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By means of PMR and ESR study the shielding of Mn** ions
by aminoacyl-tRNA synthetase has been detected in the ami-
noacyl-tRNA synthetase -~ tRNA complex at pH 7.5. At pH 6
this effect was not observed. We propose that ions inte-
ract with certain aminoacyl-tRNA synthetase groups progg—
nated yhen passing to slightly acid pH. The role of Mn
and Mg ions in the formation of a functionally active
complex tRNA-aminoacyl-tRNA synthetase is discussed.

Information is needed on the nature of the contact sites bet-
ween the enzyme and tRNA in a functionally active complex o un-—
derstand the mechanism of tRNA recognition by aminocacyl-tRNA syn-
thetase (amino acid: tRNA-~ligase E.C. 6.11). With this aim in
mind several attempts have been made to understand which parts
of tRNA are protected by ARSase* from the nuclease hydrolysis
and from complexing with complementary oligonucleotides (see
reviews 1,2).

The present study is concerned with the protection of tRNA
fragments with specific coordination sites of Mn** by ARSase.

It is known that tRNA has 5-7 strong sites of coordination of
Mo*t and Mg*+ [5] which are specifically distributed in the

* Abbreviations used: ARSase, aminoacyl-tRNA synthetase
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tRNA macrostructure [4,5]. By means of NMR it was possible to
observe sorption of low-molecular weight compounds on phosphate
groupings near coordinated ions, as well as their interaction
with an ion itself [6,7].

We studied the competition between ARSase and the low-mo-
lecular weight compounds at pH © and 7.5. The competition was
observed only at pH 7.5. Similar results have been obtained by
ESR study of the influence of ARSase on the interaction between
Mo*" and NH;-R radicals sorbed on phosphate groupings.

We propose that competition at pH 7.5 is caused by interac-

tion of ions coordinated by tRNA with certain ARSase groups.

Experimental. E.Coli MRE-600 unfractionated tRNA was
obtained according to ref.8. Crude tRNA contained 3% tRNAPhe.

h 14C—phenylalanine

The aminoacylation of tRNA was performed wit
(220 Ci/mole, Chemapol.). Partially purified phenylalanine-tRNA
synthetase of E,Coli MRE-600 was obtained according to
ref.9. The enzyme preparation contained (in addition to phenyl-
alanine~tRNA synthetase) some amounts of valyl-, lysile-, iso-
laucyl-, prolyl-tRNA synthetases. The enzyme and the enzyme-tRNA
complexes were concentrated under vacuum in ultra-thimbles
(Schleicher and Schull) in a buffer tris HC1 0.05M, pH 7.5, or
in sodium acetate 0.,025M, pH 6. The concentration of the enzyme
was equal to or greater than 10_4M. The enzyme activity after
concentration was controlled by measuring the rate of tRNA ami-
noacylation which was determined as described earlier [10]. The
radiocactivities were counted using a Mark II Nuclear Chicago
Scintillation counter. The radical é—N%?)NQ;NH;—R)was kindly
given by T.Kukina (the Novosibirsk State University).

The PMR spectra were recorded using the JNM-4H-100 spectro-
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meter. TMS was used as an extermal reference. All solutions were
prepared in D20 buffers. As the control experiments showed, the
enzyme activity did not vary under conditions of the PMR experiment.

The ESR spectra were recorded using an E3-spectrometer at
77°K. In experiments at 77°K 40-50% glycerin were added to all
solutions. According to the control experiments, in the presence
of glycerin acceptor activity of the tRNA is constant while ami-
noacylation rate decreases by a factor of 3-4. To obtain the sa-
turation curves at 77°K the ESR signal amplitude was determined
between two certain points in the spectra of NH;—R radical at
various values for the amplitude of the radiofrequency field H1.
Location of these points which correspond to the points of the
maximum inclination of the unsaturated signal was found with res-
pect to the ESR signal of the powder sample of diphenylpycryl-
hydrazide. The linearity of the change of the radiofrequency
field Hﬂ amplitude was controlled with respect to the unsatura-
ting polycrystalline sample CuSO, .

