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Abstract-Two lsoacceptmg tRNAPh’ were Isolated from yellow lupm seeds by DEAE-cellulose, BD-cellulose 
and reversed phase chromatography The products obtained were characterized by ammoacylation and fluores- 
cence The chromatographlc behavlour and some properties of the Isolated tRNAs are discussed and compared 
with the known tRNAPh’ from other sources 

INTRODUCTION 

TRANSFER RNA from higher plants are less well studied than those isolated from bacteria, 
yeast, or animal tissues. This 1s due mainly to the difficulties m purification of the plant 
[RNA: the methods of tRNA isolation developed for bacteria or yeast’s2 had to be modl- 
fied to give satisfactory results with plant material 3~7 As a result, the only plant tRNA 
of known primary structure is tRNAPh” from wheat germ, 3 in spite of the great interest 
m the possible participation of tRNA in cellular regulation.8 

The known tRNAPh’ from wheat germ is one of the two phenylalanme lsoacceptors 
shown by Yoshikami et LI~.~,‘~ The two lsoacceptors differ only in the fluorescing base in 
the position adjacent to the antlcodon The presence of multiple tRNAPh’ is rather a com- 
mon feature for eucaryotes’ ’ ls and recently Hiatt and SnyderI demonstrated nine 
tRNAPh” species in barley seedlings. This report describes the isolation and purlficatlon 
of two tRNA Phe from Lupines luteus seeds. 
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RESULTS AND DISCUSSION 

The procedure used for the preparation of crude tRNA from lupm seeds mvolved suc- 
cessively phenol extraction, lsopropanol fractlonatlon. deprotemisatlon with the chloro- 
form-lsoamyl alcohol mixture and finally DEAE-cellulose chromatography as described 
by Hancher et a/ ” The yield of crude tRNA was about 3SOmg:kg of lupm seeds The 
preparations showed 1% 19 A,,,,, umts/mg and contamed small amount of high M W. 
RNA (as Judged by 5y) polyacrylamlde gel electrophoresis) and less than 2”,0 of protein. 

The average phenylalanyl acceptance of the selected fractions from DEAE-cellulose 
column was 90 pmol per Az6,, umt (Table 1). 

The procedure described gave a slmllar yield of crude tRNA as the procedure of Vnnder- 
hoef and Key’ m which advantage 1s taken of different solubllit\/ of high and low-MW 
RNA m 3 M NaOAc Crude tRNA from Iupm seeds obtamcd bq this method contamed. 
however, more contamination (mostly carbohydrates) than IRMA prepared as mdlcated 

above 
Among diverse methods reported for purification of [RNA Phc the BD-cellulose chromat- 

ography’“,‘9 proved to be the most effective. This chromatographlc step was used for ISO- 
lation of tRNAPh’ also from plant material ‘3’” As shown m FIB 1 the crude tRNA from 
lupin seeds separated on BD-cellulose mto two peaks of phcn~lalanme acccptoi activltles. 
The mam one IS eluted at about 1 M NaCl and the second one m the l:tOH fraction The 
proportions of the two peaks varied for different crude rRNA preparations. but the average 
ratio was about 7.1 

The presence of two tRNA,Ph” was checked by BD-cellulose chromatography of the 
crude tRNA ammoacylated with [14C]-phenylalanine’ the charged rRNA was applied on 
BD-cellulose and the column was successively washed ulth 0.3, I M NaCl and I M NaCl 
contammg 20”,:, of EtOH buffered to pH 4.5 About 7OY;, of the total [‘%‘I-Phc-rRNA 
(tRNATh’) was eluted with 1 M NaCl and about 3X0 (tRNAP”‘) with the ethanollc sol- 
vent The two tRNAJhL also eluted separately when a sample of crude tRNA. heated at 
80” and then slowly cooled, was slmllarlly ammoacylated and run on the same BD-cellu- 
lose column This indicates that rRNArh” is not a conformer of tRNAP’” or vice versa 
Lack of the expected shift of Phe-tRNAph’ from salt into ethanol fraction” mdlcatcs that 
the overall structure-dependent tome mteractlons and not the hydrophobic ones are the 
decisive factor of tRNA behavlour during BD-cellulose chromatography Friedman”’ who 
investigated, the chromatographlc propertles of tRNA acylated with X-hydroxysucclm- 
mide ester of phenoxyacetlc acid come to a sunJar conclusion 

