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1. Introduction

The fluorescent properties of aminoacy -tRMA syn-
thetases have been widely used ¢o study the binding
cquilibria between the synthetases and their substrates
{1-8]. There are only few reports, however, dealing
with rapid kinetic investigations of these interactions:
Blanquet et al. [7] and Holler et ai. [9] have exam-
ined the methiomine and the isoleugine activation, re-
spectively . So far no svetcinatic kinetic examination
of the interactica between aminoacyl-iRNA synthe-
taes and tRNA has been published. Ia this paper
eqailibrium and kinetic data of the interaction of
tRNASET and seryl-tRNASET with the seryMRNA
synthetase from yeast are presented. The influence off
serine and ATP on the binding of tRNA to the syn-
thetase is reported. Experimental evidence for the
rate<determining step in the aminoacylation reaction is
discussed.

Ahbraviations:
SRS, scryl-tRNA synthetase; DTE, dithiocrythral; EDTA,
ethylenzdiatinetetraacetic acid; K, assaciation constant;
¥, rate constant for association; 4. 1ate constant for dis-
sociation.
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3_ Matarials and methads

2.1. Syntherase cud iRNA

SRS was prepured from baker's yeast [10). The
purity of the crysiallized enzym:: according to poly-
acrylamide gel electrophoresis under varnous condi-
tiors was betier than 25%. it had a specific activity
of 363 units/ing pro.zin (cf. [12{).

tRNAD was isoiated from brewer's yeast {(RNA
enrichied in tRNAST (Boehringer, Mannheim) accor-
diug to a prosedure modified from [12]. ¥ had an
amino acid acceplor activity of 1350 pmoies
serine/ A%ﬂ“‘“ .

Alt measurements were done in standard buffer
(30 mM K-phosphate pH 7.2, 0.5 mM EDTA. 0.5 mM
DTE); the concentrations of MgCl,. K1 and plvestol
are given in the text. ‘

2.2, Ultracenirifugation

Sedimeniation equilibrinm and velozity runs were
car-ied out at 5° in a Spinco model E ultracentrifuge
equ.ipped with a photoefectric scanning device. Equi-
libtiuu centrifugation runs for the determination of the
mnolecuiar weight ot the SRS were performed e
12,000 epm. Velocity runs for the svatuation of the
stoichiometry of the complex between SRS and 1RNAS
were carned out at 45,000 rpm.
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2.3, Fluarescence titrations

The fluorescence titrations were perfoermed at 20°
in a Schoffel RRS 1000 spectrofluorometer. The
tryptophane tfluorescence of the SRS was excited be-
swaen 302 and 310 nm depending on enzyme coil-
centration, emnission was observed at 250 om. In order
to cortect tor the inner filter effect due to the tRNA
added during the titration two titvations were carriag
aut simultaneously: one in the presence of 5 mM MgCl,
and the other in the absence of MgCl, at 5 1M EDTA.
tRNASCT dpes not bind 1o the enzyme in the abisence
of MgCl; (cf. sect. 3. 2). Tmus, the tluarescence inten-
sity meassured in the absence of MpCly can be used to
correct the value obtained in the presence of MgCl,
for the inner filter effect (leading to F,,,). The experi-
-ental data were anslysed using a computerized curve
fitting procedure, in which the best values for the
binding constant (K, ) and the relative fluorescence
yield i the complex {F,.) were evaluated for variovs
nu-abes of binding sites (),

4. Kinetic experimcnts

Rapid mixing experiments were performed at 20°
in a stopped-flew spectrophatometer adapted to fluo-
rescence detection. The observation ceil was 4 15 mm
quartz tube of a quadratic cross section (2 X 2 mim in-
side dirmension} which was mounted perpendicular to
the incident light beam in a stainless steel thermostared
block™ . A highly stabilized Xenon lamp (Osram, 75 W)
was used for iHluminating the sample; the slit width of
the high-intensity monechromator {Bausch & Lomb, 33-
36-01) was 1.2 mm. Tryptophane fluorescence was ex-
cited ai 285 nm, the emission wus observed with an apera-
ture of 907 after passing a WG 320 and a UG 11 filter
(Schott & Gen.). The mixing chamber and the exchaage-
abie driving sy ringes were thermostated as described elsc-
where {13]. The dead-time was determined to be
1.5 msec under optimal condicions.

