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SUMMARY: The specificity of the aminoacyl-tRNA synthetase and tRNA
interaction was used to identify the amino acid tRNAs most tenaciously
bound to the 70S RNA of the AKR murine leukemia virus. Of the 17 amino
acid tRNAs tested for, proline tRNA was the major one which was
dissociated from the viral RNA at temperatures above 60°.

Tryptophan tRNA has been shown to serve as a primer for in vitro DNA
synthesis in Rous sarcoma virus (RSV) (1-3) and in avian myeloblastosis
virus (AMV) (4). Thus, a precedent for a potential primer function for
tRNA in vivo has been established. Studies in avian systems all show that
the active primer is present in the 4S5 RNA subfraction which is thermally
dissociated last from the 70S RNA (1,5). Though very much less is known
concerning the template-primer interactions in murine RNA tumor virus
systems (6), 45 RNA in association with 70S RNA has been reported (7-10).
Analogy with the avian systems would indicate that in the murine systems
also the "70S-associated" 4S RNA might be functionally important. In order
to further study the interactions between viral 35S RNA and 4S RNA we have
tried to devise methods which would also be applicable to those tumor viruses
available only in limited quantity. Using AMV as a model system we showed
interaction between specific cellular 4S8 RNAs and viral 35S RNA in vitro
(4,10). We further showed that tryptophan tRNA was the major tRNA component

to hybridize to AMV 35S RNA and that the hybrid formed is an efficient

*Research supported jointly by the Virus Cancer Program of the National
Cancer Institute and by the Energy Research and Development Administration
under contract with the Union Carbide Corporation.

1130
Copyright © 1975 by Academic Press, Inc.

All rights of reproduction in any form reserved.



Vol. 65, No. 3, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

template-primer for reverse transcription in vitro (4). We have also
demonstrated an unique association of tryptophan tRNA and AMV 35S or 708

RNA in the virion which provides added biological significance to our findings
based on in vitro hybridization. This was done by taking advantage of the
specificity of the tRNA aminoacylation reaction and by the use of the amino
acid analyzer to show that the last amino acid tRNA to be thermally
dissociated from AMV 35S RNA is tryptophan tRNA (manuscript submitted for
publication). In this communication we report results, obtained by
application of the same technique to the AKR murine leukemia virus, which

indicate a strong association between AKR 35S RNA and proline tRNA.

METHODS

RNA preparation: 4S RNA from AKR mouse embryo cells and total RNA
from AKR virus were prepared as previously described (10). Methods for
growing the cells and producing the virus were also as reported (10).
"Free" viral 4S RNA is that obtained in the total RNA extracted from the
virus and was separated from 708 RNA by sucrose density gradient sedimenta-
tion as described (10). "70S-associated" viral 4S RNA was obtained by
heating 70S RNA first to 60° and then by heating the 70S and/or 35S RNA
again to 80°. At each step 45 RNA was separated from 70S and/or 35S RNA
by sucrose density gradient sedimentation.

The "70S-associated" 4S RNA released at 60° is referred to as 60°
4S RNA and that released upon further heating as 60-80° 4S RNA. Dissociation
at either 60° or 80° was accomplished by heating for 3 min followed by
quick-cooling. Two different salt concentrations were used for dissociation.
In high salt (0.01 M Tris+HC1l, pH 7.6; 0.1 M NaCl; 0.001 M EDTA and 0.1%
SDS) 70S to 358 RNA conversion is only 60-75% complete at 60°. In low salt
(0.02 M Tris-HC1l, pH 7.6; 0.01 M EDTA and 0.1% SDS) 70S RNA is completely
converted to 35S at 60°. All dissociations at 80° were done in low salt
to insure complete 4S5 RNA dissociation. To remove SDS each 4S RNA sample
was twice precipitated with ethanol, dissolved in water and lyophilized to
dryness.

Aminoacylation: Reaction mixtures, 125 or 250 ul, were incubated at
37° for one hr and contained the following components: 50 mM Tris-HCI1,
pH 7.6; 50 mM KCI; 2 mM 2-mercaptoethanol; 4 mM ATP; 12 mM Mg acetate;
17 tritium—-labeled amino acids (as indicated in the Figure and Table) custom
packaged by New England Nuclear, each at a specific activity of 1300 uCi/umole,
each used at 9 pM; the indicated 4S RNA samples; and mixed synthetases
prepared from mouse Krebs II ascites tumor cells (11) at 0.48 mg/ml.

At the end of the reaction period, radioactive amino acids were
separated from 3H—aminoacyl—tRNAs by DEAE-cellulose chromatography at
pH 4.5 and at 4°. Bound SH-amino acids were released from the tRNA by
incubation for 2 hrs at 37° in 0.01 M (NH,),CO3 and were analyzed on an
amino acid analyzer (12). Fractions of approximately one ml each were
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collected directly from the columns, bypassing the ninhydrin system. The

total radioactivity in each sample was determined by liquid scintillation

counting after the addition of four ml of Aquasol. Counting was about 10%
efficient.

