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X. laevis o v a r i a n t i s s u e o r i s o l a t e d o o c y t e s c o n t a i n t w o m a j o r t R N A m e t h y l t r a n s f e r a s e ac t iv i t ies 
c a p a b l e o f m e t h y l a t i n g t o t a l E. coli t R N A u s i n g S - a d e n o s y l m e t h i o n i n e as a m e t h y l d o n o r . T h e s e 
e n z y m e s c a n b e r e s o l v e d by c h r o m a t o g r a p h y o n D E A E - c e l l u l o s e o r by ge l f i l t r a t ion o n S e p h a d e x 
G - 2 0 0 i n t o f r a c t i o n s I a n d I I . T h e t R N A m e t h y l t r a n s f e r a s e I w h i c h is p r e s e n t m a i n l y in t h e 
o o c y t e n u c l e i , h a s a m o l e c u l a r w e i g h t o f 1 9 0 , 0 0 0 a n d a n a p p a r e n t K„, for S - a d e n o s y l m e t h i o n i n e 
o f 1.5 |xM. T h e ac t iv i ty o f p e a k I I w h i c h ex i s t s p r e d o m i n a n t l y in t h e o o c y t e c y t o p l a s m , h a s a 
m o l e c u l a r w e i g h t o f 1 2 5 , 0 0 0 a n d a n a p p a r e n t K,„ f o r S - a d e n o s y l m e t h i o n i n e o f 17 |j.M. 

T h e m o s t s t r i k i n g d i f f e r e n c e b e t w e e n t h e s e t w o e n z y m e s , h o w e v e r , r e s i d e s in t h e i r r e s p o n s e t o 
s p e r m i n e o r m a g n e s i u m i o n s . T h e n u c l e a r e n z y m e is a c t i v a t e d m o r e t h a n 8 fo ld by s p e r m i n e a n d 
4 fo ld by M g 2 + w h i l e t h e c y t o p l s m i c ac t iv i ty is s l igh t ly i n h i b i t e d by t h e p o l y a m i n e a n d u n a f f e c t e d 
by M g 2 + . T h e e f fec t o f s p e r m i n e o n t h e n u c l e a r t R N A m e t h y l t r a n s f e r a s e is h i g h l y d e p e n d e n t o n 
t h e salt c o n c e n t r a t i o n s i n c e t h e s t i m u l a t o r y e f fec t of t h e p o l y a m i n e d e c r e a s e s a t KC1 
c o n c e n t r a t i o n s a b o v e 100 m M b e c o m i n g i n h i b i t o r y a b o v e 2 0 0 m M . S p e r m i n e i n c r e a s e s 4 fo ld t h e 
Vmax o f t h e r e a c t i o n c a t a l y z e d by t h e n u c l e a r e n z y m e b u t d o e s n o t a f f ec t its a p p a r e n t K , n f o r 
t R N A w h i c h is a p p r o x i m a t e l y 2 .9 \xM. T h e a p p a r e n t K,„ f o r t R N A o f t h e c y t o p l a s m i c e n z y m e is 
3 .3 n M . 

O n e o f t h e m a j o r r e a c t i o n s o f t h e 
p o s t - t r a n s c r i p t i o n a l p r o c e s s i n g o f t r a n s f e r 
R N A is t h e m e t h y l a t i o n o f s e v e r a l o f its 
n u c l e o t i d e s ca t a lyzed by R N A m e t h y l 
t r a n s f e r a s e s (1) . 

S ince Xenopus laevis o o c y t e s a r e p r e s e n t l y 

b e i n g u s e d to s t u d y t h e e x p r e s s i o n of 
e u k a r y o t i c t R N A g e n e s a n d t o d i s s e c t o u t t h e 
v a r i o u s p r o c e s s i n g s t e p s t h a t a f fec t t R N A 
p r e c u r s o r s (2-5) , it s e e m e d o f i n t e r e s t t o 
u n d e r t a k e a s t u d y of t h e t R N A m e t h y l 
t r a n s f e r a s e s p r e s e n t in t h e s e cel ls . 
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I n th i s c o m m u n i c a t i o n , w e p r e s e n t s o m e of 
(he c h a r a c t e r i s t i c s of t h e m a j o r t R N A m e t l i y l 
t r a n s f e r a s e ac t iv i t ies t b u n t l in e x t r a c t s of X. 
laevis o o c y t e s u s i n g S - a d e n o s y l m e t h i o n i n e as 
a m e t h y l d o n o r a n d b u l k E. coli t R N A as a n 
a c c e p t o r . I n t e r e s t i n g d i f f e r e n c e s h a v e b e e n 
f o u n d b e t w e e n t h e t R N A m e t h y l t r a n s f e r a s e s 
p r e s e n t in o o c y t e n u c l e i a n d c y t o p l a s m , t h e 
m o s t s t r i k i n g o f w h i c h is t h e d i f f e r en t i a l , e f fec t 
t h a t t h e p o l y a m i n e s p e r m i n e h a s o n t h e s e t w o 
act ivi t ies . T h e n u c l e a r e n z y m e is g r e a t l y 
s t i m u l a t e d by th i s p o l y c a t i o n w h i l e t h e 
c y t o p l a s m i c act ivi ty is s l igh t ly i n h i b i t e d by it. 

