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Effects of phosphate, HEPES, N,O and CO on the kinetics of human 
erythrocyte carbonic anhydrases B and C 

From data obtained by measuring the infrared difference spectrum of CO,- 
equilibrated bovine carbonic anhydrase (carbonate hydrolyase, EC 4.2.1.1) in so- 
lutions, RIEPE ANU WANG~ concluded that CO, is loosely bound to a hydrophobic 
surface of the active site of the enzyme. N,O was found to compete with CO, in 
binding to this site with approximately the same affinity. According to these findings, 
N,O can be expected to act as an inhibitor of carbonic anhydrase. One object of the 
present study has been to investigate the expected inhibitory effect of N,O on human 
erythrocyte carbonic anhydrase form B and form C. In preparation to this task we 
have studied the effect of phosphate which has been widely used as a buffer constituent 
in studies of the kinetics of carbonic anhydrase. 

\Ve prepared electrophoretically pure preparations of carbonic anhydrase B 
and C by fractionation of human red blood cells using the chromatographic procedure 
described by AR~VSTRONG et a1.2. The rate measurements were performed by means 
of the pH-stat method3 in which the rates of the dehydration or hydration reactions 
are registered as the amount of acid (or base) which must be added per unit time to 
the reaction medium in order to maintain a constant pH. During the dehydration 
experiments a CO,-free gas is driven through a solution of NaHCO, whereby the 
reaction product, CO,, is expelled as rapidly as it is formed. In this study pure N,, 
N,O or CO were used as expellants. The course of the dehydration reaction was 
registered until approximately 80% of the HCO,- initially present had been converted 
to CO,. The Michaelis-Menten parameters, K, and 7jma5, were calculated from the 
data obtained from each dehydration experiment (procedure II, ref. 3). The rate 
constant, k,,, was calculated as 7~~~~ divided by the molar concentration of the 
enzyme. In the hydration experiments, the initial rate of the reaction (u) was de- 
termined using a gas mixture containing a known concentration of CO,. 

W’e investigated the dehydration kinetics of carbonic anhydrase B and C in 
HEPES4 (~-z-hydroxyethylpiperazine-nT’-z-etllanesulphonic acid) and in phosphate 
buffers. Marked differences in the behavior of the two enzymes are apparent (Figs. Ia 
and b). Phosphate acts as an activator of carbonic anhydrase B, while HEPES is 
without effect on this enzyme. At a buffer concentration of 25 mhf, the initial rate 21, 
K,, and k,, are, respectively, 2.1, 3.1, and 3.8 times higher in phosphate than in 
HEPES. The effect of phosphate on carbonic anhydrase B resembles the effect of 
S042- on carbonic anhydrase from the midgut epithelium of Hyalophora cecvopia5. 
The phosphate effect on ~1 for carbonic anhvdrase C is negligible, although K, and 
7jmaz are both affected to scme degree. 

The dehydration kinetics of carbonic anhydrase B in phosphate and in HEPES 
were investigated between pH 6.8-8.0 (Fig. 2). W’hile Km appears to be almost 
independent of pH in phosphate buffers (cf. ref. 3), a linear relation between log Km 

and pH with slope -t_ 0.5 are found in HEPES buffers. The data in Fig. 2 suggest that 
the effect of phosphate decreases with increasing pH. 
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Fig.  I. l ( f fec ts  o f  p h o s p h a t e  a n d  l tI.:I'I.;S on  ( a ) ca rbon ic  a n h v d r a s e  t-I a n d  (b) c a r b o n i c  a n h y d r a s e  
C. The  r a t e  of  t h e  d e h y d r a t i o n  r e a c t i o n  was  m e a s u r e d  a t  2 ~ in p h o s p h a t e  ( O - - O )  a n d  in IIt,;PI';,q 
(C"- - ( . : )  a t  p l I 7.3 o. v ( /mini  1- t .  sec -~) is t he  i n i t i a l  r a t e  of  t h e  r e a c t i o n  a t  t he  s u b s t r a t e  conch .  
~_HCOs- i 25 raM. (The  p r e p a r a t i o n  of  c a r b o n i c  a n h y d r a s e  C used  in t h e s e  e x p e r i m e n t s  h a d  an  
u n u s u a l l y  low speci f ic  a c t i v i t y  (of. v a l u e s  for k+ 2 in T a b l e  I a n d  ref. 3)). 

