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ABSTRACT 

An RNA P o l y m e r a s e f r a c t i o n o f M e t h a n o c o c c u s v a n n i e l i i 
p u r i f i e d by g r a d i e n t c e n t r i f u g a t i o n s y n t h e s i z e s an RNA p r o d u c t 
of 110 n u c l e o t i d e s i n t h e p r e s e n c e o f a t e m p l a t e h a r b o u r i n g a 
homologous tRNA gene. The l e n g t h o f t h i s t r a n s c r i p t c o r r e s -
ponds e x a c t l y t o t h a t o f t h e tRNA p r e c u r s o r m o l e c u l e s y n t h e -
s i z e d i n v i v o . A f t e r i n t e r n a l d e l e t i o n s o f 5 and 11 b a s e p a i r s 
from t h e DNA r e g i o n e n c o d i n g t h e tRNA gene, in v i t r o t r a n -
s c r i p t s o f 105 and 99 n u c l e o t i d e s were o b s e r v e d . T h i s f i n d i n g 
c o n f i r m s o u r c o n c l u s i o n t h a t t h e RNA p r o d u c t s o r i g i n a t e f r o m 
the tRNA gene. O p t i m a l t r a n s c r i p t i o n of the tRNA gene o c c u r s a t 
a i n c u b a t i o n t e m p e r a t u r e o f 50 °C i n t h e p r e s e n c e o f 10 mM 
M g C l 2 and 20 mM K C l . S y n t h e s i s o f t h e 110 n u c l e o t i d e RNA 
p r o d u c t i s maximal a t a DNA-concentration of 100 ug/ml and i s 
i n h i b i t e d a t h i g h e r D N A - c o n c e n t r a t i o n s . By m u t a g e n e s i s o f t h e 
DNA r e g i o n u p s t r e a m o f t h e tRNA gene, t h e DNA s e q u e n c e promo-
t i n g in, v i t r o t r a n s c r i p t i o n was l o c a t e d b e t w e e n -58 and -22. 
T h e r e f o r e , t h e TATA-box a t -25 w h i c h has been p r o p o s e d as an 
a r c h a e b a c t e r i a l c o n s e n s u s p r o m o t e r s e q u e n c e (Thomm and Wich, 
1988), a p p e a r s t o be i n d i s p e n s a b l e f o r i n i t i a t i o n o f t r a n 
s c r i p t i o n . 

INTRODUCTION 

In c o n t r a s t t o the RNA polymerases of e u b a c t e r i a , the RNA 
polymerases p u r i f i e d f r o m a r c h a e b a c t e r i a l c e l l s a r e u n a b l e t o 
i n i t i a t e t r a n s c r i p t i o n a c c u r a t e l y i n v i t r o ( Z i l l i g e t a l . r 

1988). However, r e c e n t l y s p e c i f i c b i n d i n g o f t h e p u r i f i e d e n-
zyme from the methanogen Methanococcus v a n n i e l i i t o the Promo
t e r r e g i o n of both p r o t e i n - e n c o d i n g (Thomm et a l . , 1988a; Brown 
et a l . , 1988) and tRNA/rRNA genes (Thomm and Wich, 1988) has 
been demonstrated. From these f o o t p r i n t i n g experiments a TATA-
box a t -25 has been i n f e r r e d as an a r c h a e b a c t e r i a l c o n s e n s u s 
Promoter s e q u e n c e (Thomm e t a l . , 1989). However, a l s o t h e 
p u r i f i e d RNA P o l y m e r a s e o f M̂_ v a n n i e l i i i s u n a b l e t o a c c u r a 
t e l y t r a n s c r i b e p u r i f i e d genes. To i n v e s t i g a t e the r e q u i r e m e n t s 
f o r c e l l - f r e e t r a n s c r i p t i o n o f a r c h a e b a c t e r i a l genes, t h e 
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e x p r e s s i o n o f a t R N A V a l gene o f v a n n i e l i i by l e s s p u r i f i e d 
RNA P o l y m e r a s e f r a c t i o n s was s t u d i e d . We d e s c r i b e h e r e t h e 
p u r i f i c a t i o n and some p r o p e r t i e s of an RNA Polymerase f r a c t i o n , 
d i r e c t i n g c o r r e c t i_n v i t r o t r a n s c r i p t i o n o f t h i s t e m p l a t e . 

