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I n t r o d u c t i o n / 

The e f f o r t t o e s t a b l i s h a s y s t e m a t i c s o f b a c t e r i a and 

e u k a r y o t e s by co m p a r i s o n o f the 16/18S rRNA sequences l e a d 

C a r l Woese i n the l a t e s e v e n t i e s (Fox e¿ a l _ . , 1980) t o the 

d i s c o v e r y o f a second p r o k a r y o t i c urkingdom which was not 

more r e l a t e d t o the t r u e b a c t e r i a " f e u b a c t e r i a ) than both 

p r o k a r y o t i c urkingdoms t o t h e e u k a r y o t e s . T h i s f i n d i n g was 

based o n l y on the a n a l y s i s o f few s p e c i e s a l l l i v i n g i n 

extreme h a b i t a t s which resembled the common • n o t i o n o f the 

e a r l y environment i n the development o f the e a r t h . T h e r e f o r e 

- a r l Woese c a l l e d them a r c h a e b a c t e r i a . Meanwhile the number 
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oí s p e c i e s has been g r e a t l y e n l a r g e d and marry f t sturer. we 

d i s c o v e r e d which put a new l i g h t on the atchaic n a t u r e 

these p r o k a r y o t e s . 

S y s t e m a t i c s 

As shown by 16S rRNA c a t a l o g u e s (Fox ejt a l . , 1980) an 

c r c r s s h y b r i d i s a t i o n e x p e r i m e n t s (Tu et_ a l . , 1982) th 

a r c h a e b a c t e r i a c o n s i s t o f two main b r a n c h e s , the methanogen 

and h a l o p h i l e s and the t h e r m o a c i d o p h i l i c and/or s u l f u 

m e t a b o l i z i n g a r c h a e b a c t e r i a ; Thermoplasma acidophiluí 

appears t o r e p r e s e n t a l i n k between the two branches. Sine* 

1980 the o r d e r s S u l f o l o b a l e s and Thermoproteales ( Z i l l i g et 

a l . y 1980, 1981, 1983) and a new genus, Thermococcus ( Z i l l i c 

e t a l . , 1983 b ) , were e s t a b l i s h e d i n the therm o a c i d o p h i 1 i c 

and/or s u l f u r m e t a b o l i z i n g branch. The méthanogens were 

expanded by f i v e new members (Huber et. a K , 1982, König & 

S t e t t e r , 1982, S t e t t e r et_ a l _ . , 1981, W i l d g r u b e r et a l . , 

1982,' Zehnder e_t a l _ , , 1980) and the square b a c t e r i a 

r e p r e s e n t a new h a l o p h i l e ( J a v o r e_t a l _ , 1982). A dendrogram 

summarizing the p h y l o g e n e t i c r e l a t i o n s i s shown i n F i g u r e 1. 

Environments and metabolism 

The methanogens l i v e a l l i n s t r i c t l y a n a e r o b i c 

e n v i r o n m e n t s g a i n i n g t h e i r energy from the r e d u c t i o n of C 0 2 

and o t h e r components to CH.. The h a l o p h i l e s l i v e i n 
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s a t u r a t e d s a l t s o l u t i o n s . Some of them have the c a p a c i t y 

produce ATP w i t h l i g h t energy under low oxygon t e n s i o n wit 

the h e l p of the membrane bound b a c t e r i o r h o d o p s i n -contr, i n i r 

the eye pigment r e t i n a l as chromophor ( O e s t e r h e l t 

S t o c k e n i u s , 1973), 

Thermoplasma was i s o l a t e d from b u r n i n g c o a l r e f u s e p i l e s 

I t grows h e t e r o t r o p h i c a l l y between pH 0.5 and 3 around 60°C 

The members o f the second b r a n c h are s u l f u r m e t a b o l i z i n g 

organisms. The S u l f o l o b a l e s i s o l a t e d from hot a c i d i c 

v o l c a n i c ( s o l f a t a r i c ) s p r i n g s a r e growing e i t h e r a u t o - or 

h e t e r o t r o p h i c a l l y o x i d i z i n g H 2S and/or elementary s u l f u r t c 

s u l f u r i c a c i d . The s t r i c t l y a n a e r o b i c Thermoprotea 1 es 

i s o l a t e d from the a n a e r o b i c d e p t h s o f hot s o l f a t a r i c s p r i n g s 

w i t h temperatures o f more than 70°C up to the b o i l i n g p o i n t 

a l s o grow e i t h e r a u t o - or h e t e r o t r o p h i c a l l y but r e d u c i n g 

elementary s u l f u r t o H 2S. 

The RNA polymerases 

The a r c h a e b a c t e r i a l RNA p o l y m e r a s e s are very complex 

m o l e c u l e s c o n s i s t i n g of about n i n e components ( F i g . 2) a l l 

p r e s e n t once per enzyme monomer. In c o m p l e x i t y and s p a c i n g 

the p a t t e r n s resemble those o f e u k a r y o t i c RNA polymerases 

( F i g . 2 ) . They a r e very d i f f e r e n t from the c o m p o s i t i o n 

S of the e u b a c t e r i a l p o l y m e r a s e s . The a r c h a e b a c t e r i a l 
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F i g u r e 2: Component p a t t e r n s of the DNA-dependent RNA 
p o l y m e r a s e s of e u k a r y o t e s ( y e a s t ) , a r c h a e b a c t e r i a and 
e u b a c t e r i a s e p a r a t e d by SDS-gel e l e c t r o p h o r e s i s . 



enzymes are not i n h i b i t e d by the a n t i b i o t i c s r i fampie i n an 

s t r e p t o l y d i g i n which are t y p i c a l i n h i b i t o r s of e u b a c t e r i a 

t r a n s c r i p t i o n ( Z i l l i g et a l . , 1982 a, 1982 b) 

The components 

Judged by the component p a t t e r n s i n S D S - p o l y a c r y l a m i d i 

g e l s ( F i g . 2) the RNA polymerases o f the d i f f e r e n t s p e c i e s 

a r e v e r y s i m i l a r s u g g e s t i n g a homology of t h e i r components. 

Two subtypes can be d i s t i n g u i s h e d c o r r e s p o n d i n g to the two 

main p h y l o g e n e t i c branches. One c o n t a i n s o n l y t h r e e l a r g e 

components and i s found i n t h e t h e r m o a c i d o p h i 1 i c and/or 

s u l f u r m e t a b o l i z i n g branch, the o t h e r c o n t a i n s f o u r l a r g e 

components and i s common to the h a l o p h i 1ic/methanogenic 

b r a n c h . 

To e s t a b l i s h the homology o f components of the 

polymerases of n i n e a r c h a e b a c t e r i a w i t h i n and between the 

branches a n t i b o d i e s were r a i s e d a g a i n s t the s i n g l e . 

components o f the RNA polymerases o f S u l f o l o b u s a c i d b c a l d a -

r i u s and Methanobacteriurn thermoautotrophicum -(Schnabel e t 

a l . , 1983). "Western b l o t s " (components s e p a r a t e d b y 1 

S D S - p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s and t r a n s f e r r e d to 

n i t r o c e l l u l o s e f i l t e r s ) were c h a l l e n g e d w i t h t h e s e 

a n t i b o d i e s and bound a n t i b o d i e s were v i s u a l i z e d e i t h e r w i t h 
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J - l a b e l l e d p r o t e i n A of S t a p h y l o c o c c u s aureus or by 

p e r o x i d a s e c o u p l e d a n t i b o d i e s . The homology f o r the f i v e 


