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A b stra c t

I s o la tio n  and C h a ra c te r iz a tio n  o f  

Human L iv e r Guanine Deaminase

by

Narendra K. Gupta
\

A dvisor: P ro fe s so r M orton D. G lan tz

Guanine deam inase (E .C .3 .5 .4 .3 f guanine am inohydrolase .[GAHJ) was 

p u r if ie d  3248 fo ld  from  human l iv e r  by a  ca n b in a tio n  o f  ammonium s u lf a te  

f r a c tio n a tio n , D EA E-cellulose, h y d ro x y la p a tite  and a f f in i ty  chrom atography 

to  th e  hom ogeneity. The enzyme i s  a  dim er p ro te in  o f  th e  m o lecu la r w eigh t 

o f  120,000 w ith  each  su b u n it o f  59,000 a s  determ ined  by  g e l f i l t r a t i o n  

and SDS-gel e le c tro p h o re s is . GAH i s  an a c id ic  p ro te in  a s  ev idenced  

by th e  amino a c id  a n a ly s is  and i s o e le c tr ic  fo cu sin g  w ith  a  p i  o f  4 .7 6 , 

and i s  en rich ed  w ith  g lu tam ic  a c id , a s p a r ta te , a la n in e  and g ly c in e . I t  

shows a  sh arp  pH-optimum o f 8 .0  and was v e ry  s e n s i t iv e  to  p  -  hydroxy*- 

m ercu rib en zo ate  in h ib it io n . A K i o f  5 x  10”%  and 1 .53  x  10“%  was 

o b ta in ed  f o r  5 -  am inoim idazole -  4 -  carboxam ide and p  -  hydroxym ercuri- 

benzoate  re s p e c tiv e ly  dem o n stra tin g  s tro n g  in h ib it io n . The in h ib itio n  

w ith  id o a c e tic  a c id  shewed o n ly  a  7% lo s s  in  th e  a c t iv i ty  a t  1 x  10” %  and 

24% lo s s  a t  1 x  10“ %  c o n c e n tra tio n  a f t e r  30 m inutes o f in c u b a tio n . Guanine 

was th e  s u b s tr a te  f o r  GAH in  a l l  th e  in h ib itio n  s tu d ie s , p  -  H ydroxym ercuri- 

ben zo ate  in c u b a tio n  fo r  30 m in u tes, how ever, r e s u lte d  in  a  lo s s  o f 91% o f



th e  a c t iv i ty  a t  a  c o n c e n tra tio n  o f  1 x  10“ ^M. Enzyme was found to  be 

s ta b le  up to  40c'C b u t lo s t  a lm o st a l l  o f  i t s  a c t iv i ty  a t  65°C a t  30 

m inutes in c u b a tio n . Km v a lu e  o f  2 x  10- ^M f o r  8 -  azaguanine was o b ta in ed  

a t  pH 6 .0 , w h ile  a  Km o f  1.538 x  10~5m was o b ta in e d  f o r  guan ine a s  s u b s tra te  

a t  pH 7 .0 . The two pKa v a lu e s  o b ta in ed  in  th e  pH s tu d ie s  w ere 5 .85  and 8 .0 . 

The p lo ts  o f lo g  Vitax/Km v s . pH, Vmax v s . pH and pKm v s . pH w ere made. H ie 

N -term in al amino a c id  was found to  be  v a lin e  w h ile  th e  C -te rm in a l re s id u e  

was a la n in e .
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In tro d u c tio n

A. B io lo g ic a l S ig n ific a n c e

P u rin es a re  i n t r i c a te ly  in terw oven  in to  human in te rm ed ia ry  

m etabolism  a s  s u b s tr a te s , c o fa c to rs  and re g u la to ry  m o lecu les. S p e c ia liz e d  

fu n c tio n s  o f th e se  compounds in c lu d e  a  r o le  in  c e l l  energy  tra n s p o r t, 

n u c le ic  a c id  s y n th e s is , v a s o d ila tio n , n eu ro tran sm issio n  and p la te le t  

ag g reg a tio n .

P u rin e  m etabolism  r e f e r s  to  a  o c n p lic a te d  s e r ie s  o f  enzyme 

re a c tio n s  w hich s y n th e s iz e , c a ta b o liz e  and tra n sfo rm  p u rin e  compounds.

These pathw ays have a t t r a c te d  g r e a t  in t e r e s t  in  c l in ic a l  m edicine a s  a  

r e s u l t  o f  th e i r  re le v a n c e  to  a  number o f d is e a s e  s ta te s .  H yperuricem ia 

and g o u t, w hich a f f l i c t  a s  many a s  1 -  2% o f  th e  NOnnth Am erican p o p u la tio n , 

a re  m ost l ik e ly  r e la te d  to  d is o rd e rs  o f  p u rin e  m etabolism  in  a  la rg e  

p ro p o rtio n  o f c a se s . The d e s c r ip tio n  and e lu c id a tio n  o f in b o rn  a r ro r s  (Table 1) 

o f p u rin e  m etabolism  have added a  w e a lth  o f  in fo rm atio n  concern ing  th e  

fu n c tio n  and re g u la tio n  o f  th e s e  pathw ays in  man. Drugs used  fo r  can cer 

chem otherapy o r  iirm unosuppressian such  a s  a z a th io p u rin e , 6 -  m ercapto- 

p u rin e  and m e th o tre x a te , in h ib i t  one o r  more re a c tio n s  o f  p u rin e  b io ­

s y n th e s is . Guanine deam inase (Guanine A m inohydrolase o r  GAH o r  guana se  

EC 3 .5 .4 .3 )  c a ta ly z e s  th e  co n v ersio n  o f  guan ine to  x a n th in e . F ree  

guanine comes w ith e r from  th e  d i e t  o r  from  th e  breakdown o f  guanine 

monophosphate (GMP) and co n seq u en tly  e i th e r  i t  i s  reco v ered  by  th e  sa lv ag e  

pathway enzym es, o r  e lim in a te d  a s  u r ic  a c id  by ca ta b o lism  to  x an th in e  

w ith  guanine deam inase.
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F ig  1. P u rin e  c a tab o lism  (8 6 ). T hree m ajor pathw ays le a d  from  n u c le o tid e s  

to  u r ic  a c id : (A) in o s in e  i s  co n v erted  to  hypoxanth ine, x an th in e

and u r ic  a c id ; (B) x a n th o sin e  i s  co n v erted  to  x an th in e  and u r ic  

a c id ; (C) guanosine i s  co n v erted  to  g u an in e , x an th in e  and 

u r ic  a c id . (1) d ep h o sp h o ry la tio n  re a c tio n  by 5 '-n u c le o tid a se  o r

n o n sp e c ific  p h o sp h atase ; (2) AMP deam inase; (3) adenosine deam inase; 

(4) p u rin e  n u c le o s id e  p h o sp h o ry lase ; (5) guanine deam inase;

(6) x a n th in e  o x id ase .
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TABLE 1

Inborn  E rro rs  o f  Human P u rin e  M etabolism  (86)

C anponenta o f P u rin e  M etabolism

1. P u rin e  b io sy n th e s is  de novo

2 . N u cleo tid e  in te rc o n v e rs io n s

3 . S alvage pathways

4 . P u rin e  ca tab o lism

Inborn  E rro rs

a) PRPP synthetase mutant
b) Glutamine PRPP amidotrans- 

f erase mutant
None known

a) Lesch-Nyhan syndrome
b) Partial HG-PRT deficiency
c) Partial A-PRT deficiency
a) Adenosine deaminase deficiency 

in combined imtnuno deficiency 
disease

b) Xanthinuria
c) Elevated xanthine oxidase
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T his netw ork o f re a c tio n  i s  o f  in t e r e s t  because o f  th e  chem otherapeutic 

a c t iv i ty  o f 6 -  th io g u an in e  and 8 -  azaguanine (1 ). When 6 -  th io g u an in e  

i s  ad m in iste red , i t  i s  in c o rp o ra te d  in  DNA and th e  r e s u l t  i s  a  c e l l  th a t  

i s  v ia b le  b u t cannot r e p l ic a te  DM . When 8 -  azaguanine i s  ad m in iste red , 

i t  i s  in c o rp o ra te d  in to  ENA, w hich cau ses e r ro r s  in  p ro te in  s y n th e s is .

However, th e  e ffe c tiv e n e s s  o f  b o th  d rugs i s  lim ite d  because guanine 

deam inase co n v erts  6 -  th io g u a n in e  to  6 -  th io x a n th in e  and 8 -  azaguanine 

to  8 -  azax an th in e , b io lo g ic a lly  in e r t  catpounds w hich have no grow th 

in h ib itin g  e f f e c t .  Kanzawa (2) h as shewn th a t  by in h ib itin g  guanine 

deam inase w ith  4 -  amino -  5 -  im id azo le  carboxam ide, th e  an titu m o r 

a c t iv i ty  o f 8 -  azaguanine was enhanced, th e re fo re , th e  im portance o f  

th e  deam inating  enzymes o f  th e  n u c le ic  a c id  system  can n o t be  u n d erestim ated . 

The abnorm al c e l l  grow th o f  c a n c e r t i s s u e  may be  a tr ib u te d  to  th e  absence 

o r  p o s s ib le  d e s tru c tio n  o f  one o r  more o f  th e s e  enzymes in  th e  cancerous 

t i s s u e  o f  th e  an im als. I t  h as been p o s tu la te d  th a t  because o f  th e  absence 

o r  low le v e l o f  th e s e  deam inating  enzymes and o f  th e  x an th in e  o x id ase  

and u r ic a s e  in  can ce r t i s s u e ,  th e r e  i s  a  co n tinuous re c y c lin g  o f  u n ca ta b o liz e d  

p u rin e  fragm ents in to  th e  p o o l o f  s y n th e tic  su b stan ces o f  n u c le ic  a c id s  (3 ).

Guanine deam inase (GAH) ap p ears to  p la y  a  r o le  in  th e  norm al 

m etabolism  o f guan ine. A ccording to  Brown, e t  a l .  (4 ), when guanine 

(14C-8) i s  g iven  o r a l ly  o r  in tr a p e r ito n e a llv  to  Sherman s t r a in  w h ite  r a t s ,  

th e re  i s  reco v ery  o f o v er 90% o f th e  r a d io a c tiv ity  in  th e  u r in e , p lu s  

h ig h  a c t iv i ty  o f  th e  u r in a ry  a l la n to in  w hich co u ld  be  a t  le a s t  

p a r t ia l ly  a t tr ib u te d  to  th e  abundance o f  GAH in  th e  t i s s u e .  B a lis  (5)
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however does n o t co n s id e r t h i s  a s  enough ev idence f o r  th e  GAH p la y in g  

a  r a te  d e term in in g  s te p  in  th e  u t i l i z a t io n  o f  exogenous g u an in e. Hcwever,

4 -  amino 5 -  im id azo le  carboxam ide, an  in h ib i to r  o f GAH, in c re a se s  th e  

in c o rp o ra tio n  o f  guan ine in to  n u c le ic  a c id .

S in ce  th e  n e o p la s tic  t is s u e s  a re  re p o rte d  to  have d ec reased  

le v e ls  o f c a ta b o lic  enzym es, th e  d iso rd e r  o f  th e  guanine ca ta b o lism  in  

tum or c e l l s  w hich a re  a b le  to  r e ta in  t h e i r  m e ta b o lite s  in  a  u t i l i z a b le  

form , prom otes a  re c y c lin g  o f  th e se  m e ta b o lite s , and cau ses an in c re a se d  

s y n th e s is  o f  n u c le ic  a c id s  due to  a  la rg e r  p o o l o f  th e  p re c u rs o rs . The 

s tu d ie s  o f  De Lam irande (3) w ith  r a t  l iv e r  b e a rin g  hepatom a re v e a le d  th a t  

th e  c a tab o lism  o f  p u rin e s  i s  com pletely  b locked  a t  th e  le v e l o f  x a n th in e  and 

hypaxan th ine su g g estin g  t h e i r  re c y c lin g . The a c t iv i t i e s  o f  guanine 

deam inase a re  g re a tly  red u ced . K idder (6) n o tic e d  a  d if fe re n c e  in  th e  

u t i l i z a t io n  o f  guanine betw een norm al and tum or t i s s u e s ,  in d ic a tin g  th a t  

th e  tum or c e l l s  m ight re q u ire  a  p u rin e  f o r  n u c le ic  a c id  s y n th e s is . M andel 

and C arlo  (7) found in s ig n if ic a n t  in c o rp o ra tio n  o f guan ine ('^C -4) in to  th e  

tum or n u c le ic  a c id  o f CAP m ice b e a rin g  sarcom a 37 w h ile  in c o rp o ra tin g  

s ig n if ic a n t  am ounts in to  th e  l i v e r  w hich has a  ra p id  tu rn o v e r o f  n u c le ic  

a c id . Tumor c e l l s  have a  ra p id  c e l l  d iv is io n  to o , b u t h is  r e s u l t s  shewed 

a  v e ry  poor in c o rp o ra tio n  o f  guan ine in  th e  RNA and DNA f r a c t io n  o f  th e  

tum or. B a lis  (8 ), how ever, concluded from  h is  s tu d ie s  th a t  th e  tum ors 

do p o ssess  th e  enzym atic m achinery f o r  th e  in c o rp o ra tio n  o f  exogenous 

guanine in to  n u c le ic  a c id . The d iffe re n c e  betw een norm al and tum or t is s u e  

l i e s  in  th e  c o n c e n tra tio n  o f  guan in e. Tumors in  th e  h o s t u t i l i z e  

exogenous guanine a t  a  much low er f r a c tio n  o f th e i r  p o te n tia l  th a n  do 

norm al t i s s u e s .
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# o o re  and Le Page (9) dem onstrated  th a t  th io g u an in e  in  norm al 

t is s u e s  shows a  p a r a l le l  betw een in c o rp o ra tio n  in to  n u c le ic  a c id s  and 

ca tab o lism  to  th io u r ic  a c id  w h ile  in  tum or c e l l s ,  i t  p r im a rily  goes 

in to  n u c le ic  a c id  s y n th e s is .

H ie le v e l  o f  c a ta b o lic  a c t iv i t i e s  in  tum ors was in d ir e c tly  demon­

s tr a te d  by B en n ett et  a l  (1 0 ), by  s tu d y in g  th e  r a t e  o f  d isap p earan ce  o f  

la b e lle d  guanine in  a c tiv e ly  grow ing tum ors su g g estin g  fu r th e r  a  re c y c lin g  

h y p o th e sis , t t ie re  was no s ig n if ic a n t  lo s s  o f  ad m in iste red  la b e lle d  n u c le ic  

a c id  p re c u rso r. T h is was f u r th e r  su p p o rted  by th e  s tu d ie s  o f  De Lam irande, 

e t  a l  (3 ), th u s  su g g estin g  th a t  th e  b a lan ce  betw een anabolism  and 

c a tab o lism  in  tum or c e l l s  was o r ie n te d  tow ards anabolism  and th a t  th e  in ­

c re a se d  s y n th e s is  o f  n u c le ic  a c id  in  tum ors n ig h t b e  due to  th e  la rg e  p o o l 

o f  th e  p re c u rso rs . In  th e  c a se  o f 8 -  azag u an in e, i t s  c a rc in o s ta tic  

a c tio n  i s  re v e rse d  by a d m in is tra tio n  o f  guan ine (1 1 ). The a c tio n  o f  th e  

d rug  does n o t d e s tro y  th e  tum or, b u t su p p resse s  th e  n u c le ic  a c id  s y n th e s is  

and hence c e l l  p ro lif e r a t io n  i s  in h ib ite d  (12 ).

In  th e  Lesch -  Nyhan Syndrome (1 3 ), th e  sa lv a g e  pathway enzyme 

HGERTase i s  m issin g  o r  n o t fu n c tio n in g , w hich r e s u l t s  in  se v e re  m en tal 

r e ta rd a tio n , m uscular spasm and e x c e ss iv e  b u ild  up  o f u r ic  a c id . T h is 

can  v e ry  w e ll dem onstrate th a t  th e  i r r e g u la r i t ie s  a t  t h i s  p o in t o f 

guanine m etabolism  can g re a tly  e f f e c t  th e  organism . Hence because o f  th e  

key r o le  o f  GAH in  th e  guanine m etabolism , in v e s tig a tio n  in to  th e  

b io ch em ical n a tu re  o f th e  enzyme a re  o f  g re a t in t e r e s t .
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B. Historical Background
In  1904 W alter Jo n es (11} observed  th a t  au to ly zed  thymus o r  

k idneys form  x a n th in e  and h y p ax an th in e , w h ile  a c id  h y d ro ly s is  produces 

aden ine and guan ine. S h o rtly  a f te rw a rd s , Jo n es and P a r tr id g e  (12) 

n o ted  th a t  p an creas c o n ta in s  guanine deam inase enzyme, w hich co n v erts  

guan ine to  x a n th in e . 03hey named i t  "guanase". A lthough S ch itten h elm  (14) 

to o k  up f u r th e r  s tu d ie s  a  few  y e a rs  l a t e r ,  a  b r ie f  p e rio d  o f  in a c t iv i ty  

fo llo w ed  because o f th e  la c k  o f  s p e c if ic  m ethodology f o r  c h a ra c te r iz a tio n .

W ith th e  work o f  Jo rp e s  and Myrback (1 5 ), a  re v iv a l o f  in te r e s t  

in  th e  p u rin e s  o ccu rred  a s  th e y  became in te re s te d  in  th e  id e n tif ic a t io n  

o f th e  in d iv id u a l com ponents o f  n u c le ic  a c id  system s. I h e i r  method was 

based  on th e  d e te rm in a tio n  o f th e  n itro g e n  c o n te n t in  m ix tu res  o f  s i lv e r  

and copper p re c ip ita te d  p u r in e s . M icro -procedures based  on th e  p r in c ip le  

o f Jo rp es  w ere l a t e r  developed  by G ra ff and M aculla (16) f o r  th e  

d e te rm in a tio n  o f  guan ine and ad en in e in  n u c le ic  a c id s . The work o f 

Schm idt (17) in  1933 in tro d u c in g  enzyme s p e c if ic i ty  a s  an  a n a ly tic a l  

to o l ,  la id  th e  fo u n d a tio n  o f  th e  modem m ethods in  th e  id e n tif ic a t io n  o f 

n u c le ic  a c id  c o n s titu e n ts . He used  th e  r a b b it  l iv e r  a s  a  so u rce  o f 

guanine deam inase, e s tim a tin g  arnnonia r e le a s e  by deam ination . He fu r th e r  

showed th a t  guanos in e  o r  GMP cou ld  n o t a c t  a s  s u b s tra te  f o r  guanine 

deam inase and th a t  i t  was d i f f e r e n t  from  g u an y lic  a c id  deam inase. However, 

H itch in g s and F alco  (18) in  1944 t r i e d  to  p u r ify  th e  enzyme from  r a b b it  

l iv e r  ace to n e  powder e x tr a c t  by  d ia ly z in g  and u s in g  alum ina a b so rp tio n  

column. However, th e y  d id  n o t ach iev e  th e  p u r if ic a tio n  s u c c e s s fu lly .
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In  1947 K alckar (19, 20) succeeded in  com bining th e  enzym atic method 

w ith  th e  sp e c tro p h o ta n e tr ic  method f o r  th e  m icro  e s tim a tio n  o f  in d iv id u a l, 

p u r in e s . I h is  was a  trem endous advance f o r  i t  was th e n  p o s s ib le  f o r  

one to  fo llo w  th e  co u rse  o f  enzyme a c t iv i ty .  K alckar e s tim a te d  th e  

c o n c e n tra tio n  o f  v a rio u s  p u rin e s  w ith  c o n s id e ra b le  s p e c if ic i ty  by 

m easuring s p e c tr a l  changes in  th e  UV re g io n  caused  by s p e c if ic  enzymes 

on p u rin e  s u b s tr a te s . He determ ined  th e  a c t iv i t i e s  o f  guanine 

deam inase in  p re p a ra tio n s  from  r a t  l i v e r  and m uscle by re c o rd in g  

s p e c tra l  changes in  tim e caused  by tra n sfo rm a tio n  o f guan ine as  

s u b s tr a te  to  x a n th in e  a s  p ro d u c t. He was a ls o  a b le  to  p a r t ia l ly  p u r ify  

th e  enzyme by ammonium s u lf a te  f ra c tio n a tio n  and c o ld  e th a n o l 

p r e c ip i ta t io n .

