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T h e ef fec t o f p H o n t h e s tab i l i ty a n d ac t iv i ty o í r a t l i ve r R N A p o l y m e r a s e s I (A) a n d II (B) h a s b e e n 
s t u d i e d . B o t h e n z y m e s a r e i r r e v e r s i b l y i n a c t i v a t e d in b u f f e r s o l u t i o n s b e l o w p H 5 .0 . K„, v a l u e s of 
t h e t w o e n z y m e s a r e c o n s t a n t b e t w e e n p H 6 .5 a n d 8.7 b u t a t w o — t o t h r e e — fo ld i n c r e a s e is 
o b s e r v e d b e t w e e n p H 8.7 a n d 9 . 7 . T h e V 1 M ; < X v e r s u s p H p r o f i l e s a r e b e l l - s h a p e d c u r v e s i n d i c a t i n g 
t h e p a r t i c i p a t i o n o f t w o i o n i z i n g g r o u p s w i t h a p p a r e n t p K a v a l u e s o f 6 .5 a n d 9 .8 f o r e n z y m e I a n d 
6.7 a n d 9 .9 f o r e n z y m e I I . B o t h e n z y m e s a r e i n a c t i v a t e d by p h o t o o x i d a t i o n in t h e p r e s e n c e o f 
Rose B e n g a l . I t is s u g g e s t e d t h a t t h e a b o v e p K a c o r r e s p o n d s t o t h e i m i d a z o l e o f a h i s t i d i n e 
r e s i d u e a n d a n a m i n o g r o u p of a ly s ine r e s i d u e . 

T h e k n o w l e d g e o f t h e a m i n o a c i d r e s i d u e s 
i n v o l v e d in t h e ca t a ly t i c p r o c e s s is a 
f u n d a m e n t a l r e q u i s i t e f o r t h e c o n s t r u c t i o n of 
a r e a c t i o n m e c h a n i s m i n v o l v i n g t h e e n z y m e 
m o l e c u l e . T w o m a i n r o u t e s a r e a v a i l a b l e t o 
o b t a i n s u c h i n f o r m a t i o n . O n e is t h e 
i d e n t i f i c a t i o n by m e a n s o f a c h e m i c a l 
m o d i f i c a t i o n w h i c h c a n b e c o r r e l a t e d w i t h a 
c h a n g e in act iv i ty . A n o t h e r is t h e s t u d y of t h e 
r e a c t i o n u n d e r c o n d i t i o n s w h i c h a f fec t t h e 
i o n i z a t i o n o f o n e o r m o r e o f t h e p a r t i c i p a t i n g 
a m i n o ac id r e s i d u e s . F r o m t h e l a t t e r s t u d i e s , 
t h e p K ; i v a l u e s f o r t h e i o n i z a b l e g r o u p s m a y b e 
o b t a i n e d a n d t h e c o r r e s p o n d i n g a m i n o ac id 
r e s i d u e s w h i c h p a r t i c i p a t e in t h e ca t a ly t i c 
s t eps m a y t h u s b e i d e n t i f i e d . B o t h e f f o r t s a r e 
b e i n g u n d e r t a k e n i n o u r l a b o r a t o r y in t h e 
s t u d y o f e u c a r y o t i c D N A - d e p e n d e n t R N A 
p o l y m e r a s e s . 

E u c a r y o t i c cel ls h a v e m u l t i p l e n u c l e a r 
R N A p o l y m e r a s e s w h i c h c a n b e d i s t i n g u i s h e d 
by t h e i r c h r o m a t o g r a p h i c b e h a v i o u r in 

D E A E - S e p h a d e x (1) o r b y t h e i r sens i t iv i ty t o 
t h e m u s h r o o m t o x i n a l p h a - a m a n i t i n (2 ,3 ) . 
T h e v a r i o u s p u r i f i e d e n z y m e s h a v e b e e n 
c h a r a c t e r i z e d by t h e i r t e m p l a t e spec i f ic i ty , 
p r e f e r e n t i a l d i v a l e n t m e t a l i o n a c t i v a t i o n , 
ion ic s t r e n g t h a n d s u b u n i t c o m p o s i t i o n (4) . 
D e s p i t e t h e w e a l t h o f th i s i n f o r m a t i o n , l i t t le is 
k n o w n c o n c e r n i n g t h e m e c h a n i s m o f ca t a lys i s . 

