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Nucleoside Aminohydrolase, an Enzyme Involved in the Degradation of Deoxycytidine 

D e a m i n a t i o n  of d e o x y c y t i d i l a t e  ha s  b e e n  s tud ied  
ex t ens ive ly  i-a, s ince th i s  is one  of t h e  key  reac t ions  for 
D N A  syn thes i s  in  ceils in  S phase .  On t h e  con t r a ry ,  
d i r ec t  d e a m i n a t i o n  of d e o x y c y t i d i n e  has  on ly  been  
m e n t i o n e d  casua l ly  ~. Recen t ly ,  we h a v e  d e m o n s t r a t e d  5 
t h a t  d e a m i n a t i n g  a c t i v i t y  for  d e o x y c y t i d i n e  is h i g h  in  
h u m a n  l iver  a n d  m u c h  lower in  r a t  a n d  pig  l iver,  a n d  t h a t  
th i s  p a t t e r n  is r e l a t ed  to di f ferences  in  d e o x y c y t i d i n e  
exc re t ion  b y  these  species. I n  t h e  p r e s e n t  inves t iga t ion ,  
t he  d i s t r i b u t i o n  of nucleos ide  a m i n o h y d r o l a s e  a c t i v i t y  
was d e t e r m i n e d  in d i f fe ren t  o rgans  f rom h a m s t e r  a n d  in 
t h e  l iver  of va r ious  s t r a in s  of mice  and  t h e  resu l t s  were 
r e l a t ed  to  t h e  exc re t ion  of d e o x y c y t i d i n e  in ur ine.  More- 
over,  d a t a  are p r e s e n t e d  on  t he  speci f ic i ty  of t he  e n z y m e  
for  d i f fe ren t  subs t ra t e s ,  t h e  p H  ac t iv i ty ,  t h e  Michael is  
c o n s t a n t  a n d  on  t h e  m e t h o d s  of a p a r t i a l  pur i f i ca t ion .  

Methods.  The  d i f fe ren t  nucleosides  used were p u r c h a s e d  
f rom Calb iochem.  Deoxycy t id ine -2 -C  14 (spec. a c t i v i t y  
42.3 mCi/m2VI) was o b t a i n e d  f rom t he  C.E.N. and  de- 
oxyadenos ine -6 -T  (spec. a c t i v i t y  1 . 5 4 C i / m M ) ,  cytos ine  
5.6-T (spec. a c t i v i t y  5 C i / m M ) ,  cy t id ine-2-C 1~ (spec. 
a c t i v i t y  7 7 m C i / m M )  a n d  deoxycy t id i l a t e -C  14 (spec. 
a c t i v i t y  65 m C i / m M )  f rom A m e r s h a m .  

L ive r  was  homogen i zed  in 9 vol. of 0 . 1 M  p h o s p h a t e  
buf fe r  p H  7, a n d  0.5 m l  of t h e  h o m o g e n a t e  was i n c u b a t e d  
a t  37~ w i t h  0.1 ml  of 30 m M  s u b s t r a t e  so lu t ion  (deoxy- 
cy t id ine  unless  o the rwise  s ta ted)  a n d  10 ~I of labe l led  
s u b s t r a t e  (e.g. 0.5 vCi deoxycyf id ine)  for 30 or 60 rain.  
The  r eac t i on  was  t e r m i n a t e d  b y  i m m e r s i n g  t h e  t u b e s  in  
bo i l ing  w a t e r  for 2 rain,  a n d  t h e  p r e c i p i t a t e d  p ro t e ins  
r e m o v e d  b y  cen t i fuga t ion .  T he  e n z y m a t i c  p r o d u c t  
(0.1 m l  of a 30 m M  so lu t ion  of deoxyur id ine ,  for example)  
was  a d d e d  to  fac i l i t a te  de t ec t i on  of t h e  s u b s t a n c e  a n d  a n  
a l i quo t  of t he  m i x t u r e  was appl ied  as a s t r e a k  on  5/40 cm 
s t r ips  of W h a t m a n n  3 MM paper .  S e p a r a t i o n  was car r ied  
o u t  in  a C a m a g  h i g h  vo l t age  e lec t rophores is  u n i t  in  0.1 M 
formic  acid a t  4500 vo l t  for 20 min.  Af te r  loca l iza t ion  
u n d e r  U V  l ight ,  t h e  m e t a b o l i t e s  were excised, e lu ted  in 
t h e  d ioxane  f l uo r sys t em a n d  t h e i r  r a d i o a c t i v i t y  counted .  
B l a n k  va lues  were  o b t a i n e d  f rom samples  i m m e d i a t e l y  
h e a t e d  a f t e r  a d d i t i o n  of t h e  s u b s t r a t e .  T he  e n z y m a t i c  
a c t i v i t y  is expressed  in nmoles  c o n v e r t e d  pe r  ra in  b y  1 g 
t i s sue  (or m g  p ro t e i n  for  t he  pur i f ied  enzyme) .  W h e n  
label led  s u b s t r a t e s  o t h e r  t h a n  d e o x y c y t i d i n e  were used, 
t he  a s say  was  car r ied  o u t  in  a co r r e spond ing  m a n n e r  
us ing  t h e  a p p r o p r i a t e  reference  compounds .  S u b s t r a t e s  
for w h i c h  label led  m a t e r i a l  was  n o t  ava i l ab le  were  
assayed  b y  m e a s u r i n g  t he  changes  in U V  a b s o r p t i o n  6 in 
t he  a s say  m e d i u m  depro te in ized  w i t h  perch lor ic  acid 
( m e t h y l d e o x y c y f i d i n e  a t  290 nm,  A M P  a n d  A T P  a t  
260 nm) .  The  p r o t e i n  c o n t e n t  was  d e t e r m i n e d  b y  t h e  
b i u r e t  r e ac t i on  or f rom t h e  a b s o r p t i o n  a t  280 n m  7. 