In  1948 V isch er and C hargaff (21) combined p ap er chrom atographic 

s e p a ra tio n  o f  p u rin e s  w ith  sp e c tro p h o ta n e tr ic  a n a ly s is . A m ix tu re  o f  

b u ta n o l: e th y le n e  g ly c o l: w a te r in  40:40:20 r a t io  was used  a s  s o lv e n t 

and th e  p u rin e s  w ere e lu te d  w ith  th e  a id  o f g u id e  s t ip s  on th e  b a s is  o f 

t h e i r  Rf v a lu e s , and su b je c te d  to  u l t r a v io le t  sp ec tro sco p y . I h e i r  

su ccess in  t h i s  p re lim in a ry  ex p erim en ta tio n  le d  to  th e  a p p lic a tio n  o f  th e  

m ethod to  th e  q u a n ti ta t iv e  e s tim a tio n  o f  th e  com position  o f n u c le ic  

a c id s  b o th  in  an im al t is s u e s  and y e a s t h y d ro ly sa te s .

In  1948 Kream and C harcp ff (23) con tinued  th e  s tu d y  o f  th e  

m etab o lic  in te r-c c n v e rs ic n s  o f p u rin e s  on th e  b a s is  o f  enzyme s p e c i f ic i ty .  

A t th e  same tim e C hargaff and V isch er (21) worked on th e  is o la t io n , 

p u r if ic a tio n  and p ro p e r tie s  o f  th e  deam inating  enzym es. In  1950, Rausch 

and N o rris  (22) sp e c tro p h o tc m e tric a lly  assayed  guanine deam inase a t  

245nm, d if f e r e n t ia t in g  betw een guanine and x an th in e  a b so rp tio n .
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8 -  azaguanine a ls o  was shewn to  be a  s u b s tr a te  fo r  th e  enzyme.

In  1952, an e x te n s iv e  s tu d y  o f  th e  deam inating  enzymes was made by 

Kream (23) in  c o lla b o ra tio n  w ith  C h arg aff. E x tra c ts  o f  ace to n e  powder 

p re p a ra tio n s  o f  r a b b it  l iv e r  w ere u t i l iz e d  a s  th e  enzyme so u rc e . In  

1955 Rakosky, e t  a l .  (24) re p o rte d  th e  is o la t io n  o f an enzyme s im ila r  

in  s e v e ra l re sp e c ts  to  guan ine deam inase from  C lostridum  a c id iu r ic i , 

shew ing x an th in e  a s  an  is o la b le  in te rm e d ia te , in  th e  an ae ro b ic  

d eg rad a tio n  o f  guan ine. The s tu d ie s  o f De Lam irande and A lla r d  (3 ), 

o f  th e  p u rin e  m etab o liz in g  enzymes in  norm al and tum or o f  r a t  l i v e r  

t i s s u e  b ro u g h t much in fo rm atio n  in  can cer re se a rc h . T h e ir s tu d ie s  on 

th e  in c re a se d  in c o rp o ra tio n  o f  guanine o r  i t s  d e r iv a tiv e s  in  tum or RNA 

re v e a le d  an im pairm ent in  th e  c a tab o lism  o f  guan ine o r  i t s  d e r iv a tiv e s  

prom oting a  re c y c lin g  o f  th e s e  m e ta b o lite s  in to  n u c le ic  a c id s . They 

found th a t  u n lik e  norm al r a t  l i v e r  t i s s u e ,  tum or i s  e i th e r  d e f ic ie n t  o r  

devo id  o f  x an th in e  o x id ase  and u r ic a s e  a c t iv i ty ,  in d ic a tin g  th a t  p u rin e  

ca tab o lism  i s  b locked  a t  th e  s ta g e  o f  x a n th in e  and hypoxan th ine.

C. G uanine Deam inase in  B ra in  Tumors and V arious Human O rgans

C om parative a c t iv i ty  o f  th e  guan ine deam inase was s tu d ie d  by 

N o rstran d  (55) in  human v is c e ra  u sin g  au topsy  m a te r ia l in  s p in a l f lu id ,  

b lo o d , in  v a rio u s  le v e ls  o f s p in a l c o rd , norm al b ra in  and in  two 

m alig n an t b ra in  tum ors.

The re p o r t (55) su g g ested  th a t  th e  v a lu e s  f o r  th e  l iv e r  w ere th e  

h ig h e s t o f a l l  o rg an s, fo llow ed  c lo s e ly  by th e  b ra in . In  th re e  o u t o f  fo u r 

a u to p s ie s , guanine deam inase was h ig h e s t in  l iv e r .  The one c a se  in  w hich
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l i v e r  was exceeded by b ra in  was th a t  o f  a  L aen n ec 's c i r r h o s is ,  w here 

p a r t  o f th e  l iv e r  was re p la c e d  by f ib ro u s  t i s s u e .  Even th e n , th e  

v a lu e  f o r  guanine deam inase was h ig h .

Guanine deam inase a c t iv i ty  in  o rgans o f  ex p erim en ta l an im als .

In  s p i te  o f th e  f a c t  th a t  guan ine deam inase a c t iv i ty  o f 

ex p erim en tal an im als h as been in v e s tig a te d , th e  e x is tin g  d a ta  a re  

c o n f lic tin g  and do n o t a s  y e t  p ro v id e  a  c le a r  p ic tu re  a s  to  th e  

d is tr ib u tio n  and th e  r o le  o f  t h i s  ferm en t in  m etabolism .

Dixon and Webb (77) l i s t e d  d e te rm in a tio n s  w hich had been 

perform ed on s ix  o rgans o f  th e  r a t  and mouse in  th e  fo llo w in g  o rd e r o f  

d e c re a sin g  a c t iv i ty :  R a t: = b ra in , sp le e n , l i v e r ,  k id n ey , p an c reas,

s k e le ta l  m uscle. Mouse: = thym us, sp le e n , sm a ll in te s t in e ,  k id n ey , 

l iv e r  and b ra in . A lthough th e  f in d in g s  in  th e  r a t  w ere somewhat s im ila r  

to  t h i s  r e p o r t th e  h ig h  a c t iv i ty  in  th e  sp le e n  does n o t compare w ith  

th e  lew  a c t iv i ty  seen in  th e s e  c a se s .

H ie v a lu e s  g iv en  f o r  th e  norm al mouse by H irsch b erg , Kream and 

G elhom  (.781 fo r  th re e  o rgans (b ra in -4 .1 8 ; l iv e r -2 .4 2 ; and k idney -0 .56 ) 

a re  th e  re v e rs e  o f  th o se  g iv en  by  Dixon and Webb. In  th e  tu m o r-b earin g  m ice o f 

H irschberg  e t  a l .  th e re  was e x tra o rd in a r ily  h ig h  a c t iv i ty  in  th e  in te s t in e  

(g re a te r  th an  1 6 ). These r e s u l t s  a re  n o t in  agreem ent w ith  f in d in g s  in  

th e  human, w here no a c t iv i ty  was seen  in  th e  la rg e  in te s t in e ,  and o n ly  

r a th e r  low a c t iv i ty  (45.2uM)l found in  th e  sm all in te s t in e .  The l a t t e r  

a u th o rs  found s ig n if ic a n t deam inase a c t iv i ty  o f mouse b lo o d , w ith  a c t iv i ty  

o n ly  a s so c ia te d  w ith  e ry th ro c y te s .

G reen ste in  (791 e t  a l . found no guanine deam inase in  mouse pancreas 

b u t c o n s id e ra b le  amounts in  r a t  p a n c reas. T here w as, hcw ever, no
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o u ts ta n d in g  d if f e r e n c e  between th e  a p p re c ia b le  guanine deam inase co n te n t 

o f  o th e r  t i s s u e s  o f  th e  two sp e c ie s .

Kbrotkoruchko (80) e t  al. s tu d ie d  deam inase a c t i v i t y  in  t i s s u e s  

o f  norm al m ice, r a t s ,  r a b b i t s ,  dogs, c a t t l e ,  h o rse s  and c lo t s  o f  human 

b lood , and o f  m ice w ith  E h r l i c h 's  carcinom a ( a s c i t i c  and h a rd  tum or fo rm s). 

D ata shewed t h a t  guan ine deam inase a c t i v i t y  i s  p re se n t in  b r a in ,  l i v e r  

and m uscles o f  h e a lth y  and carcinom atous m ice, w ith  h ig h e s t  a c t i v i t y  found 

in  b ra in  t i s s u e s ,  and low er in  m uscle t i s s u e .  These au th o rs  a l s o  found 

th e  a c t i v i t y  o f  guanine deam inase t o  b e  h ig h e r  in  e x t r a c t  o f  h a rd  tum ors 

th an  in  th e  m uscles o f  h e a lth y  and o f  carcinom atous m ice, and in  

a s c i t i c  tum ors, i n  w hich th e  ferm ent i s  lo c a te d  in  c e l l s .  Block and 

Johnson (81) found t h a t  r a t  s k in  homogenates converted  guanine deam inase 

to  x a n th in e . Among r a b b i t  t i s s u e s  in v e s t ig a te d  by H irschberg , Kream and 

G elhom  (781 o n ly  l i v e r  and i n t e s t i n a l  mucosa e x h ib ite d  m easurable 

a c t i v i t y .  There was no dem onstrab le  a c t i v i t y  in  r a b b i t  b lo o d , serum, 

k idney , t e s t i s  o r  sp le e n .

Guanine deam inase 'a c t i v i t y  i n  human v is c e ra  and body f l u i d s .

1 . Normal human v i s c e r a :

As m entioned p re v io u s ly , d a ta  on th e  a c t i v i t y  o f  th e  enzyme 

guanine deam inase in  human organs a r e  s c a rc e  and fragm entary . G ellhom  

(82) who determ ined th e  c o n c e n tra tio n  o f  guanine deaminase in  two b iopsy  

specimens o f  human l i v e r  o b ta in e d  a t  laparotom y from p a t ie n ts  w ith o u t 

m alignan t o r  l i v e r  d ie s a s e  found th e  enzyme to  be  abundant. (Two and a  

h a l f  tim es t h a t  o f  r a b b i t  l i v e r ,  and fo u r  tim es t h a t  o f  mouse l i v e r . )

A nother human t i s s u e  assayed  f o r  i t s  8 -  azaguanine deaminase 

c o n te n t i s  s k in ,  w hich, u n lik e  r a t  sk in  has none. Enzyme assay s  o f  s p l i t
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th ic k n e ss  g r a f t s  o f  norm al human s k in  removed a t  th e  tim e o f  p l a s t i c  

su rg ery  re v e a led  no guanine deam inase a c t i v i t y  (81, 82 ). T h is  i s  o f  

i n t e r e s t  s in c e  th e  m ajor to x i c i t y  o f  8 -  azaguanine i s  m an ife s ted  by s k in  

ra sh e s  due t o  th e  f a c t  t h a t  th e  t i s s u e ,  u n p ro tec ted  by  th e  d e to x ify in g  

ag en t guanine deam inase i s  unab le  to  m etab o lize  8 -  azaguanine t o  th e  

b io lo g ic a l ly  in a c t iv e  8 -  azax an th in e .

A ccording t o  H irschberg  e t  a l .  (78) hanogenates o f  a d u l t  human 

b ra in  e x h ib i t  th e  h ig h e s t  deam inase a c t i v i t y  o f  any anim al t i s s u e  which 

has been s tu d ie d . T his was n o t th e  c a s e , hcwever, in  t h i s  r e p o r t  where 

th e  ensyme was h ig h e s t  in  l i v e r  i n  a l l  c a se s  b u t  one.

2. Human body f lu id s :

a . S p in a l f lu i d

In  th e  s ix te e n  s p in a l  f lu id s  taken  a t  randan  from p a t ie n t s  

w ith  v a r io u s  d is e a s e  o f  th e  nervous system  o r  w ith  no d is e a s e ,  th e  v a lu e s  

w ere a l l  n e g l ig ib le ,  and f a r  below th e  l im i ts  o f  s e n s i t i v i t y  o f  th e  method, 

ran g in g  f r a n  0.072uM in  a  p a t i e n t  w ith  m u ltip le  s c le ro s is  and c e re b ra l  

m sta s ta se s  due t o  a  bronchogenic carcinom a, to  0.996uM in  a  p a t i e n t  w ith  

anyo troph ic  l a t e r a l  s c le r o s i s .  The average v a lu e  o f  th e  fo u r  normal 

p a t ie n ts  was 0.207uM.

b . Blood

Plasm a: -  No d e te c ta b le  guanine deam inase was found in

th e  plasm a o f  12 ca se s  s tu d ie d  (4 norm als, 4 in d iv id u a ls  w ith  fa r-ad v an ced  

m u ltip le  s c le r o s i s ,  one c a sed : m u ltip le  c e re b ra l  in f a r c t io n s  due to  

ce reb ro v ascu la r d is e a s e ,  and th r e e  ca ses  o f  fa r-advanced  L aennec 's  

c i r r h o s i s ) .

Red c e l l s : -  In  th e  re d  c e l l s  from th e  above c a s e s , 

however, th e  v a lu e s  w ere h a rd ly  d e te c ta b le  (average 25 .1  uM^ml o f  re d
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The above f in d in g s  a re  i n  agreem ent w ith  th o se  o f  Thanas 

P a ssan an ti (83) who observed no guanine deaminase a c t i v i t y  in  s e ra  o f  

55 normal in d iv id u a ls ,  and in  230 p a t ie n ts  w ith  v a r io u s  n an h ep a tic  

d is e a s e .  In  c o n tr a s t  t o  le u c in e  amino p e p tid a se , guanine deam inase a c t i v i t y  

i s  n o t  e le v a te d  in  any s ta g e  o f  pregnancy. Nor i s  i t  e le v a te d  i n  ca se s  o f  

s a l i c y l a t e  in to x ic a t io n ,  a c u te  in fe c t io u s  m ononucleosis, w ith  hepatom egaly, 

m uscular d y strophy , g o u t, p a n c r e a t i t i s ,  o r  i n f i l t r a t i o n  o f  th e  l i v e r  caused 

by carcinom a, leukem ia o r  lymphoma.

F a i lu re  to  f in d  any guanine deam inase in  th e  plasm a o f  

th r e e  ca ses  o f  fa r-advanced  L aennec 's  c i r r h o s i s  i s  l ik e w ise  i n  agreem ent 

w ith  th e  r e s u l t s  o f  P a ssan an ti (83) who found t h a t  th e  s e ra  from 90 

p a t ie n ts  w ith  c i r r h o s is  o r  o b s tru c t iv e  jau n d ice  d isp la y e d  v e ry  l i t t l e  o r  

no guanine deam inase a c t i v i t y .  On th e  o th e r  hand, s e ra  o f  30 p a t ie n ts  

w ith  in fe c t io u s  h e p a t i t i s  o r  homologous serum ja u n d ic e  has  100% 

conversion . To d a te  no f a l s e  p o s i t iv e  o r  f a l s e  n e g a tiv e  t e s t s  have been 

re p o rte d  i n  th e  ca se s  o f  in fe c t io u s  h e p a t i t i s  s tu d ie d  by P a ssa n a n ti. I t  

i s  conceivab le  t h a t  th e  a c u te  n e c ro s is  o f  l i v e r  c e l l s  t h a t  occurs w ith  

in fe c t io u s  h e p a t i t i s ,  w ith  r e le a s e  o f enzyme in to  th e  b lood stream  i s  an 

ex p lan a tio n  f o r  th e  h ig h  serum v a lu es  i n  t h i s  c o n d itio n . In  cases  o f  

fa r-advanced  L aennec 's  c i r r h o s i s ,  on th e  o th e r  hand, where a  co n s id e rab le  

p o r tio n  o f  th e  l i v e r  has been re p la c e d  by f ib ro u s  t i s s u e  one would 

ex p ect to  f in d  th e  enzyme i n  th e  b lood . As m entioned p re v io u s ly , H irschberg  

e t  a l .  found s ig n i f ic a n t  deam inase a c t i v i t y  in  mouse b lo o d , w ith  a c t i v i t y  

on ly  a s so c ia te d  w ith  e ry th ro c y te s , b u t  no dem onstrab le a c t i v i t y  in  r a b b i t  . 

b lood.

3 . Human b ra in  tum ors;

In  c o n tr a s t  to  th e  h ig h  v a lu es  in  normal b r a in ,  hcmogenates o f
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g lio b lasto m a m u ltifo rm s, a  h ig h ly  m alignan t b ra in  tumor have been found to  

be devoid o f  m easurable azaguanine deam inase by H irschberg  (78) e t  a l .

The two cases  s tu d ie d  (55) were b o th  m alig n an t i n f i l t r a t i n g  tum ors; -  one, 

an astrocy tom a, Grade I I I ,  o f  th e  l e f t  o c c ip i t a l  lo b e , and th e  o th e r ,  a  

g lio b lasto m a m ultiform e o f  th e  r i g h t  c e re b ra l  hem isphere. In  th e  astrocytom a 

Grade I I I ,  an au topsy  c a se , th e r e  was co n s id e rab le  guanine deaminase 

a c t i v i t y  (105uM), p o s s ib le  due t o  adm ixture w ith  a d ja c e n t normal b ra in ,  

w ith  deam inase v a lu e s , however, o n ly  one th i r d  th o se  in  th e  normal r ig h t
s

o c c ip i ta l  lo b e . S im ila r ly ,  homogenates o f  p o r tio n s  o f  a  g lio b lasto m a 

n u ltifo rm e  removed a t  o p e ra tio n  a ls o  co n ta in ed  a  f a i r  amount o f  enzyme 

(54. 7uM), about 64% as  much a s  p o r tio n s  o f  th e  su rrounding  normal b ra in  

t i s s u e .  (Because o f  th e  i n f i l t r a t i n g  n a tu re  o f  th e  tum or, i t  i s  v e ry  

d i f f i c u l t  t o  o b ta in  a  p u re  specim en o f  th e  neoplasm .)

G elhom  (82) e t  a l .  have shown t h a t ,  a lthough  human m alignant 

gliom as can be  d es tro y ed  in  v i t r o  by 8 -  azaguanine, no ap p aren t th e ra p e u tic  

b e n e f i t  has been observed  in  v iv o  in  humans g iven  8 -  azaguanine in trav e n o u sly  

a t  New York N eu ro lo g ica l I n s t i t u t e  by Pool e t  a l .  (84). They suggested  t h a t  

t h i s  was due to  th e  r a p id  m etabolism  o f  th e  drug which p rev e n ts  m aintenance o f  

e f f e c t iv e  b lood and t i s s u e  c o n c e n tra tio n  o f  th e  compound. These o b se rv a tio n s  

a r e  s tro n g  in d ic a t io n s  t h a t  th e  deam inating enzyme m ust be abundant in  

normal t i s s u e s  in  a d d it io n  to  th e  b r a in .

D. D is tr ib u t io n  o f th e  Enzyme

Guanine deam inase i s  abundantly  found in  v a rio u s  anim al o rgans, 

p a r t ic u la r ly  i n  th e  l i v e r ,  k id n ey s, sp leen  and p an c reas . Enzyme has been 

found in  th e  l i v e r  o f  mouse (25, 26, 2 7 ), gu inea p ig  (25), and r a b b i t  

(28 -  3 5 ), b r a in  o f  mouse (29 -  3 3 ), r a t  (29, 33, 34, 3 6 ), ham ster (33), 

gu inea  p ig  (29), r a b b i t  (33 ), sheep  (36), dog (38), p ig  (39), and man 

(30, 33, 40. 41).
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The enzyme has  been found in  lu p in e  se e d lin g s  (43). I t  has  been 

found in  b a c te r ia  (15, 4 4 ), in s e c ts  (44, 4 6 ), f i s h  (47, 49) and m o lluscs (50). 