W e h a v e p r e v i o u s l y r e p o r t e d t h a t 
Escherichia coli (5) a n d r a t l i ve r R N A 
p o l y m e r a s e s I a n d I I (6) a r e r a p i d l y i n a c t i v a t e d 
by p y r i d o x a l 5 ' - p h o s p h a t e . T h e i n h i b i t i o n is 
r e v e r s e d by a m i n e s a n d c a n b e m a d e 
i r r e v e r s i b l e by r e d u c t i o n w i t h s o d i u m 
b o r o h y d r i d e . S p e c t r a l a n d c h e m i c a l d a t a 
i n d i c a t e d t h a t t h e i n a c t i v a t i o n is d u e t o t h e 
f o r m a t i o n o f a Sch i f f b a s e b e t w e e n t h e 
i n h i b i t o r a n d e - a m i n o g r o u p s o f l y s i n e 
r e s i d u e s ( 5 , 6 ) . T h e r e a c t i v e s u b u n i t s h a v e 
b e e n i d e n t i f i e d in y e a s t R N A p o l y m e r a s e I (7) . 

T h i s r e p o r t is c o n c e r n e d w i t h t h e e f fec t o f 
p H o n t h e s tab i l i ty a n d ac t iv i ty of r a t l i ve r 
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R N A p o l y m e r s e s I a n d I I . W e h a v e f o u n d t h a t 
b o t h e n z y m e s a r e i r r e v e r s i b l y i n a c t i v a t e d 
w h e n i n c u b a t e d b e l o w p H 5 . B o t h e n z y m e s 
h a v e v e r y s i m i l a r K m v e r s u s p H a n d V „ i ; i x 

v e r s u s p H p r o f i l e s . T h e V,„ , , x v e r s u s p H p r o 
files a r e b e l l - s h a p e d c u r v e s , i n d i c a t i n g t h e 
p a r t i c i p a t i o n o f t w o i o n i z i n g g r o u p s w i t h 
a p p a r e n t p K a v a l u e s o f 6 .5 a n d 9 .8 f o r e n z y m e 
I a n d 6 .7 a n d 9 .9 fo r e n z y m e I I . B o t h e n z y m e s 
a r e i n a c t i v a t e d by p h o t o - o x i d a t i o n in t h e 
p r e s e n c e o f R o s e B e n g a l a t p H 7 . 9 . I t is 
s u g g e s t e d t h a t t h e a b o v e p K a c o u l d 
c o r r e s p o n d t o t h e i m i d a z o l e o f a h i s t i d i n e 
r e s i d u e a n d a n a m i n o g r o u p o f a l y s ine 
r e s i d u e . 

MATERIALS A N D M E T H O D S 

Chemicals. 3 H - U T P ( 2 0 C i / n m o l e ) w a s 
o b t a i n e d f r o m A m e r s h a m / S e a r l e C o r p . , 
I l l inois . N u c l e o s i d e t r i p h o s p h a t e s , d i -
t h i o t h r e i t o l a n d ca l f t h y m u s D N A w e r e 
f r o m S i g m a C h e m i c a l C o . , St . L o u i s , M o . R o s e 
B e n g a l was a p r o d u c t f r o m A l d r i c h C h e m i c a l 
C o . , M i l w a u k e e , W i s c o n s i n . A l p h a - a m a n i t i n 
was f r o m B o e h r i n g e r , G e r m a n y . G l y c e r o l , 
b u f f e r sal ts a n d a m m o n i u m s u l f a t e w e r e 
ana ly t i ca l g r a d e r e a g e n t s . 

Enzyme Purification. R a t l iver R N A 
p o l y m e r a s e s I a n d I I w e r e p u r i f i e d f r o m 
i so la ted n u c l e i by a p r o c e d u r e d e s c r i b e d 
e l s e w h e r e (6) . E n z y m e I h a s a spec i f ic ac t iv i ty 
o f 3 0 u n i t s / m g o f p r o t e i n a n d e n z y m e I I , 6 0 
u n i t s / m g ( o n e u n i t o f ac t iv i ty is d e f i n e d as 
1 /nmole o f U M P i n c o r p o r t e d in 10 m i n a t 
30°) . 