RESULTS

Experiments preliminary to these showed that greater than 707% (approxi-

mately 1350 pmoles/A,, .) of the theoretical maximum amount of tRNA in a 4§

260
RNA preparation from AKR cells was aminoacylated under the conditions used.
The distribution of amino acid tRNAs in AKR mouse embryo cells is shown in
Figure 1A and is tabulated in Table 1. The presence of active synthetases
for each of the 17 amino acids tested is indicated. The reproducibility of
the method is seen by comparing the results from AKR samples 1 and 2 (Table
1). The amino acid tRNA distribution in the AKR cells, as determined by
this method, is distinguishably different from that seen in a variety of
chicken cells (manuscript submitted for publication).

In AKR "free" 4S RNA the amino acid tRNA distribution is different
from that observed in the cell (Figure 1B and Table 1). Most notable are
relative increases in lysine, histidine, proline and glycine tRNAs and
decreases in tryptophan, threonine and/or serine, valine, leucine, tyrosine
and phenylalanine tRNAs. WNo definitive statement can be made regarding the
methionine tRNA content of AKR "free' 4S RNA from this experiment because
a subsequent analysis showed the radioactive amino acid mixture to be
deficient in methionine. Methionine and to a lesser extent tryptophan
have proved to be unstable in the mixture (in 0.01 N HCl) stored at -40°.
It is advisable to use amino acid mixtures without these amino acids and to
add them as supplements from known stocks at the time of aminoacylation.

There is little difference in the amino acid tRNA composition of the
"70S-associated" 4S RNA which dissociates at 60° in either high or low
salt (Table 1). Relative to the distribution in AKR cells, the "708-
associated" 60° 4S RNA is characterized by significant increases in the

proportions of tryptophan, arginine, and glutamate tRNAs (Figure 1C and
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Fig. 1. Analysis of the amino acids obtained from in vitro aminoacylated
cellular and viral RNAs. A) AKR mouse embryc cell 4S RNA, B)'AKR
"free" viral 4S RNA, C) AKR low salt 60° viral 4S RNA, D) AKR low
salt 60-80° viral 4S5 RNA.

Table 1). Likewise relative to that in the cell, the proportions of valine,
methionine, tyrosine and phenylalanine tRNA are decreased in this fraction.

In the "70S-associated" 4S RNA which dissociates between 60° and 80°,
tryptophan, lysine, arginine, threonine and/or serine, glutamate, proline,
glycine, alanine, isoleucine and leucine tRNAs were repeatedly demonstrated
(Figure 1D and Table 1). However, none with the exception of proline tRNA
are present at a level greater than 12%. Proline tRNA comprises 507 to 60%
of the identified amino acid tRNAs which dissociate from AKR 70S and/or

358 RNA between 60° and 80°.

DISCUSSION

Our previous studies (4,10) utilizing reversed-phase chromatography [RPC~5]
indicated that the cellular 4S5 RNAs which hybridized to AMV 355 RNA might be

the same as those which hybridized to AKR 35S RNA. Subsequently we demonstrated
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that a major portion of chick cell tRNA which hybridized in vitro with AMV
35S RNA was tryptophan tRNA (4). At the same time we indicated that
tryptophan tRNA was not a major component of the hybridizable tRNA in the
AKR mouse cell tRNA - AKR viral 355 RNA system (4,10). Our conclusions
from these experiments are confirmed by the results presented here in which
tryptophan tRNA is shown not to be a major portion of the tRNA associated
with AKR 70S RNA. Unlike RSV and AMV the tryptophan tRNA content of AKR
"free" 4S5 RNA is very low, an observation which has been reported for
another murine virus system (3).

Regarding proline tRNA, it is interesting to note that although it is
in relatively high concentration in AKR "free' 4S RNA, it is low in the 60°
"70S-associated" 4S RNA fraction. Thus the high content of proline tRNA
in the 60-80° 4S RNA fractions but not in the 60° fractions strongly
indicates an unique association between it and AKR 355 RNA. We are currently
attempting to purify proline tRNA from mouse tissue in order to determine if
it, like tryptophan tRNA in the AMV (4) and RSV (13) systems, will prime
reverse transcription of AKR 355 viral RNA in vitro. We have preliminary
results to indicate that in Rauscher leukemia virus, as in AKR virus, proline
tRNA is the major RNA component released from 35S RNA between 60° and 80°.
These results suggest that tRNA molecules capable of priming viral RNA
directed DNA synthesis in vitro might be species specific.
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