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1. Introduction

Mast of the physicocheniical siudies of the vadous
steps of the enzymatic acylation of tRNA fI1—7] have
been based on the fluorescence emitted by the Try-
residues of some amiroacyl-tRNA synthwetases or by
fluarescent kabels attached to the enzyme or the tRNA
The present paper reports changes of the fluorescence
of the naturally occurring ¥-base of tRNAPHE (ycast)
upon binding to the cognate synthetase. This result
implics an influence of the synthetase on the anti-
codon region of the bound (RMA. Furthermore the
Kinetic parameters for the interaction of PRS and
tRNAFRC are reported, as Jerived trom stapped flow
experimeizts monitoriag the fluorescence of the Y-hase.
The association is almost diffusion contiroiled. The dis-
socistion of the phenylalanyi-tRNAPR _PRS compiex
is not rate limiting tor the steady srate turnover of the
acylation reaction.

Abbreviations:

PRS, phenylalanyl-tRNA synthetase; SRS, seryl-tRNA syn-
thetase; DTE, ditkioerythrol; EDTA, ethylenediamine-
tetraacetic acid; K'”._‘., association constant; ""R* rate con-

stant for sssocqaticrn; &y, rate constant for dissociation,
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2_ Materials and methods

PRS was purified from commerciul baker’s yeast
by a method similar to that of Fasiolo et al. {8]. The
enzyme was homogencous as judged by pel eleciro-
phoresis. The specific activity was the same as in the
preparation of Fasioio et al. [8].

[ agreement with [8,9], the molecular weight as
determined by equitibriurn sedimentation was
230,000.

Purified Ser-IRNA synthetase (SRS) was kindly
supplied by A_ Pingoud.

Purified tRNA"P® from baker’s yeast was purchased
from Boehringer (Mannheim) and dialyzed against
double distilled water. Concentrations of tRNAPH®
were determined by absorbance measurements:

1.6 X 106 M tRNAPBe correspond to 1 A72.™™ unit.
tRNAAL (yeast) was prepared as described in [10].
Experiments were performed in 0.03 M portassium-
phosphate buffer with 5 X 104 M 1, 4.dithicerythrol,
104 M EDTA and varying amounts of MgCl, and KCl
pH 7.2. Ultracentrifugation experiments were carricd
out at 127 in a Spinco model E analytical uitracen-
trifuge equipped with a photelectiic scanner. Fluc-
rescence titrations were perfonred in a Schocffel RR5
1000 spectrofluorometer. The spectral bandwidth o
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Fiy. [, Sedimentation velacity experiment of 1.3 % 167 M
PNAPRE with 0.4 X 107° M PRS; 48 000 rpm, 12 mm ceil;
coscentration profile measured at 265 nm (——3; base line

(=)
axcitation and emission was 6 nm. When thz titration
qas followed by monitoring the flucrescerice of the

Y.hase of tRNAFNC the {luorescence of the added PRS
was subtracted from the measured values.

Kinetic parameters wers determined from stapped-
flow measurements as described in the sccompanyin:
paper [7]. In all kinetic experiments the temgperatuie

was 10° and 10-2 M MgCl, and 0.1 M KC! were presen®.

3 &esults

3.1. Sediritentiaiion experitnenss

The stoichiometry of the tRNAYIC_PRS complex
was determined using the sedimentation boundary
technique under conditions whera the tRNAFNC wag
in excess of PRS. The conceniration profile of a typical
experiment is shown in fig. L. The Sgde- values of the
stow and fast bourdary were 3.9 Sand 11.6 5, respec-
tively. The enzyme alone sedimented with a value of
§0.w= 8.7 S (cxperimental result not shown). There-
fare it is evident that the slow boundary represents the
sedimentation of the free tRNAP™, whereas the fast
boundary can be ascribed to that of the tRNAFhe_pRS
complex. Since the concentralions were more than one
order of magnitude higher than the dissociation con-
Stant, virtually 2ll enzyme was bound in the complex.
Then, the concentration of the haund enzyme is iden-
tical to the toial enzyme concentration. After sub-
traction of the absorbance of the enzyme from the
tolal absarbance in the faster boundary the concen-
trasion of bound tRNAFY can be evaluated from the
relutive heights of the two boundaries. The absorbances
of hoth boundaries were corrected for dilution effects
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Fio, 2, Quenching of the fluorescence of the Y-base of

6% 1077 M of tRNAPE jnquced by addition of PRS; 1072
M Mg”, present 20° - Excitation at 313 nm; emission ot 450 am.
Relative fiugrescenee of the Y-base £o —~- o) atter cor-
rection for tluoreseena? of added PRS.

due to the secior shave of the cell.

