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S U M M A R Y  

I. The arg inyl -RNA synthetase  (L-arginine: tRNA ligase (AMP)) of  rat liver 
has been purified Ioo-fold. The purified enzyme was stable for several months  at 
- - 2 o  ° in 20% glycerol. 

2. The kinetic properties of this enzyme were similar to those of other  amino- 
acy l -RNA synthetases.  The K m  values for arginine, ATP  and rat  liver t R N A  were 

• 25, 1.9 and 0.37/~M, respectively. The K m  values for t R N A  of rat liver, yeast  and 
Escherichia coli were o.37, o.66 and o.17/2M, respectively. 

3. The Ioo-fold purified enzyme is heat  labile, but  is stabilized considerably 
by  the addit ion of glycerol. 

INTRODUCTION 

Several of the aminoacyl -RNA synthetases  have been obtained in highly purified 
states and their properties and characteristics investigated. These include the synthe-  
tases for arginine ',~, phenylalanine 3,4, isoleucine 5, tyrosine G, glutamic acid 7, valine 8, 
methionine 9 and threonine 1°. The classic s tudy  of  NORRIS AND BERG 11 demonst ra ted  
the formation of an intermediate enzyme-aminoacy l  adenylate.  Several investi- 
gators10,1~-1G have reported tha t  two or more synthetases  for specific amino acid may  
be present in a given species. 

In  studies including the specificity of the aminoacyl -RNA synthetases  and 
t R N A ' s  of normal  cells and malignant  t umor  cells ~v there was a need for mammal ian  
sources of a rg inyl -RNA synthetase  of high act ivi ty  and stability. ALI.ENDE AND 
ALLENDE 1 reported the isolation of a highly purified but  unstable preparat ion of this 
enzyme. The present communicat ion describes a fur ther  purification of a liver arginyl- 
R N A  synthetase  with a high degree of stability. Some of  the physical and other  
properties of  this enzyme are included. 

* Present address: The Third Department of Internal Medicine, Osaka University Hospital, 
Osaka, Japan. 
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MATERIALS 

Calcium phosphate gel and hydroxylapati te  (Bio gel HTP-dried form) were 
purchased from Bio-Rad Laboratories; DEAE-cellulose (Whatman DE-52) from 
Reeve Angel; Sephadex G-25 from Pharmacia Fine Chemicals; ATP from Pabst  
Laboratories; tRNA of yeast and Escherichia coli from General Biochemicals; poly- 
ethylene glycol 6000 from Baker Chemical. 

Uniformly 14C-labeled L-arginine (specific activity > 220 mC/mM) was obtained 
from New England Nuclear. A uniformly 14C-labeled L-amino acid kit was purchased 
from Schwarz Bio Research (specific activity 50 mC/mM). 

METHODS 

Rat-liver tRNA was prepared according to the method of BRUNNGRABER TM. 
The concentration of tRNA was determined by absorbance at 260 nm, assuming that  
I m g  of tRNA per ml has an absorbance of 25. Approx. 50 mg of tRNA were obtained 
from IOO g of liver. Acceptance activity was retained for many  weeks when the final 
preparation (IO mg/ml) was frozen and stored at --  IO °. 

Assay procedures 
The reaction mixture (o.I ml) was adjusted to the following concentration: 

50 mM Tris-HC1 (pH 7-5); 5 mM MgC12; 5 mM KC1; 3 mM 2-mercaptoethanol; 
2.5 mM ATP (adjusted to pH 7.5 with NaOH);  o.I mM L-F14Clarginine. o.i mg of 
rat-liver tRNA and arginyl-RNA synthetase were added as indicated in the tables. 
In the assay with purified enzyme, crystalline bovine serum albumin was included 
in the reaction mixture at a concentration of I mg per ml in order to reduce the loss 
of act ivi ty during the reaction. 

The reaction mixtures were incubated for IO min at 37 °. A blank tube without 
enzyme was included in each assay. Following the incubation the samples were cooled 
in an ice bath  and o.o5-ml aliquots were pipetted onto Whatman No. 3 MM paper 
discs. The discs were washed three times in 5% cold trichloroacetic acid, twice with 
ethanol, then dried and counted in a Packard scintillation counter 19. 

The specific activities of arginyl-RNA synthetase are expressed in pmoles of 
[14C]arginyl-RNA formed per mg enzyme protein. Protein was determined by 
absorption at 280 nm and by a modification of the method of LOWRY el al. 2°. 