MATERIAL AND METHODS 

P u r i f i c a t i o n of the endogenous RNA Polymerase from the crude 
e x t r a c t 

A s o l u b l e e x t r a c t of M̂_ v a n n i e l i i c e l l s (S-100) was p r e p a r e d as 
d e s c r i b e d p r e v i o u s l y (Thomm e t a l . , 1988b). The endogenous RNA 
Polymerase was s e p a r a t e d from the b u l k of c e l l u l a r p r o t e i n s by 
g l y c e r o l - g r a d i e n t c e n t r i f u g a t i o n (Wingender et a l . , 1984). 

DNA i s o l a t i o n and c o n s t r u c t i o n of mutated Plasmids 

The P l a s m i d s f o r t h e in v i t r o t r a n s c r i p t i o n r e a c t i o n s were 
p u r i f i e d by r e p e a t e d c e n t r i f u g a t i o n i n C s C l d e n s i t y g r a d i e n t s 
as d e s c r i b e d p r e v i o u s l y (Thomm and Wich, 1988). P l a s m i d p I C 3 1 / l 
c o n t a i n s t h e C l a l f r a g m e n t o f p l a s m i d pMT31 (Wich e t a l . , 
1986b) i n s e r t e d i n t o t h e C l a l s i t e o f t h e c l o n i n g v e c t o r p I C -
19H (Marsh e t a l . , 1984). The d i f f e r e n t 5' d e l e t i o n c l o n e s o f 
the tRNA gene were c o n s t r u c t e d by u n i d i r e c t i o n a l d i g e s t i o n 
w i t h exonuclease I I I u s i n g the p r o t o c o l of H e n i k o f f (1984). The 
c l o n e s pIC31/4 and pIC31/6 which c o n t a i n d e l e t i o n s of i n t e r n a l 
sequences o f the tRNA gene were c o n s t r u c t e d by t h e l i g a t i o n o f 
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F i g . l . G e n e t i c map o f t h e t R N A V a l gene u s e d as a t e m p l a t e f o r 
the i r i v i t r o t r a n s c r i p t i o n r e a c t i o n s . P l a s m i d pIC31/2 c o n t a i n s 
the 5' f l a n k i n g DNA s e q u e n c e o f t h e tRNA gene i n c l u d i n g t h e 
n u c l e o t i d e a t P o s i t i o n -58. The P l a s m i d s pIC31/4 and pIC31/6 
are s u b c l o n e s w i t h i n t e r n a l d e l e t i o n s o f 5 and 11 bp, r e s p e c -
t i v e l y . The TATA-element upstream from the t r a n s c r i p t i o n s t a r t 
s i t e i s boxed, the r e g i o n encoding the tRNA i n d i c a t e d by t h i c k 
dark b a r s . The a r r o w s i n d i c a t e t h e i n v i v o i n i t i a t i o n and 
t e r m i n a t i o n s i t e s o f t r a n s c r i p t i o n d e t e r m i n e d by S l mapping 
(Wich e t a l . , 1986) and p r i m e r e x t e n s i o n experiments (data not 
shown). The l e n g t h of the i n v i t r o t r a n s c r i p t s from the d i f f e 
r e n t t e m p l a t e s i s i n d i c a t e d i n the lower p a r t of the f i g u r e . 



a p p r o p r i a t e DNA r e s t r i c t i o n fragments. The DNA sequences of a l l 
mutated t e m p l a t e s were v e r i f i e d by d i d e o x y sequencing (Sanger 
e t a l . , 1977). 

