
BIOCHIMICA ET BIOPHYSICA ACTA 153 

BBA 65721 

T W O  D I F F E R E N T  H E P A T I C  A D E N O S I N E  D E A M I N A S E S  IN T H E  C H I C K E N  

P F M A  AND J R FISHER 

Department of Chemistry and InstTtute of ~Iolecular Bzophyslcs, Florida State Umverszty, Tallahassee, 
Fla ( U S A )  

(Received November 27th, i967) 

SUMMARY 

I Sephadex  c h r o m a t o g r a p h y  of chicken hver  p repara t ions  have revealed the  
presence of a large (I iO ooo tool_ wt_) and  a small  (3 ° ooo tool wt ) adenosine de- 
amlnase  (adenosine ammohydro lase ,  EC 3 5 4 4) 

2 The smal l  hepa t ic  enzyme (adenosine deammase  II )  has been shown to be 
ident ica l  wi th  the  duodena l  enzyme in every  p r o p e r t y  compared  These proper t ies  
inc luded sizes (by Sephadex  chromatography) ,  ac t iva t ion  energies, subs t r a t e  specl- 
fielties, Mlchaehs cons tan ts  and  behav ior  wi th  p - m e r c u n b e n z o a t e  

3 The tissue-specific differences between hepa t ic  and  duodena l  adenosine 
deaminases  are due to the  presence of the  large enzyme (adenosine deaminase  I) in the  
l iver  which is absent  m the  duodenum.  This enzyme has an ent i re ly  different set of 
kinet ic  proper t ies  and  does not  show mercur ia l  ac t iva t ion  as do the duodena l  enzyme 
and hepa t ic  adenosine deaminase  I I  

INTRODUCTION 

Adenosine deammases  (adenosine amlnohydro lase  EC, 3-5 4-4) have  been s tud ied  
from a wide va r i e ty  of organisms Proper t ies ,  such as re la t ive  subs t ra te  specificltles 1-6, 
Michaelis cons tants  7-9, appa ren t  energies of activationS," and  molecular  weights1°, 11 
have  been compared .  BRADY 12 and BRADY A N D  O'DoNOVANT, 13, In thei r  s t u d y  of six 
m a m m a l i a n  species have  found no significant differences in re la t ive  subs t ra te  speci- 
fiCltles of adenosine deamlnases  from different t issues in the  same animals,  bu t  differ- 
ences were found be tween enzymes from different organisms MA AND FISHER 9 s tud ied  
adenosine deaminases  in a wide va r i e ty  of ve r t eb ra t e s  and  found t ha t  high ac t iva t ion  
energies are charac ter i s t ic  of birds  and  t ha t  most  amphib ians  have l iver  adenosine 
deammases  wi th  low re la t ive  subs t r a t e  specifiCltles. 

Several  s tudies  have  been made  of t issue-specific differences in adenosine 
deamlnases  FISHER, MA AND CHILSON 8 have repor ted  t ha t  chicken hver  adenosine 
deamlnase  is different  from the chicken duodena l  enzyme CHILSON AND KAPLAN 
(personal communica t ion)  and MA AND FISHER (unpubl ished results) have  found a 
rea l t ive ly  large adenosine deamlnase  in frog livers (molecular  weight  e s t ima ted  to be 
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in the  range of IOO ooo) which has a much lower re la t ive  subs t ra te  specificity than  the 
frog duodena l  enzyme Recen t ly  ROCKWELL AND MAGUIRE 14 prepared  an enzyme 
from ox hear t  which showed proper t ies  different from the calf in tes t ina l  enzyme_ 
PFROGNER 15 has s tudied  an adenosine deammase  from calf spleen which also is different 
from the enzyme in calf in tes t ine  

Resul ts  ob ta ined  in this  present  s t u d y  show tha t  the  tissue-specific differences 
m adenosine deamlnases  from chicken l iver  and  duodenum are due to the  presence of 
an enzyme m the hver  which is absent  in the  ln tes tme There are two d i s t inc t ly  different 
enzymes in the  l iver (designated I and II) Enzyme  I I  behaves  exac t ly  the  same as the  
duodenal  enzyme, and is ent i re ly  different from enzyme I. Differences in sizes, M1- 
chaelis constants ,  re la t ive  subs t ra te  specificlties and  ac t iva t ion  energies are repor ted  
Chicken duodena l  adenosine deamlnase  is umque  among adenosine deamlnases  in t h a t  
i t  is ac t i va t ed  b y  mercurials  ~1 All  o ther  s tudies show only inhibi t ion with p-mercur l -  
benzoate  15-~° When  chicken hepat ic  enzymes were t r ea ted  with  this  su l fhydryl  
reagent ,  enzyme I I  was ac t iva t ed  and enzyme I was inh ib i ted  These results  s t rongly  
suggest  t ha t  enzyme I I  is ident ica l  wi th  the  duodena l  enzyme 

