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Abstract—Pre-formed Vicia faba phenylalanyl-tRNA was active in a TYMV-RNA-directed Transfer System,
whereas a similar tRNA preparation from yeast was not. Thus, lack of charging of yeast tRNA by enzymes from
Phaseolus was not the only reason why yeast tRNA would not function in this Transfer System. In the poly U-
directed Transfer System; where both types of tRNA were active, the pH and ionic parameters governing the
reaction with yeast fRNA were more stringent.

INTRODUCTION

LippELL and Boulter! have defined optimal conditions for TYMV-RNA directed protein
synthesis on 80S ribosomes isolated from Phaseolus aureus. Whereas tRNAs from P.
aureus and Vicia faba were active in the system, those from yeast were not, even though
a variety of conditions were tried. In this latter case, therefore, conditions might have inhi-
bited some individual step, e.g. aminoacylation, transfer, polymerization. If a constraint
were an inability of the aminoacyl-tRNA complex to be formed in situ, then the provision
of pre-formed aminoacyl-tRNA should overcome this translational barrier. The latter sys-
tem involving charged tRNA is called a Transfer System.?

This paper reports on an investigation into the conditions required for maximal activity
of a Transfer System directed by synthetic and natural messengers and whether the only
constraint in the use of yeast tRNA in a Complete System is due to lack of charging of
yeast tRNA.

RESULTS AND DISCUSSION
The Transfer System was investigated using both single- and multi-labelled aminoacyl-
tRNA. It was first characterized in terms of poly U direction, using both single (phenyla-
lanyl) and multi-labelled aminoacyl-tRNAs derived from yeast and V. faba.

Poly U-direction

Some aspects of the synthesis of polyphenylalanine in the Transfer System were different
from synthesis in the Complete System.' The overall activity promoted by poly U was
much lower, and the time course of incorporation much shorter in the Transfer System.
The reduction in activity compared with the Complete System, could be a consequence
of the phenylalanine transferred from the aminoacyl-tfRNA complex being rate-limiting

! LippELL, J. W. and BOULTER, D. (1974) Phytochemistry 13, 2065.
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in the Transfer System whereas in the Complete System '*C-labelled phenylalanine was
in excess. Alternatively. since the aminoacyl-tRNA preparation might contain non-acy-
lated tRNA?, this might become charged in the incubation with contaminating '*C phenyl-
alanine and ATP resulting in ['*C]-polyphenylalanine synthesis becoming diluted by its
12C counterpart. with a consequent reduction of radioactivity/unit peptide chain. In sup-
port of this view a marked depression of activity occurred when ATP was added to the
yeast aminoacyl-tRNA Transfer System. However. addition of ATP might induce Mg?*
adsorption rendering sub-optimal the available Mg?": from other experiments it was
known that fRNA was not a contaminant of the microsomal preparation.

e 14[UC] AA-V/faba TRNA-poly U.
¢ 14 [Uc) AA-Vroba tRNA+poly U.
@ ['*C]Phe- V Ffaba TRNA+poly U
A ["*ClPhe ~ V. fabo TRNA -poly U.
old ['*C]Phe ~yeast tRNA + poly U
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FiG. 1. PoLy U-DIRECTION OF Phe INCORPORATION
fROM ['*CTJ-Phe-V. faba (RN A, 14-[U'*CJ-AMINO
ACIDS (AA)V. faba RNA Anp ['*C]-Phe-veasT
RNA.
0-5 ml incubations contained: 30 umol Tris-HC1 pH
7-8 at 30", 40 umo!l K1, -1 umol GTP, 5 gmol GSH,
4 umol MgCl,, 0-1 mg poly U. 0-5 mg microsomes
and 0-2 mg V. fuba or veast IRNA precharged with
either [**CJ-Phe or 14-[U*CJ-AA. Incubation was
at 30" and 0-05 ml samples assayed at times indi-
cated. ['*C]-Phe-yeast IRNA gave no activity in the
absence of poly U. Radioactivity/disc determined by
the methods of Mans and Novelli. 333+

e TYMV—RNA: 30°
o Endogenous : 30°
A TYMV-RNA: O°
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FIG. 2. EFFECT OF TEMPERATURE ON TYMV RNA-
DIRECTED INCORPORATION FROM 14{UI'*CJ-AA-V.
faba IRNA.

0-25 ml incubations contained: 15 gmol Tris-HCI
pH 7-8 at 0% and 30°, 20 umol KCL, 0-5 ymol MgCl.,.
0-05 umol GTP, 2-5 yumol GSH, 0-25 mg microsomes.
02 mg TYMV-RNA and 0-1 mg V. fuba tRNA pre-
charged with 14 U'*C AA. Incubation was at 0° and
30" and 0-05 ml samples assayed at times indicated.
Radioactivity/disc determined as in Fig. 1.