MATERIALS A N D M E T H O D S 

A d e n o s y l - L - M e t h i o n i n e , S ( M e t h y l - ^ H ) was 
p u r c h a s e d f r o m A m e r s h a m - S e a r l e C o r p . 
E. coli t r a n s f e r R N A w a s s u p p l i e d b y 
C a l b i o c h e m . 4 - ( 2 - h y d r o x y e t h y l ) - l p i p e r -
a z i n e e t h a n e s u l f o n i c a c i d ( H e p e s ) a n d n o n 
r a d i o a c t i v e S - a d e n o s y l - l - m e t h i o n i n e w e r e 
o b t a i n e d f r o m S i g m a C h e m i c a l C o . 

Xenopus laevis t o a d s w e r e o b t a i n e d f r o m t h e 
S o u t h A f r i c a n S n a k e F a r m , C a p e P r o v i n c e , 
S o u t h Af r i ca , a n d w e r e k e p t u n d e r c o n s t a n t 
t e m p e r a t u r e a n d l i gh t c o n d i t i o n s . O o c y t e s 
w e r e r e m o v e d f r o m t h e o v a r y by m a n u a l 
d i s s e c t i o n w i t h w a t c h m a k e r ' s f o r c e p s a n d 
w e r e s e l e c t e d f o r size. I n th i s w o r k , all o o c y t e s 
u s e d w e r e full g r o w n , h a v i n g a p p r o x i m a t e l y 
1.2 m m in d i a m e t e r . 

Isolation of oocyte nuclei. T h e p r o c e d u r e 
e m p l o y e d was s i m i l a r t o t h a t d e s c r i b e d by 
B i r k e n m e i e r et al. (6) . I s o l a t e d f u l l - g r o w n 
oocy te s w e r e p r e i n c u b a t e d f o r 3 0 - 6 0 m i n u t e s 
a t r o o m t e m p e r a t u r e i n a b u f f e r c o n t a i n i n g 10 
m M H e p e s p H 7 .4 , 7 0 m M KC1, 7 m M M g C l 2 , 
1 m M d i t h i o t h r e i t o l a n d 0.1 m M E D T A . T h e 
o o c y t e s w e r e p u n c t u r e d i n t h e a n i m a l p o l e 
wi th a f ine n e e d l e a n d s u b s e q u e n t l y t h e 
e x p u l s i o n o f t h e n u c l e u s was a i d e d by 
a p p l y i n g a s l i gh t p r e s s u r e a b o u t t h e o o c y t e 
e q u a t o r w i t h a p a i r o f f o r c e p s . O n c e t h e 
n u c l e u s h a d c o m e o u t o f t h e cell , it w a s t a k e n 
u p in a P a s t e u r p i p e t a n d w a s h e d f r e e o f 
c y t o p l a s m a n d yo lk by p l u n g i n g t h e o r g a n e l l e 
u p a n d d o w n in t h e p i p e t w i t h t h e s a m e 
b u f f e r . C a r e f u l m a n i p u l a t i o n o f t h e 
e n u c l e a t e d o o c y t e s a l l o w e d t h e w o u n d to b e 
s ea l ed w i t h o u t l o s i n g m o r e t h a n 1 0 % o f t h e 
o r i g i n a l c y t o p l a s m i c m a t e r i a l . 

Assay for tRNA methyl transferase. T h e assay 
i n c u b a t i o n m i x t u r e c o n t a i n e d in a to ta l 
v o l u m e of 0.1 m l : 2 0 m M T r i s - H C l p H 8.4 , 
100 m M KC1, 5 m M E D T A , 2 m M 
d i t h i o t h r e i t o l , 0.1 m g o f b u l k E. coli t R N A , 
4 0 |xM a d e n o s y l - i - m e t h i o n i n e - S ( m e t h y l - , H ) 
with a speci f ic act ivi ty o f 5 0 u .Ci /u .mole a n d 
t R N A m e t h y l t r a n s f e r a s e p r e p a r a t i o n s . T h e 
r e a c t i o n was i n c u b a t e d f o r 15 m i n u t e s a t 37° 
a n d s u b s e q u e n t l y it w a s s t o p p e d by a d d i t i o n of 
2-3 m l o f co ld 5 % t r i c h l o r o a c e t i c ac id . T h e 
p r e c i p i t a t e d m a t e r i a l was r e t a i n e d o n g lass 
fiber f i l ters w h i c h w e r e e x t e n s i v e l y w a s h e d 
wi th 15-20 m l o f co ld 5 % t r i c h l o r o a c e t i c ac id 
a n d finally t h e filters w e r e d r i e d a n d c o u n t e d 
in a l i qu id sc in t i l l a t ion s y s t e m . 