Phenylalanine acceptmg portions of effluents from a preparative BD-ccl1ulosc column 
were pooled as indicated m Fig. 1 The ammo acid acceptor actlvllles of the pooled frac- 
tions were not high when compared with appropriate values reported for tRNAPh’ from 
other sources. The average (four runs) ammo acid acceptance was 245 and I80 pmol pc~ 
A ZhO unit for tRNAIP”’ and tRNAlph’ respectively Gel electrophorcsls of both the fRNA”” 
fractions showed besldes the mam 4s band also a small band of hrgh MW RNA and some- 
times some hydrolysis products due to rncldentally Introduced rlbonuclcascs The EtOH 
fraction contamed more high MW contammatlon than the 1 M NaC’l fraction of tR NA”” 
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The presence of similar inactive material in the EtOH fraction was observed also by other 
authors.” We think that the relatively low acceptor activity of tRNAPh” obtained after 
BD-cellulose chromatography was due mainly to an aggregation of lupin tRNA. The poss- 
ible aggregates could not be resolved by heating the tRNA solution to 75” followed by 
slow cooling. 

r I 

Fractmn No 

FIG 1 BD-CELLULOSE CHROMATOGRAPHY OF CRUDE LUPIN SEEDS tRNA 

6OcQ Ax0 units were apphed (m 60 ml of starting buffer) on a 2 5 x 80 cm BD-cellulose column equl- 
hbrated with 0 05 M NaOAc buffer pH 5 contammg 0 3 M NaCl and 0 01 M MgClz The column was 
eluted with a lmear gradlent (5 5 1 tot vol) of 0 3-l 2 M NaCl m the same buffer followed by 1 3 M 
NaCl m the above buffer and 1 3 M NaCl with 20% of ethanol v/v Fractions of 10 ml were collected 
at a flow rate 1 2 ml/mm and assayed for A 260 absorbance, [14C]-phenylalanme acceptance and fluores- 

cence Intensity at 410 nm 

Although there was little doubt about the presence of two tRNArh’ in the crude lupin 
seed tRNA, the possibility still existed that the EtOH fraction contained much of the salt 
tRNAPh’ fraction due to the tailing of the previous peak. The observed tailing of this frac- 
tion resulted m an mcomplete separation of the two tRNA, and therefore for further purifi- 
cation both the salt and the EtOH fractions were combined except for small parts of the 
fractions left for rechromatography experiments. 

Transfer RNA fractions pooled from a BD-cellulose column were precipitated with 
EtOH, dissolved in and dialysed against 0.01 M Tris-HCl buffer pH 7.5 containing 0.01 
M MgCl, and than applied to a Sephadex G-100 column. As shown in Table 1 this step 
removed the high MW material and the degradation products and resulted in an increase 
of ammo acid acceptor activity of the tRNA. 

tRNA obtained from the Sephadex G-100 column was subjected to reversed phase 
column chromatography A typical elutlon profile of tRNA from a RPC-5 column is 
shown in Fig. 2 Phenylalanine acceptor activity was found in two peaks (tRNAyh’ and 
tRNAPe). In terms of AZho units the recovery of tRNA from this column was nearly 
quantitative (95%); however, of the 75 nmol of tRNAPh’ applied on the column only 45 
nmol were recovered. A comparable low yield of specific tRNAs from RPC-5 columns 
was observed by other authors.21 In an experiment when [14C]-Phe aminoacylated tRNA 
sample was chromatographed on RPC-5, Phe-tRNAPh’ was eluted in two peaks, but 
measurable radioactivity was found also m the fractions emerging at the void volume of 
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the column. This radloactivlty, however. was acid soluble and therefore It could not be 
[14C]-Phe tRNA. The presence of two peaks of phenylalanme acceptor activities on the 
elutlon profiles from RPC-5 column of the uncharged tRNA as well as separation of the 
[14C]-Phe ammoacylated samples mto two distinct peaks confirmed the BD-cellulose 

observations that 1~up~11r.s Iutcus seeds contam at least two phenylalanine tRNA, 
” 
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FIG 2 R~VEKSEII PHASE ~HROMATOCRAPHY OF tRNAPh’ FROM LI’PIZ St tDS 