In the experiment of fig. 1 0.4 X 109 12 PRS are
bound to 2.35 X 165 M tRNA2_ This result is in-
terpreted as indicating a 11! complex betwoeen (RN APRY
and its copnate enryme. Eariter (unpublished]) results
from our laboratory suggesting a 2:1 enzyme—tRNA
stoichiometry were proaably due to impuriiies in pre-
ViOUus enzyne propartinns.

Nonspecific binding of tRNAAR to PRS zould alse
be detected by sedimzentation experiments. However,
it is about two order: of magnitude weaker than the
specific binding of tRNA™? to PRS,

3.2 Fluorescence eqadlihriuim imeasirentent: i

In the presence of 1G2 M Mg?*, PRS gucaches the
fluorescence of thie Y-base of tRNAPI®. A typical ti-
tration experiment is shown in fig. 2 from which the
stoihiometry of the complex is seen to be 111 Ti-
trations at lower concentrations of tRNAFP: [11]
yielded a binding constant ol about 8 X 107 M tand
7X 106 M withou: and with 0.1 i KC1 aaded, re-
spectively . The binding constants were not atfected
b temperature in the range between [0 and 20°.

Purified SRS even at a 6-fold excess over tRN AP
did not affect the Auorescence of the Y-base. Sinu-
farly, tRNAMA gt 10-fold excess did not compete
with tRNAFR for the tRNA binding sitc of PRS. The
binding equilibrium of the :RNATI®_PRS interaction
is not intluenced by the presence of either 103 M ATP
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Fig. 3. pli-Dependente of the fluorescence of complex-bound
(RNAFRE 40d free (RNAFNE 0.1 M KCL, present 5 X 107" M
DTE, 20°. Excitation af 313 nm;emission at 450 nm; tRNAThe
saturated with PRS (G--0--0); free tRNAPRE (5 — x —x).

ar 10°3 M phenylalanine. The influence of PRS o the
fluorescence of tRNAME girongly depends on the pre-
sence of Mg2¥_ in the absence of Mg2* and at low salt
congentrations (c.f. fig. 3) PRS enhances the fluores-
cence of the Y-base in tRNAT®, Under these conditions
the fluorescence of the tRNA bound to PRS (fig. 3)
and of the Mg2 "— {RNA complex (noi shown in the
figure) it independent of pH in cantrast to free tRNAYRC
The tryptophane fluoresccoce of PRS evaluated as
in [7} is quenched by about 555 when tRNAPP® jg ad.
ded. tRNAAR did not affect the fluorescence of PRS.

3.3, Stopped-flonw measuremenss

A typicul oscillogram of a binding experiment is
shown it fig. 4a. All measurcd curves could be described
in terms of a simple bimolecuiar mechanism (¢f. for-
mula I in [7]) where the amplitudes (corrected for
dead time) were consistent with the equilibrium mea-
surementis. The association rate constant was found to
be kg =(1.6 £ 0.3) X 108 M1 sec—1. The concentia-
tions of both reactants have been varied by about a
factor of four (0.25—1.0 X 10°M) and the same rate
constant was found. This demonstrates the validity of a
bimolecular reaction mechanism.

Dissociation ex periments were performad as described
in the accompanying paper [7]. The dissociation rate
constant kpy was determined to 27 sec ! which is in
good agreement with the value calculated from K
and K ¢, ‘

The assuciation rate constands in the presence of
10-3 M ATP or 10°3 M Phe are lower by less than a
factor ol two, and by less than a factor of 5 if both are
present. In the latier case it was seen from the stopped-
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Fig. 4. Stopped-flow oscillograms after mixing of tRNAThe
with 2} PRS: Tatal conventrations after mixing: 5 X 1077 &
PRS,5 x 107" M IRNAYPS. Ogrilloscope setiings: 5 msee/unit,
5 mV/unit. Final signal: 320 mV. b} PRS, ATP and Phe.
Total concentrations after mixing: 5 X 1077 M PRS, 5 x 77
M (RNAFPE, 1073 M ATP, 107 M Phe. Osciltascope settings:
20 mV/unit; lower trace: 20 msec/unit; upper trace: 200
msecfunit. Final signal: 460 mV. The basc lines of the two
beams are differcnt by L8 units. Common conditions of u)
and b): Band tdter (Schort & Gen., UG 11) at the excitation
inongchromator ; cutt-off-filter (KV 408) for emitted light:

1 msec rise ume; increasing fluorescence corresponds to nog-
afive deflection.

flow amplitude, that K., which could not be deter-
mined by titrations, is not altered markedly by the
simultancous presence of ATP and Phe. Under these
turnover conditions the binding process is seen in the
lower trace of fig. 4b. After the binding, aminoacyla-
tion of the tRNA occurs and the release of part of the

Aacylated tRNA is observed as the stow fluorescence

increase (upper trace of fig. 4b) characterized by a rute
constant of 2.5 sec— 1. .