The le v e l  o f  enzyme i n  f i s h  m uscle i s  h ig h  in  l in g  cod m uscle. Lew le v e l  

o f  th e  enzymes was found in  th e  serum o f  r a t  (29, 3 0 ), ham ster (30), g u in ea  

p ig  (29, 30) and mouse (29, 30, 3 3 ), and ab sen t from th e  serum o f  r a b b i t  

(30, 5 1 ), sheep (51) and man (33, 5 1 ). E lev a ted  le v e ls  o f  enzyme were 

p re se n t in  h e p a t i t i s  (29, 3 0 ). I t  i s  a b se n t f r a n  th e  human and r a b b i t  

h e a r t  (30 ). Lew le v e ls  o f  enzyme w ere d e te c te d  in  th e  human s k in  (52), 

i n t e s t i n e  (30), lung  o f  r a t  (34), and p ig  (39). A s tu d y  o f  th e  d i s t r ib u t io n  

o f th e  enzyme in  v a r io u s  p a r t s  o f  th e  c e n t r a l  and p e r ip h e ra l  nervous 

system  o f  monkeys and r a t s  (53 ), in d ic a te d  t h a t  guanine deaminase a c t i v i t y  

was h ig h e s t  i n  th e  thalam us, and f a i r l y  abundant i n  m ost o f  th e  c e re b ra l  

c o r te x  re g io n s . No d e te c ta b le  a c t i v i t y  was observed  in  th e  cerebellum , the- 

o p t ic  n e rv e , m edulla and s p in a l  column.

S tu d ie s  o f  th e  d i s t r ib u t io n  o f  guanine deaminase w ith in  th e  su b - 

c e l l u l a r  re g io n  have been conducted (3 ). S o lu b le  f r a c t io n s  seem t o  have 

th e  h ig h e s t  c o n c e n tra tio n  b u t  r e p o r ts  on s u b c e llu la r  f r a c t io n s  a re  

c o n f l ic t in g .  De Lamirande (3) e t  a l .  re p o r te d  no a c t iv i t y  p re se n t in  th e  

n u c le a r , m ito ch o n d ria l o r  m icrosom al f r a c t io n s ,  w ith  a l l  th e  a c t i v i t y  

a s so c ia te d  w ith  th e  s o lu b le  f r a c t io n s .  Jo rdan  (37) found more th an  60% 

o f  th e  enzyme a c t i v i t y  o f  th e  r a b b i t  b r a in  i n  th e  s o lu b le  f r a c t io n  and 

about 20% in  th e  microscmes w ith  v e ry  l i t t l e  in  n u c le i  and m itochondria .

Kumar, e t  a l .  (34) have re p o rte d  th e  enzyme a c t i v i t y  in  r a t  b ra in  and l i v e r  

d i s t r ib u te d  amcng a l l  s u b c e l lu la r  f r a c t io n s  and g r e a te r  p a r t  o f  th e  a c t i v i t y  

in  th e  s o lu b le  f r a c t io n s .  T r i to n  X-100 re le a s e d  enzyme a c t i v i t y  from sub­

c e l lu l a r  p a r t i c l e s .  They a ls o  n o tic e d  an in h ib i to r  o f  guanine deaminase 

in  th e  heavy m itochondria  o f  r a t  l i v e r  and b ra in  which seemed to  be  a
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p r o te in .  A c a rp a ra tiv e  s tudy  o f  th e  d i s t r ib u t io n  and le v e l  o f  guanine 

deam inase in  human organs and t i s s u e s  a f t e r  p o s t mortem was conducted by 

N orstrand  (55), showing a  s im i la r  p a t te r n  to  t h a t  in  th e  o th e r  mammalian 

system s s tu d ie d .

E. I s o la t io n  and P ro p e r tie s  o f  th e  Enzyme

Mansoor, e t  a l .  (53), re p o r te d  an 80 -  100 f o ld  p u r i f ic a t io n  o f  

r a t  and sheep b ra in  guanine deam inase u s in g  ammonium s u l f a t e  (NH4) 290^ 

f r a c t io n a t io n ,  calcium  phosphate  g e l  tre a tm e n t and DEAE chrom atography.

8 -  azaguanine and 6 -  th io g u an in e  w ere o th e r  s u b s t r a te s  f o r  th e  enzyme.

A broad  optimum pH was determ ined  a s  6 .5  -  9 .0 . Lewis (56) p u r i f ie d  th e  

r a b b i t  l i v e r  enzyme 15 fo ld  by DEAE chrom atography w ith  ace to n e  powder 

e x t r a c t  o f  r a b b i t  l i v e r .  Kumar, e t  a l .  (54 ), re p o r te d  r e s id u a l  a c t i v i t y  o f 

th e  r a t  l i v e r  and b ra in  enzyme in  th e  p a r t i c u la te  f r a c t io n s  from d i f f e r e n t i a l  

c e n tr ifu g a tio n s  o f  th e  homogenate, su g g es tin g  i t s  o ccu rrence  in  more th an  

one i n t r a c e l lu l a r  s i t e .  In  th e  same y e a r  Roy (47, 4 8 ), p u r i f ie d  guanine 

deam inase from l in g  cod m uscle 200 f o ld  by  anmonium s u l f a t e  f r a c t io n a t io n  

and DEAE chromatography p lu s  a  h e a t  d e n a tu ra tio n  s te p .  Two guanine deam inases 

in  l in g  cod m uscle were su g g ested , because o f  th e  d if f e re n c e  in  th e  pH 

a c t i v i t y  p r o f i l e  f o r  d i f f e r e n t  p re p a ra tio n s .

C u rr ie  (29) p u r i f ie d  r a b b i t  l i v e r  enzyme 200 f o ld  w ith  20% y ie ld  

u s in g  anmonium s u l f a t e  f r a c t io n a t io n ,  DEAE sephadex G-200, and h y d ro x y la p a tite  

column. The Hn f o r  guanine was 1 .05  x  10"^M and pH optimum 5 .9  w ith  

m o lecu lar w eigh ts o f  170,000 and 525,000. Kumar, e t  a l .  (54), re p o rte d  

a  600 fo ld  p u r i f ic a t io n  o f  th e  r a t  b ra in  enzyme. A 360 f o ld  p u r i f ic a t io n  

o f  th e  so lu b le  f r a c t io n  o f  r a t  l i v e r  was re so lv e d  in to  two isozym es. However,
m

th e r e  was a  v a r ia t io n  in  th e  p ro p e r t ie s  o f  th e  enzyme depending upon th e  

t i s s u e  and f r a c t io n s .  P anzica  (57), a ls o  was a b le  to  p u r ify  th e  r a t  l i v e r
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enzyme t o  20 f o ld ,  b u t  th e  y ie ld  was v e ry  low, 5%, an optimum pH determ ined 

a t  8 and Kn a t  t h i s  pH o f  4 .9  x  10_^M.

Baker and S ieb en e ick  (5 9 ), u t i l i z e d  a f f i n i t y  chromatography u sin g  

9 -  p  -  aminoethoxyphenyl guan ine and o b ta in ed  a  200 fo ld  p u r i f ic a t io n  

o f th e  r a t  l i v e r  enzyme. H e r tig  (63) a ls o  p u r if ie d  human b ra in  enzyme 45 

f o ld  u s in g  anmonium s u l f a t e  f r a c t io n a t io n ,  d ia ly s i s  w ith  RNase and DEAE 

colurm chrom atography. pH optimum was o b ta in ed  a t  8 .5 , w ith  a  m olecu lar 

w eigh t o f  200,000.

In  1972 Kumar, e t  a l .  (5 8 ), re p o r te d  a  360 fo ld  p u r if ic a t io n  o f  

r a t  l i v e r  from s o lu b le  f r a c t io n ,  a  182 fo ld  p u r i f i c a t io n  o f  mouse l i v e r  

enzyme and a  15 f o ld  p u r i f i c a t io n  o f  mouse b r a in  enzyme.

Lewis and G lan tz  (31 -  3 3 ) , f o r  th e  f i r s t  tim e re p o rte d  th e  

p u r if ic a t io n  o f  guan ine  deam inase from r a b b i t  l i v e r  to  homogeneity w ith  

a 9000 f o ld  p u r i f i c a t io n  and 10% y ie ld ,  u s in g  re p e a te d  anmonium s u l f a te  

f ra c t io n a t io n s  and DEAE chrom atography. H ie pH optimum was found t o  be

6 .8  w ith  a  Km f o r  guanine 1 .25  x  10 a t  pH 7 and 3 .33  x  10"^M a t  pH 6 

f o r  8 -  azaguanine. H ie enzyme was found t o  be  a  s in g le  p o ly p ep tid e  chain  

w ith  a  55,000 m o lecu lar w e ig h t. H iey a ls o  s tu d ie d  th e  deuterium  is o  to p ic  

e f f e c t  w ith  a  ^D^O/^iLp = .5 8 , a t  s a tu r a t in g  s u b s t r a te  co n c e n tra tio n , 

w h ile  a t  n o n sa tu ra tin g  c o n c e n tra tio n  o f  guan ine , r a t i o  was 1 .4 6 , a t  

20% D20 . A mechanism was proposed showing a  p ro to n  s h u t t l in g  th rough 

h i s t id in e  and c y s te in e  f o r  p ro to n a tin g  th e  amino group o f  guanine which upon 

deam ination g iv e s  r i s e  t o  a  c o v a le n t in te rm e d ia te . P arach lo rcm ercu ri-  

benzoate  in h ib i te d  th e  enzyme and th e  k in e t i c  param eters w ere s tu d ie d .

Kanzawa (2) s tu d ie d  th e  in h ib i t io n  o f  guanine deaminase with, 

th e  d e r iv a t iv e s  o f 5 amino -  4 -  im idazo le  carboxamide and found th e s e  

to  be p o te n t in h ib i to r s .  P rodam ov (60) found changes in  th e  guanine
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deam inase a c t i v i t y  i n  lungs and serum o f  gu inea p ig s  w ith  a n a p h y la c tic  shock.

F ogel and B ieb er (34, 35) used  a f f i n i t y  chranatography  on 9 -  

(p -  am inoethoxyphenyl) guanine-sepharose-4B  t o  p u r ify  r a b b i t  l i v e r  GAH 

1250 f o ld ,  w ith  50% reco v e ry  o f  a c t i v i t y .  A f te r  hom ogenization and one 

anmonium s u l f a t e  f r a c t io n a t io n ,  th ey  perform ed a f f i n i t y  chrom atography.

M olecular w eigh t o f  100,000 was o b ta in ed . EDS s tu d ie s  re v e a le d  two bands 

o f 48,500 and 26,000 m o lecu lar w eig h t. The enzyme shewed a c t i v i t y  o v er a  

w ide pH ran g e  w ith  an optimum a t  8.00 Km fo r  guanine was 5 .6  x  10**% a t  pH 

8 .0 . Day (61) a l s o  used  th e  a f f i n i t y  chrom atography on 9 - ( p  -  am inoethoxyphenyl) 

g u an in e-sep h aro se . Day p u r i f ie d  th e  enzyme 136 f o ld  w ith  10% y ie ld  and o b ta in ed  

a  m olecu lar w eigh t o f  102,000 and Km o f  6.06 x  10"% . In  1979 B erg stro n  and 

B ieber (62) re p o r te d  th e  p u r i f i c a t io n  o f  r a b b i t  l i v e r  enzyme u s in g  th e  9 -  

(p -  aminoethoxyphenyl) guan in e-sep h aro se  a f f i n i t y  lig a n d . A m olecu lar w eigh t 

o f  110,000 was o b ta in e d  f o r  th e  enzyme. F lu o rid e  io n  in h ib i te d  th e  enzyme 

in  a  noncom petitive  manner. The p  -  (^ a n ^ n e rc u r ib e n z o a te  and ro se  b en g a l 

in a c t iv a te d  th e  enzyme com ple te ly . They a ls o  proposed two p la u s ib le  mechanisms 

f o r  th e  r e a c t io n  c a ta ly z e d  by GAH.

C u rre n tly , a  v e ry  l im ite d  d ep th  o f  knowledge and in fo rm atio n  i s  

p re se n t on a  h ig h ly  p u r i f ie d  guanine deam inase. Lewis and G lan tz  (31, 33) 

were th e  f i r s t  t o  r e p o r t  t o  p u r if y  th e  enzyme t o  hem ogenity, a lth o u g h  th ey

used  a  te d io u s  p u r i f i c a t io n  scheme w ith  re p e a te d  ammonium s u l f a t e

f r a c t io n a t io n s  and io n  exchange and h y d ro x y la p a tite  chrom atography. The y ie ld  

was a ls o  low. B esides m ost o f  th e  s tu d ie s  have been made w ith  crude hanogenates 

o r  p a r t i a l l y  p u r i f i e d  p re p a ra t io n s .  F ogel and B ieger and Bergstrom , e t  a l .

(62) w ere th e  n e x t group to  r e p o r t  s tu d ie s  on a  p u r i f ie d  enzyme.

However, a  g r e a t  d e a l  o f  v a r ia t io n  in  th e  p h y s ic a l and chem ical

p ro p e r t ie s  e x i s t s  in  th e  l i t e r a t u r e  w ith  v e ry  l i t t l e  in fo rm atio n  on th e
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c h a r a c te r i s t i c s  o f  th e  enzyme. P a r t i c u la r ly  th e  in fo rm a tio n  on Km, 

sub u n i t  m olecu lar w e ig h t, and th e  mechanism o f  th e  c a ta ly z e d  r e a c t io n  

have c o n f l ic t in g  r e p o r ts .

Because o f  th e  key p o s i t io n  o f  guanine deam inase i n  th e  p u rin e  

m etabolism , and i t s  r e la t io n s  t o  th e  can cer e t io lo g y  and because th e  

p r o je c t  invo lved  a  human enzyme, t h i s  work was undertaken  t o  p u r ify  th e  

guanine deam inase and s tu d y  sane o f  i t s  p ro p e r t ie s ,  t o  g a in  a  b e t t e r  

u n d erstan d in g  o f  t h i s  h ig h ly  im p o rtan t p u rin e  m e tab o lic  enzyme.

F . Survey o f  Assay Methods

H ie methods u t i l i z e d  f o r  d e te rm in a tio n  o f  th e  c a t a l y t i c  a c t i v i t y  

o f  guanine deaminase in v o lv e  th e  h y d ro ly t ic  c leavage  o f  th e  prim ary 

amino group o f  th e  p u r in e  s u b s t r a te  m olecu le  by th e  enzyme, w ith  subse­

q u en t fo rm ation  o f  th e  hydroxyl d e r iv a t iv e  o f  th e  s u b s t r a te  (x a n th in e ) , w ith  

r e le a s e  o f f r e e  ammonia in to  th e  medium. A q u a n t i ta t iv e  e s tim a tio n  o f 

c a t a ly t i c  a c t i v i t y  o f  th e  enzyme may th en  be  made by d i r e c t ly  de term in ing :

(a) H ie d isap p earan ce  i n  absorbance o f  th e  s u b s t r a te  a t  245nm, o r ,  (b) Hie 

in c re a se  in  absorbance o f  th e  p ro d u c t a t  th e  w avelength  o f  t h e i r  maximal 

absorbance in  th e  u l t r a v i o l e t  re g io n  a t  270nm.

I n d ir e c t ly ,  c a t a ly t i c  a c t i v i t y  may b e  e s tim a te d  by e s tim a tio n  o f 

ammonia r e le a s e d  a s  a  r e s u l t  o f  deam ination  o f  th e  s u b s t r a te .

H ie fo llo w in g  m ethods, in  o r ig in a l  form , w ere used  by v a rio u s  

in v e s t ig a to r s  o f  guanine deam inase a c t i v i t y :

(1) T i t r im e t r ic  Method -  H iis  method was d ev ise d  by Schmidt (17) 

and i s  s t i l l  u t i l i z e d  i n  co n ju n c tio n  w ith  more c l a s s i c a l  m ethods. By t h i s  

method th e  a c t i v i t y  o f  guanine deam inase was i n d i r e c t ly  determ ined  by th e  

amcunt o f  ammonia l ib e r a te d  from  an a l iq u o t  o f  excess s u b s t r a te ,  by a
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known amount o f  enzyme p r o te in ,  w ith in  a  c e r ta in  r e a c t io n  p e rio d .

The au th o r r e a c te d  guanine deam inase w ith  a  c o l lo id a l  suspension  o f  

guanine g e la t in ,  a t  40°C f o r  30 m in u tes, a t  pH 8 .7 . The ammonia 

formed was l ib e r a te d  w ith  c o n ce n tra te d  b a se , and a e ra te d  in to  a  known 

volume o f  s tan d a rd  a c id ,  w hich was th en  b a c k - t i t r a te d  to  determ ine th e  

e q u iv a le n ts  o f  n e u t r a l iz a t io n  by ammonia. The guanine deaminase u n i t  

o f  th e  au th o r was th e  amount o f  th e  enzyme p ro te in  re q u ire d  t o  form 0 .1  mg o f  

ammonia i n  30 m inutes a t  pH 8 .7 .

(2) N e s s le r iz a t io n  Method -  T his was an o th e r a ssay  method 

o f  Schmidt (17). The p rocedures a r e  th e  same a s  f o r  th e  t i t r i m e t r i c  

method, ex cep t t h a t  th e  l ib e r a te d  ammonia was a e ra te d  in to  a  known 

volume o f  N e s s le r 's  re a g e n t f o r  d e te rm in a tio n  o f  ammonia n itro g e n .

S tandard  anmonium s u l f a t e  s o lu t io n  was u t i l i z e d  as  s tan d a rd .

(3) S p ectrqpho tcm etric  Method -  The sp ec tro p h o tcm etric  method 

was in tro d u ced  by  K alckar (19, 2 0 ). He in tro d u ced  th e  m ic ro -es tim a tio n  

o f  th e  enzym atic d e g ra d a tio n  o f  p u r in e s  by sp ec tro p h o tcm etric  a n a ly s is .

Ha measured th e  s p e c t r a l  changes in  th e  u l t r a v i o l e t  re g io n , induced by 

s p e c i f ic  enzymes on p u rin e  s u b s t r a te s .  T h is method allow ed f o r  e s tim a tio n  

w ith  a  h igh  degree  o f  s p e c i f i c i t y .

K alckar m easured th e  absorbance o f  54 gamma o f  guanine s u b s tr a te  

in  s o lu t io n , on th e  Beckman DU model Spectrophotom eter a t  270nm. He 

th en  added 0 .4  gamma o f  guan ine deam inase p ro te in  p re p a ra tio n  and 0 .04  gamma 

o f  x an th in e  ox idase  p re p a ra t io n , and measured b o th  th e  d ec rease  in  

absorbance a t  270 nm and th e  in c re a se  in  absorbance a t  290 nm, w ith  re s p e c t 

to  th e  r e a c tio n :
x an th in e

Guanine guanine deaminase^ x an th in e  oxidase. u r i c  a c id
* (270nm) ?  (290nm)
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(4) Chromatography -  Spectrophotom etry -  H ie chrom atographic 

method was developed by Kream and C hargaff (23). T h is methods c o n s is te d  

o f  in cu b a tin g  enzyme and s u b s t r a te  on m o is t f i l t e r  p ap er, fo llow ed  by 

chromatography w ith  a  b u ta n o l-e th y le n e  g ly o o l-w a te r s o lv e n t.  P u rin e  sp o ts  

were th e n  lo c a te d  b y  u l t r a v i o l e t  r a d ia t io n ,  and t h e i r  n a tu re  and q u a n ti ty  

were th en  determ ined  by e lu t io n  and spectrophotom etry  a t  245nm.

(5) P re - in c u b a tio n , D ilu tio n  and Spectrophotom etry -  T his 

method o f  a n a ly s is  was u t i l i z e d  by M itc h e ll  and McElroy (76). I t  

c o n s is te d  o f  in c u b a tin g  an a l iq u o t  o f  enzyme s o lu t io n  co n ta in in g  0 .2  mg 

p ro te in  p e r  m l. w ith  an  eq u a l volume o f  M/15 phosphate b u f fe r  (pH 7 .0) 

co n ta in in g  an excess o f  s u b s t r a te  (1.98m g/m l.) a t  40°C. A t in te r v a ls  o f  

0 , 10, 20 and 120 m in u te s , samples were removed and d i lu te d  1:100 w ith  

phosphate b u f fe r  f o r  a n a ly s is  a t  245nm.

(6) D ire c t  Spectrophotom etry  -  Rouch and N o rris  (22) took  

advantage o f  th e  la r g e  d if f e re n c e  in  absorbance o f  guanine and x an th in e  

and o f  8 -  azax an th in e  a t  245 nm to  make d i r e c t  o b se rv a tio n s  o f  changes 

in  absorbance produced by enzym atic a c t i v i t y .  0 .1  m l. o f  enzyme s o lu t io n  

was mixed w ith  3 .0  m l o f  s u b s t r a te  in  0 .05 M phosphate b u f fe r  a t  pH 7 .0 . 