Enzyme Assay. R N A p o l y m e r a s e s w e r e a s s a y e d 
in a f inal v o l u m e o f 0 . 0 6 m l . T h e s t a n d a r d 
r e a c t i o n m i x t u r e c o n t a i n e d 5 0 m M T r i s - H C l 
p H 7 .9 , 1 2 . 5 % g l y c e r o l , 2 . 5 m M M g C l 2 , 1.6 
m M M n C l 2 , 6 m M N a F , 0 .6 m M e a c h A T P , 
G T P a n d C T P , 0 . 0 2 m M U T P , 0 .4 |xCi 
3 H - U T P , 0 .3 m M d i t h i o t h r e i t o l , 0 . 0 5 m M 
E D T A a n d 12 n-g o f n a t i v e ca l f t h y m u s D N A . 
E n z y m e I was a s s a y e d a t 0 . 0 5 M ( N H ^ S C , 
a n d e n z y m e I I a t 0 . 1 2 M ( N H 4 ) 2 S 0 4 . A f t e r 
i n c u b a t i o n f o r 10 m i n a t 30° , 0 . 0 5 m l o f t h e 
r e a c t i o n m i x t u r e was a n a l y z e d f o r ' H - R N A 
u s i n g D E - 8 1 f i l te rs as d e s c r i b e d p r e v i o u s l y (6) . 

RESULTS A N D DISCUSSION 

Effect of pH on the Stability of 
Rat Liver RNA Polymerases 

B e f o r e s t u d y i n g t h e e f f ec t o f p H o n t h e 
act ivi ty o f t h e e n z y m e s , it w a s o f i n t e r e s t t o 
e x a m i n e t h e s tab i l i ty o f p o l y m e r a s e s a t 
d i f f e r e n t p H v a l u e s . F o r t h a t r e a s o n , R N A 
p o l y m e r a s e s I a n d I I w e r e i n c u b a t e d a t 0° in 
s e v e r a l b u f f e r s o f d e s i r e d p H . A t a p p r o p r i a t e 
t i m e i n t e r v a l s , a l i q u o t s w e r e w i t h d r a w n a n d 
a s s a y e d a t p H 7 .9 . T h e r e s u l t s o b t a i n e d a r e 
s h o w n in F i g u r e 1. U p o n i n c u b a t i o n o f t h e 
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Fig. I. Irreversible inactivation of rat liver RNA 
polymerases I and II at acid pH. Enzyme (4 u.g) was 
incubated at 0° in buffers of desired pH (0.01 M formate, 
acetate, Tris-maleic and Tris-HCl); at different time 
intervals aliquots were withdrawn and assayed at pH 7.9 
as described under Materials and Methods. Upper figure 
corresponds to enzyme I; lover figure to enzyme II. • — • : 
pH 7.0 ,o—O: p H 6.0, A — A : pH 5.4, • — p H 5.0, • — • : 
pH 4.5, • — • : pH 4.0. T h e inset shows the percent activity 
at 10 min incubation. 100% corresponds to 10 nmoles 
UMP incorporated per ml per 10 min. 

e n z y m e s b e l o w p H 6 , a t i m e - d e p e n d e n t 
i n a c t i v a t i o n t a k e s p l a c e . T h e r a t e o f 
i n a c t i v a t i o n i n c r e a s e s s h a r p l y as t h e p H 
d e c r e a s e s . B o t h e n z y m e s a r e a f f e c t e d in a 
s imi l a r w a y , a l t h o u g h p o l y m e r a s e I s e e m s to 
b e s l ight ly m o r e s u s c e p t i b l e . N o r e a c t i v a t i o n 
was o b t a i n e d a f t e r s h o r t o r p r o l o n g e d 
i n c u b a t i o n o f t h e p a r t i a l l y i n a c t i v a t e d 
e n z y m e s a t n e u t r a l p H . A s i m i l a r 
p h e n o m e n o n h a s b e e n o b s e r v e d in o u r 
l a b o r a t o r y w i t h h o m o g e n e o u s R N A 
p o l y m e r a s e I f r o m yeas t (Bu l l , C a m p i n o , Be l l , 
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V e n e g a s a n d V a l e n z u e l a , m a n u s c r i p t in 
p r e p a r a t i o n ) . 