Preparation of crude enzyme 
Rat  livers were homogenized in a teflon-glass homogenizer with 3 vol. of buffer 

(0.25 M sucrose, 5 mM MgC12, 25 mM KCI and 50 mM Tris-HC1 (pH 7.6)). The homo- 
genate was centrifuged at 15 ooo rev./min for 30 min in the Spinco preparative 
centrifuge, Model L-2, rotor No. 19. The microsomal fraction was removed by 
centrifugation of the supernatant  solution for 60 min at lO5 ooo × g. 

Calcium phosphate gel fractionation 
o.5 vol. of calcium phosphate gel suspension (8%, centrifuged to remove the 

excess water) was added to the lO5 ooo × g supernatant,  and stirred 30 rain. The 
suspension was centrifuged at 3000 rev./min for 15 min and the supernatant  was 
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discarded. The gel was stirred %r 2o rain with one-half the original volume of o.o2 M 
potassium phosphate lmffer (pH 6.8), containing lOUo glycerol and 6 mM o,-mc.rcapto- 
ethanol and centrifuged, and the supernatant was discarded. The gel was mixe:t with 
one-third the original volume of o.1 M potassium phosphate buffer (pH 7.5), con 
taining lO% glycerol and 6 mM 2-inercaptoethanol, stirred for 3 ° nlin, and centri- 
fuged. The resulting supernatant solution contained most of the enzwne. (;lvcerol 
was added to give a final concentration of 2o~}{). The o.1 M phosphate buffer extracted 
fraction could be stored for 2 months at 20 ° without appreciable loss of activity. 
The gel, which still retained some enzyme activity, was discarded. 

For further column chromatography, the enzyme solution was passed thnmgh 
a Sephadex G-25 column (4 ° cln hmg and the diameter was adjusted according to 
the w)lume of the enzyme solution) and equilibrated with Buffer A (o.oo 5 M potassium 
phosphate (pH 7.5), 0 mM 2-mercaptoethanol and Io% glycerol). 

DEA E-cellulose coh.tm~t chromatograpk 3, 
DEAE-cellulose (Whatman DE-52, ~.o mequiv/g) was washed with o.1 M 

potassium phosphate buffer (pH 6.5) until the pH of the supernatant solution was 
6.5, and stored in the same buffer. A column (2 cm >: 20 cm) was packed with this 
material and equilibrated with Buffer A. The enzyme solution was applied, the column 
was washed with 3oo ml of Buffer A at a rate of 6o ml/h, and eluted under pressure 
with a linear gradient of phosphate ion concentrati(m and of decreasing pH. The 
mixing chamber contained 300 ml of starting buffer, and the reserw)ir c(mtained 
300 ml of o.25 M potassium phosphate (pH 6.5), containing Io('{~ glycerol and 6 mM 
2-mercaptoethanol. lO ml fractions were collected and the absorbance at 28o nm was 
followed. Fractions that had highest activities were pooled and concentrated by 
dialysis against Buffer A containing 2o% polyethylene glycol. 

T A B 1 . E  1 

C A L C I U M  P H O S P H A T E  G E L  F R A C T I O N A T I O N  OF A R G 1 N Y L - R N ; \  SYNTHI'2TA~;I;. 

Spec i f i c  a c t i v i t y  is e x p r e s s e d  b y  p m o l e s  o f  a r g i n y l - t R N A  f o r m e d  p e r  m g  o f  p r o t e i n .  

Frantio. l¢u[/~'~" Yield q/ Npecilic Activity teelative 
proteiJz a.ctivitv yield pttriti- 

p H t)ko.~pkate (%) ('!~,) calio~z 
( 3 l )  

] 0 5  OOO 5~ (Y SUDC'1- 

n a t a n t  I oo 277o 
N o n - a d s o r b e d  %5.3 ._,o 
I ().(~ O.O2 2 . 2  1 2 0  

2 7.5 o. lo  (0.8 9 8 0 o  
3 7.5 o .20  i ~.5 [7 ° 0  
4 7.5 0 .5  ° 7.4 5 9 o o  