Preparation of crude ovarian extracts as sources of 
tRNA methyl transferases. O v a r i a n t i s s u e ( 3 0 g) 
f r o m X. laevis m a t u r e f e m a l e s was c u t i n t o 
smal l p i ece s a n d h o m o g e n i z e d in 4 0 m l of a 
s o l u t i o n c o n t a i n i n g 5 0 m M T r i s - H C l p H 7 . 5 , 
2 0 0 m M KC1, 3 m M M g C l 2 , 2 m M 
m e r c a p t o e t h a n o l a n d 0 .5 m M E D T A . T h e 
h o m o g e n a t e was c e n t r i f u g e d a t 2 0 , 0 0 0 x g fo r 
15 m i n u t e s a n d t h e r e s u l t i n g s u p e r n a t a n t 
f luid was c e n t r i f u g e d a t 1 0 5 , 0 0 0 x g f o r o n e 
h o u r . T h e h i g h - s p e e d s u p e r n a t a n t f r a c t i o n 
was d i a l y z e d d u r i n g 16 h o u r s a g a i n s t a b u f f e r 
c o n t a i n i n g 2 0 m M T r i s H C 1 , p H 7 .5 , 3 m M 
M g C l 2 , 2 m M P - m e r c a p t o e t h a n o l a n d 0 .5 m M 
E D T A . T h i s c r u d e p r e p a r a t i o n was u s e d as 
s o u r c e o f o v a r i a n t R N A m e t h y l t r a n s f e r a s e 
fo r f u r t h e r p u r i f i c a t i o n t h r o u g h D E A E -
ce l lu lose c o l u m n c h r o m a t o g r a p h y o r gel 
filtration as d e t a i l e d in t h e R e s u l t s . 

RESULTS 

T h e h i g h s p e e d s u p e r n a t a n t f r a c t i o n of a 
h o m o g e n a t e o b t a i n e d f r o m X. laevis o v a r y h a s 
c o n s i d e r a b l e t R N A m e t h y l t r a n s f e r a s e 
act ivi ty. T h e r e s u l t s s h o w n in T a b l e 1 
d e m o n s t r a t e t h e c a p a c i t y o f s u c h a n e x t r a c t t o 
ca ta lyze t h e t r a n s f e r o f m e t h y l g r o u p s u s i n g 
a d e n o s y l m e t h i o n i n e S ( m e t h y l - 3 H ) as m e t h y l 
d o n o r a n d R N A s f r o m d i f f e r e n t s o u r c e s as 
a c c e p t o r s . F r o m t h e s e d a t a it is c l e a r t h a t t h e 
E. coli t R N A is by f a r t h e b e s t m e t h y l a c c e p t o r 
a n d t h a t t h e h o m o l o g o u s t R N A is a l m o s t 
c o m p l e t e l y i n a c t i v e p r e s u m a b l y b e c a u s e it h a s 
b e e n c o m p l e t e l y m o d i f i e d by t h e s e e n z y m e s in 
vivo. 
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'FAULK I 

I he capacity of different RNAs to accept methyl 
groups using X. laevis ovarian extracts as source ol 

tRNA methyl transferase 

RNA acceptor 
pmoles of 

CH) methyl groups incorporated 

E. coh B tRNA 28.6 
Wheat germ tRNA 6.6 
Yeast tRNA 6.3 
X. laevis liver tRNA 2.4 
X. laevis oocyte tRNA 0.7 
Poly Uridylic acid 0.4 

The incorporation of ( : ! H) methyl groups into 0.15 mg of 
each RNA was tested using 40 \iM ( 3 H) methyl S-adenosyl 
methionine as donor and 0.21 mg of protein of the 
105,000 xg supernatant fraction from a X. laevis ovarian 
homogenate as source of t tRNA methyl transferase. 
The incubation mixture contained in addition 20 mM 
Tris-HCl pH 8.4, 5 mM EDTA and 100 mM KC1 in a final 
volume of 0.1 ml. After 15 min at 37° the reaction was 
stopped with cold 5% trichloroacetic acid and the 
precipitable radioactivity was determined. 

T h e r a d i o a c t i v e m e t h y l g r o u p s t h a t a r e 
i n c o r p o r a t e d i n t o t R N A b y th i s assay b e c o m e 
ac id s o l u b l e u p o n t r e a t m e n t w i t h R N a s e o r 
wi th ac id a t 9 0 ° f o r 15 m i n u t e s b u t a r e n o t 
h y d r o l y z e d by t h e m i l d a l k a l i n e t r e a t m e n t t h a t 
d e a c y l a t e s a m i n o a c y l - t R N A . 

