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ABSTRACT 

The enzyme a l k a l i n e  p h o s p h a t a s e ,  EC 3 . 1 . 3 . 1 ,  was Found 
t o  be a c t i v e  i n  a s u p e r c r i t i c a l  c a r b o n  d i o x i d e  s o l v e n t  
s y s t e m .  A b a t c h  r e a c t i o n  o f  d i s o d i u m  p - n i t r o p h e n y l  
p h o s p h a t e  w i t h  a O . I  v o l .  % w a t e r  s o l u t i o n  in  s u p e r c r i t i c a l  
CO 2 a t  lO0 a tm and 35~ p r o d u c e d  p - n i t r o p h e n o l  when 
c a t a l y z e d  by  a l k a l i n e  p h o s p h a t a s e .  

INTRODUCTION 

A developing research area in enzymatic catalysis is 
the use of solvents other than pure water. Many enzymes 
show higher activity in mixtures of organic solvents with 
water than in pure water (Butler, 1979), and enzymes have 
even been shown to be active and stable in an environment 
composed of only alcohols (Zaks,1984). 

Non-aqueous solvent systems For enzymic reactions are 
attractive For several reasons. In their native cellular 
microenvironment enzymes do not Function in pure water, but 
in an environment composed of ]ipids, proteins, and various 
ionic species in addition to water. An enzyme in a 
non-aqueous solvent may experience solvent/enzyme 
interactions similar to those in its native environment, 
and thus show higher activity than in pure water-. Also, 
substrates may be more soluble in a non-aqueous solvent, 
yielding a higher rate of reaction in the non-aqueous 
solvent. Other potential advantages include Facilitated 
separations steps and enhanced enzyme specificity. 

An interesting class of alternate solvents is 
supercritical Fluids. Supercritical Fluids are currently 
enjoying a surge of industrial interest, particularly in 
extraction processes. Commercial processes using 
supercritical carbon dioxide are now in operation For the 
extraction of caffeine From coffee (Kurzals, 1982) and For 
hops extraction (Gardner, 1982). 

Supercritical Fluids offer a number of advantages over 
c o n v e n t i o n a l  l i q u i d  s o l v e n t s .  Among t h e s e  a d v a n t a g e s  a r e  
h i g h  d i F F u s i v i t i e s  (one  t o  two  o r d e r  o f  m a g n i t u d e  h i g h e r  
t h a n  l i q u i d  s o l v e n t s ) ,  and low v i s c o s i t i e s  ( a b o u t  one o r d e r  
o f  m a g n i t u d e  l o w e r  t h a n  l i q u i d  s o l v e n t s )  (de  F i l l i p i ,  
t 9 8 2 ) .  A n o t h e r  a d v a n t a g e  i s  t h e  a b i l i t y  t o  m a n i p u l a t e  
s o l u b i l i t i e s  by c h a n g i n g  e i t h e r  t e m p e r a t u r e  a n d / o r  



p r e s s u r e .  OF p a r t i c u l a r  i n t e r e s t  i s  t h e  h i g h  s e n s i t i v i t y  
o f  s o l u b i l i t y  t o  c h a n g e s  i n  t e m p e r a t u r e  and p r e s s u r e .  In  
t h e  a r e a  o f  t h e  c r i t i c a l  p o i n t ,  s m a l l  c h a n g e s  i n  t h e s e  
v a r i a b l e s  can s o m e t i m e s  r e s u l t  i n  l O 0 - f o l d  c h a n g e s  i n  
s o l u b i l i t y ,  g r e a t l y  s i m p l i f y i n g  s e p a r a t i o n s .  

In p a r t i c u l a r ,  s u p e r c r i t i c a l  c a r b o n  d i o x i d e  i s  of 
s p e c i a l  i n t e r e s t  t o  t h e  p h a r m a c e u t i c a l  and  b i o c h e m i c a l  
i n d u s t r i e s  F o r  s e v e r a l  r e a s o n s .  CO 2 has  a c r i t i c a l  
t e m p e r a t u r e  o f  3 1 . 1 ~  a l l o w i n g  h e a t  l a b i l e  o r g a n i c s  t o  
be p r o c e s s e d  w i t h o u t  t h e r m a l  d e n a t u r a t i o n  o r  d e c o m p o s i t i o n .  
Ca rbon  d i o x i d e  is a v e r y  i n e r t  s o l v e n t ,  e s p e c i a l l y  t o w a r d s  
p r o t e i n s ,  w h i c h  a r e  n o t  s o l u b i l i z e d .  I t s  n o n - t o x i c i t y ,  
non-flammability, availability, and low cost have made 
CO 2 t h e  mos t  p o p u l a r  s u p e r c r i t i c a l  F l u i d  Fo r  
investigation to date. 