O O  I 

34-0 3.5 
7 .o  

r5 .9  2.5 

Hydroxvlapatitc column chromatography 
Hydroxylapatite was equilibrated overnight in 0.005 M potassium phosphate 

buffer (pH 6.8) and equilibrated further with Buffer A. The enzyme solution was 
applied to a column (1. 5 cm X 20 cm) and washed with Buffer A, and then eluted 
with a linear gradient of phosphate o.oo 5 M to 0. 3 M (pH 7.5), containing IO°4~ 
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glycerol and 6 mM 2-mercaptoethanol, in a total  volume of 5oo ml. The fractions 
that  had highest activities were pooled and dialyzed overnight against Buffer A. 
Dialyzed enzyme solution was applied to a column ofhydroxylapat i te  (I c m x  15 cm) 
and rechromatographed under the same conditions as described above with an ex- 
ception of lowering the concentration of phosphate to 0.2 M. Glycerol was added to 
a final concentration of 20% to the fraction containing highest enzyme activity, and 
the enzyme was stored at - -20 °. 

T A B L E  I I  

SUMMARY OF PURIFICATION OF ARGINYL-RNA SYNTHETASE 

Specific a c t i v i t y  is expressed  by  pmoles  of a r g i n y l - t R N A  formed per  mg  of protein.  

Fraction Total Specific Total Yield Relative 
protein activity* activity (%) purifi- 
(rag) ( X zo :~) cation 

I. lO 5 ooo × g s u p e r n a t a n t  f rac t ion  66oo 2 796 18 48o IOO I 
2. Ca lc ium p h o s p h a t e  gel e lua te  647 9 800 6 341 34.3 3.5 
3. DEAE-ce l lu lose  e lua te  38 44 426 i 688 9.o 16 
4 A. H y d r o x y l a p a t i t e ,  e lua te  I 2.9 200 425 581 3.2 72 
4 B. H y d r o x y l a p a t i t e ,  e lua te  II* 1.6 273 35 ° 431 2.3 98 

* Three p repa ra t ions  were combined  for the  h y d r o x y l a p a t i t e  r e c h r o m a t o g r a p h y  and the  
yield of enzyme was ca lcu la ted  as one prepara t ion .  

RESULTS 

Activities at the various stages of enzyme preparation are shown in Table II .  
The enzyme was finally purified Ioo-fold from the original lO5 ooo X g liver super- 
natant  fraction with a recovery of 2.3% (Fraction 4B). A typical pat tern of hydroxyl- 
apati te rechromatography is shown in Fig. I. 

As shown in Table I I I ,  the purified arginyl-RNA synthetase (Fraction 4 B) 
contained low activities of the synthetases for lysine, glutamic acid, aspartic acid 
and proline. No activity was detected for other aminoacyl synthetases. 

Acrylamide-gel electrophoresis of purified arginyl-RNA synthetase, using 5% 
gels running at pH 7.3, was carried out on a vertical gel electrophoresis cell (EC-47 o, 
E-C Apparatus). The purified enzyme migrated as a single major band with two 
additional, faster moving components in trace amounts. These faint bands may  
reflect minor heterogeneity which represents the existence of low activities of few 
other synthetases as indicated in Table I I I .  

The formation of arginyl-RNA requires ATP, Mg 2+, tRNA and enzyme. The 
purified enzyme (Fraction 4 B) was stable, and could be stored at least for 4 months 
without appreciable loss of activity at --  20 ° with added 20% glycerol. 

Kinetic properties of arginyl-RNA synthetase 
The amount of arginyl-RNA formed in I0 rain was linear over the enzyme 

concentration range of 0.I to 2.0 fig of protein per assay. The effect of varying the 
concentration of arginine on the formation of arginyl-RNA by  the purified enzyme 
is shown in Fig. 2a. The Kra value was determined from the Lineweaver-Burk plots 
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Fig .  I.  R e c h r o m a t o g r a p h y  o f  a r g i n y l - R N A  s v n t h e t a s e  o n  h y d r o x y l a p a t i t e .  T h e  e n z y m e  w a s  
e l u t e d  w i t h  a l i n e a r  g T a d i e n t  a s  d e s e r i b e i t  in  t h e  t e x t .  0 - - 0 ,  e n z y m e  a c t i v i t y  ( c o u n t s / r a i n ) .  
t o  #1 o f  e a c h  f r a c t i o n  w a s  a d d e d  t o  t h e  a s s a y .  C' - ( ) ,  a b s o r b a n c e  a t  28o  n m .  

