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P A R T I A L P U R I F I C A T I O N A N D C H A R A C T E R I S A T I O N O F A N 
R N A S E F R O M A F A C U L T A T I V E T H E R M O P H I L I C B A C T E R I U M 

L . M . S IMON, Z S . SAMU, K . A . D E E R a n d L . BOROSS 

Depart mem of Biochemistry, Attila Jozsef University, Szeged 

(Received July 25, 1981) 

A b s t r a c t 

An RNase of molecular weight 30000 was isolated and partially purified from a faculta-
tive thermophilic bacterium, JB-1. The maximal activity was measured at pH 5,5 and 318 K 
for RNA digestion. The time dependence of thermal inactivation was determined at different 
temperatures and the activation energy of thermal inactivation calculated to be 254 kJ/mole. 
Ag4", M n ' + , Z n , + , C u , + , Co*+ and K+ ions inhibited the RNase activity. M g , + ions had no 
effect on the enzyme activity. In the presence of Ca*+ ions an activation of RNase was observed. 
Phenyl-methyl-sulphonyl-fluoride and EDTA inhibited the catalytic activity. The iodoacetamide 
after a slight activation — also caused an inhibition of RNase activity. 

In t roduc t ion 

T h e a b i l i t y o f m i c r o o r g a n i s m s t o g r o w t h a n d t h r i v e a t h i g h t e m p e r a t u r e h a s 
b e e n a f o c a l p o i n t o f i n v e s t i g a t i o n . FARELL a n d CAMPBELL (1969) d e v i d e d t h e r m o -
ph i l i c b a c t e r i a i n t o t h r e e c a t e g o r i e s : o b l i g a t e o r s t r i c t t h e r m o p h i l e s w i t h o p t i m a l 
g r o w t h t e m p e r a t u r e s r a n g i n g f r o m 338 t o 348 K b u t s h o w i n g n o g r o w t h b e l o w 
3 1 3 t o 315 K ; f a c u l t a t i v e t h e r m o p h i l e s w i t h m a x i m a l g r o w t h t e m p e r a t u r e s b e t w e e n 
3 2 3 a n d 338 K , b u t a l s o c a p a b l e o f r e p r o d u c i n g a t t e m p e r a t u r e s b e l o w 3 0 3 K ; 
t h e r m o t o l e r a n t b a c t e r i a w i t h g r o w t h m a x i m a a t 3 1 8 a n d 3 2 3 K. a n d s h o w i n g g r o w t h 
b e l o w 3 0 3 K . 

T h e q u e s t i o n a r o s e w h a t is t h e c h e m i c a l bas i s o f t h e t h e r m o s t a b i l i t y o f t h e 
t h e r m o p h i l i c o r t h e r m o t o l e r a n t b a c t e r i a , i.e. h o w c a n flow t h e m e t a b o l i s m b y a 
n o r m a l r a t e a t h i g h e r t e m p e r a t u r e , w h i c h f e a t u r e s r e s u l t t h e h i g h e r t h e r m o s t a b i l i t y 
o f these e n z y m e s in s u c h m i c r o o r g a n i s m s . 

T h e r e a r e d a t a in t h e l i t e r a t u r e w h i c h i n d i c a t e t h a t t h e l ip id c o m p o s i t i o n is 
d i f f e r e n t a n d a s a c o n s e q u e n c e o f th i s t he m e m b r a n e s t r u c t u r e s h a v e h i g h e r m e l t i n g 
p o i n t s in t h e r m o p h i l i c m i c r o o r g a n i s m s . HEILBRUNN a n d BELEHRADEK (1937) p o i n t e d 
o u t t h a t o r g a n i s m s g r o w i n g a t e l e v a t e d t e m p e r a t u r e s c o n t a i n l ip ids , w i t h h i g h e r 
m e l t i n g p o i n t s a n d p r o p o s e d t h a t g r o w t h a t d i f f e r e n t t e m p e r a t u r e s w a s d e p e n d e n t 
u p o n t h e m e l t i n g p o i n t o f t h e c e l l u l a r l ip ids . BROCK (1967) in r e v i e w i n g t h e r m o -
phi l i c g r o w t h p r o p o s e d t h a t t h e i n c r e a s e o b s e r v e d in p e r c e n t a g e o f s a t u r a t e d a n d 
b r a n c h e d — c h a i n f a t t y a c i d s w i t h an i n c r e a s e in g r o w t h t e m p e r a t u r e s c o u l d e n h a n c e 
m e m b r a n e s t a b i l i t y a n d t h a t t he i n t eg r i t y o f t h e c y t o p l a s m i c m e m b r a n e m a y b e t h e 
l imi t ing f a c t o r in t h e g r o w t h o f t h e r m o p h i l e s . 

O t h e r e x p e r i m e n t s s h o w t h a t s o m e i n d i v i d u a l e n z y m e s o f s u c h b a c t e r i a a r e o f 
h i g h e r c o n f o r m a t i o n a l s t a b i l i t y . In c o m p a r a t i v e s t u d i e s , AMELUNXEN a n d LINS ( 1 9 6 8 
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r e p o r t e d t h a t n ine of e leven e n z y m e s f r o m B. s t e a r o t h e r m o p h i l u s were s ign i f i can t ly 
m o r e t h e r m o s t a b l e t h a n the i r c o u n t e r p a r t s f r om t h e m e s o p h i l e . Bacillus cereus. 