The d ec re a se  in  s u b s t r a te  c o n c e n tra tio n  in  tim e , was observed a t  245 nm, 

a s  a  change in  o p t i c a l  d e n s ity .  This method has been adopted , sometimes 

w ith  m inor m o d if ic a tio n s , a s  th e  ro u tin e  method f o r  e s tim a tio n  o f  th e  

c a t a ly t i c  a c t i v i t y  o f  guanine deam inase.

G. M echan istic  A n a ly s is

Lewis and G lan tz  (31) proposed a  mechanism fo r  c a ta ly s is  by
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guanine deam inase which invo lved  g e n e ra l a c id  b ase  c a ta ly s is  by 

h i s t i d in e  and c y s te in e .  C y ste in e  in  i t s  norm al s t a t e  a t  th e  a c t iv e  

s i t e  o f  th e  enzyme, a s  proposed by them, sh a re s  th e  a c id ic  hydrogen 

o f  h i s t i d in e .  When th e  enzyme i s  a c t iv a te d  in  th e  p resen ce  o f  s u b s t r a te ,  

th e  a c id ic  p ro to n  i s  a b s tr a c te d  by o r  r e le a s e d  t o  c y s te in e  to  form 

f r e e  s u lfh y d ry l.  P ro to n a tio n  o f  s u b s t r a te  i s  ach ieved  by f r e e  su lfh y d ry l 

w ith  subsequent a lk y la t io n  o f  th e  s u b s t r a te  by s u l f id e  a t  carbon atom 2 .

The t r a n s ie n t  t e t r a h e d r a l  ammonium in te rm e d ia te  I ,  d i s s o c ia te s  w ith

th e  r e le a s e  o f  ammon i a ,  w ith  fo rm ation  o f  th e  p u rin y  1-enzyme in te rm e d ia te  I I .

The t r a n s i t i o n  o f  h i s t id in e  from b ase  t o  a d d  by a b s tr a c t io n  o f  

p ro to n s  from th e  s o lv e n t r e le a s e s  hydroxyls f o r  n u c le o p h il ic  d isp lacem en t 

o f  s u l f u r  i s  th e  r a t e  de term in in g  s te p .  The a s s o c ia t io n  o f  th e  b a s ic  

s u l f id e  o f  c y s te in e ,  w ith  th e  a c id ic  hydrogen o f  h i s t i d in e  i s  resum ed, 

and th e  c a t a ly t i c  p ro cess  i s  re p e a te d . The r o l e  o f  hydroxyl a s  

n u c le o p h ile  and o f  p ro to n  t r a n s f e r  from s o lv e n t  w ere deduced by them 

from  deuterium  iso to p e  s tu d ie s .  They concluded t h a t  th e  fu n c tio n a l  

hydroxyl a t  Cg o f  th e  s u b s t r a te  may se rv e  th e  r o le  o f  anchorage o f  th e  

s u b s t r a te  th rough  hydrogen bending w ith  th e  enzymes. T h e ir  proposed 

mechanism i s  shewn h e re .
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F ig . 2 P roposed  in te rm e d ia te s  i n  t h e  c a t a l y s i s  o f  g u an in e  deam inase.

In te rm e d ia te  I  i s  a  s h o r t - l i v e d  in te rm e d ia te  r e s u l t i n g  f r a n  c o n c e r te d  

p ro to n a tio n  and a k ly la t i a n  o f  t h e  s u b s t r a te  by  c y s te in e  i n  i n i t i a t i n g  

th e  deam ination  o f  th e  s u b s t r a t e .

In te rm e d ia te  I I  i s  t h e  enzyme p u r in y l  in te rm e d ia te  farm ed upon th e  

d eam in atio n  o f  th e  s u b s t r a t e  w hich i s  s u b je c t  t o  n u c le o p h i l ic  a t t a c k  

by  th e  hydro x y l i n  th e  r a t e  d e te rm in in g  s te p  o f  c a t a l y s i s .

Reproduced f r a n  Lewis and  G lan tz  (31 ).
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B e rg s tra n  and B ie b e r  C62) r e c e n t ly  p roposed  th e  mechanism 

f o r  g u an in e  deam inase , w hich  i s  b e in g  rep ro d u ced  a s  fo llo w s . H iey 

p ro p o sed  t h a t  th e  r e a c t io n  c a ta ly z e d  by  g u an ine  deam inase i s  a  s u b s t i t u t i o n  

r e a c t io n  w here an  h y d ro x y l g roup  r e p la c e s  an  amino g roup . H ie r e a c t io n  

b e in g  ta k e n  p la c e  on an  a ro m a tic  g roup  and  s p e c ie s  removed and s u b s t i t u t e d  

a r e  n u c le o p h ile s  w ith  t h e  p re se n c e  o f  c y s te in e  a s  n u c le o p h i l ic .  Thus th e y  

proposed  a  n u c le o p h i l ic  a r o n a t ic  s u b s t i t u t i o n  r e a c t io n .  H ie n u c le o p h i le

a t ta c k s  a t  th e  s u b s t i t u t i o n  s i t e  w ith  fo rm a tio n  o f  a t e t r a h e d r a l  

in te rm e d ia te  t h a t  can  b e  s t a b i l i z e d  by  re so n an ce . In  t h e i r  r e p o r t  (62) 

th e y  in d ic a te d  t h a t  two n u c le o p h i l ic  g ro u p s , an  enzyme s u lfh y d ry l  and 

h y d ro x id e  io n ,  may p a r t i c i p a t e  i n  th e  enzym atic  r e a c t io n .  They 

p re se n te d  two p la u s ib le  m echanism s. I n  th e  f i r s t  o n e , w here th e y  showed th e  

fo rm a tio n  o f  a  c o v a le n t  enzyme in te rm e d ia te ,  g u an in e  i s  c o n v e r te d  a t  N-3 

and  t h e  s u lfh y d ry l  g roup  s e rv e s  a s  th e  n u c le o p h ile  t h a t  a t ta c h e s  C-2 by  

t h e  second n u c le o p h i l ic  r e a g e n t ,  h y d ro x id e  io n .  C leavage o f  th e  bond 

betw een th e  p u r in e  r in g  and th e  s u l f u r  atom  le a d s  t o  fo rm a tio n  o f  x a n th in e  

and  su b seq u en t r e g e n e ra t io n  o f  enzyme by  a d d i t io n  o f  a  p ro to n . I n  th e  

o th e r  mechanism h y d ro x id e  io n  was shewn a s  th e  i n i t i a l  n u c le o p h ile  t o  

a t t a c h  th e  C-2 o f  th e  enzyme-bound g u an in e  m o ie ty  t o  form  a  t e t r a v a l e n t  

in te rm e d ia te  t h a t  i s  n o t  c o v a le n t ly  a t ta c h e d  t o  th e  p r o te in .  H ie 

s u lfh y d ry l  g roup  was shown a s  t h e  a c c e p to r  o f  a  p ro to n  frcm  N -3, a llo w in g  

th e  u n p a ire d  e le c t r o n s  o f  N-3 t o  b e  u t i l i z e d  t o  d is p la c e  th e  amino group  

frcm  C -2 . T h is  r e s u l t s  i n  th e  fo rm a tio n  o f  th e  2 -e n o l t a u ta n e r  o f  

x a n th in e ,  w hich can  b e  r e le a s e d  a t  th e  second p ro d u c t. H ie cannon
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f e a tu r e s  o f  b o th  p ro p o sed  mechanisms w ere Cl) p ro to n a tic n  o f  N -3,

(2) d isp la ce m e n t o f  th e  amino group by h y drox ide  io n  and (3) 

p a r t i c ip a t i o n  o f  an  enzyme s u lfh y d ry l  g roup  i n  th e  r e a c t io n .  They a l s o  

showed some re so n an ce  form s t h a t  co u ld  s e rv e  t o  s t a b i l i z e  th e  p roposed  

t e t r a h e d r a l  in te rm e d ia te s  by  d e lo c a l iz a t io n  o f  e le c t r o n s  th ro u g h o u t th e  

p u r in e  r in g .

Based upon t h e  p o s s i b i l i t i e s  o f  t h e  invo lvem ent o f  a s p a r t a t e ,  

h i s t i d i n e ,  and  c y s te in e ,  a s  ev idenced  by  th e  pKa v a lu e s  o b ta in e d  i n  th e  

pH s tu d ie s  i n  my t h e s i s ,  P ro fe s s o r  W illiam  P . B erk cw itz , member o f  my 

S u p e rv iso ry  C a n n i t te ,  p ro p o ses  a  mechanism v e ry  s im i la r  t o  t h e  mechanism 

o f  c h y ito try p s in . The mechanism su g g e s ts  th e  invo lvem ent o f  h i s t i d i n e  

r e s id u e  a s  a  f r e e  b a se  (pKa 6 ) ,  and i s  b e in g  produced  h e re  by h i s  k in d  

p e rm iss io n  (F ig u re  4 a ) .
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F ig . 3 . P roposed  mechanism f o r  c a t a l y s i s  by g u an ine

deam inase w ith  th e  fo rm a tio n  o f  a  c o v a le n t  

enzyme in te rm e d ia te .

Reproduced f r a n  B e rg s tra n  and  B ieb e r (6 2 ).
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F ig . 4 . Second m echanism p roposed  by B ergstrom  and  B ieb er 

(.62) w ith o u t  fo rm a tio n  o f  a  c o v a le n t enzyme 

in te rm e d ia te .

Reproduced from  B e rg s tra n  and B ieb er (6 2 ).

F ig .  4a . M echanism p roposed  by  P ro fe s s o r  W illiam  B erkow itz .
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Materials and Methods

Source o f  M a te r ia ls  and Equipm ent:

Human l i v e r  t i s s u e  was p ro v id e d  v e ry  k in d ly  fay D r. I r i s  

N o rs tra n d , M.D., Ph.D , o f  th e  N eurology D epartm ent o f  V e te ran s  

A d m in is tra tio n  H o s p ita l ,  B rooklyn , New York. The t i s s u e  was frcm  

norm al human l i v e r ,  q u ic k ly  removed and f ro z e n . Chrom atography 

columns w ere o b ta in e d  f r a n  P harm acia C hem ical Ccmpany, New J e r s e y .

DEAE c e l lu lo s e  was p u rch ased  frcm  B io  Rad L a b o ra to r ie s ,  Richmond, 

C a l i f o r n ia .  P ro te in  s ta n d a rd s ,  ovalbum in , a ld o la s e ,  RNase, 

chym otryps in o g en , Sephadex and  b lu e  d e x tra n  w ere a l s o  p u rch ased  frcm  

Pharm acia, w h ile  Soyabean t r y p s in  i n h i b i t o r ,  b o v in e  serum  album in 

and RNase w ere o b ta in e d  frcm  P ie r c e  C hem icals, R ockford , I l l i n o i s .

Guanine and ca rb o x y p ep tid a se  A and B w ere o b ta in e d  frcm  Sigma 

C hem icals, S t .  L o u is , M is so u ri. PTH amino a c id  s ta n d a rd  k i t  was o b ta in e d  

frcm  P ie rc e  C h an ica l Company.

LKB C o n s tan t Power Supply  #2103 was u sed  f o r  i s o e l e c t r i c  

fo c u s in g . E le c tro p h o re s is  C e l l  was a  Model 150A o f  th e  B io Rad 

L a b o ra to r ie s ,  and Model 1200 o f  C ana lco . D isc  g e l  e le c t r o p h o re s is  

power su p p ly  was frcm  S av an t In s tru m e n ts , New Y ork, Model 420, w ith  

a  C analco s a f e ty  in te r lo c k .  Amino a c id  a n a ly z e r  u sed  was Model 116, 

S e r i a l  #202, o f  th e  Beckman In s tru m e n ts  Ccmpany. A garose hexane 

g u an in e  tr ip h o s p h a te  was bough t frcm  P .L . B io ch em ica ls , M ilwaukee, 

W isconsin . P hosphate  b u f f e r  was p re p a re d  frcm  d i  and mono b a s ic  

sodium p h o sp h a te . T r i s  b u f f e r  was made frcm  T r i s  b a se  and h y d ro c h lo r ic  

a c id .  D eion ized  d i s t i l l e d  w a te r  was u se d  in  p re p a ra t io n s  o f  a l l  

b u f f e r s .  A l l  b u f f e r s  c o n ta in e d  2-m e rc a p to e th an o l u n le s s  o th e rw ise
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s t a t e d .  Enzyme a s sa y s  w ere d e te rm in ed  w ith  a  G ilfo rd  U V -V isib le  

S p ec tro p h o to m eter Model 240. Io d o a c e ta te  was p u rch ased  f r a n  Mann.

R esearch  L a b o ra to ry / Mew York and p a ra  hyd roxym ercu ribenzoate ,

5 -  am inoim idazo le  -  4 -  carboxam ide and  8 -  azag u an in e  w ere b o u g h t f r a n  

P ie rc e  Chem ical and c i t r a t e  b u f f e r  f o r  th e  amino a c id  a n a ly z e r  was 

bough t frcm  Beckman In s tru m e n ts  Ccmpany, In c .  , P a lo  A lto ,  C a l i f o r n ia .  

Am pholines w ere f r a n  LKB, R o c k v il le ,  M aryland. A cry lam ide, b i s  -  a c ry la m id e , 

r i b o f l a v i n ,  ammonium p e r  s u l f a t e ,  C o o n assie  b lu e  w ere frcm  B io Rad.

Sodium mono and d i  p h o sp h a te  w ere  frcm  J .T .  Baker Ccmpany, New J e r s e y .  A 

S o rv a ll  Model RC-22B r e f r i g e r a t e d  c e n t r i f u g e  was u se d . R a in in  R e p ip e t System  

o f  R a in in  In s tru m e n t Ccmpany, I n c . , Woburn, M assach u se tts  was u se d  f o r  a l l  

th e  a s sa y s  and  o p e ra t io n s .  A W aring b le n d e r  was u sed  f o r  hom ogen ization .

A l l  o th e r  ch em ica ls  w ere o f  r e a g e n t  g rad e  s u p p lie d  e i t h e r  by B aker o r  

F is h e r  C hem ical Ccmpany o f  New J e r s e y .  F r a c t io n  c o l l e c to r  u sed  was Model 2112, 

LKB In s tru m e n ts , I n c . ,  R o c k v il le ,  M aryland. L y o p h i l iz a t ia n  was done on 

a u to m a tic  f r e e z e -d r y e r  o f  V i r t i s  Ccmpany, New Y ork, Model #10-010. 

U l t r a f i l a t r a t i o n  C e l ls  o f  90 mm and 25 nm w ere o f  M il l ip o r e ,  B edfo rd , 

M a ssa c h u se tts .
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Enzyme A ssay

A c t iv i ty  m easurem ents w ere perform ed u s in g  th e  m o d ified  method 

o f  Rousch and N o rr is  (22 ). One u n i t  o f  enzyme a c t i v i t y  i s  d e f in e d  a s  

t h e  amount o f  t h e  enzyme t h a t  h y d ro ly z es  one m icrcm ole o f  g u an in e  i n  one 

m in u te  a t  30°C. The a s sa y  m ix tu re  c o n ta in e d  2 x  1 0 * " g u a n in e , 0.01M 

T ris -H C l, pH 8 .0 ,  i n  a  f i n a l  volume o f  3 .0  m l. The r e a c t io n  was 

i n i t i a t e d  b y  t h e  a d d i t io n  o f  enzyme s o lu tio n -  (20 -  100 m ic r o l i t e r s )  and 

was fo llo w e d  by  th e  d e c re a se  i n  abso rbance  a t  245 nm. The d i f f e r e n c e  

i n  m o lar a b s o r p t iv i ty  betw een g u an in e  and  x a n th in e  was 3 .7 0  x  lO ^ Q tT ^ - 1 . 

G uanine a t  2 x  10” ^M c o n c e n tra t io n  gave an  ab so rb an ce  o f  2 .260  

w hich  a f t e r  th e  a d d i t io n  o f  20 -  100 u l .  o f  th e  enzyme s o lu t io n  d e c re a se d  

from  0 .025  -  0 .140  sp e c tro p h o tc m e tr ic  u n i t s .

P r o te in  A ssay

A m o d ified  m ic rb b iu re t  method o f  Zamenhof was u se d  f o r  p r o te in  

e s t im a tio n  w ith  b o v in e  serum  album in a s  th e  s ta n d a rd  (6 4 ). B iu re t  

r e a g e n t  was p re p a re d  w ith  d ropw ise  a d d i t io n  o f  80 m l. o f  1% co p p er 

s u l f a t e  t o  300 m l o f  40% sodium  h y d ro x id e . A s ta n d a rd  c u rv e  was 

c o n s tru c te d  w ith  th e  known amount o f  b o v in e  serum  album in  and th e  

ab so rb an ce  was m easured a t  310 nm (F ig u re  5 ) .

P u r i f i c a t i o n  o f  Guanine Deaminase 

A l l  p ro c ed u re s  w ere c a r r ie d  o u t  a t  0 -  4°C u n le s s  d e s c r ib e d  o th e rw ise .

P re p a ra t io n  o f  D EA E-Cellulose Column

10 -  20 gm o f  C ellex -D  was suspended i n  500 ml o f  0.05M p h o sp h a te  

b u f f e r  a t  pH 7 .0  w ith  g e n t l e  s t i r r i n g .  I t  was a llo w ed  t o  s e t t l e  f o r  

15 m in u te s , th e n  d e ca n te d  and th e  coudy s u p e rn a ta n t  was d is c a rd e d .  An 

a d d i t io n a l  400 ml o f  th e  b u f f e r  was added t o  th e  p r e c i p i t a t e ,  s t i r r e d
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F ig .  5. P r o te in  s ta n d a rd  cu rv e . Bovine serum  album in  was u sed  a s  th e  

s ta n d a rd  p r o te in  and th e  ab so rb an ce  was m easured a t  310nm.
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and a llo w ed  t o  s e t t l e  a g a in  f o r  15 m in u te s . The s u p e rn a ta n t was a g a in  

d is c a rd e d . The s e t t l e d  C e lle x  was resu sp en d ed  i n  a  sm a ll volum e o f  b u f f e r  

and th e  column was p o u red  a l l  a t  o n ce . Packed column was th e n  e q u i l ib r a te d  

a g a in s t  s e v e ra l  c o lu m  volum es o f  0.05M p h o sp h a te  b u f f e r ,  pH 7 .0  

c o n ta in in g  5 x  10”%  d i t h i o t h r e i t o l .  A sm a ll amount o f  Sephadex G-10 

was poured  an  th e  C e lle x  bed  s u r f a c e  t o  a v o id  th e -b e d  s u r f a c e  d is tu rb a n c e .

Method

G uanine deam inase was p u r i f i e d  by  u s in g  a  com bination  o f  

airmanium s u l f a t e  f r a c t i o n a t i o n ,  D E A E-cellu lose chrom atography, 

h y d ro x y la p a t i te  chrom atography and  a f f i n i t y  chrom atography on ag a ro se  

hexane g u an in e  t r ip h o s p h a te .  F ro zen  l i v e r  t i s s u e  was thaw ed, c u t  i n to  

p ie c e s  and hom ogenized i n  a  W aring b le n d e r  w ith  two volum es o f  sodium  

p h osphate  b u f f e r  0.05M, pH 5 .0  c o n ta in in g  0.005% p h e n y lm e th y lsu lfo n y l 

f lu o r id e  and 5rtM d i t h i o t h r e i t o l .  The hcm ogenate was s t i r r e d  f o r  one 

and a  h a l f  h o u r and th e n  c e n tr i fu g e d  f o r  40 m in u tes  a t  20,000xg i n  a  

S o rv a ll  r e f r i g e r a t e d  c e n t r i f u g e  a t  0°C. The c l e a r  s u p e rn a ta n t was 

a d ju s te d  t o  pH 6 .5  and  t h i s  was f i l t e r e d  th ro u g h  a  ch eese  c lo th  t o  

remove f a t  and o th e r  f l o a t i n g  p a r t i c l e s .  The p r e c i p i t a t e  was d is c a rd e d .

