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1. Introduction

The specificity of the aminoacylation reaction
of tRNAs is necessary for the correct incorporation
of amino acids into proteins. This specificity is
often maintained in systems where the tRNA and
the corresponding aminoacyl-tRNA synthetase are
from different sources [1]. However, several cases
of incorrect aminoacylation have been reported in
heterologous systems involving a tRNA and an
aminoacyl-tRNA synthetase which were not speci-
fic for the same amino acid [1—5]. In particular,
it has been shown that it is possible to attach phenyl-
analine to tRNAYV (E. coli) [4, 5a] and to tRNAAR
(E. coli) [5b, 6] in the presence of phenylalanyl-
tRNA synthetase from yeast. This incorrect hetero-
logous aminoacylation can be related to the existence
of some structural analogies between tRNAVal
(E. coli) and tRNAFhe (yeast). However, it has not
so far been possible to demonstrate the reciprocal
reaction, i.e. the esterification of tRNAPhe (yeast)
with valine by valyl-tRNA synthetase from E. coli
(VRSg, cop) [4].

It is shown in the present work that when special
éxperimental conditions are used, different from
those of Taglang et al. [4], it is possible in the
presence of VRSg ,;; to attach valine to tRNAFhe
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(yeast) and also to other yeast tRNAs such as tRNAAlR
tRNAT® and tRNATH, in addition to the already
known heterologous aminoacylation of tRNAVa
(yeast) [7]. Our results are discussed in relation to
some common structural characteristics of those
tRNAs which can be aminoacylated by VRSg ;.

2. Materials and methods

2.1. Aminoacyl-tRNA synthetases

VRSg ;i (21 units/mg) was prepared according
to Yaniv and Gros [8]. VRS, (5 units/mg) was
purified according to a simplified procedure [6]
derived from the original method of Lagerkvist
and Waldenstrom {9] . One unit of enzyme cata-
lyses the esterification of 1 umole valine to tRNA
after 10 min under standard conditions [8, 10].

A crude extract from baker’s yeast was used as
a total aminoacyl-tRNA synthetase preparation [11].

2.2.tRNAs

tRNA Y4 (E. coli) was purified from total E. coli
tRNA (Schwarz Orangeburg, USA). tRNAVal was
separated from tRNAn on a BD-cellulose (20—
50 mesh, Schwarz) column [12] and purification
was achieved according to Gillam et al. [13]. One
sample was a kind gift from Dr. Kelmers (Oak Ridge
National Laboratory, USA).
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Table 1
Aminoacylation of total yeast tRNA by YRSy, orby VRSp o0p; -

Classical aminoacylation conditions Special aminoacylation conditions

Without With 20% DMSO Without With 20% DMSO
VRSyeast 1.85 (@ 2.00 (2) 1.88 () 1.80 (<)
VRSE coli 175 (b) 1.95 (b) 265 () 6.10 (c)

Experimental conditions: Tests are performed in a volume of 100 ul containing 50 ug total yeast tRNA. (a) [10] and (b) (8]
are conditions usually used for classical aminoacylation of tRNAs by their cognate aminoacyl-tRNA synthetases. We use per

test 5 mU VRS,

or 20 mU VRSg . ; - {c) special aminoacylation conditions. Each sample contains: 0.05 umole ATP;

ecast . . .
0.75 umole Matly (Mg2* ] /[ATP] = 15); 10 nmoles **C-valine (20uCi/umole); S ug bovine serum albumin and variable

amounts of enzyme (5 to 25 m units VRS

east ©f 100 m units VRS E coli)- In some cases 20% DMSO is added. Samples are

incubated 2 hr at 30°. The radioactivity o¥ valyl-tRNAs is measured following the method of Mans and Novelli [18]. Results
are expressed in nmoles 14C_valine per 1 mg tRNA (1 mg tRNA corresponds to 37 nmoles),

Yeast tRNAs were purified from total brewer’s
yeast tRNA (Boehringer, Mannheim, Germany).
tRNAPh® was obtained pure after tRNA fractiona-
tion by countercurrent distribution [14]. The
other yeast tRNAs were obtained from partially
purified countercurrent fractions. Purifications
were completed by chromatography. tRNAAR
was obtained pure after two chromatographic se-
parations on BD-cellulose (20—50 mesh) columns
at pH 6.8 and pH 4.0. The tRNA was eluted with
NaCl gradients containing 0.01 M MgSO,. tRNAY?
and tRNAAS were prepared respectively in our
laboratory by J. Bonnet [15] and by G. Keith [16].
It was verified that tRNAPR® {RNAAR and tRNAA®P
were absolutely free from any contamination by
tRNAVal,

Periodate oxidation of tRNAs was performed
according to ARCA et al. [17].

