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1. Introduction

The possibility that changes in the structure and
abundance of individual tRNAs may be an important
aspect of cell differentiation has been suggested by
several authors [1—5]. As reticulocytes are highly spe-
cialized for the synthesis of the two polypeptide
chains of hemoglobin, a comparison of reticulocyte
tRNA with tRNA from other tissues may be relevant
to the molecular level of this differentiated state.

In this paper we wish to report on the fractiona-
tion of tRNAVal from rabbit reticulocytes into four
isoaccepting subspecies and their properties in codon
recognition. It was established that the ribosomal
binding of two of the three tRNAVal subspecies inves-
tigated is stimulated exclusively by the trinucleotide
GpUpG. The use of tRNA subspecies of this kind in a
hemoglobin synthesizing system could be of value for

determining the number of GpUpG among the valine
codons of reticulocyte mRNAs.

2. Materials and methods

The following materials were obtained from com-

mercial sources: L- [1‘*(,Jva11ne (ZSU mu/mmole),

L-[3H]valine (31.4 Ci/fmmole) (Amersham); Na3 ADP,
~-GNP Na. CDP No,. IIDP and Gnl] (Panierwarke

;‘u SSLAL, ANAZ LAY, INAg v alll UPU A\ DapiCIvwoing
3 ’ 3 s 3 [ SR 4

Waldhof-Aschaffenburg); polynucleotide phosphory-
lase from Micrococcus luteus (30 units/mg)
(Boehringer, Mannheim); cellulose nitrate filters (pore
size 0.45 um)(Sartorius, Gottingen); Plaskon CTFE

(Allied Chemical Corporation); Adogen 464 (Oleochim,

Brussel).
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The isolation of packed reticulocytes and the pre-
paration of tRNA, of aminoacyl-tRNA-synthetase
fraction from rabbit reticulocytes as well as the charg-
ing reaction of tRNA were carried out as described in
a previous paper |_UJ

The trinucleotides were prepared enzymatically
according to the procedure of Thach [7]. The ribo-
somes of Escherichia coli MRE 600 were isolated foi-
lowing the method of Matthaei and Nirenberg [8].
The fractionation of Val-tRNA was carried out by the
reversed- phase chromatography system described by
Pearson et al. [9]. The size of the column and the elu-
tion conditions were modified as specified in the leg-
end to fig. 1. The codon recognition was tested by the
ribosomal binding assay according to Nirenberg and

Leder [10].

3. Resuiis
The isoaccepting Val-tRNAs from rabbit reticulo-
cytes were fractionated either on BD-cellulose accor-

ding to Flttler et al. [11] or on RPC-5 as described by
Pearson et al. [9]. Although BD-cellulose chromato-
graphy allows the isolation of two well-separated frac-
tions (not shown) reversed-phase chromatography
seems to be more efficient; as shown in fig. 1 we were

able to obtain four subspecies. Several renetitions of

20 L0 QUGN 10D SLUSPOULICS. OCVUIal ICpPURiliVils ©

the column run showed exact reproducibility of the
elution profile. The peak fractions were collected as
indicated by the shaded areas. The samples from peak
II contained too little material to be examined. A co-
chromatography of fraction three and four confirmed
that the tRNA fractions collected are not artifacts but
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Fig. 1. kractlonatlon of [ (,]Val-tRNA 1nto the isoaccepting subspecies by reversed-phase column chromatography. A sampie of
aminoacylated [ C]Val -tRNA (1.6. X 108 cpm) cleared of protein and dialysed against starting buffer (see below) was applied to
an equilibrated RPC-5 column 1X 100 cm in size. The elution was catried out at 30°C by a linear gradient of 0.5 litresec starting
buffer and 0.5 litres reservoir buffer. Both buffers are composed of 0.01 M sodium acetate pH 4.5, 0.01 M MgCl,, 0.001 M EDTA
and 0.003 M 2-mercaptoethanol. The starting and equilibrating buffer in addition contains 0.5 M NaCl and the reservoir buffer
0.65 NaCl. Fractions of 5 ml were collected at a flow rate of about 60 ml/hr. For estimation of the labeled tRNA subspecies 200
ul of each fraction were counted in § ml of a scintillation mixture according to Anderson [12]. The shaded areas represent the

fractions collected for further examinations.

physically different tRNA subspecies containing only

limita, i i i i
limited cross contaminations {fig. 2). Contamination

from subspecies I is not detectable by co-chromatogra-
phy. A rough estimate yields the following propor-
tions of the four isoaccepting tRNAs: tRNA}’al
8—12%; tRNAY 2! 3--5%; tRNAY2! 45-55%;
tRNAY21 30—40%.