T h e o b s e r v e d d e n a t u r a t i o n of t h e e n z y m e s 
a t ac id p H c o u l d b e d u e t o t h e loss of t h e 
c o m p l e x q u a t e r n a r y s t r u c t u r e of t h e e n z y m e s . 
T h e t r a n s i t i o n o c c u r s b e t w e e n p H 6 a n d 4 
w h e r e p r o t o n a t i o n o f c a r b o x y l i c s i d e c h a i n s 
a r e l ikely t o o c c u r s . P o l y m e r i c p r o t e i n s t e n d t o 
d i s soc i a t e a t low p H a s a c o n s e q u e n c e of 
e l e c t r o s t a t i c r e p u l s i o n d u e t o t h e e x c e s s of 
pos i t ive c h a r g e s . A n a l t e r n a t i v e e x p l a n a t i o n 
w o u l d b e t h e loss o f a d i v a l e n t m e t a l i o n 
n e c e s s a r y f o r ac t iv i ty (8) . F o r i n s t a n c e , it h a s 
b e e n d e m o n s t r a t e d f o r y e a s t R N A 
p o l y m e r a s e I t h a t it is a Z n m e t a l l o e n z y m e (9) . 
A t ac id p H p r o t o n s will b e a b l e t o c o m p e t e 
wi th t h e m e t a l f o r t h e e n z y m e l i g a n d s , as h a s 
b e e n f o u n d w i t h o t h e r m e t a l l o e n z y m e s . T h e 
i r r e v e r s i b l e loss o f ac t iv i ty o f r a t l i ve r a n d 
o t h e r e u c a r y o t i c R N A p o l y m e r a s e s a t a c i d p H 
m a y e x p l a i n i n p a r t t h e l ow y ie ld a n d 
d e c r e a s e d s tabi l i ty o f e u c a r y o t i c e n z y m e s 
w h e n s u b j e c t e d t o ( N H 4 ) 2 S 0 4 f r a c t i o n a t i o n 
w i t h o u t c a r e f u l l y c o n t r o l l i n g t h e p H o f t h e 
s o l u t i o n . 

Effect of pH on the Activity of Rat Liver 
RNA Polymerases 

T h e p H m a y a f fec t t h e ac t iv i ty of a n e n z y m e 
by m o d i f y i n g t h e K m of t h e s u b s t r a t e s o r by 
a l t e r i n g t h e V m a x o f t h e r e a c t i o n . T h e e f fec t 
o n t h e K m w a s e x a m i n e d by p e r f o r m i n g t h e 
r e a c t i o n a t d i f f e r e n t p H v a l u e s u s i n g C T P as 
t h e v a r i a b l e s u b s t r a t e w h i l e t h e o t h e r 
n u c l e o t i d e s u b s t r a t e s w e r e h e l d c o n s t a n t . C T P 
was s e l e c t e d i n o r d e r t o a v o i d p o s s i b l e k i n e t i c 
c o m p l i c a t i o n s if i n i t i a t i n g n u c l e o t i d e s (as A T P 
o r G T P ) a r e u s e d , as h a s b e e n s h o w n w i t h E. 
coli R N A p o l y m e r a s e (10 ) . K,„ v a l u e s , 
o b t a i n e d f r o m d o u b l e r e c i p r o c a l p l o t s (11 ) , 
a r e s h o w n in T a b l e I . F o r b o t h e n z y m e s , t h e r e 
is n o s i gn i f i c an t v a r i a t i o n b e t w e e n p H 6 .5 a n d 
8.7 b u t t h e t w o — t o t h r e e — fold i n c r e a s e 
o b s e r v e d a t h i g h e r p H v a l u e s is s i m i l a r t o t h a t 
r e p o r t e d by o t h e r s f o r r a t l iver (12) a n d ca l f 
t h y m u s e n z y m e s (13) . 

T h e r e s u l t s o f t h e e f f ec t o f p H o n V , I U I X a r e 
s h o w n in F i g u r e 2 a n d F i g u r e 3 f o r 
p o l y m e r a s e s I a n d I I r e s p e c t i v e l y . B o t h 
e n z y m e s h a v e a r a t h e r s i m i l a r p H - r a t e p r o f i l e : 

TABLE. I 

Effect of pH on the K„, of Rat Liver 
RNA Polymerases I and II 

Buffer K,„ x Itr M 

Enzyme I 
6.53 "I ris-maleic acid 1.18 
7.27 Tris-maleic acid 1.12 
7.81 Tris-HCl 0.95 
8.39 Tris-HCl 1.02 