2.3. Aminoacylation conditions

Aminoacylation was performed using either the
classical conditions described for the E. coli system
[8] and for the yeast [10], or special conditions
(see legend of table 1) very similar to those used by
Ritter et al. [3] for the abnormal aminoacylation
of tRNAVA (E. coli) by Neurospora crassa phenyl-
alanyl-tRNA synthetase. These special conditions
differ from the classical ones by a low ionic strength
(4 X 107? M instead of 12 X 10~2 M), the absence
of monovalent cations such as Na* or NH},, a
[Mg?*]/[ATP] ratio of 15 instead of 1.5, pH 8.5
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instead of pH 7.5, high enzyme concentrations, a
long reaction time (2 hr instead of 30 min) and in
some cases the addition of an organic solvent (di-
methylsulfoxide = DMSQ).

In this work the reaction rates were not de-
termined, but the levels of the charge of the
tRNAs were measured.

3. Results

Table 1 shows that, using the classical amino-
acylation conditions, the same amount of valine
can be attached to total yeast tRNA in the pres-
ence of VRS either from yeast or from E. coli.

No additional aminoacylation is observed in the
presence of DMSQ. This suggests that in these
conditions there is no aminoacylation of tRNAs
other than tRNAVa,

When the special aminoacylation conditions
are used, the same level of aminoacylation of
yeast tRNA as in the preceeding experiment is
observed when VRS yeast is used, suggesting that
no errors occurred in this homologous system.
However, using the same special conditions in
the presence of VRS . ;; , there is an additional
aminoacylation of yeast tRNA which is especially
high in the presence of 20% DMSO, suggesting
that tRNAs other than tRNAV# have been amino-
acylated.

In order to characterize these other yeast tRNAs
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’|"..|-.| ]
Aminoacylation of periodate oxidized [17] and then dea-
cylated [19] total valyl-tRNA (yeast).

- DMSO + DMSO
Amino acids —_
a b a b

Valine 1.49 83 1.47 82
Threonine 0.09 11 0.28 33
Isoleucine 0.33 15 0.59 27
Phenylalanine 0.1s 10 0.38 23
Alanine 0.04 3 0.31 23
Methionine 0.07 12 0.10 17
Proline 0.04 8 0.05 i0
Histidine 0.03 5 0.05 9
Tryptophan 0.00 0 0.10 7
Tyrosine 0.09 8 0.05 5
Leucine 0.02 2 0.10 4
Glycine 0.01 0 0.08 4
Aspartic acid 0.02 1 0.05 3
Glutamine 0.00 0 0.04 2
Lysine 0.00 0 0.03 2
Arginine 0.01 0 0.03 1
Glutamic acid 0.01 1 0.02 1
Serine 0.04 1 0.04 1

Total yeast tRNA was aminoacylated with valine using the
special conditions in the presence of VRSp ,7; (125 mU
per 100 ug tRNA and per 100 ul incubation mixture) with
or without DMSO. For these experiments two blanks were
performed: one without tRNA and the other one with pe-
riodate oxidized but non aminoacylated tRNA. Chemical
aminoacylation conditions for the yeast system and a crude
enzyme preparation from bakers yeast were used [11]. (a)
nmoles aminoacid aminoacylated per 1 mg tRNA; (b) per-
cemage a.'“mcacy"’“““ of treated yeast tRNA to non trea-
ted yeast tRNA. Experimental values are mean values of
three experiments, each of them being performed twice.

which attach valine, the total yeast tRNA was amino-
acylated by VRS .,;; in the special conditions de-
scribed and then oxidized with periodate. After

this treatment which oxidizes only the non-amino-
acylated tRNAs, the valine was removed from the
protected tRNAs and the amino acid accepting
capacity of these undegraded tRNAs was determined
in the presence of a crude yeast enzyme extract.

In this way it was possible to characterize tRNAs
loaded with valine. It was verified that in these ex-
periments the amount of aminoacylation was not
significantly reduced by a possible competitive inhi-
bition by periodate oxidized yeast tRNAs. Table 2
shows that several yeast tRNAs other than tRNAVYal,
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-« +DAAPhe Ala oz alle ;owiaThe and

£. tRNAT"e tRNAS and
tRNAMet can be significantly aminoacylated with
valine by VRS - coli - Several errors perhaps occur
with other tRNAS, i.e. tRNAPI®, {RNAHIS and
tRNAT®Y  but further experiments must be per-
formed with the corresponding isolated tRNAs in
order to check whether these results are significant.
It must be emphasized that in ali cases where these
errors seem to occur, the addition of DMSO in-
creases their level,