The codon responses in the ribosomal binding test

obtained with tRNAY?2!, tRNAY2!, and tRNAY?! as

well as with unseparated Val-tRNA are shown in fig. 3
A-D. Unfractionated tRNAV2! from rabbit reticulo-
cytes charged with [3H]) valine shows a high prefer-
ence for the recognition of GpUpG (fig. 3A). The tri-
nucleotide GpUpU stimulates the binding to riboso-
mes only weakly. In the presence of GpUpC and

GpUpA no significant stimulation of binding is ob-

sarvad
SCIVEG.

This result is confirmed with separated Val-tRNA
subspecies (fig. 3 B—D). Val-tRNA, (fig. 3 C) is
bound to ribosomes exclusively in the presence of
GpUpG. Isoaccepting Val-tRNA4 (fig. 3 D) responds
efficiently to the codon GpUpG and minimally or
not at all to the other three valine speciﬁc codons.
The weak response to GpUpU might be due to a
small contamination by Val-tRNA, as already seen
in the co-chromatography (fig. 2). The ribosomal
binding of Val-tRNA, (fig. 3 B) is stimulated by the
codon GpUpG and less efficiently by GpUpU; the
trinucleotide GpUpA still seems to catalyse some
binding to ribosomes, while in the presence of
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Fig. 2. Co-chromatography of [14C] Val-tRNAj3 and

[3H] Val-tRNA; on a reversed—phase column RPC-5. After
concentrating the two samples separated by chromatography
(see fig. 1), 20000 cpm from each were combined and frac-
tionated as reported in fig. 1. The eluted fractions were preci-
pitated with 10% trichloroacetic acid on glass filters and the
radioactivity was discriminately counted in 5 ml of a 0.5%
diphenyloxazole—toluene solution.

GpUpC no significant stimulation is observed.

4. Discussion

Valyl-tRNA from rabbit reticulocytes shows a re-
markable specificity for the recognition of the codon
GpUpG in the ribosomal binding test. All three sub-
species investigated respond markedly to GpUpG and
only on reduced scale or not at all to the other valine
codons. Contradictory results have recently been re-
ported. Takemoto et al. {13] found almost no differ-
ence in stimulation by the four valine codons using
reticulocyte ribosomes and unseparated as well as par-
tially fractionated Val-tRNA from rabbit reticulocytes
in the ribosomal binding test. An explanation for this
apparent contradiction might be found in the very
high Mg2* concentration (50 mM) used by the authors.
Contrary to this, we preferred a relatively low Mg2*
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concentration (16 mM) and the application of E. coli
ribosornes. Ribosomal binding of Val-tRNA from rab-
bit liver is strongly stimulated by all four valine co-
dons under the same conditions (unpublished obser-
vations). Therefore, the lack of response to GpUpA
and GpUpC obtained with reticulocyte Val-tRNA
must be due to a real specificity of the subspecies and
not the conditions used.

It is interesting to note that these recognition pro-
perties of tRNAVa from rabbit reticulocytes differ
distinctly from those observed with tRNAV2 from
E. coli, yeast and rat liver [14—16], as the latter do
not show such a pronounced specificity for only one
codon.

It has been concluded from rabbit hemoglobin syn-
thesis in vitro with isoaccepting tRNAVa of E. coli
and yeast [13,17] that the most frequent codon spe-
cific for valine in the mRNAs for hemoglobin is
GpUpG and possibly GpUpA. (The results, however,
did not allow estimation of the frequency of GpUpA
present in the mRNAs of the reticulocyte). The re-
sults presented here support this conclusion [13,17]
in that the trinucleotide GpUpG is most often recog-
nized by unseparated as well as by separated tRNAVa
from rabbit reticulocytes. However, GpUpA as well as
GpUpC, which stimulate ribosomal binding of
tRNA V2 only weakly, might appear rarely of not at
all in valine specific positions or mRNAs or hemoglo-
bin. The fourth valine codon GpUpU, on the other
hand, might be the only valine codon in addition to
GpUpG present in the mRNAs of hemoglobin. Studies
on the incorporation properties of fractionated
tRNAVa subspecies in a homologous cell-free system
are now in progress; preliminary results seem to sup-
port the above mentioned conclusions.
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Fig. 3. Properties of isoaccepting Val-tRNAs in codon recognition. The stimulation of ribosomal binding of labeled Val-tRNAs by
codons specific for valine was measured according to the technique of Nirenberg and Leder {10]. Each sample of 50 ul total vol-
ume contained 0.016 M MgCl,, 0.05 M KCl, 0.02 M Na-cacodylate pH 7.2, 60 pmoles ribosomes, 7.5 pmoles tritiated Val-tRNA
subspecies as well as increasing concentrations of trinucleotides. Incubation time was 20 min at 25°C. The samples were immedi-
ately cooled and processed as described [10]. The radioactivity on the cellulose nitrate filters was counted in 5 ml of a 0.5%
diphenyloxazole—toluene solution.
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