MATERIALS AND METHODS 

Adenosine and deoxyadenos lne  were ob ta ined  from Calblochem, 6-chloropurlne 
r iboside and 2 ,6-diaminopurme rlboside were bought  from K and K Labora tor ies  I n c ,  
p -mercur lbenzoa te  and cordycepln  (3-deoxyadenosine) were purchased  from Sigma 
and  Sephadex  G-I5O and blue dex t ran  sulfate were ob ta ined  from Pha rmac ia  Fresh  
chicken hvers were used for all enzyme prepara t ions .  Glass-dist i l led water  was used 

In all exper iments .  

Determination of enzyme act,vzty 
Enzyme  ac t iv i ty  was measured  b y  following the decrease in absorbance  at  

265 m #  (ref 21) A uni t  of enzyme ac t iv i ty  is defined as tha t  amount  of enzyme which 
ca ta lyzes  the  hydrolys is  of I ,umole of adenosine/rain under  s t anda rd  condit ions,  2 e., 
with a I -cm pa th - leng th  cell conta ining 3-0 ml of I o IO-* M adenosine in o 20 M 
potass ium phospha te  buffer (pH 7 o) at  380 Measurements  were made  with  a model  
2000 Gllford spec t rophotomete r  Tempera tu re  was control led by  circulat ing water  

th rough  the cell c o m p a r t m e n t  

Preparation of the enzyme 
Step s. A mmonu~m sulfate fractzonatzon. Fresh  chicken hvers were homogenized 

in glass-dist i l led wate r  a t  a concentra t ion  of I g of tissue wi th  5 ml of water  The original 
ex t rac t  was centr i fuged at  18 ooo × g in a refr igerated centr ifuge for I h The super-  
n a t a n t  was poured  through a fine nylon net  into a g radua ted  cyl inder  to remove the 
f loating thin layer  of l ipid material_ The supe rna tan t  was brought  to 45 % sa tu ra t ion  
with  solid (NH4)~SO 4 22_ Slow addi t ion  and cons tan t  s t i r r ing are i m p o r t a n t  Af ter  
s t i r r ing at  4 ° for a t  least  2 h, the  solution was centr i fuged at  18 ooo × g for 3 ° m m  and 
the sedmlent  was d iscarded Sufficient (NH,)2S04 was added  to the  supe rna tan t  to 
give 65 °/o sa tura t ion  and the solut ion was ma in ta ined  for several  hours at  4 ° wi th  
cons tant  s t l r rmg After  centr i fugat ion,  the  supe rna tan t  was d iscarded and the sed iment  
was dissolved in a small  amount  of o 05 M phospha te  buffer (pH 7 o) The  solut ion 
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was centr i fuged to remove some insoluble ma te r i a l  and  then ch romatographed  on a 
Sephadex  G-I5O column 

Step 2. Gelfiltrat, on Sephadex  G-ISO was sieved so t h a t  the  par t ic le  size was 
larger  than  88/~, and  was al lowed to swell in o 05 M phospha te  buffer for 6 h in a boihng 
wa te r  ba th .  The  swollen gel was cooled and a column (1.6 cm × 8I  cm) was poured  in 
the  cold and equi l ib ra ted  overnight  wi th  flowmg buffer. The void volume was de- 
t e rmined  with  blue dex t ran .  In  all exper iments  a i . o - I . 5 - m l  sample  was appl ied  to the  
column and 2-ml fract ions were collected. I t  was found t ha t  flow ra te  had  no slgmficant  
effect on the  resolving power  of this  column. 