It was possible to confirm some results of table

2, using purified yeast tRNA (5 ug tRNA per test)
instead of the total yeast tRNA. An incorrect
heterologous aminoacylation catalysed by VRSg .o
was observed with purified tRNAFhe (yeast) and
tRNAA (yeast). These incorrect aminoacylations

bhacome eunnirnnnf nr\lu “nﬂn high enzyvme co
Vwwanriliv OA ALy u&ll \dllL-] Aiiwv VUIIUUII-

trations (75 mU of VRSE coli Pet test) and in the
presence of 20% DMSO. Using these conditions,
high percentages such as 50% tRNAPM® (yeast) and
tRNAA (yeast) can be charged with valine. With-
out the organic solvent, a limited aminoacylation

still occurs for tRNAPhe (yeast), whereas no loading

takes place for tRNAAIS (yeast), tRNAYA (£ .ok
AP Y oLy, LL\.L nI e LUy

and tRNAva‘ (yeast) are already completely amino-
acylated in the presence of low enzyme concentra-
tions (C.1 mU VRSg ; per test) and without
DMSO. In the case of tRNAA® (yeast), which gave
a negative result in table 2, no ammoacylaw*\lon can
be observed in any expenmental conditions,

We have verified that these incorrect umermogous
aminoacylations observed with tRNAPhe (yeast)
and tRNAA (yeast) do not correspond to artefacts.
On the one hand, esterification with valine of perio-
date oxidized tRNAPPe and tRNAAI2 was not pos-
sible, and on the other hand we could isolate a
{14 C] -valyl-tRNAFhe (yeast) and a 1 C-valyl-tRNAAl2
(veast) on DEAE-cellulose columns (urea 7 M, pH
3.0). These experiments show that the incorrect
aminoacylations described are not due to non speci-
fic adsorptions of radioactive valine onto tRNAl>he
(yeast) and tRNAAI2 (yeast).

It must be emphasized that these incorrect
heterologous aminoacylations can only be ob-
served under the special experimental conditions
described in this work. A modification of one para-
meter of the reaction, for instance the ratio
[Mg?*]/[ATP] , can be sufficient to considerably

decrease the level of the incorrect aminoacylation.
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Fig. 1. Common structural features in {RNA Y %E coli)
[20], tRNAY (brewer’s yeast) [21, 22], tRNAPR® (yeast)
[23] and tRNAALR (veast) [24, 25]. N = common nucleosides
in all tRNAs of known sequence (20 tRNAs); [N} = common
nucleosides in the 4 studied tRNAs. (The number written
behind each of these common nucleosides indicates the
number of tRNAs of known sequence containing this nu-
cleoside) N* = modified nucleosides in some tRNA species;
B = anticodon nucleosides; R = purine; Y = pyrimidine
(replacement of a purine by another one or of a pyrimidine
by another one are only mentioned when occurring in a
single stranded region or in the case of G—U pair in place of
a G—C pair); ®= differences; X = missing nucleosides in
some tRNA species.

4. Discussion

We report in this paper that incorrect amino-
acylation can be produced on heterologous yeast
tRNAs by VRS, .;; under special experimental
conditions. It must be pointed out that these
errors are only found with a limited number of
yeast tRNAs. It is likely that they are the conse-
quence of conformational changes due to the spe-
cial experimental conditions used, either of these
tRNAs or of the VRS ;; or of both. Whatever
the molecular mechanism of these incorrect recog-
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nitions, some structural analogies must certainly be
involved between the tRNAIV al (E. coli) which is
normally recognized by VRSg ...;; and those yeast
tRNAs which are abnormally recognized by this
enzyme. These structural analogies can occur either
at the level of the nucleotide sequence or the ter-
tiary structure of these tRNAs.

Fig. 1 shows some similarities in the sequences of
tRNAIV*’ll (E. coli) and of three tRNAs from yeast
which are able to be loaded with valine under our
special experimental conditions and whose primary
structure is known (tRNAV2, tRNAFhe apd tRNAAIR),
If we take into account only common nucleotides
which are not present in all tRNAs of known se-
quence, the most striking common features in the
four tRNAs studied are located in the dihydro-
uracil stem (but these analogies are found in almost
all tRNAs of known sequence), in the terminal part
of the amino acid accepting region and especially
in the extra loop which is built up with five nucleo-
tides, three of them being common if we neglect
some minor modifications.

In their work on heterologous aminoacylation
of tRNAs by yeast phenylalanyl-tRNA synthetase,
Dudock et al. [5b] also observed striking similitudes
in the region adjacent to the dihydrouridine loop
and postulated that this is the recognition site for
this enzyme. Further experiments will be necessary
in order to determine if the structural analogies
shown in fig. 1 of our work with VRS ;; are
fortuitous or if they have a functional significance.
If the latter is true, we could predict that the yeast
tRNAs listed in table 2 which are aminoacylated by
VRSg oo (tRNATHT 2nd tRNAMEt for instance)
should contain thé same structural features. It is
interesting tonote that tRNAA® (yeast) [26] and
tRNAS®r (yeast) [27] which cannot be loaded with
valine do not contain the structural analogies shown
in fig. 1. For instance, the extra loop has a different
size and a different nucleotide sequence; the region
near the amino acid accepting end is also different.