The significance of the different rates of synthesis of polyphenylalanine from yeast and
V. fuba aminoacyl-tRNAs in the Transfer System (Fig. I} may also reflect the varying

* ALLENDE, J. E. (1969) Techniques in Protein Biosynthesis (CAMPBELL, P. N. and SARGENT, J. R.. eds.). Vol. 2.
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amounts of non-acylated tRNA present in the respective preparations, since Kaji and
Kaji,* Kurland,® Levin® and Seeds and Conway,” have all shown that free fRNA is bound
to the ribosomes in the presence of template. This characteristic may also account for the
overall lower incorporation capacity of the Transfer as compared with the Complete Sys-
tem. That this is not the only cause will ‘be seen when the effects of pH are discussed later.

The Mg?* requirement (i.e. provided exogenously), in the poly U-directed Transfer Sys-
tem with both sources of aminoacyl-tRNAs was optimal at 8 mM, contrasting with the
Complete System at 12 mM (yeast tRNA) and 10 mM (V. faba tRNA).! Allende? reported
a similar reduction in Mg?* requirement between Complete and Transfer Systems derived
from wheat embryo. A possible explanation for this reduction is that in the Comptete Sys-
tem the extra Mg?™ was necessary to meet aminoacylation reaction requirements. Igar-
ashi and Paranchynch® record identical Mg?* optima for poly U-directed E. coli-derived
Complete and Transter Systems but the range allowing polyplienylalanine syathesis was
much less in their Transfer than in their Complete System.

K™ was an absolute requirement in yeast or V. faba aminoacyl-tRNA Transfer System,
though the optimum for the former (60-80 mM) was much more critical than for the latter
(40-10D mM). The high concentrations of K™ peeded Jor maxima) activity are simiar 1o
those for the wheat embryo Transfer System® and the E. coli-derived Transfer System.®
GTP was essential in the poly U-directed Trausfer System using yeast or V. faba aminoa-
cyl-tRNA complexes. .

Striking differences between the yeast and V. faba aminoacyl-tRNA Transfer Systems
were found in their response to variation in pH values. There was no optimum for incor-
poration in the range pH 7-3-8'5 for the V. faba complex, contrasting with an optimum
at pH 7-6, for the yeast complex. This indicated that the P. aureus transfer enzymes com-
mon to both Transfer Systems were much more stringent in their pH requirements for the
transfler of the veast aminoacyi—tRNAs. Secondly. the transfer enzvmes were much less
stringent in their pH requirements than enzymes responsible for aminoacylation to V. faba
tRNA. In the Transfer System with V. faba aminoacyl-tRNA there was no optimal re-
sponse in the range of pH 7-3-8-5, contrasting with the discernible optimum of pH 7-8 in
the Complete System with that source tRNA.! Thirdly, in vitro systems containing yeast
tRNA have two different optimal pH responses, one for transfer enzymes (pH 7-6) and the_
other for aminoacylation (pH 8-1).!

Evidently, in the Complete System containing yeast tRNA the aminoacylation reaction
stage and the transfer stage have dissimilar optima, a condition not apparent in the corre-
spondims ¥, jops TRINA sysiem.

The various time-courses of incorporation in the Transfer System show lag phases with
poly U direction.?? The higher fevel of activity recorded with the multi-labelled V. faba
aminoacyl-tRNA compared with the single label may mean that more [**C]-phenyla-
lanine s charged 10 V. fobo IANA vsing 1he 187V -amino achd mixinre fhan vsing
[**CT-phenylalanine; this would be retfected in synthiesis ii thie aminoacyitRNA transfer-
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ence of phenylalanine were rate-limiting. On the other hand, results have been published
showing that poly U can direct the incorporation of substantial amounts of leucine in an
E. coli-derived in vitro system.''**? This anomalous poly U-directed incorporation of leu-
cine has also been demonstrated in 80S ribosomal in vitro systems as well as in other 70S
systems;"* ' this effect may be explained in terms of translational errors induced by the
non-physiological nature of in ritro systems.'”

[t must be remembered that aminoacyl-tRNAs labelled with 14-[U'*CJ-amino acids
were essentially for use in TYMV -RNA-directed Transfer Systems, so that the yeast i(RNA
was charged at 12 mM Mg?™ with the multi-label, since the yeast aminoacyl-rRNA prep-
aration contained representatives of all 20 “protein™ amino acids. If the material had been
charged at the Mg?" optimum for phenylalanine, ic. 15 mM Mg”". valine (and other
amino acids) would be esterified to tRNA at a low level.'® The single label yeast aminoa-
cyl-tRNA preparation on the other hand. was charged at the phenylalanine Mg*~ opti-
mum to facilitate poly U direction in the Transfer System. This would explain the higher
levels of polyphenylalanine synthesis in the single-labelled yeast aminoacyl-tRNA
Transfer System, compared with its multi-labelled counterpart. Since the Mg~" optimum
was not so critical for charging with V. faba aminoacyl-tR NA, this factor was not relevant
in that case.