Transfer RNAPh’ rich fractions from BD-cellulose and purified by gel filtration on a Sephadex G- 100 
column were applied on a 1 2 x 130cm RPC-5 column Fractions of S ml wc~e collected For other 

details set Evpernnental 

To exclude the possibility that the separated tRNAe’” are mutually transversmg con- 

formers, rRNAyh’- was ammoacylated with [‘“CJ-Phe and rRNAg’lL ivlth II”HJ-Phe (or 
vice versa) and the mixture was co-chromatographed on RPC-5 column. For this exper- 
iment the separated fractions both from BD-cellulose and RPC-5 columns were used The 
salt tRNAPh’ from BD-cellulose appeared to be Identical with tRNAF”’ from RPC-5. and 
EtOH tRNA”” from BD-cellulose with lRNAFhi from RPC-5 Co-chromatography of 
tRNA ph‘ from BD-cellulose with tRNA{“‘ from RPC-5 always gave two peaks, one of 
which was labelled with [14C]-Phe the other one with [“HJ-Phe. 

TABLE 1 Rwovt.~u OF tRNAPh’ AT VARIOUS STAGL S Ok ITS PI.RIFICATl04 
-. ___- 

Phe acccptnnce” 
A Z,rO pmol pel Recoverv 

Purrficatlon stage umts \ ?,,,, unit (“,,) _ 

Crude rRNA 6000 90 I 00 
Pool after BD-cellulose 1200 200 47 
Pool after Sephadex G- 100 640 350 40 
Product after RPC-5 90 24 
tRNA;“’ 5x 1370 15 
rRNAphL 32 1500 9 

* The ammoacId acceptance values are an average of three sets of tripkate ,~ssays Ck~s~onnllq the nssay was 
checked by a purdied synthetasc ” 

The fluorescence emlsslon spectra of both the isolated tRNA, were slmllar and had emls- 
slon maxima at 410 nm upon excltatlon at 310 nm. This value differs from data pubhshed 
for other tRNAPh‘ and also from the maximum observed for the peroxy Y base lsolatcd 
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from lupm tRNA.” This may reflect the environmental differences of the Y bases free m 
solution and bound to their parent tRNA,, or the isomerization as suggested by Hancock 
et a1.23 Recently it was shown that lupin tRNA contams two Y-type bases, one of which 
was identified as peroxy-Y and the other was chromatographlcally similar to Y.22 The pro- 
portions of tRNA The to tRNAPh” and of peroxy-Y to Y (7 : 1 and 9 : 1 respectively) suggest 
that tRNA The contains the peroxy-Y base and Phe tRNA, Y base. This has not been defi- 
nitely proved. 

EXPERIMENTAL 

Preparation ofcrude tRNA Freshly ground seeds (10 kg) of lupmus luteus (var Express) were mlxed with 
40 1, of dust 80% PhON and 40 I, of 0 1 M acetate buffer 6 8-7 0 contammg 2 mM EDTA and 2 mM 
Na2S,0, and 001 M MgCl,. After 24 hr the aq layer was drawn off and agam blended with 10 1, of H,O-satd 
pHOH After separation of the layers cold 1soPrOH (1 vol) was added with contmuous stirring to the aq sol made 
0.3 M with NaOAc buffer, pH 6 5 (4 vol) The resultant ppt was removed by centrlfugation and discarded RNA 
was precipitated from the supernatant by addltlon of 2 5 vol EtOH cooled to -20” The ppt was pelleted by 
centrlfugahon and dissolved m 0 01 M Trls-HC1 buffer pH 7 5 contammg 0 01 M MgCl,, 10 mM EDTA and 
2 mM Na,&O, An equal vol of CHCl,-lsoamyl alcohol (24 1) mixture was added with shaking Tlus step 
was repeated twice tRNA was precipitated from the aq layer (made 0 15 M with NaOAc buffer pH 5 2) by add]- 
tion of 2 5 vol of cold EtOH, collected by centrifugatlon and deacylated by mcubatlon of Its soln m Trls-HCI 
buffer 1 8 M pH 8 1 for 30 mm at 37” 24 Transfer RNA was further purllied on DEAE-cellulose m NaCl gradient 
0.3-O 65 M as described by Hancher. I’ Selected fractions defined by ammo acid acceptance assays were pooled, 
precipitated with EtOH and tRNA was recovered by centrifugatlon 

