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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 
Phase&s 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 tRNA were more stringent. 

INTRODUCTION 

LIDDELL 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 P’iciafuba 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 [RNA 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 1/.fabu. 

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-tRNA complex being rate-limiting 

1 LIDDELL, J. W. and BOULTER, D. (1974) Phytochetnistry 13, 2065. 
’ BOULTER, D. (1970) Ann. Rev. Plant Ph_vsiol. 21, 91. 
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in the Transfer System whereas in the Complete System “C-labelled phenylalanine was 

in excess. Alternatively. since the aminoacylkRNA preparation might contain non-acy- 
lated tRNA’. this might become charged in the incubation with contaminating 12C phenyl- 

alaninc and ATP resulting in [‘“Cl-polyphenylalanine synthesis becoming diluted by its 
‘lC 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’ + : lion1 other experiments it \vas 

known that rRNA was not a contaminant of the microsomal preparation 

rRNA. 
0.5 ml incubations contained: 30 pmol Tris HCl pH 
7.8 at 30 .40 pmol KC‘], 0.1 /lrnol GTP, 5 ltmol GSH. 
4 ~~rnol M&Cl,, 0.1 mg poly U. 0.5 mg microsomes 
and 0.2 mg I’.,f&r or yeast rRNA precharged with 
either [‘4C’]-Phc 01. I3-[Lf”C]-AA. Incubation was 
at 30 and 0.05 ml samples assayed at times indl- 
cated. [“Cl-Phc yeast IRNA gave no actkitv in the 

absence of poll U. Radioactivity disc determ& hy 

. TYMv-RNA 30” 

C, Endogenous 30” 

-2 TYMv-RNA 00 

0.2.5 ml incubations contained: IS /in101 Tri+HCi 
pH 7.8 at 0’ and 30 1 20 /Imol KCI. 0.5 Llrnol MgCl,. 
0.05 pm01 GTP. 2.5 /tmol GSH, 025 mg microsomes. 
0.2 mg TYM\‘~ RNA and 0.1 mg I’. fir/~ tRNA pre- 
charged with 14 U”C AA. Incubation was at 0 and 
30 and OWI ml samples assayed at times indicated. 

Radioactivity,‘disc determined as in Fip. I. 

The significance of the different rates of synthesis of polyphenylalanine from yeast and 
1’. ,firl~rr aminoacyl-tRNAs in the Transfer System (Fig. I) may also reflect the varying 

’ .~LI.~'~DI. J. E. (1969) T~hryws 1~ Protcirl Hio\w/hesi.s (C’AMPMLL. P N. and S.ZKW:U I. J. R.. eds.). Vol. 2. 
pp. 55. .Ac:tdemlc Press. London. 
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amounts of non-acylated tRNA present in the respective preparations, since Kaji and 
Kaji,4 Kurland,5 Levin6 and Seeds and Conway,’ have all shown that free tRNA 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 &iscussed later. 

The Mg2 ’ 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).’ Allende3 reported 
a similar reduction in Mg2+ requirement between Complete and Transfer Systems derived 
from wheat embryo. A possible explanation for this reduction is that in the Complete Sys- 
tem the extra Mg2+ was necessary to meet aminoacylation reaction requirements. Igar- 
ashi and Paranchynchs record identical Mg” optima for poly U-directed E. coli-derived 
Complete and Transfer Systems but the range allowing polyphenylalanine synthesis was 
much less in their Transfer than in their Complete System. 

K+ was an absolute requirement in yeast or V.,faha aminoacyl-tRNA Transfer System, 
though the optimum for the former (60-80 mM) was much more critical than for the latter 
(4(rl(DD mM). The h&h conceJmatjons of X + needed for maxima1 actjvjtv are sjmjlar to 
those for the wheat embryo Transfer System3 and the E. c&derived Transfer System.’ 
GTP was essential in the poly U-directed Transfer System using yeast or V. jaba aminoa- 
cyl-tRNA complexes. 

Striking differences between the yeast and I/. fi;lba 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 73-8.5 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 
transffer OF the ueast aminoac+tRNAs. Secondl,v. the transFer enzymes were much less 
stringent in their pH requirements than enzymes responsible for aminoacylation to V.fuba 
tRNA. In the Transfer System with V. faha 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 uitro 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- 
sponcb’>n> Y .“Saha t%Y+h $Wtem. 

