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The carbonic anhydrases of some guinea-pig tissues 

Highly purified isoenzymes of carbonic anhydrase (EC 4.2.1.1) have been ob- 
tained from the erythrocytes of several mammalian species 1, and two forms of carbonic 
anhydrase have recently been isolated from rat prostate in a nearly homogeneous 
form 2. We report here observations on the distribution and kinetic properties of some 
carbonic anhydrases that we have purified from the stomach, colonic mucosa and 
erythrocytes of the guinea-pig. Each isoenzyme obtained from these tissues was 
homogeneous during ion-exchange chromatography, electrophoresis and sedimen- 
tation equilibrium runs. In addition we have identified some components of partially 
purified carbonic anhydrase obtained from the small-intestinal mucosa. 

From haemolysates of guinea-pig erythrocytes, the enzymes were prepared 
using a two-step procedure: precipitation of the bulk of the haemoglobin with (NH4) 2- 
SOa, followed by chromatography on DEAE-cellulose. From particle-free super- 
natants of gastric and intestinal homogenates, carbonic anhydrases were obtained 
using a three-step procedure: (NH4)2SO 4 precipitation, gel filtration using Sephadex 
G-75, and chromatography using DEAE-cellulose. Details of these methods will be 
described elsewhere. 

In the tissues of the guinea-pig, we find two main types of carbonic anhydrase 
that are distinguished most clearly by their kinetic properties. Table I shows estimates 
of the V values of these enzymes measured by an electrometric method 3. The V values 
were normalised by dividing by the molar concentrations of enzyme in the reaction 
mixture, EEol, which were, in turn, estimated from the A280 n m  of stock enzyme 
solutions assuming that E ~  = 16.o and that the molecular weights of the en- 
zymes are 30 ooo. One type of enzyme possesses a very high V / [ E o l  when compared 

T A B L E  I 

P R O V I S I O N A L  K I N E T I C  D A T A  F O R  I S O E N Z Y M E S  O F  G U I N E A - P I G  C A R B O N I C  A N H Y D R A S E  

M e a s u r e m e n t s  a re  of  h y d r a t i o n  o f  CO 2 a t  o ° a n d  p H  7.23. 

Source of enzyme Isoenzyme V/[Eo / Km Yields 
(see-Z × (raM) from r2 
IO 3) 250_g 

animals 
(mg) 

E r y t h r o c y t e s *  

S t o m a c h * *  

Colon ic  m u c o s a * ' *  

H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e  152 lO. 3 I6  
H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e - 2  lO 4 lO.2 2 
L o w  a c t i v i t y  c a r b o n i c  a n h y d r a s e  8 21.9 35 
H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e  i 46  9.7 4 
H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e -  2 - -  7.7 o.2 
L o w  a c t i v i t y  c a r b o n i c  a n h y d r a s e  - -  
H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e  15o IO.I z 
H i g h  a c t i v i t y  c a r b o n i c  a n h y d r a s e - 2  - -  
L o w  a c t i v i t y  c a r b o n i c  a n h y d r a s e  9 25. I 2 

" G u i n e a  p igs  were  d e c a p i t a t e d  a n d  bled .  
** The  w h o l e  of  t h e  s t o m a c h  f r o m  b led  a n i m a l s  was  used.  

**" O b t a i n e d  f r o m  b led  a n i m a l s .  
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Fig. I. Acrylamide gel electrophoresis. (a) ioo/~g crude erythrocyte carbonic anhydrase; (b) 20/,g 
erythrocyte high activity enzyme; (c) Io/zg erythrocyte high activity carbonic anhydrase-2; 
(d) 4 ° #g erythrocyte low activity enzyme. Cathode at top of photograph; anode at bottom. 
Voltage gradient: 4 ° V/cm. Gels were run for 2 h. Current through each gel approximately z mA. 
Gels were stained in i o//o naphthalene black in 5 % acetic acid, for 2 h. 