In v i t r o t r a n s c r i p t i o n assays 

The r e a c t i o n m i x t u r e f o r t h e s y n t h e s i s o f t h e tRNA p r e c u r s o r 
c o n t a i n e d 40 mM T r i s - H C l , pH 8.0, 10 mM K C l , 8 mM MgClo, 0.1 
mM EDTA, 0.05 mM Z n S 0 4 and p l a s m i d pIC31/2 (see F i g . IT a t a 
f i n a l DNA c o n c e n t r a t i o n of 50 ug/ml. A l i q u o t s of 20 u l from the 
g l y c e r o l g r a d i e n t f r a c t i o n s were added t o the r e a c t i o n m i x t u r e s 
t o g i v e a f i n a l volume o f 100 u l . A f t e r 5 min p r e i n c u b a t i o n at 
50 Ö C , the t r a n s c r i p t i o n was s t a r t e d by the a d d i t i o n of 0.33 mM 
each o f ATP, GTP, CTP and 0.0165 mM and 10 u C i c * - 3 2 P UTP (600 
Ci/mmol, NEN). The t r a n s c r i p t i o n r e a c t i o n was a l l o w e d t o p r o -
ceed f o r 30 min a t 50°C. The r e a c t i o n was s t o p p e d and t h e RNA 
p r o d u c t s p u r i f i e d and s e p a r a t e d by e l e c t r o p h o r e s i s on 6% p o l y -
a c r y l a m i d e / u r e a g e l s as d e s c r i b e d by J a h n e t a l . (1987). 
To d e t e r m i n e u n s p e c i f i c RNA s y n t h e s i s the same c o n d i t i o n s were 
employed exept t h a t the p l a s m i d DNA was r e p l a c e d by p o l y d(A-T) 
(0.1 mg/ml) i n the t r a n s c r i p t i o n r e a c t i o n s . The i n c o r p o r a t i o n 
of r a d i o a c t i v i t y i n t o a c i d - i n s o l u b l e RNA was m e a s u r e d as de
s c r i b e d p r e v i o u s l y (Thomm and S t e t t e r , 1985). 
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F i g . 2. A n a l y s i s of the i n v i t r o RNA p r o d u c t s t r a n s c r i b e d from 
the t e m p l a t e s shown i n F i g . 1 and 3. The P o s i t i o n o f t h e RNA 
p r o d u c t w i t h 110 n u c l e o t i d e s i s i n d i c a t e d on the l e f t s i d e o f 
the f i g u r e . The v a r i o u s t e m p l a t e s u s e d f o r t h e i n v i t r o t r a n 
s c r i p t i o n r e a c t i o n s were: Lane 1, v e c t o r DNA ( i n d i c a t e d by V on 
t o p ) ; l a n e s 2, 5 and 6, d e l e t i o n c l o n e s o f t h e u p s t r e a m DNA 
r e g i o n g e n e r a t e d by exonuclease I I I mutagenesis. The 5* bound-
a r i e s o f the c o r r e s p o n d i n g upstream d e l e t i o n s are i n d i c a t e d on 
top. L a n e s 3 and 4, i n t e r n a l d e l e t i o n c l o n e s pIC31/4 and 
PIC31/6 (see F i g . 1); t h e number o f n u c l e o t i d e s w h i c h have 
been d e l e t e d f r o m t h e tRNA e n c o d i n g r e g i o n a r e marked b y A ö and 
A l l on t o p . 
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F i g . 3. Map o f t h e u p s t r e a m r e g i o n o f t h e t R N A V a l gene o f M. 
v a n n i e l i i . The a r r o w s i n d i c a t e t h e e x t e n t o f t h e v a r i o u s 5* 
d e l e t i o n s . The T A T A - e l e m e n t a t -25 i s boxed, t h e r e g i o n e n-
c o d i n g t h e mature tRNA marked by t h i c k d a r k b a r s . The n u c l e o 
t i d e s a t the t r a n s c r i p t i o n s t a r t s i t e (+l; l a b e l l e d i n a d d i t i o n 
by an arrow) are shown. P l a s m i d p I C 3 1 / l c o n t a i n s 500 bp of the 
w i l d t y p e upstream DNA sequence. 

