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Abstract- -r-RNA-nucleotidvltransfcrascactivitvwas detected in Lupi~~us luteus seed. The enzyme was partly puri- 
fied, and some of its properiies are dcscribcd. 

INTRODUCTION 

An intact CCA sequence at the 3’-hydroxyl ter- 
minus of t-RNA is an absolute requirement for 
biological activity. For a few years it has been 
known that the enzyme t-RNA-nucleotidyltrans- 
ferase catalyzes the addition of AMP and CMP to 
t-RNA. which lack this intact CCA terminus. This 
enzyme has been found in E. coli [1,2], yeast [3], 
and animal tissues [4,5]. We have now found this 
enzyme in yellow lupin seed and we here describe 
its purification and properties. 

RESULTS 

The fractions from Bio. Gel chromatography 
were pooled and further purified on DEAE-cellu- 
lose, when the enzyme was apparently t-RNA 
dependent (Table 1). The enzyme had an optimum 
activity at pH 8.5 and required magnesium for 
activity (optimum activity at 5 mM MgCl,). Speci- 
fic activity after DEAE chromatography was 6 
nmol of AMP and 3 nmol of CMP incorporated 
in 10 min mg of protein (Table 1). GMP was not 
incorporated and incorporation of UMP was 10 
fold lower than CMP (unpublished data). 

The crude protein of Lupirms luteus seed was CTP had an inhibitory effect on [14C]AMP in- 
found to catalyze the incorporation of some corporation. During purification the ratio of 
radioactive AMP and CMP into cold 5% trichloro- [’ 4C]CMP to [’ 4C]AMP incorporation was 
acetic acid insoluble material. It was further puri- changed, which suggests the existence of other ac- 
fied by ammonium sulfate precipitation and chro- tivities than r-RNA-nucleotidyl transferase in the 
matography on a Bio. Gel column. Activity for crude extracts [6]. The enzyme after Bio. Gel chro- 
[ * 4C]AMP and [’ 4C]CMP incorporation was matography was free of ribonuclease activity [7]. 

found to be in a single peak of the Bio. Gel column 
eluate. Addition of r-RNA to the reaction mixture 
stimulated radioactivity incorporation, but the 
enzyme was not fully t-RNA dependent (Table 1). 

Table I. t-RNA Dependence of AMP and CMP incorporating activities during enzyme purification 

Fraction 
Incubation 

mixture CMP 
Specific activity* 

AMP 

I. Homogenate 

II. 3&50?” 
(NH&SO, 
III. Bio. Gel 

IV. DE.$E-cellulose 

complete 5800 14770 
-t-RNA 4200 12700 
complete 16100 41000 
-t-RNA 5100 21000 
complete 16500 41800 
-t-RNA 1300 2500 
complete 33000 68000 
-t-RNA I200 2400 

Incubation mixture was as in experimental. Reaction was carried out at 30 for IO min [‘4C]-ATP and [‘4C]-CTP were used. 
* cpm Incorporatedjmg protein/IO min. 
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[12] have found DNA-dependent RNA polymer- 
ase in dry wheat, Wilson [ 133 has found ribonuc- 
lease in maize and Legocki c’t al. [ 141 has reported 
aminoacyl-t-RNA synthetases in Lupirzus luteus. In 
1965, Marcus et al. [ 151 found that in dry wheat 
seeds machinery for protein synthesis was ready to 
start immediately after imbibition. Since protein 
synthesis requires continued acylation of the ter- 
minal adenosine of t-RNA, there is also a require- 
ment for a pool of t-RNA with an intact CCA ter- 
minus. By contrast, Dobrzaliska et al. [16] report 
that newly synthesized t-RNA appears at a later 
period after protein synthesis has started. The 
enzyme which we have isolated seems to be re- 
sponsible for the turnover of t-RNA molecules 
with uncompleted CCA terminus and provides 
molecules which are active in protein synthesis, 
until the new synthesis of t-RNA begins. We found 
that about 307;) of t-RNA in dry Lapinus seeds are 
without the terminal adenosine. Therefore our 
data support the theory that dry seeds contain all 
the enzymes needed for protein synthesis to occur 
immediately after imbibition. 