The s u p e rn a ta n t  was b ro u g h t t o  40% s a tu r a t io n  by  add ing  s o l i d  airmonium 

s u l f a t e  s lo w ly  and  w ith  c o n s ta n t  s t i r r i n g  a lo n g  w ith  th e  ad ju s tm e n t o f  

pH w ith  IN NaOH. T h is  was a g a in  s u b je c te d  t o  c e n t r i f u g a t io n  f o r  40 

m in u tes  and th e  s u p e rn a ta n t  was ta k e n  t o  80% s a tu r a t io n  w ith  ammonium 

s u l f a t e  w ith  t h e  m ain ten an ce  o f  t h e  pH, and v ig o ro u s  s t i r r i n g .  The 

p r e c ip i t a te d  p r o te in s ,  c o n ta in in g  m ost o f  th e  enzyme a c t i v i t y ,  w ere 

re c o v e re d  a f t e r  two h o u rs  o f  s t i r r i n g ,  fo llo w ed  by c ^ i t r i f u g a t i o n .  I h e
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F ig .  6 . DEAEr-cellulose e lu t io n  p r o f i l e .  The column was p r e - e q u i l ib r a te d
-.3

w ith  Q.02M p h o sp h a te  b u f f e r ,  pH 7 .5 ,  c o n ta in in g  5 x  10 M 

d i t h i o t h r e i t o l  and  was e lu te d  w ith  0 .04  -  0.3M p h o sp h a te  b u f f e r  

g r a d ie n t ,  pH 7 .5 .  P r o te in  abso rbance i s  shown a s  («*■■•) and 

enzyme a c t i v i t y  i s  re p re s e n te d  w ith  ( —■" ) .



A
bs

or
ba

nc
e.

0 5

6 0 8 020 100

Fraction Number



40

F ig .  7 . H y d ro x y la p a tite  c h ra n a to g ra p h y . The column was p r e - e q u i l i b r a t e d  

w i th  Q.Q2M p h o sp h a te  b u f f e r ,  pH 7 .0 ,  and  e lu te d  w ith  p h o sp h a te  

b u f f e r  0 .045  -  0.15M g r a d ie n t ,  pH 7 .0 .  P r o te in  ab so rb an ce  i s  

shewn a s  (■— ■) and  enzyme a c t i v i t y  i s  r e p re s e n te d  w ith  (.—  ) .



Fraction Number
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p r e c i p i t a t e  o b ta in e d  was r e d is s o lv e d  i n  a  m inim al volume o f  0.02M sodium  

pho sp h a te  b u f f e r ,  pH 7 .8 ,  c o n ta in in g  5 x  10~%  a l lo p u r in o l  and 5 x  10“ %  

d i t h i o t h r e i t o l .  T h is  was d ia ly z e d  a g a in s t  t h e  same b u f f e r  c o n ta in in g  

d i t h i o t h r e i t o l  and a l lo p u r in o l  u n t i l  a l l  t h e  ammonium io n s  w ere removed 

(approx im ate ly  6 changes o f  4 l i t e r s  o f  b u f f e r ) . The pH o f  th e  s o lu t io n  

was b ro u g h t t o  6 .5  and th e  p r e c i p i t a t e  form ed d u r in g  t h e  d i a l y s i s  was 

removed by th e  c e n t r i f u g a t io n .  A D E A E-cellu lose column was p re p a re d  a s  

d e s c r ib e d  e a r l i e r  and e q u i l ib r a t e d  w ith  0.02M p h osphate  b u f f e r  .pH 7 .5  and
-3

5 x  10 M d i t h i o t h r e i t o l .  The enzyme s o lu t io n  was a p p lie d  t o  th e  column 

( 4 2  x  3 . 8cm) and th e  column was e lu te d  w ith  th r e e  colum n-volum es o f  0.02M 

p h o sp h a te  b u f f e r ,  pH 7 .5 ,  fo llo w e d  b y  two column-volumes o f  0.04M p h o sp h a te  

b u f f e r  pH 7 .5 .  The enzyme p r o te in  was removed by  g r a d ie n t  e lu t io n  w ith  

0.04M -  0.3M p h o sp h a te  b u f f e r  pH 7 .5 .  F r a c t io n s  o f  h ig h  s p e c i f i c  a c t i v i t y  

w ere p o o led  and w ere b ro u g h t t o  45% s a tu r a t io n  w ith  s o l i d  ammonium s u l f a t e  

pH 7 .0  and s u b je c te d  t o  c e n t r i f u g a t io n  f o r  45 m inu tes a t  20,000xg. The c l e a r  

s u p e m a n ta n t  was b ro u g h t t o  75% s a tu r a t io n  w ith  th e  a d d i t io n  o f  s o l i d  ammonium 

s u l f a t e  a t  pH 7 .0  and was s u b je c te d  t o  c e n t r i f u g a t io n  a t  20 ,000xg. The 

p r e c i p i t a t e  c o n ta in in g  th e  a c t iv e  enzyme was d is s o lv e d  i n  a  m inim al volum e o f  

0.02M sodium  p h o sp h a te  b u f f e r  pH 7 .0  c o n ta in in g  5 x  10“ %  a l lo p u r in o l  and 

5 x  10*"% d i t h i o t h r e i t o l .  T h is  was d ia ly z e d  a g a in s t  t h e  same b u f f e r  w ith  

s e v e ra l  changes and a p p l ie d  t o  a  p re v io u s ly  e q u i l ib r a te d  h y d ro x y la p a t i te  

column 42 x  3 .8 cm ., p re p a re d  w ith  th e  same method a s  D E A E -cellu lose, w ith  

0.02M p h o sp h a te  b u f f e r  pH 7 .0 .  The column was washed w ith  th r e e  colum n- 

volum es o f  0.3EM p h o sp h a te  b u f f e r ,  pH 7 .0  c o n ta in in g  5 x  10” %  d i t h i o t h r e i t o l .  

The column was f i n a l l y  e lu te d  a t  a  low r a t e  w ith  0.1M p h osphate  b u f f e r  pH 7 .0 .  

The f r a c t i o n s  shew ing m ost o f  th e  enzyme a c t i v i t y  w ere p o o led , c o n c e n tra te d  

w ith  80% s a tu r a t io n  o f  ammonium s u l f a t e  and d ia ly z e d . The enzyme s o lu t io n  was
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F ig . 8. E lu t io n  p r o f i l e  o f  a f f i n i t y  c h ran a to g rap h y  on a g a ro se  hexane

g u a n in e  t r ip h o s p h a te .  The enzyme was e lu te d  w ith  a  sodium  

g ly c in e  b u f f e r  0 .008  -  0.1M g r a d ie n t  a t  pH 9 .0  c o n ta in in g  

d i t h i o t h r e i t o l  (5 x  10-3M) a l lo p u r in o l  (5 x  10“ ^M). P r o te in  

• • a b so rb a n c e  i s  shown a s  ( —■ ) and  th e  enzyme a c t i v i t y  i s

r e p re s e n te d  w ith  — ,
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th e n  a p p lie d  t o  th e  same column and e lu te d  w ith  a  0 .045  -  0.15M p h o sp h a te  

g r a d ie n t  a t  pH 7 .0 . A c tiv e  f r a c t i o n s  o f  th e  enzyme w ere p o o led  an d  

c o n c e n tra te d  i n  a  M il l ip o re  u l t r a f i l t r a t i c n  c e l l .

An a g a ro se  hexane g u an in e  t r ip h o s p h a te  column (29 x  1 .7cm ), 

c o n ta in in g  50 m l o f  t h i s  a f f i n i t y  m a te r ia l ,  was u se d  f o r  th e  a f f i n i t y  

chrom atography. The column m a te r ia l  was w ashed w ith  th e  d i s t i l l e d  w a te r  

and th e  column was p r e - e q u i l ib r a te d  w ith  two colum  volum es o f  0.02M sodium  

p h o sp h a te  b u f f e r  pH 7 .8  c o n ta in in g  5 x  10~4m a l lo p u r in o l  and 5 x  1 0"%  

d i t h i o t h r e i t o l .  The enzyme s o lu t io n  was a p p l ie d  t o  th e  column and th e  

column was w ashed w ith  fo u r  column volum es o f  th e  same b u f f e r  fo llo w ed  by 

th r e e  column volum es o f  0.05M sodium  p y ro phosphate  pH 9 .0 .  The column was 

th e n  e lu te d  w ith  0.008M -  0.1M g ly c in e  -  NaOH b u f f e r  pH 9 .0  c o n ta in in g  

5 x  1 0 "%  d i t h i o t h r e i t o l  and  5 x  10"4m a l lo p u r in o l .  F r a c t io n s  e lu te d  f r a n  th e  

column showing h ig h  enzyme a c t i v i t y  w ere p o o le d , c o n c e n tra te d  by 85% airmonium 

s u l f a t e  and a g a in  p a ssed  th ro u g h  th e  colum n. P u re  enzyme f r a c t io n s  a f t e r  

e lu t io n  from  th e  column w ere th e n  c o n c e n tra te d  and  s to r e d .  F re e z in g  o f  

th e  p u re  enzyme was found t o  b e  a  m ore s a t i s f a c t o r y  and p r e f e r r e d  method 

o f  s to r in g  th e  enzyme th a n  r e f r i g e r a t i n g .

C r i t e r i a  o f  P u r i ty

D isc  g e l  e le c t r o p h o r e s is ,  SDS p o ly ac ry lam id e  g e l  e le c t r o p h o re s is  

and i s o e l e c t r i c  fo c u s in g  w ere u se d  a s  t h e  c r i t e r i a  o f  th e  p u r i ty  o f  th e  

enzyme.
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P u r i f i c a t i o n  -  Flow S h ee t 

A l l  t h e  b u f f e r s  had  5 x  10_^M d i t h i o t h r e i t o l .

T issue*

i
Homogenize i n  2 volum e o f  sodium ph o sp h a te  b u f f e r

0.05M pH 5 .0  c o n ta in in g  0.005% p h e n y lm e th y lsu lfcn y l f lu o r id e

and 5 x  10- ^M d i t h i o t h r e i t o l .

1
S t i r  f o r  one and  a  h a l f  h o u r .

1
C e n tr ifu g e  40 m in u te s  a t  20 ,000xg .

1
S u p e rn a ta n t f i l t e r  th ro u g h  c h eese  c lo th  and  pH a d ju s te d  

t o  6 .5 .  D isc a rd  th e  p r e c i p i t a t e .

1
40% ammonium s u l f a t e  s a tu r a t io n  (m a in ta in  pH) .

i
C e n tr ifu g e  40 m in u te s . D isc a rd  p r e c i p i t a t e .
(20,000xg) ^

S u p e rn a ta n t t o  80% s a tu r a t io n  w ith  ammonium s u l f a t e .

S t i r  tw o h o u rs . M a in ta in  pH.

1
C e n tr ifu g e  (2 0 ,000xg).

I
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P r e c i p i t a t e  d i s s o lv e  i n  a  m inim al volum e o f  0.02M 
p h o sp h a te  b u f f e r  pH 7 .8  (5 x  10“ ^M a l lo p u r in o l ,

5 x  10"3 d i t h i o t h r e i t o l ) .

1
D ia ly z e  a g a in a t  b u f f e r ,  a d ju s t  pH t o  6 .5 ,  remove 

p r e c i p i t a t e  by  c e n t r i f u g a t io n  ( i f  a n y ) .

1

A pply t o  D E A E-cellu lose column ( p r e - e q u i l ib r a te d

w ith  0.02M p h o sp h a te  b u f f e r  pH 7 .5  and 5 x  10“ ^M 

d i t h i o t h r e i t o l ) .

J
Wash w ith  3 colum n-volum es o f  0.02M p h o sp h a te  b u f f e r  

pH 7 .5  fo llo w ed  by 2 colum n-volum es o f  0.04M b u f f e r  

pH 7 .5 .

J
E lu te  w i th  0 .0 4  -  0.3M pho sp h a te  b u f f e r  pH 7 .5  

g r a d ie n t .

Only h ig h  s p e c i f i c  a c t i v i t y  f r a c t i o n s  c o l l e c te d ,  

b ro u g h t t o  45% s a tu r a t io n  w ith  amtonium s u l f a t e  pH

C e n tr ifu g e  45 m in u tes  (20, OOOxg).

1
S u p e rn a ta n t t o  75% s a tu r a t io n  pH 7 .0 .I
P r e c i p i t a t e ,  d is s o lv e d  and d ia ly z e d  a s  e a r l i e r .
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Apply t o  a  p r e - e q u i l ih r a t e d  h y d ro x y la p a t i te  column 

C0.02M pH 7 .0 ) .

I
j ,

Wash column w ith  3 colum n-volum es o f  0.035M b u f f e r  

pH 7 .0  (DOT).

1

Slow e lu t io n  w ith  0.1M p h o sp h a te  b u f f e r  pH 7 .0 .

1

O nly h ig h ly  a c t i v e  f r a c t io n s  p o o le d , c o n c e n tra te d  by 80% 

s a tu r a t i o n ,  and d ia ly z e d  a s  above. A p p lied  t o  th e  same 

colum n, e lu te d  w ith  p h o sp h a te  b u f f e r  g r a d ie n t  (0 .045 -  0.15M 

pH 7 .0 )  and c o n c e n tra te d .

P u t on a g a ro se  hexane g u an in e  t r ip h o s p h a te  a f f i n i t y  column 

( p r e - e q u i l ib r a te d  w ith  2 colum n-volum es o f  b u f f e r  0.02M 

pH 7 .8  c o n ta in in g  5 x  10” %  DOT and 5 x  10” %  a l l o p u r i n o l ) .

1
Wash w ith  4 colum n-volum es o f  same b u f f e r  and  3 colum n-volum es 

o f  0.05M sodium  py ro p h o sp h a te  pH 9 .0 .

* I 
4,

E lu te  w ith  0 .008  -  0.3M sodium  g ly c in e  b u f f e r  pH 9 .0  

(DOT and a l l o p u r i n o l ) .

C o l le c t  o n ly  h ig h  a c t i v i t y  f r a c t i o n s ,  c o n c e n tra te  w ith  85% 

airmonium s u l f a t e  and  r e lo a d  on th e  same a f f i n i t y  column and 

e l u t e .

•I
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P u re  enzyme, C o n c e n tra te  w ith  M il l ip o re  u l t r a f i l t r a t i o n  

d e v ic e  and s t o r e  i n  f r e e z e r .
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P o ly a ay la m i.d e  D isc  G el E le c tro p h o re s is

A m o d ifie d  v e r s io n  o f  t h e  d i s c  g e l  e le c t r o p h o r e s i s  m ethod 

a s  o u t l in e d  b y  C analco  (65) was fo llo w e d . 24ml o f  1NHC1, 1 8 .1  gm o f  

T r is  and 0 .1 2  m l o f  TEMED w ere m ixed i n  a  t o t a l  volum e o f  100ml u s in g  

d i s t i l l e d  w a te r .  T h is  was P a r t  A. P a r t  B was p re p a re d  b y  m ix ing  28 gm 

o f  a c ry la m id e , 0 .735  gm o f  B is  and  d i l u t i n g  t o  volum e o f  100ml w ith  

d i s t i l l e d  w a te r .  Both P a r t  A and  P a r t  B w ere k e p t  i n  d a rk -c o lo re d  

b o t t l e s .  A crylam ide i s  a  n e u ro to x in  and  th e  p o s s ib le  c o n ta c t  w ith  th e  s k in  

m ust b e  av o id ed . Amnonium p e r  s u l f a t e  (3mg/ml) was p re p a re d  i n  d i s t i l l e d  

w a te r .  A l l  th e  s o lu t io n s  w ere f i l t e r e d .  Anmoniura p e r  s u l f a t e  was p re p a re d  

f r e s h .  One p a r t  o f  A and one p a r t  o f  B w ere  m ixed w ith  two p a r t s  o f  

aimonium p e r  s u l f a t e  w hich  a c t s  a s  a  c a t a l y s t ,  q u ic k ly  d e a e ra te d  and  poured  

i n  th e  g la s s  tu b e s  (9 x  0 .5an ) and s e t  i n  th e  p r e p a ra t io n  r a c k s .  G lass  

tu b e s  w ere  washed th o ro u g h ly  a f t e r  so a k in g  i n  c le a n s in g  s o lu t io n  f o r  a  few  

h o u rs  o r  p r e f e r a b ly  o v e rn ig h t  and  d r ie d  i n  th e  oven a t  110°C . A s to c k  s o lu tio n  

o f  g ly c in e  b u f f e r  was u sed  f o r  th e  e le c t r o p h o r e s is  w hich  was d i l u t e d  o u t  

1 :1 0 . S to ck  s o lu t io n  c o n ta in e d  6gm T r i s  and  2 8 .8gm g ly c in e  p e r  l i t e r  a t  

pH 8 .6  and  was s to r e d  a t  0 -  4 ^ .

P re p a ra t io n  o f  t h e  G els  and S an p le  A p p lic a t io n

S to ck  s o lu t io n s  o f  P a r t  A and B w ere  a llo w ed  t o  c o o l  a t  rocm 

te m p e ra tu re  and m ixed w ith  th e  armonium p e r  s u l f a t e  a s  d e s c r ib e d  above.

The g la s s  tu b e s  w ere s e a le d  a t  t h e  b o tto m  w ith  p a r a f  i lm  and w ere v e ry  

c a r e f u l ly  f i l l e d  up  t o  th e  d e s ir e d  h e ig h t  w ith  th e  above s o lu t io n  (u su a lly
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3 /4  o f  th e  h e ig h t  o f  th e  tu b e) and d i s t i l l e d  w a te r  was g e n t ly  o v e r la y e d  

w ith  th e  a id  o f  a  m ic r o l i t e r  p ip e t .  The tu b e s  w ere  a llo w ed  t o  s ta n d  f o r  

30 t o  60 m in u tes  f o r  p o ly m e riz a tio n  and th e  w a te r  from  th e  to p  was removed 

w ith  a  d is p o s a b le  p i p e t .  A s to c k  s o lu t io n  o f  40% s u c ro s e  and  0.1% brcm o- 

ph en o l b lu e  was p re p a re d  i n  th e  g ly c in e  b u f f e r  (p rep a red  a s  a b o v e ) . T h is  

was m ixed w ith  e q u a l volume o f  enzyme s o lu t io n  (50 -  80 ugm) i n  a  sm a ll 

t e s t  tu b e  and i t  was g e n t ly  o v e rlay ed  on th e  g e l  to p  a f t e r  rem oving th e  

p re v io u s ly  o v e rla y e d  w a te r  la y e r .  She tu b e s  w ere f i l l e d  t o  th e  to p  w ith  

e le c t r o p h o re s is  b u f f e r  a f t e r  th e  s a n p le  was a p p l ie d .  The g e ls  w ere  p la c e d  

i n  th e  e le c t r o p h o re s is  b u f f e r  a f t e r  th e  s a n p le  was a p p l ie d .  She g e l s  w ere 

p la c e d  i n  th e  e le c t r o p h o re s is  a p p a ra tu s  and a  c u r r e n t  o f  2 . 5mA/gel tu b e  was 

a p p lie d  u n t i l  th e  dye (brcm ophenol b lu e ) ap p eared  a t  t h e  end o f  th e  tu b e .

P r o te in  S ta in in g

G els  w ere  s ta in e d  w ith  C ocm assie b lu e  (2 g m /l i te r  i n  7.5% a c e t i c  

a c id  and  i n  5% m e th a n o l) . The g e ls  vere removed from  th e  g la s s  tu b e s  

w ith  t h e  a id  o f  a  s y r in g e  and  s ta in e d  f o r  30 t o  60 m in u tes  i n  t h e  above 

s ta in in g  s o lu t io n .

P r o te in  D e s ta in in g

A d e s ta in in g  s o lu t io n  o f  7.5% a c e t i c  a c id  i n  5% m ethano l was 

p re p a re d  and an  e l e c t r o l y t i c  d e s ta in in g  c e l l  was u se d  t o  d e s ta in  th e  g e ls  

r e q u i r in g  from  one t o  one and a  h a l f  h o u r.

SDS G el E le c tro p h o re s is

She s u b u n it  m o lec u la r  w e ig h t was d e te rm in ed  by  t h e  m ethod o f  

Weber and Osborn (6 6 ). She s ta n d a rd  p r o te in s  u se d  w ere soyabean  ty r p s in  

i n h i b i t o r  (2 2 ,0 0 0 ), b o v in e  serum  album in (68,000) and RNase w ith  th r e e
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d i f f e r e n t  m o le cu la r  w e ig h t s u b u n its  C s u b u n it  3 9 ,0 0 0 , ^  s u b u n it

155,000 and s u b u n it  1 6 5 ,0 0 0 ). A l l  th e  p r o te in s  w ere p re in c u b a te d  i n  

a  s o lu t io n  c o n ta in in g  1% SDS and  1% m e rc a p to e th a n o l i n  0.2M p h o sp h a te  

b u f f e r .  A c u r r e n t  o f  8mA/tube was a p p l ie d  u n t i l  t h e  dye re ac h e d  th e  end 

o f  t h e  tu b e s .  G els w ere  s ta in e d  and d e s ta in e d  a s  d e s c r ib e d  above.