9.77 (ilycine 3.32 

Enzyme II 
7.05 Tris-maleic acid 2.02 
7.69 Tris-HCl 1.64 
7.97 Tris-HCl 1.50 
8.30 Tris-HCl 1.42 
8.50 Tris-HCl 1.45 
8.75 Tris-HCl 2.71 
9.07 Glycine 3.81 
9.31 Glycine 4.21 

Fig. 2. V„„ l x -pH profile for the activity of rat liver RNA 
polymerase I. Enzyme (4 | ig) was assayed in buffers of 
desired pH (0.05 M Tris-maleic, Tris-HCl and glycine) as 
described under Materials and Methods. T h e solid line is 
a theoretical curve calculated using pK., values of 6.5 and 
9.8 and a V„ 1 ; | K (lim) of 5.25 nmoles o f UMP incorporated 
per ml in 10 min. T h e experimental points are the average 
of 3 determinations which agreed between 5 and 10'/?. 

T h e y a r e n o t ac t ive b e l o w p H 6 ; b e t w e e n p H 6 
a n d 8 t h e r e is a s h a r p i n c r e a s e in V , n a x , w h i c h 
r e a c h e s a m a x i m u m a r o u n d p H 8 - 8 . 5 , a n d 
b e t w e e n 8.5 a n d 10 t h e ac t iv i ty d e c r e a s e s 
a g a i n . T h e b e s t fit t o t h e e x p e r i m e n t a l p o i n t s 
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Fig. 3. V„,.„-pH profile for the activity of rat liver RNA 
polymerase II. Enzyme (4 (ig) was assayed in buffers of 
desired pH (0.05 M Tris-maleic, Tris-HCl and glycine) as 
described under Materials and Methods. T h e solid line is 
a theoretical curve calculated using ply, values of (i.7 and 
9.9 and \',„..„ (lim) of 10.5 nmoles o f UMP incorporated 
pet nil in 10 min. The experimental points ate the aver
age of 3 determinations which agreed between 5 and I O'/r • 

was o b t a i n e d u s i n g p K a v a l u e s o f 6 .5 a n d 9 .8 
fo r e n z y m e I a n d 6 .7 a n d 9 .9 f o r e n z y m e I I . 
S i m i l a r c u r v e s h a v e b e e n r e p o r t e d by 
G i s s i n g e r et al. (13) f o r ca l f t h y m u s R N A 
p o l y m e r a s e s I a n d I I . 

Photooxidation in the Presence of Rose Bengal 

T h e ac id l i m b s o f t h e c u r v e s s u g g e s t t h e 
p a r t i c i p a t i o n o f t h e i m i d a z o l e g r o u p o f 
h i s t i d i n e . T h i s h y p o t h e s i s is f u r t h e r s u g g e s t e d 
by p h o t o o x i d a t i o n e x p e r i m e n t s w i t h R o s e 
B e n g a l . I n t h e p r e s e n c e o f l i g h t b o t h e n z y m e s 
a r e r a p i d l y i n a c t i v a t e d by low c o n c e n t r a t i o n s 
o f t h e d y e . F i g u r e 4 s h o w s t h e k i n e t i c s o f 
i n a c t i v a t i o n o f t h e e n z y m e s by 1.6 X 1()" ( 'M 
R o s e B e n g a l . I t is c l e a r t h a t o n e e n z y m e ( I I ) is 
m o r e s u s c e p t i b l e t o R o s e B e n g a l i n h i b i t i o n 
t h a n t h e o t h e r ( I ) a t t h e s a m e d y e 
c o n c e n t r a t i o n . T h i s c o u l d b e d u e t o a m o r e 
e f f ic ien t b i n d i n g o f t h e m o d i f y i n g a g e n t . I n 
t h e a b s e n c e o f l i g h t t h e e n z y m e s a r e n o t 
i n h i b i t e d . P r e l i m i n a r y e x p e r i m e n t s w i t h 
h o m o g e n e o u s y e a s t R N A p o l y m e r a s e I w h i c h 
is a l so i n h i b i t e d by p h o t o o x i d a t i o n w i t h R o s e 
B e n g a l i n d i c a t e t h a t t h e D N A b i n d i n g s t e p is 
n o t a f fec t by p h o t o o x i d a t i o n ( C a m p i n o , B u l l , 
V e n e g a s a n d V a l e n z u e l a , u n p u b l i s h e d 

0 20 40 60 80 100 

TIME(min) 