T A B L E  I I I  

S U M M A R Y  OF O T H E R  A M I N O A C Y L - R N A  S Y N T H E T A S E S  P R E S E N T  IN P U R I F I E D  A R G I N Y L - l a ~ N A  S Y N -  

T H E T A S E  

A s s a y s  w e r e  c a r r i e d  o u t  u n d e r  c o n d i t i o n s  o f  t h e  s t a n d a r d  a s s a y  e x c e p t  2.o n m o l e s  o f  l a b e l e d  
a m i n o  a c i d s  w e r e  u s e d .  T h e  spec i f i c  a c t i v i t y  o f  e a c h  o f  a m i n o  a c i d  w a s  5 o , u C  per /~mole .  T h e  
r e a c t i o n  m i x t u r e  c o n t a i n e d  4 [tg o f  p u r i f i e d  e n z y m e  a n d  w a s  i n c u b a t e d  f o r  T5 r a i n  a t  37 °. 

Amino ,4 minoacy  Rdative 
acid RNA-formed activity 

(pmoles) (%) 

A r g  176. 8 i oo  
l~ys 4-9 2.7 
G l u  4 .6  .,..0 
A s p  2.5 1.4 
P r o  ] .0 o .9  
T y r  o o 
T h r  o o 
L e u  o o 
V a l  o o 
C-ly o o 
A l a  o o 
S e r  o o 
H i s  o o 

l i e u  o o 
P h e  o o 
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Fig. 2. Kine t ic  d a t a  on the  ra te  of  a r g i n y l - R N A  format ion .  Effect  of  t he  concen t ra t ion  of  a rg in ine  
(a), A T P  (b), and  ra t - l iver  t R N A  (c). I ncuba t i ons  were carried ou t  for 5 m in  wi th  1.45/*g of  
purified enzyme.  

of these data as 1.25 #M for arginine. Fig. 2b shows the effect of ATP concentration 
on the formation of arginyl-RNA. The Km value for ATP calculated from these data 
was 1.9/zM. 

The effect of rat-liver tRNA concentration upon the formation of arginyl-RNA 
is shown in Fig. 2c. From Fig. 3 it is apparent  that  the extent of the acceptance of 
E14C]arginine, in the presence of excess enzyme, was proportional to the amount of 
tRNA added within limiting concentrations. I t  was possible to calculate the molar 
quant i ty  of tRNA Arg per/~g of tRNA, assuming that  one arginyl-RNA ester formed 
per tRNAArg molecule. From these data, I.O #g of rat-liver tRNA was equivalent to 
1.92 pmoles of tRNAArg, and the apparent  Km for arginyl-RNA formation was 
calculated to be o.37/zM. 

The purified rat-liver arginyl-RNA synthetase was capable of forming arginyl- 
RNA, not only with rat-liver tRNA but also with E. coli and yeast tRNA. However, 
the greatest acceptance was obtained with E. coli tRNA and the least with yeast 
tRNA. To obtain an adequate reaction velocity, the Kra values for yeast, rat-liver, 
and E. coli tRNA were determined by  the assay with 3.6, 1.45 and 0.72/~g of purified 
enzyme, respectively. The K m values calculated according to the  method described 
above were 0.66 FM for yeast tRNA and o.17/zM for E. coli tRNA. 
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Heat labili@ of aEginyl-RNA synthetasc' 
The purif ied enzyme was p re incuba t ed  pr ior  to tile s t a n d a r d  assay.  The pre- 

incuba t ion  mix ture  con ta ined  Io #1 (8 #g  of  protein) of purified enzyme and Io  1~1 of 
o.5 M Tris-HC1 buffer (pH 7-5) in a to ta l  volume of o.I  nil. The enzwne solut ion 
(Frac t ion  4 B) was used wi thou t  fur ther  dialysis .  The final concentra t ions  of each 

40 
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z 
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O E, ~o1~ tRNA 
• Rat Live, t R N A  

ca,* 

I I I I i 

5 10 15 20 25 

gg o~ ~RNA 
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2 ,l i, ~ I0 

MINUTES OF PREINCUBATION 

Fig. 3. Effect  of t R N A  concen t r a t i on  on the  vieM of a r g i n y l - R N A  fl)rmation,  i n c u b a t i o n s  were 
carr ied  out  for lo  nfin according to the  s t an ( i a rd  assay  descr ibed in the tex t .  4.o,ug of purif ied 
enzyme  was  added  for r a t - l ive r  and  E. coil t R N A  assays  and t 0.o ug of the  enzyme was used for 
y e a s t - t R N A  assay.  