Step 3. Recovery of enzyme from the chromatography fractions The chromato-  
graphic  pa t t e rn  showed two peaks  of enzyme ac t iv i ty .  F rac t ions  from the leading 
edge of the  first peak  were pooled (see Fig. I) Enough  solid (NH4)2SO ~ was added  to 
give 90% sa tu ra t ion  Af te r  centr i fugatIon,  the  sed iment  was suspended in a ve ry  
small  amoun t  of 0.05 M phospha te  buffer (pH 7 o) and  recentr i fuged The inac t ive  
supe rna t an t  was d iscarded The sed iment  was dissolved in a s l ight ly  larger  volume of 
buffer. This solut ion was used to es tabl ish the  proper t ies  of adenosine deamlnase  I 
The  combined  fract ions of the  t ra i l ing  edge of the  second peak (see Fig  I) were t r ea t ed  
In the  same w a y  and the enzyme so recovered was used to es tabl ish the  proper t ies  of 
adenosine deaminase  I I  

Typ ica l ly  these procedures  give a 50% recovery  of to ta l  a c t i v i t y  and at  least  a 
Io-fold  increase in specific ac t iv i ty .  

RESULTS 

Resolutmn of two adenoszne deammases 
W h e n  an act ive l iver  f ract ion ob ta ined  b y  ammonium sulfate f rac t lonat lon  is 

passed  th rough  a Sephadex  G-ISO column, i t  a lways  shows a two-peak  pa t t e rn  as 
i l lus t ra ted  in F ig  i This indicates  t ha t  there  are at  least  two adenosine deamlnases  
present .  Using the  procedure  descr ibed b y  ANDREWS 1°, i t  was e s t ima ted  t ha t  enzymes I 
and  I I  have  molecular  weights  of abou t  I iO ooo and 30 ooo, respect ively  The size of 
enzyme I I  is essent ia l ly  the  same as the  duodena l  enzyme 1~. 

Temperature studies 
FISHER, MA AND CHILSON s repor ted  an energy of ac t iva t ion  (Ea) of IO :J~ 2.2" 

kcal  for chicken l iver  adenosine deaminase  and  a value  of 15 ~ 2 3 for the  duodena l  
enzyme Resul ts  ob ta ined  with enzymes I and  I I  show energies of ac t iva t ion  of 4 -¢- I 
and 17 i 2 kcal  for enzymes I and  I I ,  respectively_ The results  of a typ ica l  expe r imen t  
are shown in Fig. 2. 

These results  show t h a t  the  energy of ac t iva t ion  observed with  l iver  p repa ra t ions  
represents  an average oi the  two ve ry  different  values for enzymes I and I I  E n z y m e  I I  
gives a result  ve ry  close to t ha t  ob ta ined  previous ly  wi th  duodena l  enzyme 1 and Js in 
excel lent  agreement  wi th  a more recent  s t u d y  ~1 

Relative substrate spec,fic,t, es 
A va r i e ty  of subs t ra tes  have been used in s tudies  of chicken duodena l  adenosine 

* Thm represents the range of values obtamed. 
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Fig  I R e s o l u t i o n  of  t w o  a d e n o s i n e  d e a m m a s e s  on  a S e p h a d e x  G - i 5 o  c o l u m n  (I 6 c m  x 8 i  cm)  
in o 05 M p o t a s s i u m  p h o s p h a t e  bu f f e r  ( p H  7 o) R e l a t i v e  s u b s t r a t e  spec i f ic i ty  ( ra t io  of  e n z y m e  
a c t i v i t y  w i t h  d e o x y a d e n o s m e  to  t h a t  w~th adenos ine )  is s h o w n  as a gu ide  for  p o o l i n g  f r a c t i o n s  
(2 m l  each)  F r a c t i o n s  f r o m  t h e  s h a d e d  a r e a s  w e r e  poo led  Void  v o l u m e  w a s  d e t e r m i n e d  w i t h  
b lue  d e x t r a n  

F ig  2 A n  A r r h e m u s  p lo t  of  log v v e r s u s  t h e  r e c i p r o c a l  of  t e m p e r a t n r e  in ° K  for  ch i cken  l i v e r  
a d e n o s i n e  d e a m l n a s e  I ( O - - O )  a n d  l I  ( O - - 0 )  T e m p e r a t u r e s  r a n g i n g  f r o m  23 ° to  38o w e r e  used .  
T h e  a d e n o s i n e  c o n c e n t r a t i o n  w a s  i o io  -a- ~I in o z M p h o s p h a t e  bu f f e r  ( p H  7 o) v r e p r e s e n t s  
A A  pe r  ra in  

deammase  I t  was ot in teres t  to compare  the  two adenosine deammases  resolved from 
chicken hver  wi th  the  duodena l  enzyme Ac t iv i ty  was measured  at  265 m #  when 
adenosine, deoxyadenosme and cordycepin  (3-deoxyadenoslne) were used as sub- 
strates2-~, 6 Dechlormat lon  of 6-chloropurine r iboside was followed at  250 m #  2,5 and 
deamlna t lon  of 2 ,6-dlaminopurme nbos lde  was followed at  247 m #  ~- Chicken hver  
adenosine deammase  was previously  repor ted  to give a r e l ahve  subs t ra te  specifici ty 