- 2 5 

T T T A T A T A 

RESULTS AND DISCUSSION 

The endogenous RNA P o l y m e r a s e o f M. v a n n i e l i i p u r i f i e d 
by g r a d i e n t c e n t r i f u g a t i o n o f a c r u d e e x t r a c t was i n c u b a t e d 
w i t h a s u p e r c o i l e d p l a s m i d h a r b o u r i n g an hom o l o g o u s tRNA 
gene and 58 n u c l e o t i d e s of the 5' f l a n k i n g DNA r e g i o n (pIC31/2; 
F i g . 1). When I n i t i a t i o n and t e r m i n a t i o n o f t r a n s c r i p t i o n 
o c c u r s in v i t r o a t t h e same s i t e s as i n M e t h a n o c o c c u s c e l l s 
(Wich e t a l . , 1986a), a t r a n s c r i p t of 110 n u c l e o t i d e s s h o u l d be 
expected as m a j o r RNA p r o d u c t . A n a l y s i s o f t h e l a b e l l e d in 
v i t r o RNA by e l e c t r o p h o r e s i s i n c a l i b r a t e d p o l y a c r y l a m i d e / u r e a 
g e l s r e v e a l e d t h a t a t r a n s c r i p t o f t h i s s i z e was s y n t h e s i z e d 
( F i g . 2, l a n e 2). When t h e v e c t o r DNA w i t h o u t a tRNA gene was 

MgCl2, 

F i g . 4. MgCl 2-dependence of tRNA t r a n s c r i p t i o n . The amounts of 
pre-tRNA s y n t h e s i z e d i n t h e p r e s e n c e o f v a r y i n g amounts o f 
MgCl2 was d e t e r m i n e d a f t e r e l e c t r o p h o r e s i s o f t h e r e a c t i o n 
p r o d u c t s . The l a b e l l e d RNA bands were e x c i s e d f r o m 6% p o l y 
a c r y l a m i d e / u r e a g e l s and q u a n t i f i e d by Cerenkov c o u n t i n g . 
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F i g . 5. I n f l u e n c e o f K C l c o n c e n t r a t i o n on t h e i n v i t r o ex-
p r e s s i o n o f t h e tRNA a l gene. Pre-tRNA s y n t h e s i s was m e a s u r e d 
at 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 KCl. The MgCl2 c o n c e n t r a t i o n was 
10 mM. P r o d u c t a n a l y s i s and q u a n t i t a t i o n was as d e s c r i b e d i n 
the l e g e n d o f F i g . 4. 

T e m p e r a t u r e , ° C 

F i g . 6. E f f e c t o f t h e i n c u b a t i o n t e m p e r a t u r e on t r a n s c r i p t i o n 
of t h e tRNA gene. The r a d i o a c t i v i t y i n c o r p o r a t e d i n t o t h e 
RNA p r o d u c t o f 110 n u c l e o t i d e s i n r e s p o n s e t o d i f f e r e n t i n c u 
b a t i o n temperatures of the t r a n s c r i p t i o n r e a c t i o n s was measured 
as d e s c r i b e d i n t h e l e g e n d o f F i g . 4. The M g C l 2

_ and K C l c o n 
c e n t r a t i o n s were 10 and 20 mM, r e s p e c t i v e l y . 