D e o x y c y t i d i n e  in u r ine  was i so la ted  as descr ibed  else- 
where  s a n d  i ts  a m o u n t  m e a s u r e d  b y  microb io log ica l  

Table I. Distribution of nucleoside aminohydrolase in-different 
organs from starved hamsters 

Enzyme activity 
nmole nmole 
deoxycytidine] deoxyadenosine/ 
g tissue/rain g tissue/min 

Liver 370 
Kidney 1030 
Spleen 42 
Testis 16 
Intestine 500 
Brain 28 
Muscle 20 

2300 
700 

assay  w i t h  Lactobacillus leichmannii .  Labe l l ed  deoxy-  
cy t id ine  was  added  to  t h e  u r ine  to  cor rec t  for losses 
du r ing  isolat ion.  

Results  and discussion. H i g h e s t  ac t iv i t i e s  of nucleos ide  
a m i n o h y d r o l a s e  a m o n g  d i f fe ren t  o rgans  of t h e  h a m s t e r  are  
found  in k i d n e y  fol lowed b y  l iver  a n d  in tes t ine ,  whereas  
l y m p h o i d  organs,  b r a i n  a n d  muscle  c o n t a i n  only t r aces  of 
e n z y m a t i c  a c t i v i t y  (Table  I). The  ab i l i ty  to  degrade  
deoxycy t id ine  var ies  also in  t i le l iver  of d i f fe ren t  s t r a ins  
of mice  (Tab le  II). I t  is r e l a t ive ly  smal l  in  t h e  C3H a n d  
g rea te r  in  t he  o the r  s t ra ins .  A p p a r e n t l y ,  t h e  e n z y m a t i c  
a c t i v i t y  is h igher  in females  t h a n  in males  a n d  also in- 
creases in  s t a rva t ion ,  b u t  t he  v a r i a t i o n s  b e t w e e n  exper i -  
m e n t s  car r ied  ou t  on  d i f fe ren t  days  was  too large  to  
p e r m i t  t he  s t a t i s t i ca l  proof  of these  changes .  Ab i l i t y  to  
degrade  deoxycy t id ine  a n d  excre t ion  of d e o x y c y t i d i n e  
are  inverse ly  cor re la ted  (Table  I I ) .  Th i s  becomes  even  
more  ev iden t  w h e n  o t h e r  species are  t a k e n  for  compar i son .  
Thus ,  e n z y m a t i c  a c t i v i t y  is v e r y  h igh  a n d  d e o x y c y t i d i n e  
excre t ion  v e r y  low in man ,  whereas  t h e  inverse  is t r u e  
for r a t s  5. I n  species such  as man ,  h a m s t e r ,  etc., d i rec t  
d e g r a d a t i o n  of d e o x y c y t i d i n e  to  d e o x y u r i d i n e  may,  
therefore ,  r ep re sen t  a n  eff ic ient  b y p a s s  to  t h e  deoxy-  
cy t id i l a te  a m i n o h y d r o l a s e  a n d  m a k e  deoxyu r id ine  avai l -  
able  for syn thes i s  of t h y m i d i n e .  On  t he  o t h e r  h a n d ,  i t  is 
di f f icul t  to  exp la in  w h y  th i s  d e a m i n a t i o n  of d e o x y c y t i d i n e  
occurs  m a i n l y  in o rgans  h a v i n g  b u t  l i t t l e  cell d iv is ion  
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Table If. Activity of nucleoside aminohydrolase in the liver of different strains of mice and of hamster and its relation to urinary excretion 
of deoxyeytidine 