Results. It was found in refs 6,7 that un** coordinated by tRNA
caused a considerable broadening of the NMR signal of tetrame-
thylammonium (TMA) and glycine. This broadening is due to the
TMA bpinding to the phosphate group which is closest to the coor-
dination ion(6] , and is also due to a simulataneous interaction
of glycine with an ion and the nearest phosphate group[?].

The broadening observed is described for such systems by

the following formula:
A = v - K- Mn)o
1+ K[A]o .
where: EQB is the linewidth of the low-molecular weight com-

pound caused by the coordinated ion Mntt in the complex; [A]o
is the concentration of the low-molecular weight compound; K

is the stability constant of the complex under study, [Mn]nis
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Fig, 1. The influence of aminoacyl-tRNA synthetase on the
signal broadening of glycine and TMA at (a) pH=7.5
and (b) pH= +in the tRNA-Mn' (blank indications)
and tRNA-Mn" -ARSase gystem (shaded indicagions).
The concentration of [tRNA] = [ ARSase] =10""M.

O, @ 1is glycine, A, A is TMA,

the concentration of coordinated ions which cause the broadening
[6.7)-

It is noteworthy that the application of the two diamag-
netic probes TMA and glycine allows us to observe easily the
variation of the total parameter: the number of coordinated
ions which cause the broadening when passing from tRNA to the
tRNA-ARSase complex.

Experiments were performed under conditions of practically
complete binding of Mn** to tRNA and to the tRNA-ARSase comp~
lex. This was controlled by measuring the intensity of ESR sig-~
nals of the non~-complexed ions. It is seen from Fig.la that at
pH 7.5 the signal broadening of glycine and TMA is less by a
factor of %-3.5 in the tRNA-Mn**-ARSase system than in the tRNA-
Mnt* system. The similar influence of ARSase on the broadening
of TMA and glycine implies that the number of coordinated un*t
ions which cause signal broadening is decreased as a result of
the formation of the tRNA-ARSase complex owing to sterical shiel-
ding by ARSase. However, such shielding is incomplete since in
our experiments we 4id not observe any marked influence of ARSase

on the signal broadening of water by coordinated ions.
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As the experiments at pH 6 showed, ARSase practically did not
affect the signal broadening of glycine, TMA (see Fig.1b), and
water caused by coordinated ions. This result implies that at
PH 6 there is no competition between ARSase and the low-molecu-
lar weight compounds for the binding sites near coordinated ions.

Similar results were obtained by an ESR study of the accessi-
bility of Mn** in the tRNA-ARSase complex. We studied the interac-
tion of coordinated Mn** with the iminoxyl radical NH;-R by the
method of stabtionary saturation of the radical ESR signal at 77°K
in a water-glycerin matrice. According to ref.11, the radical sa-
turation curves are shifted to the side of high aumplitudes of the
radiofrequency field Hq.

It is seen from Fig.2 that at pH 7.5 in the presence of
tRNA containing coordinated Mn++, the radical saturation cur-
ves are shifted to the side of high amplitudes of the radio-
frequency field Hq.‘ However, tRNA complexes with Mn** did not
affect the saturation curves of the neutral radical O=<:::::E?N—é.
This implies that the effects observed for NH;—R are caused by
an electrostatic sorption of radicals on the tRNA surface near

coordinated Mn**. In this case the influence of ARSase on the ra-
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Fig. 2. The influence of ARSase on the shift of the satura-
tion curves at (a) H=7.5 and (b) pH= . The concent-
ratlg of (¢ ~ AR§ase] = 4.5%10°

5}}=5x1o ] =5x10> M, Curve 1 - R-NHj
curves 2 ; R NL% +tRNA-Mn -ARSase, curves 3-R NH3
+tRNA-Mn*

* In the absence of Mnt?t tRNA did not affect the saturation
curves.,
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dical saturation curves must be ascribed to the shielding of
certain surface sites of tRNA with coordinated ions.