If the tRNA was preincubated for 15 min at 37°
with a catalytic concentration of synthetase in the
presence of 2X $10-3 M ATPand 2 ¥ 10— 3 M Phe and
after cooling to 10° mixed rapidly with an equal
molarity of synthetase, it was possible to follow the
binding of acylated tRNA (80% charged) to the syn-
thetase. The lower amplitude observed in this experi-
ment compared to the binding of unacylated tRNA
is due to the lower binding constant of the acylated
tRNA (since the saturation value of fluorescence
quenching is the same). This difference is consistent
with the amplitude of the slow fluorescence change in
the turnover experiment. The binding constant of
acylated tRNA was estimated from these amplitudes
10 be about 2X 105 M~ !, kg was found to be 8 X 07
M~ secland &y, calculated from K¢ and ky 10
40 sec—1.
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4. Discussion

The binding of PRS to tRNAFP® in the absence of
Mzt causes an enhancement of the fluorescence of
the Y-base. A similar effect is observed upon binding
of Mg2* to eRNAM® [12]. This phenomenon has been
intzrpreted as a shielding of the Y-base against the
quenching effect of water malecules. The analogy be-
tween the ef%ect of Mg+ and PRS on the fluorescence
of the Y-base is further supported by the fact thai PRS
and MgZ* abolish the pH-dependence of the Y-base as
observed in the frez tRNAPRC. This analogy wauld
furthermore suggest, that the fluorescence changes
upun binding of Mg?* {12] and PRS are caused by a
local influence of PRS on tha anticodon region. PRS is
less effective in enhancing the Y-base fluorescence than
isMg?*. In a IRNAYC solution containing both Mz 2+
and PRS, the enzyme reduces the shielding effect of
the Mg2*-ions. This is demonstrated in the experiment
depicted in Fig 2, where in the presence of Mp2*, PRS
quenches the fluorescence of the Y-base of tRNAM,

The thermodynamic parameters derived from the
binding studies agree with earlier studies oa the samc
and on analogous systems. The stoichiometry is 101
[$3], and the binding is specific, i.e. unspecitic inter-
actisns are weaker by at least two orders of magnitude
{1.6,7,14}. There is no influence of the small sul-
strates phenylalanine and ATE on the binding equilib-
rum between PRS and tRNAPRe [15, 16].

The association rate constant, kg = 1.6 X 108 M-
sec™ 1, is close ta diffusion controlled. According to
Alberty and Hammes [17] the diffusion controlfed
ate constant, X111 | is estimated to

; 2
i;dg'ﬁ‘ = T(;TT:) N, r(D
Dipna and Dpgp g are the corresponding diffusion coef-
ficients [11] and r is a reaction radius estimated to
107 ¢m [t7]. Electrostatic interactions, however, arc
noL taken into account. Alberty and Hammes reported
23 a rough guess that the rate constant can increase by
dfactor of five due to electrostatic attiactions. With
these uncertainties in mind, we conciude ihas the ex-
petimental rate is aot more than one Grder of magni-
lud> slower than diffusion controlled. Furthermore,
the binding under a variety of concentrations could be
inierpreted as a single step reaction. Consecutive rear-
ngements of the complex slower than 102 sz¢ could

tRNA
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be excluded because of the agreement between the dis-
saciation rate constant which was measured dircctly and
that which was calculated from kg and &, -

Furthemore it is interesting to note the rosult that
the rate limiting step in the entite process of amino-
acylation occuis before the release of the acylated
tRNA from the enzyme. Since the dissociation ate of
the acviated tRNAPPCE had been determined separately,
it could b shown that this step is more than an order
of magnitude faster than the rate Emiting process which
was abserved as a slow {Juorecence increass under
conditions of aminoacylation {cf. fig. 4b). The tum-
aver number evaluated from this experiment agreed
well with that found in an aminoacylation assay.

These findings are different from that reported by
Yarus aad Barg [15] in the le-system of £, cofi

using the ritrocellulose-filier technique. They found
slower association rate constants and the dissociztion
of the acylated tRNA to be rate limiting for the whole
aminoacylakion process. In addition they found a
S-fold increase of the rate constants in the presence of
the amino acid, whereas a minor decrease of the dif-
fusion controlled rate constants is reported in this
paper.

We feel, that the differences discussed above, ace
mote likely due to different experimental conditione
thin ta different systems, because in the Ser-system
{7] und the Phe-system investigated under siiniiar
conditions comparable 1esults are obtained .
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