Fig. 4- The effect of glycerol  upon the  heart l ab i l i t y  of ~rginyl R N . \  syn the tase .  I 'urifled enzyme 
was p r e incuba t ed  a t  the  t e m p e r a t u r e s  and  t imes  ind ica ted  a t  a concen t r a t ion  of o.oS mg per ml. 
At g iven t imes,  a l iquo t s  ( l o / d )  of p re incub~ted  enzyme  was assayed  for ac t iv i t i e s  as described 
in the  text .  

componen t  in the  pre incuba t ion  mix tu re  were:  0.o 5 M Tris-HC1 (pH 7.5); o .oI  M 
po tass ium phospha te  (pH 7.5); z% glycerol ;  o.6 mM 2-mercaptoe thanol ,  and 8o ~g/ml  
of the  enzyme.  Af te r  the  pre incuba t ion ,  IO/,1 a l iquots  (o.8 ~g of protein) were added 
to the  s t a n d a r d  assay  tubes  and enzyme act ivi t ies  were assayed  in the  same me thod  
as descr ibed earlier. 

As shown in Fig. 4, the  purif ied enzyme was ex t r eme ly  heat  labile, losing over  
5o% of i ts  a c t i v i t y  in ~_ rain at  45 ° and  all a c t i v i t y  in 2 rain at  5o'% The add i t ion  of 
2o% glycerol  in the  p re incuba t ion  mix tu re  p ro tec ted  comple te ly  the  enzyme agains t  

hea t  inac t iva t ion  at  45 ° . 

I)ISCUSSION 

W i t h o u t  the  add i t ion  of zo% glycerol  in all solut ions used fl)r the  p repara t ion  
of enzyme,  the  a r g i n y l - R N A  syn the tase  of ra t  l iver  was ex t r eme ly  labile a t  any  s teps  
of the  pur i f icat ion and lost  over  5o°,() of its ac t iv i ty  af ter  24 h at  --- ro °. However ,  
the  IO 5 ooo x g s u p e r n a t a n t  f ract ion was s table  for 2 months  at  - . 2 o .  Al though 
tile enzyme was s tabi l ized to s(xne ex ten t  by  t i le  addi t ion  of 2 -mercap toe thano l  or 
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by the storage in the solution of sodium or potassium salt at a high concentration, 
glycerol was required for maximum stability. 

Arginyl-RNA synthetase was especially sensitive to certain of the procedures 
that  have been employed for the purification of other aminoacyl synthetases. These 
steps include: (NHa)2SO a fractionation; the dialysis against the buffer of low salt 
concentration 2-9. The pH 5 fraction of lO5 ooo × g supernatant  could not be used 
as a starting material because of its instability. 

The arginyl-RNA synthetase, although very labile as described above, was 
stabilized considerably by the use of glycerol. No maj or difficulties were encountered 
with the stability of enzyme in the procedure reported in this paper. The stabilizing 
effect of sucrose and glycerol in the purification of other aminoacyl-RNA synthetases 
has been reported4,9,el,2L 

The kinetic properties of arginyl-RXA synthetase of rat  liver were similar to 
those of other aminoacyl synthetases2,S, 28. The Km value for tRNA, o.I/zM, was 
lower than the Km of arginine, I.O #M. Km values varied for the different tRNA's  
derived from yeast, E. coli and rat  liver. 

These results suggest that  the tRNA from different species vary  in chemical or 
physical structures. The yeast tRNA does not function optimally as a substrate for 
the rat-liver arginyl-RNA synthetase. However ALLENDE AND ALLENDE 1 used the 
yeast  tRNA in the assay to follow the purification of the same enzyme. 

Tile extractions of the enzyme from calcium phosphate gel were carried out 
with sodium and potassium phosphate buffer at different concentration and pH 
(Table I). o.I M potassium phosphate (pH 7.5) was the best buffer to extract the 
enzyme, however, the extract  by 0. 5 M potassium phosphate still contained some 
enzyme activity. I t  is possible therefore, to consider the existence of two kinds of 
arginyl-RNA synthetase in rat  liver. This possibility was also supported by the fact 
tha t  the main peak of enzyme activity on DEAE-cellulose column chromatography 
was followed by another small peak of activity. The existence of two or more enzymes 
for several aminoacyl-RNA synthetases has been reported~°, 12-16. In the present 
s tudy only the main arginyl-RNA synthetase was purified and studied in any detail. 
The other form of this enzyme will require further investigation in order to determine 
the structural difference that  may exist between two enzymes. 
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