D e te rm in a tio n  o f  N -T erm inai Amino A c id

A m o d ified  p ro c e d u re  o f  Edman d e g ra d a tio n  (67) was fo llo w e d  

t o  d e te rm in e  th e  N -te rm in a l amino a c id .  0.2mg o f  enzyme was d is s o lv e d  

i n  200 m ic r o l i t e r s  o f  t h e  c o u p lin g  b u f f e r  (d im e th y la lly lam in e )  t o  w hich 

10 m ic r o l i t e r s  o f  t h e  c o n c e n tra te d  PTTC (phenyl i  s o th io c y a n a te ) was 

added . A f te r  f lu s h in g  w i th  n i t ro g e n  f o r  30 se co n d s , i t  was s to p p e re d  

im m ediate ly  and th e  s o lu t io n  was m ixed th o ro u g h ly  f o r  30 seconds on a  

V o rtex . The tu b e  was p la c e d  i n  50°C w a te r  b a th  and  i t  was removed a t  

i n t e r v a l s  o f  5 m in u tes  and  m ixed on th e  V o rte x  f o r  15 seconds and 

r e tu rn e d  t o  th e  w a te r  b a th .  T h is  p ro c e s s  was c o n tin u e d  f o r  30 m in u te s . 

A t t h e  com pletion  o f  c o u p lin g , the tu b e  was ran o v ed  from  th e  w a te r  b a th  

an d  0.6m l o f  benzene was added . T h is  was p la c e d  f o r  30 seconds on a  

V o rte x  m ix er. The tu b e  was p la c e d  i n  a  t a b l e  to p  c e n t r i f u g e  and  th e  

components w ere s e p a ra te d .  The u p p e r o rg a n ic  l a y e r  was d is c a rd e d . T h is  

e x t r a c t io n  p ro ced u re  was repeated t h r e e  m ore t im e s .  The t r a c e s  o f  th e  

b en zen e  w ere removed w i th  a  g e n t le  s tre a m  o f  n i t r o g e n  blown o v e r  th e  

s u r f a c e  o f  th e  aqueous (low er) la y e r .  T h is  l a y e r  was f ro z e n  b y  

ilim ers in g  in to  an a c e to n e  d ry  i c e  m ix tu re . The s o lu t io n  was sp re a d  o v e r  

t h e  lo w es t q u a r te r  o f  t h e  tu b e  by  r o t a t i n g  and  t i l t i n g  th e  tu b e  a s  i t  

f r o z e .  T h is  r e a c t io n  tu b e  was co v ered  w ith  p a r a f i lm  i n  w hich s e v e ra l  

sm a ll h o le s  w ere made w ith  a  n e e d le . The tu b e  was p la c e d  in  a  V i r t i s
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f l a s k  a t ta c h e d  t o  t h e  ly o p h i l iz in g  a p p a ra tu s  u n t i l  th e  sam ple was d ry . 

Anhydrous t r i f l u o r o a c e t i c  a c id  (0.3m l) was added t o  t h i s  d r ie d  

p h e n y lth io c a rb a n y l p e p t id e .  T h is  was f lu s h e d  w ith  n i t ro g e n  f o r  30 

_ seco n d s , d i r e c t in g  th e  n i t ro g e n  s tre a m  o n to  th e  w a ll  o f  th e  tu b e  and n o t  

o n to  th e  s u r f a c e  o f  t h e  a c id  t o  a v o id  e v a p o ra tio n . The tu b e  was s to p p e re d  

in m e d ia te ly  and m ixed on th e  V o rtex  f o r  15 seconds and th e n  p la c e d  i n  a  

w a te r  b a th  a t  50°C f o r  7 m in u te s . T r i f lu o r o a c e t ic  a c id  was d r ie d  

w ith  a  g e n t le  s tre am  o f  n i t ro g e n  m aking s u re  t h a t  th e  s a n p le  d r i e s  a s  a  

t h i n  f i lm  on th e  low er q u a r t e r  o f  t h e  tu b e  w a l l .

To th e  d r ie d  sa n p le , 0 .6m l o f  b u ty l  c h lo r id e  was added. I t  was 

m ixed g e n t ly  and th e  b u ty l  c h lo r id e  removed and t r a n s f e r e d  t o  a n o th e r  

tu b e .  T h is  c o n ta in e d  th e  th ia z o l in o n e  d e r iv a t iv e  o f  th e  c leav ed  p r o te in .  

T h is  e x t r a c t io n  was r e p e a te d  and  b o th  e x t r a c t s  combined. T h is  e x t r a c t  

was d r ie d  w ith  a  s tre a m  o f  n i t r o g e n .  1NHC1 (0.2ml) was added t o  th e  d r ie d  

b u ty l  c h lo r id e  e x t r a c t  w hich  was th e n  f lu s h e d  w ith  n i t ro g e n  f o r  30 

seconds and s to p p e re d  im m ed ia te ly . I t  was m ixed on th e  V o rtex  f o r  15 

seconds and p la c e d  i n  a  w a te r  b a th  a t  80°C f o r  10 m in u te s . The aqueous 

HC1 s o lu t io n  was e x t r a c te d  tw ic e  w ith  0 .7m l o f  e th y l  a c e ta te  by  m ixing  

th e  p h ases  th o ro u g h ly  f o r  30 seco n d s. The la y e r s  w ere s e p a ra te d  b y  

c e n t r i f u g a t io n .  The u p p er o rg a n ic  l a y e r  was e x t r a c te d  and d r ie d  w ith  

n i t ro g e n  s tre a m . 50 m i c r o l i t e r s  o f  e th y l  a c e ta t e  was added t o  t h i s  d r ie d  

la y e r  and  m ixed on th e  V o rte x . T h is  e x t r a c t  was u se d  f o r  th e  t h i n  la y e r  

chrom atography i d e n t i f i c a t i o n .  The s o lv e n t  system  u sed  f o r  TDC was 90ml 

o f  ch lo ro fo rm  and 10ml o f  m ethano l o f  w hidh low er p h ase  was u se d . The PTH 

amino a c id  s p o ts  w ere i d e n t i f i e d  u n d er UV l i g h t .
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D e te r m in a t io n  O f € -T e rm in a iA m ir iO A C ld

The m ethod o f  Am bler (68) t o  d e te rm in e  C - te rm in a l amino a c id  was 

u se d . The m ethod was m o d if ie d  a s  fo llo w s :

The enzyme was d e n a tu re d  b y  p e rfo rm ic  a c id  o x id a t io n  a s  o u t l in e d  by  H irs  (87). 

A m ix tu re  o f  5 vo lum esof 30% hydrogen p e ro x id e  and  95 volum es o f  99% 

fo rm ic  a c id  was p e rm it te d  t o  s ta n d  i n  a  c lo s e d  b o t t l e  a t  2 5 ^  f o r  two 

h o u rs . The t i t e r  o f  p e r  a c id  reach ed  a  maximum a t  ab o u t t h i s  tim e  and  

d e c re a se d  s lo w ly  t h e r e a f t e r .  Only f r e s h ly  p re p a re d  r e a g e n t  was u se d .

Img o f  t h e  enzyme p r o te in  i n  sodium p h o sp h a te  b u f f e r  (0.1M) was in c u b a te d  

w i th  1ml o f  th e  p e rfo rm ic  a c id  r e a g e n t ,  0 .1m l o f  m ethano l and 0 .5m l o f  

99% fo rm ic  a c id .  A l l  th e  s o lu t io n s  w ere c o o le d  in  a  b a th  a t  0 -  5 ^  f o r  

30 m in u tes  b e f o re  ad d in g  to g e th e r .  The r e a c t io n  was p e rm itte d  t o  p ro ceed  

a t  t h e  same te n p e r a tu r e  f o r  150 m in u te s . M ethanol p re v e n ts  f r e e z in g  when 

t h e  fo rm ic  a c id  i s  a lm o s t an h ydrous. T h is  s o lu t io n  was d i lu t e d  w ith  50ml 

o f  p r e c h i l l e d  d i s t i l l e d  w a te r  and  s u b je c te d  t o  l y o p h i l i z a t i c n .  P e rfo rm ic  

a c id  co n d en sa te s  a r e  c o r ro s iv e  and th e  c o i l s  o f  ly o p h i l i z e r s  w ere c a r e f u l ly  

w ashed w ith  th e  d i s t i l l e d  w a te r  a f t e r  t h e  l y o p h i l i z a t i c n  was co m p le te . The 

p ro c e s s  o f  l y o p h i l i z a t i c n  was r e p e a te d  tw ic e  on th e  s a n p le  a f t e r  a d d i t io n  o f  

a n o th e r  50ml o f  c o ld  d i s t i l l e d  w a te r .  The d e n a tu re d  p r o te in  was d is s o lv e d  

i n  5ml o f  0.2M N -e th y lm o rp h o lin e -a c e ta te  pH 8 .5  and th e  s o lu t io n  was 

d iv id e d  i n  f i v e  t e s t  tu b e s  e q u a l ly .  D F P -tre a te d  ca rb o x y p ep tid a se  A and B 

(0.4mg each) w ere  added  t o  th e s e  tu b e s .  A b la n k  was p re p a re d  c o n ta in in g  

a l l  th e  c o n s t i tu e n t s  e x c e p t th e  enzyme p r o t e in .  The m ix tu re s  w ere in c u b a te d  

a t  37°C and  th e  r e a c t io n  was te rm in a te d  by th e  a d d i t io n  o f  s u f f i c i e n t  

a c e t i c  a c id  t o  b r in g  th e  pH low er t o  2 .5  -  3 . T h is  w as-m ixed f o r  15 m in u te s , 

c e n t r i fu g e d ,  and th e  s u p e rn a ta n t  was a p p lie d  on S i l i c a  TDC p la t e s  f o r
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t h e  i d e n t i f i c a t i o n  o f  th e  c le a v e d  amino a c id  to g e th e r  w ith  s ta n d a rd  

amino a c id s .*  Samples a t  t h e  i n t e r v a l s  o f  5 , 10 , 15 , 20 and  25 m in u tes  

w ere w ithdraw n and chrom atographed on  TDC p l a t e s .

Amino A cid  A n a ly s is

Amino a c id  a n a ly s is  was perfo rm ed  b y  th e  m ethod o f  Moore and 

S te in  (6 9 ). 4mg o f  p u re  enzyme was ly o p h i l iz e d  and  was th e n  t r e a t e d  

w ith. 6 m l o f  c o n s ta n t  b o i l in g  HC1 a lo n g  w i th  1% m e rc a p to e th a n o l. The 

s o lu t io n  was t r a n s f e r r e d  t o  com bustion tu b e s  w hich  w ere c o n n ec ted  t o  a  

vacuum pump and  f ro z e n  by  im m ersing in t o  a  l i q u i d  n i t ro g e n  b a th  and  sub­

j e c te d  t o  a i r  e v a c u a tio n . I t  was re p e a te d  f i v e  tim e s  and  th e  tu b e s  w ere 

s e a le d  by  a  flam e  to r c h  a t  t h e  c o n s t r i c t i o n  p o in t .  The tu b e s  w ere  th e n  

p la c e d  i n  an  oven  f o r  24 h o u rs  a t  120°C + 2°C. A f te r  th e  d ig e s t io n ,  tu b e s  w ere 

b roken  a t  t h e  t i p  and th e  BC1 was d r ie d  a t  40°C b y  a  g e n t le  n i t ro g e n  s tre a m .

4ml o f  sam ple c i t r a t e  b u f f e r  (Beckman Company) pH 2 .2  was u se d  t o  d is s o lv e  

th e  d ig e s te d  p e p t id e .  H ie sam ples w ere  k in d ly  in j e c te d  and a n a ly z ed  by 

M iss Jo an n e  W a ld s tre ic h e r  u n d e r D r. G la n tz 's  s u p e rv is io n  on Beckman 116 

amino a c id  a n a ly z e r  w hich was o p e ra te d  a c c o rd in g  t o  th e  i n s t r u c t io n s  o f  th e  

Beckman in s tru m e n ts .  Peaks w ere in t e g r a te d  b y  an  I n fo t r o n ic s  

i n t e g r a to r .  S tan d ard s  w ere  ru n  on th e  m achine a  few  tim e s  b e fo re  

i n j e c t i n g  t h e  s a n p le .

N a tiv e -M o lecu la r  D e te rm in a tio n  b y  G el F i l t r a t i o n

H ie g e n e ra l  m ethod o f  Andrews (70) was fo llo w ed  t o  d e te rm in e  th e  

m o le c u la r  w e ig h t o f  th e  g u an in e  deam inase . Sephadex G-100 was sw o llen  f o r  

f iv e  h o u rs  a t  90QC i n  0.05M sodium  p h o sp h a te  b u f f e r  pH 7 .0  c o n ta in in g  

5 x  10"^M m e rc a p to e th a n o l. A 60am x  1cm column was th e n  packed and
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e q u i l ib r a t e d  w ith  th e  same b u f f e r .  The v o id  volume o f  t h e  column was 

d e te rm in ed  by b lu e  d e x tra n . P r o te in  s ta n d a rd s  u sed  w ere b o v in e  serum  

album in (6 8 ,0 0 0 ), chym otrypsin  (2 5 ,0 0 0 ), RNase (1 3 ,7 0 0 ), Ovalbumin 

(45,000) and a ld o la s e  (158,000) each  3mg/ml in  a  t o t a l  volume o f  2 m l. 

The em ergence o f  th e  peaks was m easured a t  280nm. G uanine deam inase 

was fo llo w e d  by a s sa y in g  th e  enzyme a c t i v i t y .

I s o e l e c t r i c  F ocu sin g

I s o e l e c t r i c  fo c u s in g  was perform ed i n  p o ly ac ry lam id e  g e l s .  A 

m o d ifie d  v e r s io n  o f  t h e  V e s te rb e rg  p ro ced u re  (71, 72) was fo llo w e d  w hich 

i s  d e s c r ib e d  below :

0.41m l B is  ac ry lam id e  (30gm acry lam id e  and lgm B is  p e r  100ml)

0.41m l TEMED (0.2m l TEMED/lOOml)

50 m ic r o l i t e r s  an p h o lin e s  (pH 4 - 6 )

0.688m l p r o te in  (50 -  lOOmg) i n  20% g ly c e ro l

0.1m l r ib o f l a v i n  (15mg/100ml), p re p a re d  f r e s h ly ,  s t i r r e d  f o r  45 m in u tes  

and f i l t e r e d .

T h is  co m p o sitio n  i s  f o r  1 g e l  tu b e  (9 x  0 .5  cm ID) 

and  was m u l t ip l ie d  by  th e  number o f  th e  tu b e s  u sed . The g la s s  tu b e s  

w ere soaked  o v e rn ig h t i n  c le a n in g  s o lu t io n  and w ere r in s e d  th o ro u g h ly  

w ith  d i s t i l l e d  w a te r  th e n  oven d r ie d .  A npho lines (pH 4 - 6 )  w ere co o le d

a t  5°C b e fo re  u s in g . R ib o f la v in  was added in  th e  l a s t  a f t e r  m ix ing  th e  

r e s t  o f  th e  s o lu t io n s  d e s c r ib e d  above. The s o lu t io n s ,  a f t e r  m ix in g , 

w ere added t o  th e  g e l  tu b e s  g e n t ly  w ith  a  P a s te u r  p i p e t  a t  th e  same mark 

h e ig h t  and g e n t ly  o v e r la y e d  w ith  d i s t i l l e d  w a te r . The g e ls  w ere  a llow ed  

to  s ta n d  f o r  15 m in u tes  b e fo re  p u t t in g  them  u n d er f lu o r o s c e n t  l i g h t  f o r  

p o ly m e riz a tio n . A l l  th e  s o lu t io n s  w ere d e a e ra te d  t o  p re v e n t c ra c k in g  in
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th e  g e l s .  The p o ly m e riz a tio n  was a llow ed  t o  c o n tin u e  f o r  two h o u rs  

a f t e r  w hich  th e  d i s t i l l e d  w a te r  from  th e  to p  o f  th e  g e l s  was removed . 

w i th  a  P a s te u r  p ip e t  and th e  to p  o f  th e  g e ls  w ere o v e r la y e d  w ith  th e  

b u f f e r .  Top o f  th e  g e l  was anode w h ile  bottom  was made c a th o d e . A nodic 

s o lu t io n  was s u l f u r i c  a c id  (0 .0 1 8 m o le s /l i te r )  and th e  c a th o d ic  s o lu t io n  

was m onoethanolam ine (0 .0 3 3 m o le s / l i te r ) . The tu b e s  w ere s e t  a t  t h e  same 

h e ig h t  i n  th e  b a th .  A c o n s ta n t  power su p p ly  o f  0 .5W /tube was u se d  w ith  

a  c o n s ta n t  v o l ta g e  maximum o f  500. The c u r r e n t  c u t  o f f  was s e t  a t  th e  

maximum. A f te r  fo u r  h o u rs  o f  v o l ta g e  maximum, th e  tu b e s  w ere removed and 

s ta in e d  t o  check f o r  th e  co m p le tio n  o f  fo c u s in g . T h is  was done a t  one 

h a l f ,  t h r e e  q u a r t e r s ,  one and two h o u r i n t e r v a l s .  The s ta in in g  was done 

by th e  LKB in s tru m e n ts  method by  d is s o lv in g  0.7gm o f  Cocm assie s t a i n  

CG-250) i n  59 ml o f  c o n c e n tra te d  p e r c h lo r ic  a c id  and was d i l u t e d  t o  

one l i t e r  ( f i l t e r e d ) . The g e ls  w ere in c u b a te d  a t  37°C i n  th e  s ta in in g  

s o lu t io n  and bands w ere lo c a te d .  T h is  r e q u ire d  one t o  one and  a  h a l f  

h o u rs . The g e ls  w ere th e n  t r a n s f e r r e d  t o  th e  d e s ta in in g  s o lu t io n .  I s o e l e c t r i c  

p o in t  was d e te rm in ed  by  s l i c i n g  th e  g e ls  and check ing  th e  pH on pH m e te r .

D e te rm in a tio n  o f  Km

The Km was d e te rm in ed  by v a ry in g  th e  c o n c e n tra t io n  o f  g u an in e  

and by fo llo w in g  a  d e c re a se  i n  absorbance a t  245nm. The ab so rb an ce  v a lu e s  w ere 

c o n v e r te d  t o  t h e  m icrom oles g u an in e  h y d ro ly zed  p e r  m in u te . Double r e c ip r o c a l  

p l o t  (.73) was c o n s tru c te d  t o  d e te rm in e  th e  v a lu e  o f  Km.
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Effect of pH on the Kinetics of the Enzyme
E f f e c t  o f  pH was s tu d ie d  on th e  k i n e t i c  p a ram e te rs  o f  th e  enzyme.

Km and Vmax w ere m easured from  pH 5 .5  t o  pH 9 .0  a t  each  0 .5  pH 

in c re m en ts . E ig h t v a ry in g  g u an in e  c o n c e n tra t io n s  w ere u se d . B u ffe rs  

u sed  a t  d i f f e r e n t  pH w ere pH 5 .5  -  6 .5  sodium  c i t r a t e ,  pH 7 -  7 .5  sodium  

p h o sp h a te  and pH 8 -  9 .0  T r i s  b u f f e r .  F ra n  th e  d a ta  o b ta in e d , d o u b le  

r e c ip r o c a l  p l o t s  w ere c o n s tru c te d  and Km and Vmax v a lu e s  w ere c a lc u la te d .  

The r e l a t io n s h ip  o f  -  lo g  Km(pKm) t o  th e  pH changes was p lo t t e d  (7 4 ).

The lo g  o f  th e  r a t i o  o f  th e  maximal v e lo c i ty  (Vmax) t o  th e  b in d in g  c o n s ta n t  

(Km o r  M ic h a e lis  c o n s ta n t)  a s  a  fu n c t io n  o f  hydrogen io n  c o n c e n tra tio n  

was a l s o  p lo t t e d .  To d e te rm in e  th e  optimum pH, maximum v e lo c i ty  v s . 

d i f f e r e n t  pH was p l o t t e d .