Strain Enzyme activity ~ (nmole/g per rain) Excretion 
Male Female of deoxycytidine 
Fed Starved ~ Fed Starved b nmole/mg creatinine 

Hamster 370 (2300) 
Mouse CBA 35 (800) 45 (1140) 53 (1300) 85 (1300) 18 

C3H 5 (400) 14 (450) 25 (950) 40 (980) 31 
C57B1 43 67 (1250) 59 92 (1200) 12 
C + 65 101 (1300) 58 137 (1500) 10 

Substrate deoxycytidine,values in parenthesis for deoxYadenosine as substrate areindicated only were carried out. b Starved for 24 h before assay. 
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(liver, k idney) .  The  s ignif icance of th i s  p a t h w a y  for D N A  
syn thes i s  the re fore  r em a i ns  to  be  e luc ida ted .  

Several  a t t e m p t s  were m a d e  to  cha rac te r i ze  t he  
e n z y m e  fur ther .  The  p H  a c t i v i t y  cu rve  (Figure 1) shows 
a v e r y  b r o a d  p e a k  f rom p H  5-7, w i t h  t h e  m a x i m u m  
a r o u n d  p H  6. The  L i n e w e a v e r  B u r k  p lo t  for  t he  de ter -  
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Fig. 1. pH dependence of nucleoside aminohydrolase activity (sub- 
strate deoxycytidine) in liver.homogenate from hamster; liver tissue 
was homogenized with 5 volumes of 0.9% NaC1 and diluted with 
1 volume of veronaI buffer of different pH values. 
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Fig. 2. Lineweaver-Burk plot of nucleoside aminohydrolase (sub- 
strafe deoxycytidine) inliver homogenate of hamster (Km = 20.8 raM). 

Table III. Reaction of partially purified nucleoside aminohydrolase 
with ditferent substrates 

Substrate Activity 
(final concentration and activity added) (nmole/mg protein]min) 

Cytosine (5 mM, 5 b~Ci C-5,6-T) 4 
Deoxycytidine- 5'-monophosphate ~ 0.5 
(5 mM, 0.5 b~Ci dCMP~C 14 
Cytidine (5 mM, 0.8 {xCi CR-C la) 9.0 
Deoxycytidine (5 lnM) 8.0 
Methyldeoxycytidine (1 mM) 2.0 
Deoxyadenosine (1 mM, 2 btCi dA H ~) 18 
Adenosine (1 mM) 15 
AMP (1 raM) < 0.5 
ATP (1 raM) ~ 0.5 
Guanosine (1 mM) 3.0 

deoxycy t id ine  and  cyt id ine ,  a n d  st i l l  lower ones for 
m e t h y l d e o x y c y t i d i n e ,  guanos ine  a n d  cytosine.  Nucleo-  
t ides  were n o t  a t t a c k e d  to  a s ign i f ican t  degree. 

P a r t i a l  pur i f i ca t ion  of t he  nucleoside  amino  hydro lase  
was car r ied  ou t  s t a r t i n g  f rom l iver  h o m o g e n a t e s  of 
hams te r s .  T h e  e n z y m e  is p r e s e n t  in  the  s u p e r n a t a n t  of t h e  
h o m o g e n a t e  cen t r i fuged  a t  105,000 g for 1 h. P rec ip i t a -  
t i on  of t he  e n z y m a t i c  a c t i v i t y  occurs  a t  50% s a t u r a t i o n  
w i t h  a m m o n i u m  su lpha te .  The  m a t e r i a l  was t h e n "  
d ia lysed  a n d  s e p a r a t e d  on  a co lumn  of S e p h a d e x  G150,  
e lu ted  w i t h  p h o s p h a t e  buf fe r  0 . 1 M  p H  7. Most  of t h e  
e n z y m a t i c  a c t i v i t y  was no t  r e t a i n e d  b y  t he  co lumn  
u n d e r  these  condi t ions .  B y  these  procedures ,  t he  specific 
a c t i v i t y  of t h e  e n z y m e  could be  increased  b y  a f ac to r  of 
4 c o m p a r e d  to  l iver  h o m o g e n a t e .  E x p e r i m e n t s  are now in 
progress  to  i m p r o v e  th i s  s e p a r a t i o n  f u r t h e r  10. 