Act ivi ty fo r t R N A m e t h y l t r a n s f e r a s e c a n 
also b e f o u n d in t h e e x t r a c t o f n u c l e i o f X. 
laevis o o c y t e s a n d i n t h e s o l u b l e f r a c t i o n o f 
e n u c l e a t e d cel ls . F i g u r e 1 s h o w s t h e r e l a t i v e 
activity o f t h e s e e n z y m e s f o u n d in t h e n u c l e a r 
a n d c y t o p l a s m i c c o m p a r t m e n t s o f t h e s e cel ls 
as c o m p a r e d to t h e a m o u n t f o u n d in t h e to ta l 
h o m o g e n a t e o f t h e s a m e n u m b e r o f cel ls . T h e 
r e su l t s o b t a i n e d i n d i c a t e t h a t t h e a m o u n t o f 
activity f o u n d in t h e cell n u c l e u s is e q u i v a l e n t 
t o t h a t p r e s e n t in t h e cy toso l a n d t h a t 
essent ia l ly all t h e act ivi ty f o u n d in t h e to ta l 
h o m o g e n a t e c a n b e a c c o u n t e d f o r by t h e 
e n z y m e p r e s e n t in b o t h c o m p a r t m e n t s . T h i s 
f i n d i n g d e m o n s t r a t e s t h a t t h e r e a r e n o g r e a t 
losses o f e n z y m e act ivi ty d u r i n g t h e i so l a t i on 
a n d w a s h i n g o f t h e o o c y t e n u c l e i . I t m u s t b e 
spec i f i ed t h a t t h e t R N A m e t h y l t r a n s f e r a s e 
activity o f all f r a c t i o n s was a s s a y e d in t h e 
p r e s e n c e o f 0 .4 m M s p e r m i n e w h i c h , as will b e 
s h o w n l a t g e r , g r e a t l y s t i m u l a t e s t h e n u c l e a r 
e n z y m e . A l so n o t e w o r t h y is t h e fact t h a t t h e 

o. 
3 
O 

£ • 
E • 

X E 

£ 
o 
E 
a. 

30 
I N T A C T O O C Y T E 

10 20 30 40 
Enzyme added 

(N*. of nuclei or oocytes) 

Fig. I. Distribution of tRNA methyl transferase activity in oocyte 
nuclei and cytoplasm. X. laevis oocytes, enucleated o a vies 
and oocyte nuclei were isolated or prepared as described 
in Methods and extracts were prepared by homogeniz ing 
200 cells or organelles in 300 u.1 of a buffer containing 10 
mM Hepes pH 7.4 70 mM KCI, 7 mM MgCI_,, I mM 
dithiothreitol and 0.1 mM EDTA and centrifuging at 
20.000 xg. T h e volumen of the supernatant fraction was 
measured carefully to determine the amount 
corresponding to one cell or one nucleus and the tRNA 
methyl transferase activity was assayed as described in 
Methods except that 0.4 mM spermine was added to the 
assay mixture. T h e symbols shown denote the activity 
found in whole oocytes (o—O) enucleated oocytes (•—•) 
and isolated oocyte nuclei ( •—•) . 

activity of t h e to ta l h o m o g e n a t e a n d of t h e 
c y t o p l a s m of e n u c l e a t e d cells i n c r e a s e s 
l inear ly o n l y a t low levels o f e n z y m e b e c o m i n g 
i n h i b i t e d by a d d i t i o n o f l a r g e r a m o u n t s o f 
e x t r a c t . T h i s p h e n o m e n o n is n o t o b s e r v e d 
wi th t h e n u c l e a r e x t r a c t . 

D E A E - c e l l u l o s e c h r o m a t o g r a p h y f rac 
t i o n a t e s t h e t R N A m e t h y l t r a n s f e r a s e f o u n d 
in t h e s u p e r n a t a n t l i q u i d o f a n o v a r i a n 
h o m o g e n a t e i n t o t w o m a j o r p e a k s t h a t a r e n o t 
well r e s o l v e d (F ig . 2 A ) . T h e f irst p e a k of 
activity (I) e l u t e s w i t h a p p r o x i m a t e l y 0.1 M 
KCI a n d is g r e a t l y s t i m u l a t e d by t h e a d d i t i o n 
o f 0 .4 m M s p e r m i n e . T h e s e c o n d f r a c t i o n ( I I ) 
e l u t e s a t a p p r o x i m a t e l y 0 . 1 5 M KCI a n d is 
s l ightly i n h i b i t e d by t h e p r e s e n c e of t h i s 
p o l y a m i n e . 