employed as a t e m p l a t e no d i s t i n c t RNA product c o u l d be d e t e c -
t e d ( F i g . 2, l a n e 1). To p r o v i d e a d d i t i o n a l e v i d e n c e t h a t the 
i n v i t r o t r a n s c r i p t s o r i g i n a t e i n d e e d f r o m t h e t R N A V a l gene, 
i n t e r n a l d e l e t i o n s o f 5 and 11 b a s e p a i r s were i n t r o d u c e d i n t o 
the tRNA t e m p l a t e ( F i g . 1). The t r a n s c r i p t s f r o m t h e d e l e t i o n 
c l o n e s pIC31/4 and pIC31/6 s h o u l d t h e r e f o r e be reduced i n t h e i r 
s i z e by 5 and 11 n u c l e o t i d e s , r e s p e c t i v e l y . A n a l y s i s o f t h e 
c o r r e s p o n d i n g i n v i t r o t r a n s c r i p t s r e v e a l e d t h a t RNA p r o d u c t s 
of 105 and 99 n u c l e o t i d e s were s y n t h e s i z e d ( F i g . 2, l a n e s 3 and 



4). These r e s u l t s support the c o n c l u s i o n , t h a t t h i s RNA Polyme
r a s e f r a c t i o n of ML_ v a n n i e l i i i s a b l e t o f a i t h f u l l y t r a n s c r i b e 
homologous tRNA genes. 
When pIC31/2 was r e p l a c e d i n t h e i n v i t r o t r a n s c r i p t i o n r e a c 
t i o n s by p l a s m i d p I C 3 1 / l which c o n t a i n s 500 b a s e p a i r s o f the 5* 
f l a n k i n g r e g i o n i n s t e a d of 58, the same r a t e of tRNA e x p r e s s i o n 
was observed (data not shown). T h i s f i n d i n g i n d i c a t e s t h a t the 
DNA r e g i o n upstream of -58 i s not e s s e n t i a l f o r i n v i t r o t r a n 
s c r i p t i o n o f t h e tRNA gene. To d e f i n e t h e JPNA s e q u e n c e s 
promoting i n v i t r o t r a n s c r i p t i o n o f t h e t R N A V a i gene, two 
a d d i t i o n a l P l a s m i d s w i t h d e l e t i o n s e x t e n d i n g to the DNA r e g i o n 
downstream o f -58 were c o n s t r u c t e d ( F i g . 3). A f t e r d e l e t i o n o f 
the n u c l e o t i d e s o f t h e TATA-box i n c l u d i n g p o s i t i o n -22, t h e 
e f f i c i e n c y o f t r a n s c r i p t i o n was d r a m a t i c a l l y r e d u c e d ( F i g . 2, 
lane 5). When t h e d e l e t i o n e x t e n d s t o p o s i t i o n +3 o f t h e tRNA 
gene ( F i g . 3 ) no d i s t i n c t i n v i t r o t r a n s c r i p t s f r o m t h i s 
template c o u l d be d e t e c t e d ( F i g . 2, l a n e 6). Thus, t h e DNA 
sequence r e q u i r e d f o r s p e c i f i c t r a n s c r i p t i o n o f t h i s tRNA gene 
i s l o c a t e d i n t h e DNA r e g i o n b e t w e e n -58 and -22. T h e s e d a t a 
s t r o n g l y s u g g e s t t h a t t h e TATA-box r e p r e s e n t s t h e main s i g n a l 
promoting the e x p r e s s i o n of t h i s tRNA gene. S i n c e t h i s sequence 
i s c onserved at the same l o c a t i o n i n most a r c h a e b a c t e r i a l genes 
(Thomm and Wich, 1988) t h e TATA-box m i g h t be r e g a r d e d as a 
major promoter s i g n a l d i r e c t i n g the t r a n s c r i p t i o n of c o n s t i -
t u t i v e genes i n a r c h a e b a c t e r i a . 