H eat I n a c t iv a t io n  o f  th e  Enzyme

T em perature s t a b i l i t y  o f  th e  enzyme was s tu d ie d  by  in c u b a tin g  th e  

enzyme a t  45°C, 55^0 and 65^C. The enzyme was in c u b a te d  a t  th e s e  

te m p e ra tu re s  and a t  t h e  i n t e r v a l s  o f  f i v e  m in u tes  an  a l iq u o t  was removed 

from  th e  in c u b a tio n  m ix tu re  and a ssa y e d . H ie p e rc e n ta g e  o f  th e  rem ain in g  

a c t i v i t y  was p lo t t e d  a g a in s t  t h e  tim e .

8 -  A zaguanine E f f e c t  Study

E f f e c t  o f  8 -  azag u an in e  was s tu d ie d  on th e  enzyme a t  pH 6 .0  , th e  

optimum pH f o r  8 -  azag u an in e , a t  v a ry in g  c o n c e n tra t io n s  o f  8 -  azag u an in e . 

M ic h a e lis  c o n s ta n t  (Km) and maximum v e lo c i ty  w ere d e te rm in ed  f r a n  th e  

doub le  r e c ip r o c a l  p l o t s .  Km and Vmax w ere a l s o  m easured w ith  g uan ine  a t  

pH 6 .0  and pH 8 .0  f o r  th e  com parison w ith  8 -  azag u an in e .
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I n h ib i t io n  by P a ra  H ydroxym ero iribenzoate

H ie e f f e c t  o f  p a ra  h y d roxym ercu ribenzoate  on th e  g u an in e  deam inase 

was s tu d ie d  a t  pH 8 .0 . H ie enzyme was d ia ly z e d  a g a in  0.02M sodium  pho sp h a te  

b u f f e r  a t  pH 8 .0  t o  remove d i t h i o t h r e i t o l .  H ie  i n h i b i t o r  c o n c e n tra t io n s  

u sed  w ere x  10” ^M and 5 x  10“ ^M. V ary in g  g u an in e  c o n c e n tr a t io n s  w ere u sed  

t o  d e te rm in e  th e  in h ib i t i o n  c o n s ta n t .

H ie tim e  in a c t iv a t io n  o f  th e  p  -  hydroxym ercuribenz o a te  was a l s o  

s tu d ie d  a t  1 x  10” ^M c o n c e n tra t io n  w ith  g u an in e  (2 x  10“ ^M) a t  pH 8 .0 .

The enzyme was in c u b a te d  w ith  p a ra  hyd ro x y m ercu rib en zo a te  and th e  a l iq u o ts  

w ere w ithdraw n a t  th e  in t e r v a l s  o f  f i v e  m in u te s  and  a ssa y e d  f o r  th e  

enzyme a c t i v i t y .  Enzyme a c t i v i t y  a t  z e ro  tim e  was te k e n  a s  th e  i n i t i a l  

v e lo c i ty  o f  th e  enzyme i n  th e  ab sen ce  o f  i n h i b i t o r .  H iis  v a lu e  o f  th e  

i n i t i a l  v e lo c i ty  was s e t  a t  100% a c t i v i t y .  The p e rc e n t  rem ain in g  a c t i v i t y  

was p lo t t e d  a g a in s t  t im e .

I n h ib i t io n  by Io d o a c e tic  A cid

E f f e c t  o f  io d o a c e ta te  was s tu d ie d  a t  1 x  10“ ^M and  1 x  10“ ^M 

c o n c e n tra t io n . The enzyme was in c u b a te d  w ith  io d o a c e ta te  and th e  sa rtp les  

w ere w ithdraw n a t  th e  i n t e r v a l s  o f  f i v e  m in u te s  and a ssa y e d  f o r  th e  

enzyme a c t i v i t y .  The rem ain in g  p e rc e n t  a c t i v i t y  was p l o t t e d  a g a in s t  th e  

tim e  i n t e r v a l s  a s  d e s c r ib e d  f o r  th e  p a ra  h y d ro x y m ercu rib en zo a te .

I n h ib i t io n  by 5 -  A m inoim idazole 4 -  Carboxam ide

The e f f e c t  o f  th e  p u r in e  p re c u rs o r  5 -  am ino im idazo le  4 -  carboxam ide 

was s tu d ie d .  C o n c e n tra tio n s  o f  5 -  am ino im idazo le  4 -  carboxam ide u sed  

w ere 1 x  10”3M and 1 x  10“ ^M. D ouble r e c ip r o c a l  p l o t s  w ere c o n s tru c te d  to  

d e te rm in e  th e  p a t t e r n  and th e  d e g re e  o f  th e  i n h i b i t i o n .
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Results and Discussion

P u r i f i c a t io n  o f  th e  Enzyme

T h is  i s  th e  f i r s t  a t te m p t t o  p u r i f y  t h e  g uan ine  deam inase u s in g  

a g a ro se  hexane guan ine  t r ip h o s p h a te  a s  an a f f i n i t y  m a te r ia l .  S e v e ra l 

problem s w ere en co u n te red  d u r in g  th e  c o u rse  o f  t h i s  in v e s t ig a t io n  b u t  

v e ry  s a t i s f a c t o r y  r e s u l t s  w ere  o b ta in e d  i n  te rm s o f  o b ta in in g  a  p u re  

enzyme p re p a ra t io n .  Use o f  p h e n y lm e th y lsu lfo n y l f lu o r id e  by B ergstrom  and 

B ieb er (62} in h ib i te d  chym otrypsin  l i k e  p ro te a s e s  and th u s  in c re a s e d  t h e i r  

y i e ld  by 33%. D uring th e  ammonium s u l f a t e  f r a c t i o n a t io n ,  m ain tenance 

o f  pH a t  6 .5  was im p o rta n t, b ecau se  pH k eep s f a l l i n g  back  t o  5 , below  

w hich enzyme i s  n o t  s t a b l e .  T h is  r e s u l t s  i n  a  good y ie ld .

A f te r  one o r  two u s e s ,  t h e  a f f i n i t y  column d ev e lo p s  san e  f i n e  

p a r t i c l e s  i n  i t  and th e  f r a c t i o n s  have t o  b e  re c y c le d  a  few  tim es  t o  

o b ta in  a  p u re  enzyme p r e p a ra t io n .  A lso  c a r e  m ust b e  ta k e n  i n  c o l l e c t in g  

th e  a c t iv e  enzyme f r a c t io n s  and o n ly  t h e  b e s t  f r a c t i o n s  sh o u ld  b e  p o o led , 

w hich o th e rw ise  w i l l  r e s u l t  i n  a  p r e p a ra t io n  w ith  t r a c e s  o f  u n d e s ire d  

p r o te in s .  H ie r e c y c l in g  o f  su ch  im pure p r e p a ra t io n s  on th e  columns a  

few  tim es  and s u b je c t in g  them  t o  th e  g r a d ie n t  e lu t io n  h e lp s  in  g e t t in g  

p u re  enzyme. Sane tim es  n o t  a l l  t h e  x a n th in e  o x id a se  i s  bound to  

a l l c p u r in o l ,  and so  in c lu s io n  o f  t h i s  i n  t h e  f i n a l  g ly c in e  b u f f e r  h e lp s  i n  

rem oving t h i s  co n tam in an t. The f i r s t  few  s te p s  o f  ammonium s u l f a t e  

f r a c t io n a t io n  and D E A E -cellu lose and  h y d ro x y la p a ti te  chrom atography a r e  

q u i t e  h e lp f u l  i n  rem oving th e  b u lk  o f  th e  u n d e s ir a b le  p r o te in  and h e lp s  

i n  g e t t in g  a  p re p a ra t io n  f o r  ap p ly in g  on th e  a f f i n i t y  column w hich i s  v e ry  

r i c h  i n  th e  enzyme p r o te in .  T h is  r e s u l t s  in  a  good y i e l d  o f  th e  enzyme.
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D uring th e  aitmonium s u l f a t e  f r a c t i o n a t io n ,  c a re  sh o u ld  b e  ta k e n  i n  

add ing  i t  v e ry  s lo w ly  w ith  c o n s ta n t  s t i r r i n g  and w ith  t h e  m ain tenance 

o f  th e  pH. I n  a  p re v io u s  r e p o r t  f r a n  t h i s  la b o ra to ry  b y  Lewis and 

G lan tz  (31, 32) a  long  and la b o r io u s  schem e o f  t h e  c o n v e n tio n a l 

chrom atography was u sed  t o  p u r i f y  t h i s  enzyme. However, t h i s  method 

sav es  c o n s id e ra b le  tim e  and a  number o f  s te p s  and r e s u l t s  in  a  homogeneous 

p r e p a ra t io n . A lo n g  and e x te n s iv e  ch rom atog raph ic  method u sed  by 

them  m igh t have r e s u l t e d  i n  th e  s t r u c t u r a l  changes o f  th e  enzyme p r o te in ,  

a s  in d ic a te d  by d i f f e r e n t  r e s u l t s  I  o b ta in e d  on th e  m o le c u la r  w e ig h t o f  

th e  enzyme. N o n e th e le s s , t h e i r  work s t i l l  rem ains h e lp f u l  i n  t h a t  i t  

was th e  f i r s t  p u b lish e d  r e p o r t  on th e  m ethodology o f  t h e  p u r i f i c a t i o n  o f  

th e  guanine deam inase t o  h a n o g e n ity .

D uring  p r o te in  d e te rm in a tio n , d i t h i o t h r e i t o l  was a l s o  p r e s e n t  in  

th e  b la n k s . A lthough  B ie b e r  e t  a l  (62) u se d  5 x  10-3 M m e rc a p to e th a n o l, I  

p r e fe r r e d  t o  u se  d i t h i o t h r e i t o l ,  a t  th e  same c o n c e n tr a t io n ,  w hich h a s  two 

s u lf y d r y l  g ro u p s , compared t o  one in  m e rca p to e th a n o l. Lewis cind G lan tz  

u sed  20 tim e s  h ig h e r  c o n c e n tra t io n  o f  m e rc ap to e th a n o l. The re a so n  I  

p r e f e r r e d  t o  u s e  d i t h i o t h r e i t o l ,  a lth o u g h  i t  i s  q u i t e  ex p en s iv e  compared 

t o  m e rc a p to e th an o l, i s  i t s  low  v o l a t i l i t y  and hence lew  t o x ic i t y .

W hile o b ta in in g  a f f i n i t y  m a te r ia l ,  i t  i s  a d v is a b le  t o  a sk  f o r  th e  su p p ly  

from  th e  same b a tc h  o f  th e  p r e p a r a t io n ,  s in c e  ev e ry  b a tc h  behaved i n  a  

d i f f e r e n t  m anner f o r  e lu t i n g  th e  enzyme. T h is  m ig h t r e s u l t  i n  th e  

in c o n s is te n c y  o f  th e  r e s u l t s .  F o g le  and B ieb e r  (35) r e p o r t  t h a t  th e  

r a b b i t  l i v e r  g u an in e  deam inase and r a t  l i v e r  g u an in e  deam inse can  be  

e lu te d  w ith  0.05M g ly c in e  a t  pH 9 .0 .  However, B ergstrom  and B ieb er (62) 

r e p o r t  t h a t  th e  r a t  l i v e r  g u an in e  deam inase co u ld  n o t  b e  e lu te d  w ith  0.1M
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g ly c in e  b u f f e r  a t  pH 9 .0  n o r  w ith  0.05M g ly c in e  t h a t  c o n ta in e d  

Q.2M NaCl. The re a so n s  f o r  th e  d i f f e r e n t  b e h a v io r  w ere n o t  c l e a r .

They f u r t h e r  r e p o r te d  t h a t  th e  g ly c in e  d id  n o t  a f f e c t  th e  a c t i v i t y  

o f  th e  g u an in e  deam inase , h en ce  th e  e lu t io n  by g ly c in e  was n o t  a  

c o m p e titiv e  e f f e c t .  Day (611 shewed t h a t  in c r e a s in g  th e  io n ic  

s t r e n g th  by  th e  a d d i t io n  o f  n e u t r a l  s a l t  p rev en te d  th e  e lu t io n  o f  g u an in e  

deam inase a t  0.05M g ly c in e ,  pH 9 .0 .  B e rg s tra n  and B ieb er (62) r e p o r te d  

d i f f e r e n t  s o lu t io n s  t h a t  e lu te d  g u an in e  deam inase a t  pH 9 .0 .  These 

w ere 0.05M g ly c in e ,  0.-05M b e ta  a la n in e ,  0.002M ammonium c h lo r id e  and 

0.01M g ly c in e .  They f u r t h e r  r e p o r te d  t h a t  th e  g la s s  d i s t i l l e d  w a te r  

removed g u an in e  deam inase frcm  th e  column i n  a  v e ry  sh a rp  p eak , and  th e
_3

s o lu t io n s  w ith  t h e  io n ic  s t r e n g th  g r e a te r  th a n  7 x  10 such  a s  0.1M 

g ly c in e  pH 9 .0  and 0.01M ammonium c h lo r id e  pH 9 .0  d id  n o t  remove g u an in e  

deam inase from  th e  colum n. However, I  u se d  a  g r a d ie n t  e lu t io n  w hich 

removed t h e  g u an in e  deam inase s lo w ly  and produced s a t i s f a c t o r y  r e s u l t s .

The r e s u l t s  o b ta in e d  a t  t h e  v a r io u s  s te p s  o f  p u r i f i c a t i o n  a r e  shown i n  

T ab le  2 .

D isc  G el P o ly ac ry lam id e  E le c tro p h o re s is

The hem ogenity  o f  t h e  enzyme was d e te rm in ed  by th e  d i s c  g e l  

p o ly ac ry lam id e  e le c t r o p h o r e s is  a s  d e s c r ib e d  e a r l i e r .  The p u re  enzyme 

showed a  c l e a r  s in g le  band in d ic a t in g  i t s  hem ogenity . The e le c t r o p h o r e t ic  

p a t t e r n  i s  shewn i n  F ig u re  9 . The r e s u l t s  a r e  i n  agreem ent w ith  th e  

r e p o r t s  on r a b b i t ,  p ig  and r a t  g u an in e  deam inase (31, 32 , 63 , 54, 62 , 7 5 ) .



P u rifica tio n  Schane fo r  lOOgm o f Human Liver

P u rifica tion
Stop

Total
P rotein
(mg)

Total
A ctiv ity
(units)

S pecific
A ctiv ity
(units/tog)

Yield
6)

Fold
P u rifica tio n

1. Crude e x tra c t 8750

2. F i r s t  anmonium su lfa te  

frac tiona tion  (40 -

80%) 5833

3. DEAE-cellulose

chromatography 530

4. Second anitonium su lfa te

frac tio n a tio n  (75%) 353

5. Hydrojylapatite

chrcrnatography 15

6. A ffin ity  chronatography 0.9

58 0.00662 100

48.5

43

41

26

19.3

0.0083

0.081

0.116

1.73

21.5

83

74

70

44

33

1.25

12.3

17.6

261.4

3248
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F ig .  9 . D isc  g e l  e le c t r o p h o r e s i s . H ie enzyme (80ugm) was s u b je c te d  

t o  e le c t r o p h o r e s is ,  a f t e r  th e  f i n a l  p u r i f i c a t i o n ,  i n  7.5% 

g e l ,  and th e  g e ls  w ere s ta in e d  w ith  C o an a ss ie  b lu e .



65



66

SDS G el P o ly acry lam id e  E le c tro p h o re s is

The s u b u n it  m o lec u la r  w e ig h t o f  th e  enzyme was d e te rm in ed  by 

SDS g e l  e le c t r o p h o r e s i s .  A s in g l e  band ap p eared  on th e  SDS g e l  

e le c t r o p h o re s is  w ith  th e  m o e lc u la r  w e ig h t o f  59 ,000 . T h is  was i n  agreem ent 

w ith  th e  r e p o r t s  o f  Lewis and G lan tz  and R o s s i ,  e t  a l .  (31, 32 , 7 5 ).

F ig u re s  1 0 ,1 1 . .

Sephadex G el F i l t r a t i o n

The m o le cu la r  w e ig h t o f  t h e  n a t iv e  enzyme was o b ta in e d  a s  

d e s c r ib e d  i n  th e  m a te r ia ls  and  m ethods. A m o le c u la r  weight o f  120,000 

was o b ta in e d . SDS g e l  e le c t r o p h o r e s is  gave a  m o le cu la r  w e ig h t o f  59,000 

f o r  t h e  s u b u n it ,  hence th e  n a t iv e  enzyme m ost b e  a  d im er o f  ap p ro x im a te ly

60,000 m o le c u la r  w e ig h t s u b u n i ts .  T h is  i s  i n  c lo s e  agreem ent w ith  th e  

r e p o r t s  on t h i s  enzyme i n  r a b b i t  l i v e r  (34, 35 , 62 , 75) e x c e p t o f  Lew is. 

B ergstrom  and B ie b e r  (62) r e p o r te d  a  m o le c u la r  w e ig h t o f  110,000 w h ile  F o g le  

and B ieb e r (35) r e p o r te d  a  100,000 m o le c u la r  w e ig h t. Lewis r e p o r te d  a  n a t iv e  

m o le cu la r  w e ig h t o f  56 ,0 0 0 . The r e s u l t s  o f  t h i s  s tu d y  a r e  shewn i n  F ig u re  13.

I s o e le c tro fo c u s in g

The i s o e l e c t r i c  p o in t  o f  th e  enzyme was d e te rm in ed  by th e  method 

d e s c r ib e d  e a r l i e r .  The enzyme showed two m ajo r bands and a  v e ry  f a i n t  

band . The t h i r d  v e ry  f a i n t  band m ig h t have been  a  d i f f u s e d  form  o f  one 

o f  th e s e  two s u b u n its .  The two bands had  a  P i  o f  4 .7 6  and 4 .6 8 . The 

r e s u l t s  a r e  shown i n  F ig u re  12 . G uanine deam inase , th e r e f o r e ,  i s  an  

a c id ic  p r o te in .  Lewis (3 3 ), how ever, r e p o r te d  a  s in g le  band on 

i s o e le c tr o f o c u s in g  w h ile  B ie b e r , e t  a l .  (62) have r e p o r te d  two bands on 

is o e le c tr o f o c u s in g  on r a b b i t  l i v e r  enzyme.



67

F ig , 10 . SDS g e l  e l e c t r o p h o r e s i s . Weber and Osborn (66) method f o r  

SDS g e l  e le c t r o p h o r e s is  was fo llo w e d . Lane "A" c o n ta in s  

soyabean t r y p s in  i n h i b i t o r  (STI) M.W. 2 2 ,0 0 0 , Lane "B" c o n ta in s  

b o v in e  serum  album in  (BSA) M.W. 68,000 showing one m ajo r band 

(low er) and  a  m inor band Cupper). Lane "C" c o n ta in s  guan ine  

deam inase , w h ile  Lane "D" c o n ta in s  r ib a n u c le a s e  (RNase). Two 

m ajo r u n i t s  o f  RNase a r e  $  s u b u n it  (155 ,000 , to p ) and oC 

s u b u n it  (39 ,000 , lo w e r) .  C e n te r  o f  Lane "D" shews im p u r i t ie s  

in  th e  sam ple . Lane "E" i s  b la n k . 60 mgm. enzyme was a p p lie d  

t o  t h e  g e l s .
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P ig . 11. S u b u n it m o le c u la r  w e ig h t d e te rm in a tio n  b y  SDS g e l  e l e c t r o ­

p h o re s is  . H ie m o le c u la r  w e ig h t o f  s u b u n its  was d e te rm in ed  

b y  p l o t t i n g  th e  lo g  o f  m o le c u la r  w e ig h t v s .  t h e  e l e c t r o ­

p h o r e t ic  m o b i l i t i e s  (R f) . S tan d a rd s  u se d  w ere b o v in e  serum  

album in  CBSA, 6 8 ,0 0 0 ), r ib a n u c le a s e  (JRNase, 39,000) and 

soyabean t r y p s in  i n h i b i t o r  (STI, 2 2 ,0 0 0 ).