Fig. 2. Ef fec t  of  p H  on c a r b o n i c  a n h y d r a s e  B in p h o s p h a t e  a n d  in H F I ' I : , S  buffers .  The  r a t e  of  
t he  d e h y d r a t i o n  r e a c t i o n  w a s  m e a s u r e d  a t  2 ° in IO mM p h o s p h a t e  ( I ~ - Q )  a n d  in IO mM II I ; IH ' ;S  
buffers  ( ( )  "C'). ( ) r d i n a t e :  log v (t, in / , tool  1 -~ .sec-~),  log Km (Kin in re.M) a n d  log k+ 2 0¢+2 in 
see- I ) ,  v is t he  i n i t i a l  r a t e  of  t he  r e a c t i o n  a t  :11C()3- ~ -- 2 5 mM. 

The results  from our s tudy  of the effect of N,,O on the dehydra t ion  kineti( 's of 
carbonic  anhydrase  B and C in H E P E S  buffers are shown in Table  I. We also in- 
ves t iga ted  the effect of CO which previously  has been suspected to be a carbonic 
anhydrase  inhibi tor  ~. N~O and C() had no demons t rab le  effect on carbonic anhydrase  

"I'A 131,I': 1 

t ' ; I ;FECTS OF ~ ( )  AND ( ' ( )  ON C A R B O N I C  A N H Y D R A S E  B AND (~ 

The  r a t e  of  t he  d e h y d r a t i o n  r e a c t i o n  ~ a s  m e a s u r e d  a t  2" a n d  p H  7.3 ° in to  mM HI,:Pt:.S but~er. 
The  r e s u l t s  a re  m e a n  v a l u e s  of  n e x p e r i m e n t s ,  v is t he  i n i t i a l  r a t e  of  the  r e a c t i o n  a t  [ t i C ( h - !  - 
= 25 raM. 

t l u m a n  
c a r b o n i c  
a n h y d r a s e  I3 

t I u m a n  
c ; t rbon ic  
a n l D ' d r a s e  C 

Gas , v Km k .  2 " Io  -3 ,q'.E. 
( m 3 I )  ( ionol  I i ' s c c - t )  ( r a M )  (scc -1) (0o) 

,N 2 (I.O) 6 61.1 16.O 3.02 0 - t  4 
N () (58.0) 6 55.7 ~7 .8 2.87 ()~9 
CO (1.5) 4 55.,5 I7 .5  2.84 5 -6  

N 2 ( i .o)  i2  81. 4 22.3 80.6 4-S  
N 2 0  (58.0 ) 7 75.0 29.7 86.0 4-(5 
C() (1.5) 7 83.5 22.(t 83.8 7 ~ )  

Bioch im .  B i o p h y s .  Acta,  220 ( I97  O) e,3o-63z 



()2~2 ~ H O R T  C O M M U  NIC.ATION:-;  

B. Nei ther  did  CO have  a ,neasurable effect on carbonic anhvdrase ('. A small but 
significant effect of  N.~() is noted on Km (P ~ : o.oo~) and v,na~. (o.oI --::: 1 ) - o.o5) fi)r 
carbonic anhwtrase ('. The decrease of tim initial rate of the reaction m the presem'c 
of N.,O in a concentrat ion of 58 mbl was less than IO%. Results similar to those 
shown in Table I were obtained in Io lnM phost~hate buffers. 

The initial rate of the hydrat ion rem'ti(m was measured in io mM t~hosphate 
buffers containing 1.6 mM ('O., in the absence and presence ()f N~.() (Ne() com'n., 
34 raM). No significant differences in the act ivi ty  of either carb()nic anhxdrase 1>, ,)r (' 
were fl)und. The me;tsurcmenl.s were performed at I>H 7.3 ° and 2 .  

\Ve c()n('lude that an inhibit()rv effect (>f .N'2(.) ()n ervthr()(vtc carbonic anh\ 'drase 
is either small ()r n(mexistent.  :\ similar ('()n('lusi(m has l)e('n reached by l)r. R. 
I~[HAI.IFAII of l-]avard t 'n ivers i tv  (1)ers()nal communicati()n), wh()also investigated 
the kinetics ()f bovine ervthr()('vt(' carl>()nic anhvdrase.  "l'hus a dist inct  discrepan('y 
exists between the results referred to above, obtained b \  Rllil,l.: ANI) \ ~ ' A N ( ;  I and I]lC 
kinetic data  ac('()rding to which n() binding ()f N,_,O t() the a(-liv(' c('ntre in carl)()nic 
anhvdras( '  can be demonstrated.  

('clttral ('lillical Lat~orah,ry', 
Kommltm'hosfll'lalcl, 
1)K x.]99 Kobclllla¢',l K (lh'twzart¢) 
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