The various time-courses of incorporation in the Transfer System show lag phases with 
poly U direction. I’ The higher ievel of activity recorded with the multi-labelled I/. fiha 
aminoacyl-tRNA compared with the single label may mean that more [i4C]-phenyla- 
lanine js charged To Y. faba zRNA using the 1 4-IUL4CI)-amino acid rni%xle than us@ 
[‘4C11_plienyiaianiiie; this wouid- be retliected- in synthesis if-the amiinoac$-tuna’ transfer- 

I0 SPIRIN. a. S. and GAVRILOVA, L. P. (1969) The Ribosomr, Springer, New York. 
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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. &i-derived in uitr’o system. ’ f.f2 This anomalous poly U-directed incorporation of leu- 
tine has also been demonstrated in SOS ribosomal irl ritw systems as well as in other 70s 
systems;13 ” this effect may be explained in terms of translational errors induced by the 
non-physiological nature of i/l ri/r.o systems.’ _ 

It must be remembered that aminoacyl- tRNAs labelled with 14[U ‘%I’]-amino acids 
were essentially for use in TYMV RNA-directed Transfer Systems. so that the yeast tRNA 
was charged at 12 mM Mg’+ with the multi-label, since the yeast aminoacyl-tRN.4 prep- 
aration contained rcpresontativ~es of all 20 “protein” aniinc> acids. If the material had been 

charged at the Mg’ ’ optimum for phenylalanine, i.c. 15 mM Mg’ ‘+. valine (and other 
amino acids) would bc esterified to tRNA at a low level. * ’ The single label yeast aminoa- 

cyl&RNA preparation on the other hand. was charged at the phenylalanine Mg’ _ opti- 
mum to facilitate poly I! direction in the Transfer System. This would explain the higher 
levels of polyphenylalanine synthesis in the single-labelled yeast aminoacyl -[RNA 
Transfer System, compared with its multi-labelled counterpart. Since the Mg’+ optimum 
was not so critical for charging with T/.,f& aminoaq%tRNA. this factor was not relevant 
in that case. 

Despite the fact that both sources of aminoacyl~~rRNA functioned in the Transfer Sys- 
tem, the ionic and pH parameters governing the reaction vvith yeast aminoacyl~~tRNA 
were more stringent than those with the C’. firha complex. Since the provision of prc-formed 
aminoacyl_tRNA still showed difierences between yeast and i’.fizhu complexes, the restric- 
tive influence(s) occurred after the aminoacylation stage. Allende,-3 Parisi ct cr/..” Klink 
and Richter.“’ flan and Lipmann’ ’ and Ciffcri and Parisi.” have all reported results 
which show incompatibilities within hcterologous ribosome-~transfer enzyme systems, 
although Boulter CT al.” have concluded that there is a far greater dcgrce of interchangea- 
bility ofcomponents from different eukaryotic systems than there is between those of euk- 
aryotes and prokaryotes. 

TYM V-directim 

In the Transfer System, containing 14-[U fSC]-V..fihu aminoacylPrRNAs, TYMVRNA 
directed the synthesis of polypeptidc 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 exogcnously-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 

” Bfumc Ht K. M. S. iind C;KfJNf~r-Rcr;-Mhh(;O, M. (1962) ,Vutz/r<p 195, 283. 
” MArTHAf:f. J. H.. JOIGS. 0. W., MARTIN. R. G. and NIKF NHI.RG. M. W. ( 1967) .J. Bid (‘/w~II. 233. 057. 
I ’ SAGER, R.. WIINS~EI\I, I. B. and ASHRI~NALI. Y. (1963) ,%i~wcc 140, 304. 
j4 BRFTSCHER, M. S. and Jmxs. 0. W. (1967) Twh~~icp~~.s 10 Pwre~n Hio~r~r~rlwsis ((‘Aww f I. P. N and SARGI+V. 

J. R., eds.). Vol. I. p. 217. .4cadcmic Prsss. London. 
” S-rAvu, L. (1968) PUK. .l’trr. .Ad. Si I’.S. 56, 290. 
” FRfI.f>MAN. S. M.. BI Rf.L.\f 1. R. and Wf.fYSTf IN. I. B. (196X) J. Uirti. Clrrm. 243, 5044. 
I’ BoLt.rfiR, D.. ELLIS. R. .I. and YRRWOOI~, A. (1972) Bid. RcI’. 47, 1 Ii. 
I* LIIIIXLL, J. W. (1972) Ph.D. l’hcsis. Ilnivcrsity of Durham. 
“I PARISI, B.. MII.AVI:SI. G.. VAN Ef-rtN. J. L.. PI ,<A>,. A. and ~f~f.RRf. 0. (1967) J. 2<,/. /3,,,/. 28, 295. 
“I KLINI(. F. and Rfcrrrr~. D. ( 19661 Bwhh. Hiophr.~ .-l~rcl 114, 431. 
2 ’ ILAX. J. nnd LI~‘\IAX\. r-‘. ( 1 %h) ,lc,ir~ H/ric /i//n. ~‘o/‘uit/ 13, ji.3. 
” ~fFf~KRf. <>. nnd PARI~I. B. ( i’)iO) PIYJ~w~.\ IU .I’!tc~/e~c~ 4~ rd /<~~Y<~Iw~/~ trml !\lii/c~c I//M Biohy , ( DAVIIXON. J. N. 

and COff~. W. E.. cds.). Vol. IO, p I II. ;\cadcfilic PI-~5s. NC\\ \iorl\. 
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Transfer System optimum possessed a lower Mg2+ requirement than the Complete, corre- 
sponding to a similar reduction in Mg2+ 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. 