It was found that at pH 7.5 ARSase causes a partial shift
of the sabturation curve to the side with smaller values of Hq,
while at pH 6 ARSase practically does not influence the satura-
tion curves. This is an indication that at pH 7.5 coordinated
ions are partially shielded by the enzyme.

Discussion. . The competition between ARSase and the low-mole-
++ lomns

cular weight compounds for the binding sites near Mn
coordinated by tRNA is observed at pH 7.5. It implies that spe-
cific coordination sites of ions are shielded at the contact
sites of tRNA with ARSase. These results are not striking since
there is a definite correspondance between the location of spe-
cific coordination sites of Mn** and Mg** in tRNA[4,5] and the
tRNA fragments which are in contact with ARSase (see reviews 1,
2), e+8¢y in the region of CCA-end and in the region near the
thiouridylic residue.

Two mechanisms of shielding can be proposed: 1) owing to
the presence of coordinated ions at long contact areas bet-
ween tRNA and the enzyme, and 2) owing to the interaction of
coordinated ions with certain ARSase groups. In the first case
the absence of competition at pH 6 means that pH affects the lo-
cation of coordinated sites of jons or the contact sites of tRNA
with ARSase. However, at pH 7.5 and 6 in 1le~tRNAYL® from E.Coly
there is a coordination site of Mg'® on the CCA-end which is in
contact with aminoacyl-tRNA synthetase at pH 7.5, as well as
at pH 6 (see ref,12). Similar results have been obtained for
Mn** in our preliminary experiments with phe-tRNAPhe from F (Coli
spin-labeled at of —amino group of aminoacyl residue.

If we assume that ion shielding in the tRNA complexed with
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ARSase is due to the interaction of coordinated ions with cer-
tain groups of the enzyme, then the absence of the effects at
pPH © means the "switching off" of these groups from the inte-
raction.

In general, imidazol, ionized sulphhydryl and carboxyl groups
can interact with ions coordinated by tRNA. The idea of the in-
teraction of carboxyl groups with ¥n** coordinated by tRNA has
been recently suggested by Vieiner et al.[?]for model systens:
tRNA-Mn* *—amino acid (dipeptide). Obviously, the "switching off"
of these groups from the interaction with ions coordinated by
tRNA can proceed owing to protonating of weakly acid pH. The
existence of groups with pK~6 was found by Helene et al.[13]for
valyl-ARSase from E.Coli

The above considered ideas of the mechanism of ion shielding
due to the interaction with cerlain "complementary" groupings
of ARSase are more preferable as an explanation of our experi-
mental data. In addition, a natural explanation can be given
for the data on the role of ions in the process of tRNA re-
cognition by ARSase if we assume that ions coordinated by tRNA
interact with ARSase. In fact, within this assumption in a
functionally active complex tRNA-ARSase, ions are needed only
at certain pH to provide contacts between the certain fragments
of tRNA and the enzyme.

As the analysis of literature data shows, in the transfer
process of aminoacyl residue, i.e., in the process of‘recogni-
tion, Mg++ and Mn** are needed at pH 7-8 [14,15]and refs 15-17,
19,20,22 in{15] , and are not needed at pH 5.5-7 [15,16] and
refs 2,3,5-10,14 in[15] . If we assume that coordination ions
react with the ionized groupings, it is easy to explain the pos-

sibility of substitubion of diamines for ions in the transfer
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process[14}by the ability of diamines to provide neutralization
of anion groups and to involve them in the contact with certain
tRNA fragments. In addition, incorrect aminocacylation detected
in ref.1?7 at high lon concentrations can be a result of the for-
mation of non-specific contacts between the anion groupings of
ARBase and ions coordinated by phosphate groupings at the “weak"
non~specific sites.
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