S i m i l a r c h r o m a t o g r a p h i c f r a c t i o n a t i o n o f 
t h e act ivi ty f o u n d in n u c l e a r e x t r a c t s a n d in 
t h e c y t o p l a s m o f e n u c l e a t e d o o c y t e s is s h o w n 
in Figs . 2 B a n d 2 C r e s p e c t i v e l y . A l t h o u g h 
s m a l l e r c o l u m n s w e r e u s e d b e c a u s e o f t h e 
r e d u c e d a m o u n t o f m a t e r i a l f r a c t i o n a t e d , it is 
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Fig. 2. Fractionation of ovarian tRNA methyl transferases on 
DEAE-cellulose column chromatography. In part A, DEAE 
cellulose column ( 5 x 2 cm) equilibrated with a buffer 
containing 50 mM Tris-HCl pH 7.5, 3 mM MgCl 2 , 2 mM 
B-mercaptoethanol and 0.5 mM EDTA and the 105.000 
xg supernatant fraction of and extract of 30 g of X. laevis 
ovary prepared as detailed in Metholds was applied. After 
extensive washing, the column was eluted with a linear 
KC1 gradient from 0 to 0.4 salt. Fractions of 2 ml were 
collected and the tRNA methyl transferase was measured 
in aliquots in the presence (o—o) or abasence (•—•) of 0.4 
mM spermine, as described in Methods. In parts B a n d C a 
20,000 xg supernatant solution obtained from extracts of 
420 enucleated oocytes (B) or 420 isolated oocyte nuclei 
(C) were applied to DEAE cellulose columns (2 x 1 cm) 
and were eluted and assayed in the presence (o—o) or 
absence (•—•) of 0.4 mM spermine exactly as in part A. 
The solid line and the internal ordinate indicate th KC1 
concentrationin the eluted fractions. 

c lea r t h a t t h e n u c l e a r e n z y m e c o i n c i d e s w i t h 
t h e o v a r i a n p e a k I s i n c e it e l u t e s a t 0 .1 M KC1 
as a s ing l e p e a k t h a t is h i g h l y a c t i v a t e d by 
s p e r m i n e . T h e act ivi ty o f t h e cy toso l o b t a i n e d 
f r o m e n u c l e a t e d cel ls , o n t h e o t h e r h a n d , 
c o r r e s p o n d s t o p e a k I I o b s e r v e d in 2 A 
b e c a u s e it e l u t e s m a i n l y a t 0 . 1 5 M KC1 a n d is 
i n h i b i t e d by s p e r m i n e . T h i s f r a c t i o n is 
a p p a r e n t l y c o n t a m i n a t e d w i t h s o m e t y p e I 
e n z y m e w h i c h b e c o m e s e s p e c i a l l y n o t i c e a b l e 
in t h e p r e s e n c e o f s p e r m i n e . 

F i g u r e 3 s h o w s t h e e l u t i o n p a t t e r n o b t a i n e d 
by ge l filtration o n S e p h a d e x G - 2 0 0 o f a 
m i x t u r e o f b o t h t R N A m e t h y l t r a n s f e r a s e s 
f r o m X. laevis o o c y t e s p a r t i a l l y p u r i f i e d ' b y 
D E A E - c e l l u l o s e c h r o m a t o g r a p h y . I t is e v i d e n t 
t h a t t h i s p r o c e d u r e a l so r e s u l t s i n t h e 
a p p e a r a n c e o f t w o m a j o r t R N A m e t h y l 
t r a n s f e r a s e ac t iv i t ies . T h e h e a v i e r p e a k is 
c o n s i d e r a b l y s t i m u l a t e d by s p e r m i n e as 
o b s e r v e d w i t h f r a c t i o n I o n D E A E - c e l l u l o s e 
wh i l e t h e s e c o n d p e a k is i n h i b i t e d by th i s 
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Fig. 3. Separation by gel filtration of tRNA methyl transferase 
activities of X. laevis ovarian extracts. A Sephadex (1-200 
column (65 x 1.5 cm) was equilibrated with a buffer 
containing 20 mM Tris-HCl, pH 8.0, 150 mM KCI, 3 mM 
MgCl.j, 2 mM B-mercaptoethanol and 0.5 mM EDTA, 2.1 
mg of protein of partially purified ovarian tRNA methyl 
transferase was applied. T h e enzyme preparation was 
obtained by chromatography of the supernatant fraction 
of a X. laevis ovarian extract on a DEAE-cellulose column 
eluted between 60 and 200 mM KCI under the conditions 
described in Fig. 2A. Prior to application to the Sephadex 
column, the pooled enzyme fractions were concentrated 
by ultrafiltration. T h e Sephadex column was eluted with 
the equilibration buffer at a rale of 9 ml per hour, 
collecting 2.5 ml fractions. Aliquots were assayed for 
tRNA methyl transferase activity as described in Methods 
in the presence (o—o) or absence ( •—•) of 0.4 mM 
spermine. 