BROCK (1967) s p e c u l a t e d t h a t t he t h e r m o s t a b i l i t y o f t h e r m o p h i l i c p r o t e i n s 
m i g h t b e d u e to a r ig id , i n f l e x i b l e c o n f o r m a t i o n . CAMPBELL (1955) r e p o r t e d t h a t 
t he a - a m y l a s e f r o m a f acu l t a t i ve t h e r m o p h i l e (Baci l lus sp . ) w a s t h e r m o s t a b l e 
if t he cel ls w e r e g r o w n a t 328 K . b u t w a s t h e r m o l a b i l e f r o m cel ls g r o w n a t 310 K . 

B A R N E S a n d S T E L L W A G E N ( 1 9 7 3 ) c o m p a r e d t w o t h e r m o p h i l i c a n d t w o m e s o -
phi l ic eno la ses a n d f o u n d a s igni f icant r e l a t ionsh ip be tween a n increase in t h e r m o -
s tab i l i ty a n d a d e c r e a s e in t he n u m b e r of res idues t h e y c o n s i d e r e d c a p a b l e o f f o r m i n g 
H - b o n d s . CASS a n d STELLWAGEN (1975) d i d n o t find a n y d i f f e rence in the H - b o n d i n g 
p o t e n t i a l c o m p a r i n g the p h o s p h o f r u c t o k i n a s e o f o n e t h e r m o p h i l i c a n d t w o m e s o -
phi l ic bac t e r i a . 

In s o m e ca se s t h e r e m o v a l o f C a 2 + ions f r o m the e n z y m e resu l ted in loss of 
t h e r m o s t a b i l i t y [ F E D E R ( 1 9 7 1 ) , V O O R D O U W ( 1 9 7 5 ) ] . T h e r m o p h i l i c e x t r a c e l l u l a r 
e n z y m e s such as t h e r m o s t a b l e n e u t r a l p ro t ease , a l k a l i n e p r o t e a s e a n d a - a m y l a s e 
of Baci l lus s t e a r o t h e r m o p h i l u s , wh ich lack d i su l f ide b o n d s a r e s tab i l ized by t h e 
p re sence o f c a l c i u m . I t h a s been sugges ted by POLLOCK (1962) t h a t t h e c a l c i u m m a y 
t a k e p lace o f d i su l f ide b o n d s in s tab i l i s ing p r o t e i n s w i t h o u t d i su l f ide c ro s s l i nkages . 

In t h e f r a m e o f t he c o m p a r a t i v e inves t iga t ions o f t h e c o n f o r m a t i o n a l s t ab i l i t y 
of enzymes , we h a v e i so la ted a n e w facu l t a t ive t h e r m o p h i l i c b a c t e r i u m (JB-1) a n d 
s t u d i e d t h e cha rac t e r i s t i c s s o m e of its ind iv idua l e n z y m e s . 

T h e p r e s e n t p a p e r is c o n c e r n e d wi th s o m e p h y s i c o c h e m i c a l p r o p e r t i e s of R N a s e 
f r o m a f acu l t a t i ve t h e r m o p h i l i c b a c t e r i u m , i so la ted in o u r d e p a r t m e n t . 

M a t e r i a l s and M e t h o d s 

G r o w t h of b a c t e r i a 

JB-1 bacteria were grown up in the growth medium described by JÓNÁS (1980) with vigo-
rous aeration at 323 K. The average yield of bacterial paste was about 3-5g wet wt. /litre of 
culture. The cells were harvested in the late logarithmic phase and collected by centrifugation 
with 6000 g for 60 min and stored as a frozen paste at 253 K. 

P r e p a r a t i o n of e x t r a c t a n d p a r t i a l p u r i f i c a t i o n of R N a s e 

Bacterial paste was thawed and resuspended in 0,01 M acetate buffer, pH 5,5 and broken 
by treatment with lysozyme HACHIMORI (1970) or by French press. Cell debris was centri-
fuged off and the supernatant was saturated with ammoniumsulphate up to 60% of saturation. 
The insoluble proteins were removed by centrifugation and discarded. The supernatant was 
dialysed overnight against 0,01 M acetate buffer, pH 5,5. The dialysed supernatant was applied to 
a column of DEAE cellulose (15x1.4 cm), equilibrated with 0.01 M acetate buffer pH 5.5 and 
washed with the same buffer. Bound proteins were eluted from the column by a linear gradient 
of 0-0.5 M NaCl in 0.01 M acetate buffer at a flow rate of 30 ml/h. The total volume of 

the gradient was 100 ml and fractions of 5 ml were collected. Fractions, containing RNase 
activity were combined and stored at 253 K with no detectable loss of enzyme activity within 
2 months. 

Protein content was determined by the method of LOWRY et al. (1951) with bovine serum 
albumin as a standard or by measuring the absorbance at 280 nm, using an approximate extinc-
tion coeffecient of Aj-jVÍL = 1.0. 

E s t i m a t i o n of m o l e c u l a r w e i g h t 

The molecular weight for RNase was determined by gelfiltration chromatography and 
sodium dodecyl sulfate (SDS) polyacrylamide electrophoresis. The gel chromatography was 