Despite the fact that both sources of aminoacyl-tRNA functioned in the Transfer Sys-
tem, the ionic and pH paramcters governing the reaction with veast aminoacyl-tRNA
were more stringent than those with the V. faba complex. Since the provision of pre-formed
aminoacyl-rRNA still showed differences between veast and V. faba complexes, the restric-
tive influence(s) occurred after the aminoacylation stage. Allende,® Parisi ¢f al..'® Klink
and Richter,”” Ilan and Lipmann®' and Cifferi and Parisi,>? have all reported results
which show incompatibilities within heterologous ribosome-transfer enzyme systems,
although Boulter et al.'” have concluded that there is a far greater degree of interchangea-
bility of components from different eukaryotic systems than there is between those of euk-
aryotes and prokaryotes.

TYMV-direction

In the Transfer System, containing 14-[U'*C]-V. fuba aminoacyl-tRNAs, TYMV-RNA
directed the synthesis of polypeptide by a temperature-dependent reaction (Fig. 2). The
Mg?* optimum for this reaction was 2 mM, ostensibly the same as in the Complete Sys-
tem,' but completely dependent upon exogenously-added Mg?™ : no viral-RNA activity
was observed without supplementation. Since the Complete System was exogenously-sup-
plemented with the high-speed supernatant enzyme fraction (containing Mg® ™). the
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Transfer System optimum possessed a lower Mg? ™ requirement than the Complete, corre-
sponding to a similar reduction in Mg?* optimum found in the poly U Transfer Systems.
This was taken to indicate that a portion of the Mg?* supplied to the Complete System
was required for aminoacylation reactions.

Partiat dependerce onn GIT was showi, demonstrating fiat e miorosomat prep-
aration used here was contaminated with GTP. K¥ ion was an absolute requirement for
viral-RNA-directed (and poly U) incorporation. The formation of the ternary complex,
ribosome-template-aminoacyl-tR NA, is specifically stimulated by K* or NH; cations.'®
Stimulation may range from strong?> to slight.** Mg?™ is essential for the formation of
the ternary compiex and from the Mg”* optimum determined in the present work, it may
be deduced that binding of the aminoacyl-tRNAs with ribosomes would use GTP and
Transfer factors. Only for in vitro systems which function above 10 mM Mg?*, a somewhat
arbitrary figure, are GTP and Transfer factors not required.+3-23-25-28

Spirin and Gavrilova'® have pointed out that K" serves another purpose in the suppres-
sion of “non-specific binding” of tRNA or aminoacyl-tRNA species to the ribosome in
the abwacs of tomaplate, o whese woplatr i ok shbosome-bownd. This aon-speeific eom
plex, readily formed at 0-4° needs neither energy source nor protein factors for formation.
In the absence of K™, in the work reported here, it was noted in binding assay experiments
with 14-[U**C]-V. faba aminoacyl-tR NAs that zero-time samples showed high radioacti-
vity, possibly owing, in part, to non-specific aminoacyl-binding.

Yeast 14-[U'*C]J-aminoacyl-tRNA was inactive in the TYMV-RNA-directed Transfer
Systern, i.e. provision of yeast aminoacyl-RNA did not overcome ihe barrier observed
previously in the TYMV-RNA-directed Complete System.! This shows that there are con-
straints, besides those involved in aminoacylation reactions. It has been shown that the opti-
mum conditions for yeast tRNA are very different from those of V. faba tRNA in the Com-
plete and Transfer Systems directed by poly U. It is therefore of interest to determine
whether a yeast high-speed supernatant enzyme fraction would permit TYMV-RNA di-
rection of a P. aureus microsomal system with yeast tRNA. If it should not be effective,
then other conditions may be necessary for successful viral-RNA translation. Aviv et al.,*°
have shown that the incompatibility between tRNAs derived from unicellular organisms
and the ascites tumour cell, is partly due to inability of the synthetases of the latter to
charge certain E. coli and yeast tRNAs. However, their data suggest that other factors,
possibly involving the favoured use of specific degenerate codon classes by the virus and
the ascites tumour cell, are involved. They suggest that the barriers of heterology may
EXLETR 4 RS CRARAY AR THEIRN AT, ) IRl rgans < T Gk IS,
to Crgaus a vacaus stages af develgguuent ar even (g cectaln vuses and thelc fases.

EXPERIMENTAL

Biological materials, including TYMV-RNA, and the source of chemicals and radiochemicals, were as de-
scrited geeviousty. '
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Transfer RN A was aminoacylated by the method of Ravel et al.3! Single-label ([ *CJ-phenylalanine) or multi-
label was used to charge V. faba tRNA and yeast tRNA. The multi-label was composed of 14 individually purified
['*C}-amino acids, including phenylalanine, together with 6 ['*CJ-amino acids, in ca the same proportions as
in the typical algal protein hydrolysate CFB 104.

The Transfer System from Phascolus aureus and the methods of radioactive assay, were as described pre-
H 1,32
viously.">”*
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