Fig. 2. Acrylamide gel electrophoresis. (a) 60/tg crude carbonic anhydrase from colonic mucosa; 
(b) 4 ° pig crude carbonic anhydrase from stomach. See legend to Fig. i. 

with values reported for other sorts of  enzymes, while a second type  of  carbonic 
anhydrase  possesses a V/IEo ] which is approximately  1/20 th  tha t  of  the former. 
These carbonic anhydrases will be referred to as "high act ivi ty" and "low act ivi ty"  
carbonic anhydrases,  respectively. We have also obtained an isoenzyme (high act ivi ty 
carbonic anhydrase-2) for which values of  V/IEo ] are approximate ly  70% of "high 
act ivi ty"  carbonic anhydrase.  A four th  carbonic anhydrase  has been observed during 
ion-exchange chromatography  of  erythrocyte ,  s tomach and colonic carbonic anhy-  
drases (labelled X in Fig. I) but  not  yet  obtained in sufficient quan t i ty  for detailed 
s tudy.  

Crude samples of  carbonic anhydrase  from erythrocytes ,  colonic and small- 
intestinal mucosae and s tomach were analysed by  acrylamide gel electrophoresis 4. 
The crude ery throcyte  enzyme yielded three major  protein bands (Fig. I). The band  
which had the lowest mobil i ty was identified, after chromatography  of the crude 
enzyme on DEAE-cellulose, as a "high act ivi ty"  carbonic anhydrase.  The band  with 
an intermediate mobil i ty was identified as a "low act ivi ty"  carbonic anhydrase.  The 
fastest moving band  was haemoglobin. 

The crude colonic enzyme showed two main bands (Fig. 2) : the faster band  was 
a "low act ivi ty"  carbonic anhydrase,  while the slower band  was a "high act ivi ty"  
carbonic anhydrase.  Ery th rocy tes  and colonic mucosae yielded twice as much  of  the 
"low ac t iv i ty"  as of t h e "  high ac t iv i ty"  isoenzyme. In  contrast , the crude gastric enzyme 
showed only one major  protein band  (Fig. 2). After using ion-exchange chromato-  
g raphy  of  the crude gastric enzyme, this was identified as a "high act ivi ty" enzyme. 
Unlike colonic mucosa and erythrocytes ,  gastric tissue yielded a negligibly small 
amount  of  "low act iv i ty"  carbonic a n h y d r a s e .  

In  accordance with their chromatographic  behaviour,  the "high act iv i ty"  
carbonic anhydrases from erythrocytes,  colonic mucosa and s tomach were electro- 
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Fig. 3. Acry lamide  gel electrophoresis .  A. (a) io /*g  s t o m a c h  h igh  ac t iv i ty  carbonic  a n h y d r a s e ;  
(b) io /2g  colonic h igh  ac t iv i ty  enzyme ;  (c) io  #g  s t o m a c h  h igh  ac t iv i ty  e n z y m e  plus io  ~,g colonic 
h igh  ac t iv i ty  enzyme.  ]3. (a) 3 ° / , g  colonic low ac t iv i ty  enzyme  : (b) 3 ° /~g e ry th rocy te  low ac t iv i ty  
enzyme ;  (c) 15 pg  colonic low ac t iv i ty  enzyme  plus 15/~g e ry th rocy te  low ac t iv i ty  enzyme.  See 
legend to Fig. I. 

phoretically indistinguishable, as were the "low activity" carbonic anhydrases of the 
colonic mucosa and erythrocytes (Fig. 3)- 

Crude carbonic anhydrase obtained from mucosal tissue taken from the entire 
length of the small intestine below the ligament of Treitz, exhibited a prominent 
"high activity" band and a much less prominent "low activity" band. The isoenzyme 
(labelled X in Fig. I) which has been found in very small quantities in the stomach, 
colon and erythrocytes, was also present in the small-intestinal mucosa in an amount 
comparable with that of "high activity" carbonic anhydrase. 

From data obtained from sedimentation equilibrium runs, it appears that each 
isoenzyme, the low and high activity enzymes and high activity carbonic anhydrase-2 
(from whatever tissue source) has a molecular weight of about 30 ooo. Using isoelectric 
focussing 5 (LKB Instruments Ltd.), we found that the isoelectric pH's of the "high 
activity" and "low activity" colonic enzymes differed by more than 2 pH units, being 
pH 5.2 and pH 7.4, respectively. Amino acid analyses indicate that all the guinea-pig 
carbonic anhydrases possess a high proportion of proline residues, that all "low 
activity" carbonic anhydrases contain approximately 1.5 times as many serine 
residues as the "high activity" enzymes (cf. ref. 6), and that both "high activity" 
and "low activity" carbonic anhydrase molecules contain a single half-cystine residue. 

One of the authors (M.J.C.) is a Medical Research Council Scholar. 
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