The timie course of the reaction has been fitted to
the following reaction schame:

K
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This cell wis constructed by Dr. K. Kirschiner.
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The following integrated rate expressicn was obtained.

| Cap(?) f:‘;; =

(cp_gﬂ “C_;.‘B."V&_-

Cano ~Can ~Cap, ~Can— VXD -expl g VX 1)
where C und C§ are the total concentrations of A
and B, respcctively, and Cy (1), CaBy> Capz 9t the
complex coacentrations at time ¢, time zero and in-
finite time. respectively. X is defined as

— 0 0 2 Q 0
X (CA+§3+1[KGS) 4CA><CB

where Kt &g fkp) was taken from equilibrium ex-
periments. In association experiments comparable
malarities of SRS and tRNAYT were mixed together:
Cap, Was z2ro. Since the binding constant decrexses
with increasing ionic strength, dissociation could be
initiated by mixing a soletion of SRS, tRNASC and
the complex ini standard bufler containing 5 mM
MgCl, with = buffer of high salt concentration (salt
jump); due 1o dilution, Cog was half ot the complex
concentration in the drving syringe containing both
SRS and tRNASer_

The curves were corrected for the dead-time [10].

3. Resulis and discwssion

3.1. Molecular weighs of SRS

The molecular weight of the dimeric SRS has been
determined by the sedimentation equilibrium method
to be 25,000 under vartous conditions (pratein conc.
0.1 1o 0.5 mg/ml, ionic strength: 0.05 to 1.0, pH 6.0
io 7.2, absence and presence of MgCl,y). There was no
evidence for a dissociation of the dimeric enzyme at
low protein concentration in contrast to the work of
Heider et al. {11]. In all instances a lincar log absor-
bance versus r2 plot was observed.

3.2. Derermunation of the stoichiometry of the compivx
by ultracentrifugution

The stoichiometry of the complex formed between
synthetase and its specific tIRNA can be casily deter-
rnined by sedimentation velocity runs according to the
method described in the accompanying paper [14].
For the serine system the formation of 1 amplex
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Fir. 1. Flnorescenes: titeation of 0.1 1 aM SRS at 5 mM MeCl,
and R.3% glycerol with (RNA™™ at 207 . Far definition of

F e 52t text. Shown are the fneasured points and the opti-

mally fizted binding curves for# = L and r = 2.

beiween one tRNASST molecule and ore SRS molecule
(direr) was established. It could be shown by ultra-
centrifugation studies that there is nG complex form-
ation in the absence of Mg2* ions or at high salt con-
centrations.

3.3. Equitibrium and rate constans

Fluorescerce titrations of varying amounts of SRS
with tRNASEC gave identical binding constants within
the Timits of experimental error. The binding constant
showed a stroag dependence on ionic strengin
(table 1). As seen in fig, 1 the binding of tRNAS o
the enzyme caused a 2% decrease of the fluorescence
intensity (£, }. A better fit is obtained forn = [ than for
1 =2in agreement with the ultracentrifugation studies.

The binding constants determined by Rigler et al. [6] and

Table 1
Equilibrium and rate constants for the interaction of SRS with
IRNASEI 3¢ 20° a1 5 mAj MgClz and various concenirations of
KCl.

KOO K (M7 kg (MThsec™' ] kpfsec ')
G 2x 1a? 2.1 x 14° (G.5)"
0.03 1x 1 1.5 x 10° 19

0.1 4x 10° 7% 107 33

.2 14 x 10° (1.7 % 107y%} 122

N Calculated, mot measured independentiy.
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Fig. Z. Stopped-flow ciperiment shuwing assaciazion of SRS
and tRNASY ae 0.05 8 KCland 5 raM MgCla. Torai concen-
trations sfter mixing: 0.86 M t2NASET, §.86 M SRS.
Oscilloscope setiings: 50 mV/unit; 3 rasec/unil; | mses rise-
time; finad ssgnats 2.3 V. Increasing flworescence corresponds
to negative deflection. The f#ttad corve is sunerinpoxed on
the oscilloscope truce.

Engei et al. [B] show similar imagmtud . There are
discrepancies, however, regarding the nomh=; of
binding sites. Whereas Rigler et all’s dawa 357 ot allow

a definite conciusion as to the stoichiometn. of the com-

plex, Engel et al. reported a 1:1 stoichiometry afready
for the mcnomeric enzyme. [i cannot be de~:22d yet,
whether thes: discrepancies are due to different enzymne
prepavations (cf. 3. 1.) or experimental conditians.
Fig. 2 and 3 show typical ascilioscone trages of
stopped-flow experiments, where association of SRS
and tRNASCT and dissociation of the SRS—tRNASes
complex have been examined, raspectively. The va-
lidity of the simple reaction scheme (cf. 2. 4) was

1

Fig. 3. Stopped-ficw experiments showing dissociation of the
SRS tRNASET comptox due taasalt jump. Tutat concentra-
tion atter mixinz: €.86 pM SRS, 0.86 uM IRNA®CY ju stan-
dard buffer, § mM Mol and 0.2 M KCL. Oscifloscope set-
tinos: 59 mV/urit: 5 iwsec/undt; 1 msec rise-time ; tinal sigral:
283 V.