c o m p o u n d as s e e n w i t h p e a k I I in F ig . 2 A . 
P e a k s I a n d I I s e p a r a t e d b y D E A E c e l l u l o s e 
c h r o m a t o g r a p h y w e r e s u b m i t t e d t o g e l 
filtration o n t h e s a m e S e p h a d e x G - 2 0 0 t h a t 
h a d b e e n c a l i b r a t e d w i t h p r o t e i n s o f k n o w n 
m o l e c u l a r w e i g h t . T h e r e s u l t s o b t a i n e d 
a l l o w e d u s t o e s t i m a t e t h e m o l e c u l a r w e i g h t o f 
p e a k I a t 1 9 0 , 0 0 0 a n d t h a t o f p e a k I I a t 
1 2 5 , 0 0 0 (no t s h o w n ) . 

F i g u r e 4 s h o w s t h e e f f ec t o f d i f f e r e n t 
c o n c e n t r a t i o n s o f s p e r m i n e a n d M g 2 + o n t h e 
t R N A m e t h y l t r a n s f e r a s e s o b t a i n e d f r o m 
i so l a t ed n u c l e i a n d t h e c y t o p l a s m of 
e n u c l e a t e d cel ls . T h e n u c l e a r e n z y m e is 
a c t i v a t e d a b o u t 8 fo ld by c o n c e n t r a t i o n s 
b e t w e e n 0 .4 a n d 1 m M s p e r m i n e . H i g h e r 
c o n c e n t r a t i o n s o f t h e p o l y a m i n e r e d u c e d t h e 
s t i m u l a t i o n . T h e a d d i t i o n o f M g 2 + a t s i m i l a r 
c o n c e n t r a t i o n s a l so s t i m u l a t e s t h e ac t iv i ty o f 
t h e n u c l e a r e n z y m e b u t t h e m e t a l is less 
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Fig. 4. The effect of M g 2 + and spermine on the nuclear and 
cytoplasmic tRNA methyl transferase activity ofX. laevis oocytes. 
T h e tRNA methyl transferase activity was measured in 
the 20,000 xg supernatant fraction of a homogenate of 15 
enucleated oocytes (o e • ) or 32 isolated nuclei (A) in 
the presence of different concentrations of M g 2 i + (empty 
symbols) or spermine (filled symbols). T h e assay system 
was essentially as detailed in Methods except that the KCI 
concentration was 40 mM and that E D T A was omitted 
from the assays containing M g 2 + . 

T 1 1 r 

K C I ( M ) 

Fig. 5. The effect of KCI on the activity of oocyte tRNA 
methyl transferase I in the presence and absence of 
spermine. T h e activity of tRNA methyl transferase I 
obtained from DEAE-cellulose column as shown in Figure 
2A was assayed at different KCI concentrations in the 
presence (o—o) or absence (•—•) of 0.4 mM spermine. 
The assay conditions, with the obvious exception of the 
KCI concentrations, were the same as described in 
Methods. 

effec t ive t h a n s p e r m i n e . T h e ac t iv i ty o f t h e 
c y t o p l a s m i c p r e p a r a t i o n , o n t h e o t h e r h a n d , is 
n o t a f f e c t e d by M g 2 + a n d is i n h i b i t e d s l igh t ly 
by t h e a d d i t i o n o f s p e r m i n e . T h e s e r e s u l t s 
c o r r o b o r a t e t h e findings o b t a i n e d by 
D E A E - c e l l u l o s e c h r o m a t o g r a p h y r e g a r d i n g 
t h e c e l l u l a r c o m p a r t m e n t s t h a t c o n t a i n t h e 
two e n z y m e s , e s t a b l i s h i n g t h a t p e a k I is m a i n l y 
l oca t ed in t h e n u c l e u s w h i l e p e a k I I is 
essen t ia l ly o f c y t o p l a s m i c o r i g i n . 

T h e e f fec t o f s p e r m i n e is h i g h l y d e p e n d e n t 
o n t h e sal t c o n c e n t r a t i o n o f t h e assay s y s t e m . 
Fig. 5 s h o w s t h a t i n t h e a b s e n c e o f s p e r m i n e 
p e a k I o f t h e t R N A m e t h y l t r a n s f e r a s e s h o w s 
a n a b s o l u t e d e p e n d e n c e o n t h e a d d i t i o n o f 
KCI r e a c h i n g o p t i m a l act ivi ty a t 2 0 0 m M . T h e 
p r e s e n c e o f 0 .4 m M s p e r m i n e e l i m i n a t e s t h e 
r e q u i r e m e n t s f o r KCI b u t t h e a d d i t i o n o f t h i s 
salt i n h i b i t s t h e r e a c t i o n a t c o n c e n t r a t i o n s 
a b o v e 0 .2 M in t h e p r e s e n c e o f p o l y a m i n e . 