Par&1 u&3X&t33Ze 6.1~ GTP w’a”s &?w’II, i?ein~&iX, t-h& &E 1i+iDWf& FL-q- 
aration used here was contaminated with GTP. K’ ion was an absolute requirement For 
viraI-RNA-directed (and poly UJ incorporation. The formation of the ternary complex, 
ribosome-template-aminoacyl-tRNA, is specifically stimulated by K+ or NH: cations.” 
Stimulation may range from strong23 to slight.24 Mg2+ is essential for the formation of 
the ternary complex and from the Mg’ ’ optimum determined in the present work, it may 
be deduced that binding of the aminoacylLtRNAs 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.‘.“~‘“.‘s~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 ;a’osenc of TV&%,, w +X,X TV@&< is not +&SQX&XQ~& T5& ~QW+..&X_ corn- 
plex, readily formed at &4” needs neither energy source nor protein factors for formation, 
In the absence of Kf, in the work reported here, it was noted in binding assay experiments 
with 14-[U’4C]-T/.faba aminoacyl-tRNAs that zero-time samples showed high radioacti- 

vity, possibly owing, in part, to non-specific aminoacyl-binding. 
Yeast 14-[U “C]-aminoacyl-tRNA was inactive in the TYMV-RNA-directed Transfer 

System, i.e. provision of yeast aminoacyl-IRNA did not 0veTcome the balrrier 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 1/.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 TYKV-RNA di- 
rection of a P. aureus microsomal system with yeast [RNA. If it should not be effective, 
then other conditions may be necessary for successful viral-RNA translation. Aviv et al.,29 
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 inay 
extL+ +A > 00 fl? I u L” Rx, ux%sdy wsed +if&ic TfL‘ -&TJ~i~m,s d , G-ii 5Tpd&kd c!f7~zic%~ d Iz && qY&?:, 
to crgaans at v~rtous stages ofdeveluatrrerrl or everr to certain k-uses and their husk-. 

EXPERIMENTAL 

Biological materials, including TYMV-RNA, and the source of chemicals and radiochemicals, were as de- 
scrited q~eviuusly.‘~.‘” 

23 SPYRIDES, G. J. (1964)P~oc. Nut. Acud. Sci. U.S. 51, 1220. 
24 PESTKA, S. and NIKENRERG, M. W. (1966) J. Mol. Bid. 21, 145. 
” ~PYRKDES, G: J: XdtlPM%NN, ~.‘(~Z%~~?~X. Hirr. /i&%? &l: ti.3. e iy?? 
z6 CClxvW.~Y,‘r.W. )~Ph4>Pror. x’nt. .9I.Nj>.scj.x S.~.>xh. 
‘- NIKI SIU KG. M. W. and LI I), K. P. (I WI) Scicwc, 145, I?W. 
2x NISHIZUKA. Y. and LIPMANN, F. (1966) Arc/~. Biochem. Biophys. 116, 344. 
29 AVIV, H.. BOIME. I. and LEDER, P. (1971) Proc. Nat. Acud. Sci. U.S. 68, 2303. 
” PAYNE, E. S.,SOLIL~ER,U.,-~ROWNRICG. A.;LoNsDALE.~?J.,~~ARw~uD, ‘A. an&‘k~~~CK)fl, 5.%.‘~14’i~f%rycu- 

chernistuv 10, 2293. 
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Trwxfer RNA was aminoacylated by the method of Ravel er ul. 3 I Single-label ([‘4C]-pl~enylalanilre) of multi- 
label was used to charge V.fhhn [RNA and yeast rRNA. The multl-label was composed of 13 indlviduallq purified 
[“%I-amino acids. including phenylalanine, together with 6 [“Cl-amino acids, in (XI the same proportions as 
in the typical algal protein hydrolysate CFB 104. 

The Transfer System from P/~tr.whs uuw~~v and the methods of rndioactiw assay. \\crc as described prc- 
viouslv.l~-~’ 

3’ RAVEL. J. M.. MOSTELLER, R. D. and HARLXST). B. (1966) Proc. Xur. Acurl. S(,i. U.S. 56, 701. 
32 YARW~OII, A., PAYEE. E. S., YARWOOD, J. N. and BOULTER. D. (1971) Ph!‘roc,her,~isl~‘~, 10, 2305 
” MANS, R. J. and NOWLLI. G. D. (1960) Biochel,l. Biopiqx Rc,,s. Co~~r,ur~ 3, S30. 
” MANS, R. J. and Noct 1.1 I. G. D. (I 961) AK/I. Riochrm Hioplr~~. 94, 4X. 