T A B L E  I 

RELATIVE SUBSTRATE SPECIFICITIES OF HEPATIC ADENOSINE DEAMINASES 

.All s u b s t r a t e s  w e r e  u sed  a t  a c o n c e n t r a t i o n  of  I o io  -~ M 

Substrate Chzcken hver 

A denoszne ,4 denos~e .4 denos~ne 
dea~n~nase I deamznase I I  deamznase* 

d hzcken 
d~wdenal 
adenostne 

A d e n o s i n e  i oo i oo I oo I oo 
D e o x y a d e n o s l n e  o 3(~ o 71 o 63  o 74  

C o r d y c e p m  o 4 8  2 4 4  - -  z 71 

6 - C h l o r o p u r m e  r i b o s l d e  o I I o 43  - -  o 5 I 
2 , 6 - D l a m l n o p u r I n e  r l b o s l d e  o o 5 o 48  - -  o 61 

* F r o m  FISHER, IV[A AND CHILSON s 
** F r o n l  HOAGLAND AND FISHER 11 
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Fig 3 Lmeweaver  Burk plots of chicken hver  adenosine deammase I (O---Q) and I I  ( O - - O )  
v represents  ~1.4 per m m  and the concentrat ion of subs t ra te  is m moles]l 

Fig 4 Effects of p-mercur lbenzoate  on activities of chmken liver adenosine deammase I (bo t tom 
figure) and I I  (upper figure) The different concentrat ions of p-mercumbenzoate used were 
o 5 I°-5 M (O O), 4 3 1°-5 M ( ~ - - A )  and 8 6 lO -5 ~V[ ( [ ~ - - [ ] )  Phosphate  buffer '  (o 05 M, 
pH 7 o) was used as the control (O---O) In  each case equal volumes of enzyme solution and p- 
mercurlbenzoate  solution were mixed to give the final p -mercunbenzoa te  concentrat ion mdmated 
and the mixture  was allowed to incubate at  room tempera ture  Allquots were wi thdrawn at  
intervals  and assayed for enzyme activity under s tandard  conditions In  these studies pooled 
fract ions from Sephadex columns were used wi thout  concentrat ion 

(ratio of act iv i ty  with deoxyadenosme  to that with adenosine) of o 63 E n z y m e  I gave 
a value of o 36 and e n z y m e  II  a value of o.72 (see Table I) This indicates that the 
previously  obtained value represents an average of these two values when it is reahzed 
that different preparations m a y  have different relative amounts  of the two enzymes_ 
Results  presented in Table I show that e n z y m e  II  behaves essential ly  the same as the 
duodenal e n z y m e  E n z y m e  I exhibits  a complete ly  different pattern.  

M~chaelzs constants 
T h e  M l c h a e l l s  c o n s t a n t  of  a d e n o s i n e  d e a m i n a s e  1 is g r e a t e r  t h a n  t h a t  of  a d e n o s i n e  

deammase I]  by a factor of seven. The previously reported value 8 for chicken hver 
e n z y m e  was 3-3 "IO s M 117 the present study,  the Km values of chicken hver enzymes  
I and II  are 9.2 (~_I o ) - lO -5 and 1. 3 (-t-o.2) IO -5 M, respectively_ Results  given in 
Fig 3 show the sharp contrasts  in substrate dependence between these two enzymes  
The previously reported value of 3-3" lO-5 M represents an average of the Michaehs 
c o n s t a n t s  f o r  t h e s e  t w o  e n z y m e s  HOAGLAND AND I;ISHER 11 r e p o r t e d  a Km v a l u e  of  

1. 3 • IO - s  M fo r  t h e  c h i c k e n  d u o d e n a l  e n z y m e  w h i c h  is in e x c e l l e n t  a g r e e m e n t  w i t h  t h a t  
for enzyme II.  