Lae
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o . - Table 2 : . :
Fquilibriuw and recombination al< constarts for the interaction of SRS with IRNATEY a0d Ser-tRNATT i the presence of

other substrates 21 267,

Substrate present MuCly M}

(RASET S mM Ser 5

tRNASCT 5 mM ATP 12.5
Ser 15 mM Ser, 125

RN {5 mM ATP

Ser-

RNASET [5 mM Ser, 125

5mM ATP

substantiated by the excellent agreement between
ascilloscope trace and theotical curve (fig. 2} as well as
by the independence of rate constants upon initial
cancentrations of protein and t’*RNA, which was veri-
fied over a concentration range of 043 ubt 10 3.4 uM
SBS and 1RNA, respectively. The rate constanis kp

and Ky, for several concentrations of KCl have been
datermineqd independently from each other in asso-
ciation and dissociation experimen:s, respectively

(t1ble I).

Serine concentrations up to 5 mM had no significant
e fect on K. and the rate constants. In the presence
of ATP, however, the binding and rate constants were
hanged considerably (table 2).

The equilibrium constant for the interaction betwesn
acylated tRNAS®T and SRS was determined in the
presznce of 5 mM ATP, 3 mM scrine and 12.5 mM
MgCl, . For the kinetic experimentis the tRNA was
acylated in the driving syringe by preincubation with
5 mM ATP. 5 mM serine and catalytic amounts of
SRS for 15 min at 20°. Afterwsrds it was mixed rapidly
with a SRS solution of higher concentration cosntaining
a'so ATP and serine. K, and kg are given in table 2.

3.4. Single rurnover exy.: fmenss

The aminvacylation reaction was analyzed in stop-
ped-flow experiments by mixing together a solution of
SRS, ATP and scrine with a tRNASCT solution (fig. 4).
The rapid initial reaction correspouds co fluorescence
quenching as a consequence of tRNA binding o the
enzyme in the presence of ATP and serine. The sub-
seqient increasc in fluorescence corresponds ta a clow
reaction: that is monitored by the previously deterined
rapid dissociation step, which had a kyy of 23 sec '

4

Koor IM7Y] b IM7Y sect)
2% 197 £.8 % 105

3.3 x 10° 7.7 % 10°

- 53 % 107

3 x10® 7 %t

(calculated from K, and kp ). The slow process has

a charactesistic life time of 0.2 se¢ and is therefore
rate determining for the turnovar reaction. {t may re-
presenat either a rearrangement of the quarternary com-
plex or the esterification of tRINAS®T with serine.
Since a similarly slow reaction was found in experi-
ments, where a solution of SRS and tRNASEr was
mixed with an ATP sclution, the first alternaiive is
favored: this will be clarified i further investigations.

4. Conclusions

The association of SRS and tRNAS®! s nearly dif-
fusion controlleé (cf. accompanying paper [14]).
This implies that there is little speciftcity through this

- .
* S

Fig. 4. Stopped-flow cxperiment “howing a single turnovei.
Tetal concentrations after mixing: 0,43 uM SRS, 0.42 uM
tRNASST § mM ATP, 5 mM serine, 12.5 mbf MgCla. Oscilio-
scope settings: 20 mV/unit; 200 myecfunit: 10O msec rise
time; final signal: 2.1 V.
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process. Obviously, the correct tRNA is rrcogniced
after association, possibly through a favorable mutual
charge distribution. The electrostatic natn e of this in-
teraction was demanstrated by the decreate of K
and kg and the increase of Ky with incrveasing ionic
strzngth. The kinetic experiments and the equilibrium
data exclude slow rearrangements of the binary com-
plex as can be seen from the agreement of the measured
K4 with the quotient of the independently deter-
mined kg and kg . Thus, the high specificity required
for the recognition process may be determined entire-
ly by the dissociation rate.

Yarus and Berg [15] and Hélzne et al. [2] have
cermpared the rate of release of aminoacylated tRNAs
from the synthetase with the turnover rate; they con-
clude ihat releass of aminoacyl-iRNA is the rate limit-
ing step in the aminoacylaticn reaction. Since theie
experiments were performed at pll 5.5 a comparison of
their results with ours is questionabie. In the serinc
systern, at least at neuteal pH. Ser-tRNAS®! is not lim-
iting. A reaction closely preceding it représents the rate
determining step. A similar result is reporied by Krauss
etal. [14], indicating that the resufts given here are
not unique o the scrine system of yeast.
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