A s i m i l a r e x p e r i m e n t c a r r i e d o u t w i t h p e a k 
I I act ivi ty s h o w e d t h a t t h i s e n z y m e is a l so 
d e p e n d e n t o n K C I , b u t i n t h i s c a s e s p e r m i n e 
was i n h i b i t o r y a t KCI c o n c e n t r a t i o n s a b o v e 5 0 
m M ( d a t a n o t s h o w n ) . . 

A t KCI c o n c e n t r a t i o n s o f 2 0 m M t h e e f fec t 
o f s p e r m i n e o n t h e a p p a r e n t K m a n d V n i fo r 
t R N A of t h e p e a k I o r n u c l e a r e n z y m e was 
t e s t e d . I n F ig . 6 it c a n b e s e e n t h a t t h e 
p o l y a m i n e i n c r e a s e s t h e V m a x by 4 fo ld b u t 
d o e s n o t af fect t h e a p p a r e n t K m o f t h i s 
e n z y m e fo r t R N A w h i c h is 2 .9 |j,M. T h e 
a p p a r e n t K m fo r t R N A o f t h e c y t o p l a s m i c o r 
p e a k I I e n z y m e is v e r y s i m i l a r , 3 .3 u.M. 
H o w e v e r , t h e s e t w o e n z y m e s d i f f e r in t h e i r 
a p p a r e n t K m s f o r S - a d e n o s y i l m e t h i o n i n e 
w h i c h fo r p e a k I is o f 2 .5 u,M w h i l e f o r p e a k I I 
is o f 17 |xM ( d a t a n o t s h o w n ) . 

DISCUSIÓN 

T h e r e s u l t s p r e s e n t e d a b o v e d e m o n s t r a t e t h a t 
X. laevis o o c y t e s c o n t a i n t w o d i f f e r e n t t R N A 
m e t h y l t r a n s f e r a s e s as t h e m a j o r ac t iv i t ies 
t h a n c a n m e t h y l a t e E. coli t R N A . T h e t w o 
act ivi t ies o c c u p y d i f f e r e n t cel l c o m p a r t m e n t s , 
o n e o f t h e m o c c u r i n g p r e d o m i n a n t l y in t h e 
n u c l e u s w h i l e t h e o t h e r is p r e s e n t 
p r e f e r e n t i a l l y in t h e c y t o p l a s m . T h e s e 
e n z y m e s d i f f e r a l so in t h e i r e l u t i o n p r o p e r t i e s 
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f ig. 6. Double reciprocal plot of the effect of tRNA 
concentration on the velocity of the reaction catalyzed by 
tRNA methyl transferase. T h e effect of different tRNA 
concentrations on the velocity of the reaction catalyzed by 
tRNA methyl transferase I was assayed in the presence 
(o—o) or absence (•—•) of 0.4 mM spermine and in the 
presence of 40 mM KC1 under otherwise standard assay 
procedures. Similar experiments were carried out with 
tRNA methyl transferase II (A—A) which was only 
assayed in the absence of spermine under the exact 
conditions detailed in Methods. Enzymatic fractions I and 
II were prepared by DEAE-cellulose column 
chromatography as in 2A and contained per assay 21 u,g 
of protein respectively. 

o n D E A E - c e l l u l o s e c h r o m a t o g r a p h y , in t h e i r 
m o l e c u l a r w e i g h t s , in t h e i r a p p a r e n t K m for 
S -adenos ly l m e t h i o n i n e , a n d m o s t s t r i k i n g l y 
in t h e i r r e s p o n s e t o m a g n e s i u m i o n s a n d t h e 
p o l y c a t i o n s p e r m i n e . 

S p e r m i n e h a s b e e n s h o w n t o a f fec t t h e 
activity o f v a r i o u s r e a c t i o n s i n v o l v i n g t R N A 
(7). T h e ef fec t o f t h i s p o l y c a t i o n is a p p a r e n t l y 
a r e s u l t o f its i n t e r a c t i o n w i t h t h e 
p o l y n u c l e o t i d e s t r u c t u r e of t R N A . S u c h 
i n t e r a c t i o n h a s b e e n s h o w n to o c c u r t h r o u g h 
X - R a y d i f f r a c t i o n s t u d i e s ( 8 , 9 ) . I n t h i s r e s p e c t 
it is i n t e r e s t i n g t o n o t e t h a t s p e r m i n e d o e s n o t 
af fect t h e a p p a r e n t K m o f t h e n u c l e a r t R N A 
m e t h y l t r a n s f e r a s e f o r t R N A b u t it d o e s 
i n c r e a s e s ign i f i can t ly t h e V , n a x o f t h i s e n z y m e . 
S imi l a r r e s u l t s h a v e b e e n o b s e r v e d wi th a 
t R N A n u c l e o t i d y l t r a n s f e r a s e (10) a n d th i s 
F ind ing h a s b e e n i n t e r p r e t e d t o m e a n t h a t t h e 
p o l y c a t i o n a c c e l e r a t e s t h e r a t e - l i m i t i n g s t e p of 
t h e e n z y m a t i c r e a c t i o n p r o b a b l y by a n 
a l t e r a t i o n of t R N A s t r u c t u r e s t h a t d o e s n o t 
invo lve t h e r e g i o n t h a t d e t e r m i n e s its a f f in i ty 
for t h e e n z y m e . P r e s u m a b l y t h e i n h i b i t i o n of 
t h e c y t o p l a s m i c e n z y m e by s p e r m i n e is a l so 