EXPERIMENTAL 

EK~WW /~r.c,/~c”.l~tioi~. Lupirm.\ I~rfrus grains were ground and 
extracted with butler A (0~05 M KHIPO,.KOH. pH 6.8; 10 
mM MgCl?; 10 mM 2-mercaptoethanol) 100 g/300 ml. After 30 
min of extraction with stirring. the slurry was centrifuged at 
25000 rpm and (NH,),SO, was added to the supernatant to 
20’:” sat&ation. The suspension was stirred for 2 hr and centri- 
fuged at 15000 ram for 30 min. The pellet was discarded and 
the supernatant brought to 60”/, saturation with (NH&SO,. 
After a few hours of stirring, the suspension was centrifuged and 
the 20-60% (NH,),SO, precipitate was redissolved in a small 
vol of buffer B (50 mM Tris -HCl, pH 8.0; 1 mM MgCl, ; I mM 
dithioerithritol; IO”,, glycerol). The protein solution in buffer B 
was placed in a Bio. Gel (A-I.5 m) column, previously washed 
with the same buffer. The protein was eluted with buffer B at 
the rate of 20 ml,‘hr. and the activity for r-RNA nucleotidyl- 
transferase was assdqed as described below. The fractions with 
t-RNA nucleotidyltransferase activity were pooled and brought 
to 60:~ (NH&SO, saturation. The suspension was centrifuged 
at I5000 rpm and the pellet was dissolved in buffer C (50 mM 
Tris-HCI,pH 7.9; 0.1 mM EDTA; 0.1 mM dithoerytritol; IO”,, 
glycerol) and dialyzed overnight against the same buffer. The 
protein was adsorbed on a DEAE column (2.5 x I.5 cm) equili- 
brated with buffer C. The column was washed with buffer C un- 
til AZ80 was negligible and then an (NH&SO, gradient OQ- 
0.3 M (800 ml total vol.) was used at the rate 20 ml/hr. Fractions 
with t-RNA nucleotidyltransferase activity were pooled and 
used for further study. All operations were conducted at 4 ‘. 

t-RNA Nuclrotid~ltrar~.~~~rusr assay. The standard reaction 
mixture contained 40 mM tricin KOH, pH 8.5; 15 mM MgCl,; 

02 mM [“‘CJ-ATP (5 mCi/mmol) or [‘4C]-CTP (5 mCi/ 
mmol): 50 /(g/ml of enzyme and 100 pg/ml r-RNA. The reac- 
tion was carried out at 30” for 10 min, 50 ~1 aliquots were 
placed on Whatman 3MM paper discs and washed with S:{> 
trichloroacetic acid ( x 3). with acetone ( x 2) and with Et10 ( x 
1). The discs were dried, placed in a 10 ml toluene scintilator 
and the radioactivity was counted in a Packard liquid scintilla- 
tion spectrometer (model 3375). The assay measured the incor- 
poration ofradioactive [14C]-ATP or [‘4C]-CTP into an inso- 
luble product. Repairing of t-RNA which was further used for 
aminoacylation reaction, was carried out under the same condi- 
tions, but with unlabeled nucleotide triphosphatc. 

Preparation of’ arninoacrl-t-R NA s~nthrtascs and aminoacid 
acceptuncr a.ssay. The am&oacyl- t-RNA synthetases pool was 
from the same origin as t-RNA nucleotidyltransferase. and was 
purified in the same manner with the exception of the Bio. Gel 
A-1.5 m step. Amino acid acceptance assay was according to 
Jakubowski et al. [17]. 

Prrpuration of t-RNA. t-RNA was isolated from Lupi~lus 
luteus grains according to Vanderhoef et ul. [IO]. 

0th~ procedures. The analysis of the radioactive product of 
nucleotide incorporation into t-RNA was carried out according 
Deutscher 163. Protein determination was carried out according 
to Lowry et a/. [ 181 and ribonuclease activity according to the 
procedure of Tuve ef al. [7]. 
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