Fig. •/. Inactivation of rat liver R N A polymerases I and II 
by photooxidation in the presence of Rose Bengal. 
Enzymes (0.3-0.5 mg/ml) were incubated with I .62 x 1 0 ' ' 
M Rose Bengal at 0° in 0.05 M Tris-HCl pH 7.9. 25</r 
glycerol and 0.1 M KC1 and illuminated with a 150 watt 
lamp at 40 cm of distance. Aliquots containing 3-5 u.g.of 
enzymes were taken at different times and assayed as 
described under Materials and Methods. 100% of activity 
corresponds to the incorporation of 240 pmol of UMP 
into RNA. Enzyme I: o—O; enzyme II: A — A ; enzymes I 
and II in the dark: • — • . 

r e su l t s ) . I s h i h a m a a n d H u r w i t z h a v e f o u n d 
t h a t E. coli R N A p o l y m e r a s e is i n a c t i v a t e d by 
p h o t o o x i d a t i o n by R o s e B e n g a l a n d t h e s t e p 
a f f e c t e d is t h e e l o n g a t i o n o f t h e R N A c h a i n 
(14) . N o n e o f t h e e v i d e n c e p r e s e n t e d f o r t h e 
i n v o l v e m e n t o f h i s t i d i n e r e s i d u e s in t h e a c t i o n 
o f r a t l iver R N A p o l y m e r a s e s w o u l d by i t se l f 
c a r r y m u c h c o n v i c t i o n , ye t t a k e n t o g e t h e r 
t h e y s e e m r e a s o n a b l y p e r s u a s i v e a n d f o r m a 
basis f o r t h e d e s i g n of s u b s t r a t e — a n d 
t e m p l a t e - l i k e r e a g e n t s r e a c t i v e t o w a r d s 
i m i d a z o l e s i d e c h a i n s . I n d e e d , t h e i m i d a z o l e 
g r o u p is v e r y o f t e n i n v o l v e d i n e n z y m e a c t i o n 
a n d in R N A p o l y m e r a s e s c a n p a r t i c i p a t e a s 
a c i d - b a s e o r n u c l e o p h i l i c c a t a l y s t in t h e 
p o l y m e r i z a t i o n s t e p by a s s i s t i n g t h e a t t a c k o f 
t h e t e r m i n a l 3 ' O H o f t h e n a s c e n t c h a i n t o t h e 
p y r o p h o s p h a t e b o n d o f t h e n e x t n u c l e o t i d e 
s u b s t r a t e . 

T h e p K a 9 .7 a n d 9 .9 f o u n d f o r e n z y m e s I 
a n d I I m a y b e a s s o c i a t e d w i t h t h e i o n i z a t i o n o f 
a n e - a m i n o g r o u p o f a l y s ine r e s i d u e . T h e 
p a r t i c i p a t i o n of. t h i s g r o u p i n t h e r e a c t i o n s o f 
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r a t l iver R N A p o l y m e r a s e s h a s b e e n 

d e m o n s t r a t e d by c h e m i c a l m o d i f i c a t i o n w i t h 

p y r i d o x a l 5 ' - p h o s p h a t e (6) . I t is s u g g e s t e d t h a t 

a p r o t o n a t e d lys ine a m i n o g r o u p p a r t i c i p a t e s 

in t h e b i n d i n g o f n u c l e o t i d e s u b s t r a t e o r D N A 

to t h e e n z y m e by ion i c i n t e r a c t i o n s w i t h t h e 

p h o s p h a t e g r o u p s . T h e i n c r e a s e o f t h e K m 

va lues a b o v e p H 8.7 a g r e e s w i t h th i s p r o p o s a l . 

M o r e d e t a i l e d s t r u c t u r a l a n d k i n e t i c 

e x p e r i m e n t s a r e n e c e s s a r y t o p r o v e t h e s e 

p r o p o s a l s . S t u d i e s o n t h e e f fec t o f p H o n t h e 

i n d i v i d u a l s t e p s ( i .e . , D N A b i n d i n g , i n i t i a t i o n , 

e l o n g a t i o n a n d t e r m i n a t i o n ) will h e l p t o 

d e t e r m i n e t h e r o l e o f t h e p r o p o s e d e n z y m e 

g r o u p s in t h e ca ta ly t i c p r o c e s s . S o m e o f t h e s e 

s t u d i e s a r e in p r o g r e s s in o u r l a b o r a t o r y . 
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