d u e t o t h e effect o f t h e p o l y c a t i o n o n t h e 
t R N A , in th i s c a se s p e r m i n e w o u l d m a k e t h e 
t R N A s p o o r e r s u b s t r a t e s d u e t o t h e fact t h a t 
th i s e n z y m e w o u l d b e a c t i n g o n a d i f f e r e n t 
p a r t of t h e t R N A m o l e c u l e . C o n s i d e r a b l e 
e v i d e n c e h a s b e e n p r e s e n t e d r e g a r d i n g t h e 
p r o b a b l e p h y s i o l o g i c a l r o l e of p o l y a m i n e s in 
b o t h b a c t e r i a a n d e u k a r y o t e s . O f spec ia l 
r e l e v a n c e t o o u r w o r k a r e t h e f i n d i n g s of 
p o l y a m i n e s b o u n d to R N A in o o c y t e s of 
locus ts (11) a n d in c u l t u r e d Xenopus l iver cells 
(12) as well as t h e r e s u l t s o f C o r m i c k (13) 
w h i c h s h o w t h a t f i b r o b l a s t n u c l e i c o n t a i n a 
t h r e e - f o l d h i g h e r c o n c e n t r a t i o n of s p e r m i n e 
t h a n t h e c y t o p l a s m of t h e s a m e cel ls . T h e 
d i f f e r e n t i a l e f fec t of t h e p o l y a m i n e o n t h e 
n u c l e a r a n d c y t o p l a s m i c t R N A m e t h y l 
t r a n s f e r a s e s r e p o r t e d h e r e m a y r e f l ec t t h e i r 
a d a p t a t i o n t o t h e d i f f e r e n t s p e r m i n e 
c o n c e n t r a t i o n s o f t h e t w o c e l l u l a r 
c o m p a r t m e n t s . 

T h e s e p a r a t i o n o f t h e t R N A m e t h y l 
t r a n s f e r a s e ac t iv i t ies in t h e n u c l e u s a n d 
c y t o p l a s m of t h e cell is a l so i n t e r e s t i n g in t h e 
l igh t o f t h e r e c e n t r e s u l t s of M e l t o n et al. (5) , 
w h o h a v e s h o w n t h a t t h e m a j o r i t y of t h e b a s e 
m o d i f i c a t i o n s o f yeas t t R N A p r e c u r s o r s o c c u r 
in t h e X. laevis n u c l e u s b u t t h a t s o m e of t h e 
t R N A p r e c u r s o r s a r e a l so p r e s e n t in t h e 
c y t o p l a s m o f t h e s e cel ls . T h e s e q u e n t i a l 
m o d i f i c a t i o n o f t h e b a s e s t h a t a c c o m p a n i e s 
t R N A p r o c e s s i n g m a y b e p a r t l y c o n t r o l l e d by 
c o m p a r t m e n t a t i o n of t h e m o d i f y i n g e n z y m e s 
in t h e n u c l e u s o r c y t o p l a s m o f t h e cel l . 
O b v i o u s l y , f u t u r e w o r k in th i s f ie ld s h o u l d 
s t u d y t h e specif ic i ty o f m e t h y l a t i o n o f t h e 
act ivi t ies f o u n d in t h e t w o c e l l u l a r 
c o m p a r t m e n t s . S u c h s t u d i e s t o g e t h e r w i t h t h e 
i n c r e a s i n g k n o w l e d g e w e a r e g a i n i n g a b o u t 
t R N A s t r u c t u r e s h o u l d h e l p u s t o e s t a b l i s h t h e 
bases o f t h e d i f f e r e n t i a l e f f ec t o f s p e r m i n e 
d e s c r i b e d in th i s r e p o r t a n d t h e p o s s i b l e 
phys io log i ca l r o l e o f t h e s e p a r a t e c o m p a r t 
m e n t a t i o n o f t R N A m e t h y l t r a n s f e r a s e s . 
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