To f a c i l i t a t e a f u r t h e r c h a r a c t e r i z a t i o n o f t h e RNA 
pr o d u c t s and t h e f a c t o r s i n v o l v e d i n e x p r e s s i o n o f t h e tRNA 
gene, some p r o p e r t i e s o f t h e e x t r a c t d i r e c t i n g t h e c e l l - f r e e 
t r a n s c r i p t i o n were determined. Mg i s a b s o l u t e l y r e q u i r e d f o r 
the e x p r e s s i o n o f t h e tRNA gene. S y n t h e s i s o f t h e tRNA p r e -
c u r s o r o c c u r s between 6 and 20 mM MgC^r w i t h an Optimum at 10 
mM ( F i g . 4). The r a t e o f t r a n s c r i p t i o n o f t h e tRNA gene i s 
o p t i m a l a t 20 mM K C l . A s i g n i f i c a n t e x p r e s s i o n o f t h i s t e m p l a t e 
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F i g . 7. E f f e c t o f DNA c o n c e n t r a t i o n on t h e s y n t h e s i s o f un-
s p e c i f i c RNA (O—O) and pre-tRNA ( • — • ) . The te m p l a t e s employed 
f o r t h e r e a c t i o n s were p o l y d(A-T) and p l a s m i d pIC31/2 ( F i g . 
1), r e s p e c t i v e l y . The pre-tRNA p r o d u c t was q u a n t i f i e d as de
s c r i b e d i n F i g . 4, t h e t r a n s c r i p t s f r o m p o l y d(A-T) by l i q u i d 
s c i n t i l l a t i o n c o u n t i n g of a c i d i n s o l u b l e l a b e l l e d RNA. 



was o b s e r v e d up t o a K C l c o n c e n t r a t i o n o f 130 mM ( F i g 5). 
Optimal t r a n s c r i p t i o n of the tRNA gene o c c u r e d a t a temperature 
of 50 °C ( F i g . 6) a l t h o u g h M. v a n n i e l i i i s a m e s o p h i l i c s t r a i n 
which shows i t s t e m p e r a t u r e Optimum f o r g r o w t h a t 37 °C. I n 
g e n e r a l , the a c t i v a t i o n p r o f i l e s f o r the s p e c i f i c s y n t h e s i s of 
the tRNA p r e c u r s o r resemble those o b t a i n e d when the s y n t h e t i c 
template p o l y d(A-T) was t r a n s c r i b e d w i t h t h e p u r i f i e d RNA 
Polymerase ( F r e y , 1987). When t h e DNA-dependence o f t r a n 
s c r i p t i o n was de t e r m i n e d a s t r i k i n g d i f f e r e n c e between s p e c i f i c 
and u n s p e c i f i c RNA s y n t h e s i s was o b s e r v e d . W i t h p o l y d ( A - T ) as 
template, t h e r a t e o f RNA s y n t h e s i s i s h i g h e r a t i n c r e a s e d 
DNA-concentrations i n t h e t r a n s c r i p t i o n r e a c t i o n s u n t i l a 
p l a t e a u i s r e a c h e d ( F i g . 7). However, t h e r a t e o f pre-tRNA 
s y n t h e s i s i s dec r e a s e d when the DNA c o n c e n t r a t i o n i n the t r a n 
s c r i p t i o n r e a c t i o n s i s h i g h e r t h a n 100 ug/ml ( F i g . 7). T h i s 
i n h i b i t i o n o f s p e c i f i c RNA s y n t h e s i s s u g g e s t s t h a t a c o o p e r a -
t i v e i n t e r a c t i o n o f b o t h a D N A - b i n d i n g f a c t o r and t h e RNA 
Polymerase w i t h t h e P r o m o t e r i s a p r e r e q u i s i t e f o r c o r r e c t 
I n i t i a t i o n o f t r a n s c r i p t i o n . Assuming t h a t a DNA-binding f a c t o r 
e x i s t s , a t h i g h DNA-concentration the p r o b a b i l i t y i s lower t h a t 
the t r a n s c r i p t i o n f a c t o r and the RNA Polymerase can form a p r e -
i n i t i a t i o n complex a t the same Promoter. The i n h i b i t i o n o f p r e -
tRNA s y n t h e s i s a t h i g h DNA c o n c e n t r a t i o n s t h u s m i g h t be ex-
p l a i n e d by a d i s t r i b u t i o n o f t h i s f a c t o r and t h e RNA P o l y m e r a s e 
onto d i f f e r e n t DNA m o l e c u l e s . 
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