Effects of p-mercur, benzoate 
C h i c k e n  d u o d e n a l  a d e n o s i n e  d e a m m a s e  e x h i b i t s  t h e  v e r y  u n u s u a l  p r o p e r t y  of  
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being act ivated by  p-mercurlbenzoate  at the proper concentrat ion n Since chicken 
liver adenosine deamlnase I I  exhibited kinetic properties very much hke the duodenal  
enzyme, it was expected that  p-mercurlbenzoate  would also actlvate this enzyme_ 
Results given in Fig 4 show tha t  enzyme II  can be converted to a stable active form 
and tha t  higher concentrat ions of p-mercurlbenzoate give a t ranment  act ivat ion 
followed by  inact ivat ion These characteristics are exactly like those found for the 
duodenal  enzyme n The fact tha t  higher concentrat lous of p -mercunbenzoa te  were 
required in the present s tudy probably only reflects the presence of other sulfllydryl- 
reacting substances in these relatively crude preparations 

Enzyme I from chicken liver shows only inhibi t ion or no effect if very low concen- 
t rat ions of p-mercuribenzoate  are used_ This is typical  of results obtained with ade- 
nosine deamlnases from most sources 1~-20 

DISCUSSION 

In  a previous s tudy  of chicken liver adenosine deammase it was concluded tha t  
the liver and duodenal  enzymes were different. Because frog liver was shown to contain 
a relatively large adenosme deamlnase, it seemed possible tha t  the liver of chickens also 
contams a large enzyme with different properties Sephadex chromatography revealed 
the presence of two adenosine deamlnases in this tissue The smaller of the two enzymes 
(enzyme II) was found to be str ikingly similar to the duodenal  enzyme They exhibit  
the same act ivat ion energies, Michaelis constants,  and the same relative velocities 
with a var ie ty  of substrates including one which is dechlorinated The very unusua l  
behavior  of the duodenal  enzyme in the presence of mercurials is also exhibited by  
liver adenosine deaminase I I  This involves formation of a stable derivative with two 
to three times more act ivi ty  than  the nat ive  enzyme at relatively low concentrat ions 
of the mercurial  At higher concentrat ions t ransient  act ivat ion is observed, followed 
by  inact ivat ion 

Liver adenosine deamlnase I has properties markedly dist inct  from liver enzyme 
II  and the duodenal  enzyme I t  exhibits an act lvat lon energy of 4 kcal (compared to 17 
for enzyme II), a Mlchaehs constant  of 9 2. lO -5 (compared to 1. 3 - Io 5) and a pa t te rn  
of relative substrate  speclfiCltles entirely different from liver enzyme II_ Furthermore,  
p-mercuribenzoate  simply inhibits  act ivi ty  in the manne r  typical  of all adenosine 
deammases which have been studled, except for the chicken duodenal enzyme and 
hepatic enzyme II_ 

On the basis of these results it is clear tha t  the tissue specific differences between 
liver and duodenum in the chicken are due to the presence of an enzyme in the hver 
which is not  present in the duodenum. However, there are enzymes in these tissues 
which are identical in every property compared 

The presence of adenosine deamlnases of different sizes m the chicken hver and 
in the frog hver suggests tha t  such mult iple forms may  be found in m a n y  vertebrates.  
MA AND FISHER (unpublished) have examined hepatic adenosine deammases in a wide 
var ie ty  of fish, amphibians,  reptiles, birds and mammals  in an effort to determine 
whether or l i t  this pa t te rn  is common Multiple adenosine deaminases of different 
sizes have been found in all ver tebrate  classes, mcludlng mammals  Generally they 
fall into three classes by  size Most have molecular weights in the order of 30 ooo, 
numerous examples are in the order of ioo ooo and one has been found with an estl- 
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m a t e d  molecular  weaght of 15o ooo-2oo ooo On the basis of these results,  i t  seems 
clear t ha t  ve r t eb ra t e  adenosine deamlnases  exhib i t  an unusua l  d ivers i ty  in size. 

This  va r i ab i l i t y  raises the  quest ion of homology,  ~ e ,  have  all of these enzymes 
arisen from a commou ances t ra l  type?  At  the  present  t ime it  IS not  possible to answer 
this  quest ion wi th  any  confidence. De ta i l ed  s tudies  of one or several  of the  larger  
enzymes will be necessary.  So far only  adenosine deaminases  in the  size range of 30 ooo 
have  been s tud ied  in any  detai l .  
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