It must be emphasized that among this group
of tRNAs which are recognized by VRS . » the
incorrect aminoacylation does not take place to the
same extent. These differences in reactivity could
be ascribed to the regions of the tRNAs which are
not identical.

These analogies or differences should not be
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necessarily considered only from the point of view
of the primary structure. They could be involved
in the tertiary conformation necessary for enzyme
recognition.

Acknowledgements

The authors wish to thank Dr. J.P. Waller for
his constant interest for this work and Dr. A.D. Kel-
mers for kindly supplying a sample of tRNA}’.al
(E. coli). We thank Mrs. M. Schiegel for her help
in the isolation of yeast tRNAs by countercurrent
fractionation. This work was partly supported by
grants from the CNRS (L.A. 119), from the Délé-
gation Générale a la Recherche Scientifique et
Technique and from the Commissariat a ’Energie
Atomique.

References

{1] K.B. Jacobson, Progr. Nucleic Acid Res. Mol. Biol. 11
(1971) 461.

]2} V.Z.Holten and K.B. Jacobson, Arch. Biochem. Bio-
phys. 129 (1969) 283.

[3] P.O.Ritter, F.J. Kull and K.B. Jacobson, J. Biol. Chem.

245 (1970) 2114.

[4] R. Taglang, J.P. Waller, N. Befort and F. Fasiolo, Euro-
pean J, Biochem. 12 (1970) 550.

[Sa] B. Dudock, C. Di Peri and M.S. Michael, J. Biol. Chem.
245 (1970) 2465. .

[5b] B. Dudock, C. Di Peri, K. Scileppi and R. Reszelbach,
Proc. Natl. Acad. Sci. U.S. 68 (1971) 681.

[6] D.Kern, R. Giege and J.P. Ebel, unpublished results.

[7] U. Lagerkvist and J. Waldenstrom, J. Mol. Biol. 8
(1964) 28.

FEBS LETTERS

(8]
(9]

(10]
(11]
(12]
[13]
[14]
[15]
[16]
(17]
(18]
(19]
[20]
[21]
{22]

(23]
[24]
[25]

[26]
[27]

July 1971

M. Yaniv and F. Gros, J. Mol. Biol. 44 (1969) 1.

U. Lagerkvist and J, Waldenstrom, J. Biol. Chem. 242
(1967) 3021.

R. Giege and J.H. Weil, Bull. Soc. Chim. Biol. 52
(1970) 135.

J.H. Weil, Bull. Soc. Chim. Biol. 51 (1969) 1479.

1. Gillam, S. Millward, D. Blew, M. Von Tigerstrom,

E. Wimmer and G.M. Tener, Biochemistry 6 (1967)
3043.

I. Gillam, D, Blew, R.C. Warrington, M. Von Tigerstrom,
and G.M. Tener, Biochemistry 7 (1968) 3459.

G. Dirheimer and J.P. Ebel, Bull. Soc. Chim. Biol. 49
(1967) 1679.

J. Bonnet, G. Dirheimer and J.P..Ebel, Bull. Soc. Chim.
Biol. 51 (1969) 415.

G. Keith, J. Gangloff and G. Dirheimer, Biochimie
53(1971) 123.

M. Arca, L. Frontall, O. Sapora and G. Tecce, Bio-
chim. Biophys. Acta 145 (1967) 284.

R.J. Mans and G.D. Novelli, Arch. Biochem. Biophys.
94 (1961) 1372.

P.S. Sarin and P.C. Zamecnik, Biochim. Biophys. Acta
91 (1964) 653.

M. Yaniv and B.G. Barrell, Nature 222 (1969) 278.
A.A.Baev, T.V. Venkstern, A.D. Mirzabekov, AL Kru-
tulina, L. Li and V.D. Axelrod, Mol. Biol. 1 (1967)
754.

J. Bonnet, G. Dirheimer and J.P. Ebel, FEBS Letters
ms 652,

U.L. Rajbhandary, A. Stuart, R.D. Faulkner, S.H. Chang
and H.G. Khorana, Cold Spring Harbor Symp. Quant,
Biol. 31 (1966) 425.

R.W. Holley, J. Apgar, G.A. Everett, J.T. Madison,

M. Marquisee, S.H. Merryll, J.R. Penswick and A. Zamir,
Science 147 (1965) 1462.

C.R. Merril, Biopolymers 6 (1968) 1727.

G. Keith, J. Gangloff, J.P. Ebel and G. Dirheimer,
Compt. Rend. Acad. Sci. 271 (1970) 613.

H.G. Zachau, D. Diitting and H. Feldmann, Hoppe-
Seyler’s Z. Physiol. Chem. 347 (1966) 212.

285