W h i l e  t h e  e m p h a s i s  i n  r e s e a r c h  on s u p e r c r i t i c a l  f l u i d s  
has c e n t e r e d  on e x t r a c t i o n ,  t h e  p o s s i b i l i t y  of c a r r y i n g  o u t  
c h e m i c a l  r e a c t i o n s  i n  a s u p e r c r i t i c a l  s o l v e n t  i s  
intriguing. The combination of high diFFusivities along 
with the ability to control solubilities by varying 
t e m p e r a t u r e  and p r e s s u r e  c o u l d  l e a d  t o  F a s t e r  r a t e s  o f  
r e a c t i o n  and  p e r m i t  a s i m p l i f i e d  s e p a r a t i o n s  s t e p .  L i t t l e  
work has been done in this area, although one study 
r e p o r t e d  t h e  h y d r o l y s i s  o f  b i o m a s s  i n  a s u p e r c r i t i c a l  
water-SO 2 m i x t u r e  (Vick Roy, 1 9 8 4 ) .  

EXPERIMENTAL 

The e x p e r i m e n t  was c o n d u c t e d  i n  t h e  b a t c h  r e a c t o r  shown 
i n  F i g .  2 .  I n  t h e  s t a i n l e s s  s t e e l  r e a c t i o n  v e s s e l  (200  ml 
v o l u m e )  w e r e  p l a c e d  0 . 2  ml d e - i o n i z e d  w a t e r  and  40 mg 
d i s o d i u m  p - n i t r o p h e n y l  p h o s p h a t e .  2 . 0  mg a l k a l i n e  
phosphatase (EC 3 . 1 . 3 . 1 )  w e r e  s e a l e d  i n s i d e  a g l a s s  t u b e ,  
and  t h e n  p l a c e d  i n s i d e  t h e  r e a c t i o n  v e s s e l .  A i r  was F l u s h e d  
out of the reaction vessel with several volumes of carbon 
d i o x i d e .  A t  a c o n s t a n t  t e m p e r a t u r e  o f  3 5 o c ,  c a r b o n  
d i o x i d e  was pumped i n t o  t h e  v e s s e l  u n t i l  t h e  p r e s s u r e  
r e a c h e d  lO0 a t m o s p h e r e s .  A t  t h i s  t i m e ,  t h e  pump was s h u t  
o f f  and  t h e  v e s s e l  s e a l e d  c l o s e d .  To i n i t i a t e  t h e  r e a c t i o n ,  
t h e  v e s s e l  was s h a k e n  t o  s h a t t e r  t h e  g l a s s  v i a l  c o n t a i n i n g  
t h e  enzyme .  

A F t e r  r e a c t i n g  For  a m e a s u r e d  l e n g t h  o f  t i m e ,  t h e  
r e a c t i o n  v e s s e l  was F r o z e n  i n  l i q u i d  n i t r o g e n ,  s t o p p i n g  a l l  
r e a c t i o n s  and s o l i d i f y i n g  t h e  c a r b o n  d i o x i d e .  The v e s s e l  
was t h e n  o p e n e d ,  and 40 ml AN NaOH a d d e d .  The r e a c t o r  was 
n e x t  a l l o w e d  t o  warm t o  room t e m p e r a t u r e ,  s u b l i m i n g  t h e  
c a r b o n  d i o x i d e .  The r e m a i n i n g  l i q u i d  was c o l l e c t e d  and 
a n a l y z e d  For  p - n i t r o p h e n o l  by  l i g h t  a b s o r b a n c e  a t  4 | 0  nm. 

In  c o n t r o l  e x p e r i m e n t s ,  t h e  a b o v e  p r o c e d u r e  was 
F o l l o w e d ,  e x c e p t  t h a t  no enzyme was a d d e d .  

RESULTS AND CONCLUSIONS 

In the control experiments, no reaction of the water 
and t h e  d i s o d i u m  p - n i t r o p h e n y l  p h o s p h a t e  i n  s u p e r c r i t i c a l  
CO S could be detected after 24 hours at i00 eLm. and 
35oc. 
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When a l k a l i n e  p h o s p h a t a s e  was p r e s e n t  in  t h e  r e a c t o r ,  
Formation of p-nitrophenol was detected in yields of up to 
71~. Figure l shows the results of batch runs quenched at 
various times. Other experiments showed that, For batch 
reactions quenched after the same length of time, the 
amount of disodium p-nitrophenyl phosphate converted was 
insensitive to halving or doubling the amount of enzyme 
added. It is surmised that the reaction is limited not by 
the rate of reaction at the enzyme surface, but by the rate 
of dissolution of the disodium p-nitrophenyl phosphate into 
the CO 2 so lu t ion .  

Addi t ional  experiments were conducted in which the 
enzymes, a f t e r  exposure to  supe rc r i t i ca l  CO 2 fo r  various 
periods of t ime, were removed from the reactor  without 
quenching them by adding NaOH. The enzymes were then tested 
For a c t i v i t y  in aqueous so lu t ions .  Enzymes tested in t h i s  
fashion showed a c t i v i t y  in aqueous so lu t ions a f t e r  up to  24 
hours of  exposure to  supe rc r i t i ca l  CO 2 at  IO0 atmospheres 
and 35oc. 
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