10:189, vjv), pH 3.5, , potential gradient -
100 V/em, FN12 paper, with cooling. The same system
was used for preparative electrophoresis but with

. Whatman 3 MM paper and 30 Vjem for 2 hr. All sub-

stances prepared were characterized by elemental
analysis; the values found comresponding with theoreti-
cal ones 10 within the limits of accm;acy of the meth-
ods nsed .- :

3. Resulis

" The dependencies of the reaction velocities on . -
1.-valine concentration with various concentrations of
carboxyl-substituted I-valine analogues, plotied in
Dixon’s co-ordinates [13], are shown in fig. 1. The
inhibition is evidently competitive and reversible and
in accord with similar data for E, coli valyl-1RY.A syn-

‘thetase with some other analognes {14]. The X; values,

obtained grap‘neally from the data in fig. 1, are

4 X10~% M for the thethyl ester and 3 X 10— M for
the methylketone, whereas with L-valine K=

7 X 10—6 M. Since both methylketone and L-valine
methyl ester have high affinities for the enzyme, low
K; valies, it is reasonable to expect that chiocromethyl-
ketone will also have a considerable affinity and,

B

Vx iflw(molesiml s

187 501 B35 67 501 B35 -
M= 10tM mum”ém

.Fig 1. The effect of methylkctone an analogue of 1-valine 7

{A) and L-valine methyl ester (B) on the-formation of valyl-

. o tRNA catalyzed by valyl-tRNA synthetase from 'beef hver. s
R Concentraﬂons oi' L-va]me am PM,V T )
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Fig, 2. The dependence of activity of voly-RNA synthetase

¢  the time of iIncubation with chloromersviketone, an
analogue of L-valines: A) Inhibitor concentrations are mM.
Y-axis is logarithmic. Coneentration of the protein, 0.5 mg/mi;
B) The dependence of Kapp on concentration of chioromethyl
ketone, an analogue of L-valine {calculated from fig. 2A).

because of its alkylating ability . will act as an irreversible
inhibitor. As is shown in fig. 2, chloromesthylkeione
does indeed cause a progressive inhibition of the
enzyme, even in low concentrations. During the first
hours L-valine has a protective action against chloro-
methylketone inhibition {(iable 1). .

No reactivation was observed after gel-filtration of
the enzyme—chloromethylketone complex and treat-
ment with excess L-valine. A 100-fold dilution of the
enzyme—methylketone complex led to almost com-
plete resioration of enzyme activity while it had no
effect on the enzym B—chlormmethyﬂietone complex.
The chloromethylketone analogue of aspartic acid,
2-amino-4-keto-S-chloropentanoic acid, at 10~4 M
caused no inactivation of the enzyme. Since all the
-evidence points to an irreversible inhibition by the-
c}ﬂox.pmethylketone analogue of L-valine, a further -
‘kinetic analysis by the method of Kitz and Wilson -+ - -
[15] 'was made. The reaction scheme for the formatmn
‘of the a]kylated enzyme (E Dis; -

ok L k2

-E+1+._EI——> EI
(v ST
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Table 1 :

" T‘m mﬁuence of preincubation with z:hlmamﬁﬂ:yﬁ;e:me an

smalogne of L-valine, on the activily of - valyi-iRNA synlhatase
in 'Ihe absem:,e or "oresence of L—xzﬂme. ‘

. Residwal

-~ Chloromethyikeione |0 - L-Valing. . ]
M) - My activity, %%
THa_ R
\CH—CH COCHTI _ © Time of prein-
CHy .} ' : cubztion with
NH» - . inhibitor
: ' {hr)
i .2 4
510> . 90 B85 73
sx1p-5 - 5%X1075 100 100 2D
5x31p73 35 0 1610
5 %10~ 3 %10™2 00 - 45 35

where Ei is a revessible enzyme—mhihimr complex
and k- the rate constant for the conversion of El inte
E’L

Semilogarithmic plots of the degree of inactivation
with time (fig. 2A) are siraight lines, showing pseudo-
first-order kingtics. The half-time of conversion of El
into E'1{z; j2) and the first-order rate constants for irre-
versible inactivation (k,,,) at each inhibitor concentra-
tion may be calculated from fig. ZA. A reciprocal plot
of k agaimi inhibitor concentration is shown in
fig. IB the positive intercept on the Y-axis shows that
formation of the reversible complex El predeeds that
of the irreversible complex E'L. From fig. 2B, &5
{0.02 min—? )and X; may be calculated. The approxim-
ate value of K;=~7 X l@“‘g M found is close to the
values for msﬂqylkemm and L-valine methy] ester.

With high concentrations of chloromsthylketone
(= 103 M), deviations from the pattern characteristic
of simpie irreversible inhibition were observed, probably
due to alkylation reactions with additional SH-groups.

4. Discussion
The data 'pm‘s_e'meﬂ here provide evidence that

chiorometh/lketone, and alkylating analogus of
L-valine, is an irreversible inhibitor of beef Hiver valyl-

{RNA synthetase. The inhibition develops progressively

with'time, no: réactivation occurs after removal of

. excess mh!b;to: and addition of high concentrations - -
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of substrate and the kinetic paﬁem
irreversible inhibi ition.
Alkylation involves a region of the molecule im-
portant for its catalytic function, probzbly the sub-
- strate-binding sit2 because L-valine proiects against in-
activation and the kinetics of inhibition show involve-
ment of the active site, inhibition occurs even at low

inhibitor concentrations at which the rate of alkylation”

ontside the catalytic centre is usually low and another
alkylating derivative, the analogue of L-aspartic acid,
does not inactivate the snzyme at similar concentra-
‘tioms. o

The present work opens up the way io specific
affinity labelling of aminoacyl-tRNA syntheiases with
halogenmethylketone analogues of their substrate
amino acids,
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