Pur$catlon of tR NAPhe tRNAPh’ -rich fractions from DEAE-cellulose were applied to BD-cellulose BD-cellu- 
lose chromatography was carried out at room temp accorchng to GIllam rt al I* Fractions from the column 
were assayed for fluorescence mtenslty at 410 nm (excltatlon at 310 nm) and for phenylalanme-acceptor actlvlty 
Elutlon was either stepwlse or with linear gradient 0 3-l 2 M NaCl followed by 1 3 M NaCl and 1 3 M NaCl 
contammg 20% EtOH The fractions contammg tRNAPh’ were pooled and mixed with 2 5 vol of cold EtOH 
The preclpltated RNA was collected by centrifugation, dissolved m 0 01 M Trls-HCI buffer pH 7 5 containing 
001 M MgClz and 005 M NaCl(lOO0 A,,, units) and applied on a 2 x 95 cm Sephadex G-100 column The 
column was equilibrated with the same buffer and the same buffer was used for elutlon of RNA The tRNAPh’ 
contammg fractions were used for further purification on RPC-5 columns 

The packing for RPC-5 chromatography was prepared accordmg to l5 slurried m the equlhbration buffer (0 01 
M NaOAc, 0 3 M NaCl, 0 01 M MgCl,, pH 4 5) and poured mto a 1 2 x 130 cm column The column was run 
at 25” and a flow rate of 0 2 ml/mm was employed. tRNA (200 AzeO units) was dissolved on 10 ml of eqmhbratlon 
buffer (contammg 0 18 M NaCl) and pumped onto the column A linear gradient of 0 3-O 9 M NaCl m the same 
buffer was generated by Ultrograd (LKB, Sweden) with a total vol of 500 ml The gradient elution was completed 
within 48 hr Alternatively 400 A Zh,, umts were applied on a 1 5 x 85 cm column with a flow rate 0 5 ml/mm 
and the gradlent was completed m 24 hr. 

Analytical co-chromatography The [14C] or [‘HI-Phe ammoacylated tRNAp”’ and tRNAPh’ was on a 0 7 x 
30 cm RPC-5 column equlhbrated with 0 5 M NaCl In the same acetate buffer as used for preparative runs 

A concave gradient of 0 5-O 9 M NaCl was applied, the total gradient vol was 200 ml and 2 5 ml fractions were 
collected O-5 ml of each fraction was counted in a Bray’s scmtlllation soln 26 

The ammoacvlatlon About 10 A,,, units of tRNA were Incubated at 37” m 100 mM Trls-HCl buffer PH 7 5, 
2 mM ATP, 2 i mM 2-mercaptoet~~~ol, 10 mM MgCl, with 25 nmol of radioactive ammoacid [‘%I-P’he, 270 
mCl/mmol or [‘HI-Phe, 1000 mCi/mmol and about 1 mg of enzyme protem prepared according to ref.” After 
75 mm the mcubation mixture was extracted 3 x with an equal vol of H,O satd pHOH followed by 3 extractlons 
with Et20 tRNA was precipitated from the aq phase with 3 vol of cold EtOH The ppt was &solved in d 
small vol of 0 01 M NaOAc buffer pH 4 5 containing 0 18 M NaCl, 0 01 M MgClz and was dlalysed for 6 hr 
against this buffer and applied on a RPC-5 column 

Assay procedures The ammo acid acceptor actlvlty of tRNA was assayed by the filter paper disc method as 
described 4 One AzeO unit of unfractlonated tRNA or 0 05 AzGO unit of the purified species were incubated for 
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30 mm m a reactton mixture contammg 10 pmol of Trls-HCl bul?er pH 7 5. 0 5 LImoI of MgCl, 0 1 pm01 of 
A TP 0 2 pmol of 2-mercaptoethanol, 3 nmol of [14C]-Phe and 0 I-O 15 my of the crude enzyme pj otem m a 
final vol of 100 ~1 The filter paper discs contammg TCA-msoluble material from the mcubatlon mlxturc were 
placed m vlals contammg 5 ml of toluene scmtlllatlon soln and counted tn a scmtlllatmn counter with an effi- 
clency of 55Y0 

Orlzcj ~t/?odv Gel (5 or 7’: ,,) electrophorcsis was perfol med accordrng to Locnmg ‘H Protcm content u ~5 deter - 
mmcd by the Lowry method ” Fluorescence measurements were conducted at loom tcmp m a spcctlophoto- 
tluornneter fitted with a xenon lamp Standard quart/ I x I cm ltght path< cuvc:ts were used Thts lcl,ltl\e fluo~cu- 
cence rcadmgy obtamcd dt 410 nm arc called F, / o 
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