Zusammen/assung. t{ohe  Nuk leos idaminohyd ro l a se -  
Ak t iv i t i i t en  l i n d e n  sich in Niere, Lebe r  u n d  D a r m  yon  
H a m s t e r n .  Bet  Mgusen  h g n g t  die A k t i v i t g t  v o m  Tier-  
s t a tu re  ab  u n d  s t e h t  in  B e z i e h u n g  zur  Deoxycy t id in -  
aussche idung .  

B. ZICHA 11, G. B. GERBER and  J.  DEROO 

m i n a t i o n  of the  Michael is  c o n s t a n t  for deoxycy t id ine  as 
s u b s t r a t e  yields  a va lue  of K m 20 m2Vf. Th i s  va lue  is 
s ign i f ican t ly  d i f fe ren t  f rom t h a t  of deoxycy t id i l a t e  
deaminase  (Km 4.1 m M ) 9  m e a s u r e d  in t he  absence  of 
d C T P  a n d  Mg ++. The  e n z y m e  m a y  n o t  be  specific for 
d e o x y c y t i d i n e  b u t  appea r s  also to  r e a c t  w i t h  o t h e r  
nucleosides  a n d  nucleic  bases  con ta in ing  amino  groups  
(Table  I I I ) .  Fo r  th i s  assay  a pa r t i a l ly  pur i f ied  e n z y m e  
p r e p a r a t i o n  was used (see above) .  H i g h e s t  ac t iv i t i es  are  
found  for deoxyadenos ine  and  adenosine,  lower  ones for 
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Recording and Analysis of Sounds Produced by Human Lungs During Respiration 

The  ac t i v i t y  of ce r t a in  h u m a n  organs,  l ike the  lungs  or 
t he  hea r t ,  is assoc ia ted  w i t h  t h e  emiss ion  of cha rac t e r i s t i c  
sounds  ( resp i ra t ion  sounds,  h e a r t  bea ts ) .  

B y  hea r ing  these  sounds  t he  phys i c i an  ob t a i n s  in fo rma-  
t ion  on  t h e  cond i t ion  of these  organs.  Th i s  so-called 
auscu l t a t i on  me thod ,  a l t h o u g h  a f fec ted  b y  a ce r t a in  
degree of sub jec t iv i sm,  is wide ly  used in p r ac t i c a l  medi -  
cine. I n s p i t e  of this ,  v e r y  l i t t l e  is k n o w n  a b o u t  t h e  
phys icaI  cha rac te r i s t i c s  of t he  sounds  p roduced  w i t h i n  
the  h u m a n  body .  This  is t r ue  especial ly  for r e sp i ra t ion  
sounds.  T a k i n g  th i s  in to  account ,  we s t a r t e d  a de ta i led  

i nves t i ga t i on  of t h e  sounds  e m i t t e d  b y  n o r m a l  a n d  
pa tho log ica l  lullgS d u r i n g  t he  r e sp i r a to ry  cycle, w i t h  t h e  
purpose  of f ind ing  some ob jec t ive  cr i te r ia  for  ev idenc ing  
dev ia t ions  f rom t h e  normal ,  assoc ia ted  w i t h  special  
m o r b i d  changes .  Such  cr i te r ia  could  lead, we th ink ,  to  a 
b e t t e r  i n t e r p r e t a t i o n  of t he  i n f o r m a t i o n  p rov ided  b y  t h e  
r e sp i r a t ion  sounds  a n d  to  t h e  e l abo ra t i on  of more  
ob jec t ive  d iagnos t ic  m e t h o d s  in c e r t a i n  r e sp i r a to ry  
diseases.  

As a f i rs t  s tep,  we car r ied  ou t  t he  record ing  a n d  
ana lys i s  of t he  r e sp i ra t ion  sounds  of 2 r a n d o m l y  chosen  