/



M
ol

.W
t.

xI
O

70

BSA
GAH

•  RNase

STI

1.0

R f



71

F ig , 13. D eterm ination  o f  n a t iv e  m olecu lar w eigh t o f  th e  enzyme by 

g e l  f i l t r a t i o n  on sephadex G-100. The m o lecu lar w eight o f  

th e  n a t iv e  enzyme was o b ta in ed  by p lo t t in g  th e  lo g  o f  m olecu lar 

w eig h t v s .  th e  r a t i o  o f  e lu t io n  volume to  v o id  volume. The 

s ta ndard s  u sed  w ere a ld o la s e  (158,000}, bovine serum albumin 

C68,QQQ)., Ovalbumin (45 ,000), chym otrypsinogen (25,000) and 

PNase A (13 ,700).
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F ig , 1 2 , I s o e le c t r i c  fo cu sin g . The photograph shows i s o e l e c t r i c  

fo cu sin g  o f  guanine deaminase in  polyacrylam ide g e l s ,  

c o n ta in in g  60 micrograms o f  th e  enzyme. The i s o e l e c t r i c  

p o in t  (pi) was determ ined b y  s l i c in g  th e  g e ls  and checking 

th e  r e s p e c t iv e  pH. Lane "A" re p re s e n ts  b la n k , w h ile  

Lane "B" co n ta in s  guanine deam inase. in d ic a te

th e  p resen ce  o f  two su b u n its .
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F ig . 14. Chromatography f o r  C -te rm in a l amino a c id .  Samples a t  0 , 5 and 

10 m inutes d id  n o t shew any amino a c id  re le a s e d .
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N-Terminal Amino Acid D eterm ination

The enzyme was su b je c te d  t o  N -te rm in a l amino a c id  d e te rrn in a tio n  

a s  d e sc rib e d  in  th e  m ethods. V a lin e  was found t o  b e  N -term inal amino 

a c id .

C-Term inal Amino Acid D eterm ination

The procedure to  de term ine th e  C -te rm in a l end o f  th e  enzyme p ro te in  

was fo llow ed  a s  d e sc rib ed  e a r l i e r .  A lan ine  was found t o  b e  th e  C -te rm in a l 

amino a c id . (F igure 14 )

S ince t h i s  i s  th e  f i r s t  r e p o r t  on th e  N and C -te rm in a l s tu d ie s  

o f  t h i s  enzyme, no o th e r  d a ta  w ere a v a i la b le  f o r  com parison.

Amino Acid A nalysis

Amino a c id  a n a ly s is  was perform ed on a  24 hour d ig e s t io n  o f  th e  

enzyme p ro te in .  Minimal amino a c id  p re s e n t  was c y s te in e  w h ile  a  dominant 

amount o f  a s p a r ta te  was observed  from  th e  a n a ly s is .  The d a ta  a re  

p re sen te d  i n  T able 3. The enzyme was h ig h  i n  g lu tam ic  a c id ,  a la n in e , 

a s p a r ta te ,  g ly c in e  and le u c in e  and was found low in  c y s te in  and ty ro s in e .  

The la rg e  number o f  a c id ic  re s id u e s  a r e  expected  s in c e  th e  n a tu re  o f  th e  

enzyme p ro te in  i s  a c id ic ,  a s  ev idenced  by a c id ic  p i  v a lu e  o f  th e  guanine 

deam inase. S ince  th e re  a re  two su b u n its  in  th e  enzyme, th e  amino a c id  

com position re p re s e n ts  a  com bination o f  th e  s u b u n its . The two su b u n its  

cou ld  be d i f f e r e n t  in  amino a c id  com position . However, th e y  were found 

v e ry  s im ila r  in  m o lecu lar w eigh t and p i  v a lu e s . T h is i s  in  good agreem ent 

w ith  th e  r e p o r ts  o f  Bergstrom  and B ieber (62).

D eterm ination  o f  Km

Km was determ ined a t  v a ry in g  c o n c e n tra tio n  o f  guanine a t  pH 7 .0 .



Table 3

Amino A cid A n a ly s is  o f  Guanine Deaminase 
Based Upon MW o f  120,000

R es id u es / In te g e r  E n p ir ic a l
Amino A cid E m p irica l R esidue mole Residue

Asp 11.3 88 11

U ir 6 .0 48 6

Ser 6.66 56 7

Cys 1 .0 8 1

Glu 10.78 88 11

E ro l 6 .8 56 7

Gly 9 .6 80 10

A la 13.2 104 13

Arg 7.24 56 7

His 1 .7 16 2

Lys 6.636 56 7

V al 10.0 80 10

Met 2.26 16 2

l i e u 8 .0 . 64 8

Leu 9 .6 80 10

Tyr 1 .4 16 2

Hie 4 .4 40 5

Trp N.D. N.D,

N.D. = Not determ ined
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F ig . 15. Double r e c ip ro c a l  p lo t  (Lineweaver Burk p lo t)  f o r  guanine as 

s u b s t r a te .  V e lo c ity  i s  m easured a t  245nm and i s  expressed  as  

m icrom oles o f  guanine hydrolyzed p e r  m inute. She p lo t  shows 

v e lo c i ty  o f  th e  enzyme c a ta ly z ed  r e a c t io n  as a  fu n c tio n  o f  guanine 

c o n c e n tra tio n .
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F ig . 16. Double r e c ip ro c a l  p lo t  a t  v a ry in g  pH. The p lo t  shows e f f e c t

o f  pH on th e  guanine deam inase ca ta ly z ed  r e a c t io n  w ith  guanine

3 s. s u b s t r a te .  I h e  v e lo c i ty  i s  expressed  a s  m icran o les  o f

guanine hydro lyzed  p e r  m inu te . The p lo t s  f a r  each  pH a re :

pH , pH 6 .0  0 ..... ) ,  pH 6 .5  , pH 7 .0  (——•),
«

pH 7 .5  C —  I , pH 8 .0  t  )f  pH 8 .5  ( • • • • ) /  pH 9 .0  ( -— ) .
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Table 4

K in e tic  Param eters frcm  Double R ec ip ro ca l P lo ts  

o f  Guanine Deaminase a t  D if fe re n t  pH V alues

pH Vmax x  10^ Kn x  10”^ pKm Log Vmax/Km

5.5 2 .50 3 .1 3 4.50 2.90

6 .0 2.85 1. 82 4.74 3 .2 0

6 .5 3.03 2 .0 0 4.71 3.18

7 .0 3.33 1.66 4.77 3.30

7 .5 3 .7 0 1.78 4.74 3 .31

8 .0 4.34 1.56 4 .8 0 3.44

8 .5 3.84 4 .1 7  • 4 .38 2.96

9 .0 2 .8 0 3.70- 4.43 2.87
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F ig . 17. P lo t  o f  lo g  Vmax/Km v s .  pH. The Km and Vlnax v a lu e s  as

o b ta in e d  frcan F ig u re  15/ a r e  p lo t te d  a g a in s t  pH. The pka 

v a lu es  o b ta in ed  a r e  a t  pH 5 .8  and a t  pH 8 .0 .
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F ig . 18. P lo t  o f  pKm (- lo g  Km) v s .  pH. Km v a lu e s  were o b ta in ed  from 

F ig u re  16.
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F ig . 19. P lo t  o f  iraximum v e lo c i ty  v s .  pH. A sh arp  optimum pH v a lu e  was 

o b ta in ed  a t  pH 8 .0 .
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A Km o f  1.538 x  10“^M was o b ta in ed  in  t h i s  s tu d y  f o r  th e  human l i v e r  

enzyme. The r e s u l t s  a re  exp ressed  in  F ig u re  15. The re p o r te d  v a lu e s  o f  

Kin o f  th e  r a b b i t  l i v e r  guanine deaminase v a ry  from 1 x  10"*̂ M t o  6 x  10~®M 

(31, 32, 34, 35, 53, 54, 61, 62, 63, 75).

pH E f fe c ts  on th e  K in e tic  P ro p e r tie s

pH e f f e c t  on th e  enzyme was s tu d ie d  by  v a ry in g  th e  pH from  5 .5  t o  

9 .0 ,  i n  th e  increm ents o f  0 .5  pH u n i t s .  The kM and th e  Vmax w ere c a lc u la te d  

a t  d i f f e r e n t  pH. H ie p lo ts  o f  pKm (-lo g  Km) v s .  pH, lo g  Vmax/Km v s . pH and 

th e  Vinax v s .  pH were c o n s tru c te d  from th e se  d a ta ,  which a re  shown in  F ig u res  

16, 17, 18 and 19 and T able 4 . The optimum pH f o r  th e  guanine deam inase 

was found to  b e  8 .0 . The k in e t ic  param eters re p o rte d  by  B ieb e r, e t  a l .  (62) 

and Lewis (33) a re  m ostly  in  good agreement w ith  my o b se rv a tio n s , ex cep t 

a t  th e  e x tre m itie s  o f  th e  pH. In  th e  p lo t  o f  Vmax v s . pH (F igure  19) Vmax 

c o n s ta n tly  in c re a se d  up t o  pH 8 .0 . S ince Vmax i s  in c re a s in g  w ith  pH u n t i l  

pH 8 .0  (or w ith  hydroxide io n  co n cen tra tio n ) hydroxide io n  m ight b e  t r u l y  

invo lved  in  th e  re a c t io n  mechanism, p a r t ic u la r ly  d u rin g  complex fo rm ation  

betw een th e  enzyme and th e  s u b s t r a te ,  a b s tr a c t in g  th e  amino group from  th e  

guanine by th e  a d d it io n  o f  a  hydrogen io n  and re p la c in g  i t  w ith  a  hydrox ide . 

A lso  th e  pKa o f  5 .8 , as  o b ta in ed  in  t h i s  s tu d y  in d ic a te s  th e  p o s s i b i l i t y  

o f  a  fu n c tio n a l  group t h a t  has a  pKa in  t h i s  ran g e . H ie pKa v a lu e  re p o r te d  

by  B ieb er, e t  a l .  (62) i s  5 .6  and 6 .0  by Lewis. H iis  in d ic a te s  th e  p o s s ib le  

involvem ent o f  a  carboxy l group o f a s p a r ta te  o r  g lu tam ate  o r  th e  d is s o c ia t io n  

o f  a  p ro to n a te d  im idazo le . B ieb er, e t  a l .  (62) have a ls o  in d ic a te d  th e  same 

p o s s ib i l i t y ,  a s  w e ll  a s  th e  involvem ent o f  th e  hydroxide io n  in  th e  r a t e  

l im i t in g  s te p  and in  th e  r e le a s e  o f  ammonia a s  d iscu sse d  above. The optimum
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pH value reported by Lewis (33) was 6.5 and 8.0 by B ieber, e t  a l .  (62).

E ffec t o f 8 -  Azaguanine

8 -  Azaguanine e ffe c ts  as a  substra te  were stud ied . 8 -  Azaguanine 

has an optiitun pH of 6.0 as reported by Lewis and Glantz (32). However,

Rousch and N orris (22) reported a pH of 6.3 fo r 8 -  azaguanine. Varying 

concentrations o f 8 -  azaguanine were taken and the a c tiv ity  o f th e  enzyme 

measured. Measuremen ts  w ith guanine ware a lso  performed a t  pH 6.0 and a t  

pH 8.0 to  cccpare the p a tte rn  o f the  k in e tic s  o f guanine and 8 -  azaguanine. 

The Rn obtained fa r  8 -  azaguanine i s  2 x  Rn was higher fo r

8 -  azaguanine which ind ica tes th a t i t  i s  weakly bound to  the  enzym e as 

ocnpared to  guanine whose Km i s  lower. The re su lts  a re  expressed in  Figure 20. 

B ieber, e t  a l .  (62) have r eporte d a  Rn value o f 2.3 x  10“ M̂ fa r  8 -  azaguanine. 

However, Lewis (33) reported  a  Km value fo r 8 -  azaguanine a t  3.33 x 10~^M.

In h ib itio n  by lOdoaoetate

E ffects o f iodoaoetate were studied a t  a  concentration o f 1 x  10” M̂ 

and 1 x 10~̂ M a t  pH o f 8.0 w ith guanine as su b stra te . Enzyme was incubated 

w ith iodoaoetate fa r  5 to  30 minutes and was r emoved and assayed fo r the  

a c tiv ity  a t  5 minute in te rv a ls .

At 1 x 10~̂ M concentration of the  iodoaoeta te  th e  enzyme showed 

very l i t t l e  in h ib itio n  w ith only a lo ss  o f 7% o f i t s  a c tiv ity . At a 

concentration of 1 x 10~?M of the  iodoaoetate, enzyme showed a  slow decrease 

in  th e  a c tiv ity  ranging from 5% a t  5 m inutes period to  24% a t  30 m inutes 

period. I t ,  th erefo re , s t i l l  retained  most o f i t s  a c tiv ity . Iodoaoetate, 

th erefo re , is  a  poor in h ib ito r o f guanine deaminase (Figure 21). Since 

iodoaoetate i s  -SH group in h ib ito r, i t s  O00H grcup might be involved in  

a lte rin g  th e  enzyme environment making i t  a  poor in h ib ito r. However, Lewis 

(33) reported  a  lo ss o f about 10% in  th e  a c tiv ity  o f th e  enzyme a t  a
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F ig . 20. 8 r- azaguanine s tu d y . The f ig u r e  shews th e  double re c ip ro c a l

p lo t  f o r  8 -  azaguanine (.•——) a t  pH 6 .0  and guan ine , a s  s u b s tr a te s  

f o r  guanine deam inase. Guanine was used  a t  pH 6 .0  (••••••) and

pH 8 .0  C ) f o r  com parison.
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P ig . 2 1 . Io d o ao e ta te  in h ib i t io n .  Enzyme was incu b a ted  w ith  io d o a o e ta te  

a t  1 x  10“^M (A) and 1 x  10~^M (jB) c o n c en tra tio n  f o r  th e  p e rio d s  

o f  tim e shown and th e  a c t i v i t y  was m easured a t  245nm.

Guanine was used  a s  s u b s t r a te  a t  2 x  10” ^M c o n c e n tra tio n .
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F ig . 22. N oncom petitive in h ib i t io n  by p  -  hydroxym ercuribenzoate

p  -  Hydroxymercurcbenzoate co n ce n tra tio n s  used  were 1 x  10~^M

( - - - - )  and 5 x  10 (•........) .  ■ re p re s e n ts

c o n tro l .  A ssays w ere done a t  pH 8 .0  and th e  enzyme was 

d ia ly z e d  to  remove d i t h i o t h r e i t o l  p r io r  t o  a ssay s .

Guanine was used  as  s u b s tr a te .
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F ig . 23. I n h ib i t io n  byPHMB. The tim e in a c t iv a t io n  s tu d ie s  w ere done a t  

1 x  1 0 _4MPHMB c o n c e n tra tio n . An a l iq u o t  o f  th e  enzyme was 

removed a t  each tim e  in te r v a l  and assayed  f o r  i t s  a c t i v i t y .  

Guanine was used  a s  s u b s t r a te  a t  2 x  10"^M co n c e n tra tio n .
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co n c en tra tio n  o f  2 x  10_3M o f  io d o a c e ta te  a f t e r  20 m inu tes.

I n h ib i t io n  o f  p -  Hydroxym ercuribenzoate

The e f f e c t  o f  PHMB was s tu d ie d  a t  pH 8 .0  a t  th e  c o n c en tra tio n s  o f  

1 x  10“ %  and 5 x  10"% . I t  was observed  t h a t  PHMB a c ts  as  a  noncom petitive 

in h ib i to r ,  and i t  g r e a t ly  red u ces th e  a c t i v i t y  o f  th e  enzyme, A Ki 

( in h ib i t io n  co n s ta n t)  v a lu e  o f  1 .53 x  10“%  was o b ta in ed  d u rin g  t h i s  s tu d y . 

Lewis, e t  a l .  (31, 32) have re p o r te d  a  Ki o f  4 .56 x  10“ %  f o r  th e  r a b b i t  

l i v e r  enzyme (F igure 22).

The time inactivation of the enzyme by PHMB was also studied.
(F igure 23 .) The enzyme was in cu b a ted  w ith  th e  PHMB (1 x  10”% ) and an 

a l iq u o t  was withdrawn a t  5 m inute in te r v a ls  and assayed  f o r  th e  enzyme 

a c t iv i t y .  The enzyme shewed a  g r e a t  deg ree  o f  s e n s i t i v i t y  t o  in h ib i t io n  

by p  -  hydroxym ercuribenzoate w ith  a  37% lo s s  in  th e  a c t i v i t y  a t  th e  f i r s t  

5 m inutes and about 91% lo s s  i n  th e  a c t i v i t y  a t  30 m inu tes. S ince PHMB a c ts  

on th e  su lfh y d ry l group, th e  in h ib i t io n  by PHMB su g g ests  th e  involvem ent o f 

-SH group a t  th e  a c t iv e  s i t e  o f  th e  enzyme.

I n h ib i t io n  by 5 -  ftm inoim idazole -  4 -  Carboxamide

The in h ib i to ry  e f f e c t  o f  th e  p u r in e  p re c u rso r  5 -  am inoim idazole -  

4 -  carboxamide was s tu d ie d  on th e  guanine deam inase a t  a  co n c e n tra tio n  o f  

1 x  10"%  and 1 x  10"% . I t  was observed  t o  be  a  p o te n t in h ib i to r  o f  th e

guanine deaminase and th e  ty p e  o f  th e  in h ib i t io n  observed  was o f  a

co m p etitiv e  n a tu re . A Ki o f  5 x  10"%  was o b ta in ed  a t  a  c o n ce n tra tio n  o f  

1 x  10“%  f o r  th e  in h ib i to r  w h ile  a  v a lu e  o f  3 .33 x  10"%  was c a lc u la te d

f o r  th e  Ki a t  th e  c o n c e n tra tio n  o f  1 x  10”% . Mandel, e t  a l .  (7) had observed

th a t  th e  in  v iv o  in c o rp o ra tio n  o f  guanine in to  th e  n u c le ic  a c id  o f  m ice was
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p o te n tia te d  by th e  sim ultaneous a d m in is tra tio n  o f  5 -  am inoim idazole -  4 -  

carboxam ide, and had concluded t h a t  th e  guanine deaminase was in h ib i te d  by 

5 -  am inoim idazole -  4 -  carboxamide so  t h a t  exogenously ad m in is te red  guanine 

was n o t c a ta b o liz e d . Lew is, e t  a l .  (31, 32) re p o rte d  a  Ki o f  3 .05  x  10“%  

f o r  th e  in h ib i to r  and observed  v a lu e  in  my r e p o r t  i s  c lo s e  t o  t h i s  v a lu e .
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F ig . 24. C c n p e tit iv e  in h ib i t io n  by 5 -  andnoiinidazole -  4 -  carboxam ide.

C o n tro l i s  re p re se n te d  a s  ——— — — —  showing no in h ib i t io n .

The c o n c e n tra tio n s  o f  5 -  am inoim idazole -  4 -  carboxamide used

were 1 x  10-3M (.------ ) and 1 x  10-4M (........ ) .  Guanine was used  as

as  s u b s t r a te .



10
3

150

100

80

60

40

1O TTo 8060
3

20406080

xlO



104

F ig . 25. T enperatu re  in a c t iv a t io n  s tu d ie s .  Guanine deam inase was 

in cu b a ted  a t  d i f f e r e n t  tem p era tu res  and an a l iq u o t  was 

removed t o  a ssay  f o r  th e  a c t i v i t y  a t  d i f f e r e n t  tim e in te r v a ls .

2 x  10-4M guanine was used  a s  s u b s tr a te .
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Tem perature E f fe c t

The s t a b i l i t y  o f  th e  enzyme was s tu d ie d  by in c u b a tin g  i t  a t  

d i f f e r e n t  tem p era tu res  and a ssa y in g  th e  a l iq u o t  o f  th e  enzyme a t  f iv e  

m intues in te r v a ls .  The enzyme seemed to  be  q u i te  s ta b le  a s  i t  showed 

on ly  3% in a c t iv a t io n  a t  f iv e  m inu tes a t  45°C and a  maximum o f  17% in h ib i t io n  

a t  30 m inutes a t  t h i s  tem p era tu re . Hcwever, i t  became, l a b i l e  a t  55^C 

where i t  l o s t  21% o f  i t s  a c t i v i t y  a t  th e  f i r s t  f iv e  m inutes and 49% a t  

th e  end o f  30 m inu tes. I t  shewed a  s u b s ta n t ia l  in a c t iv a t io n  a t  65°C 

where a t  th e  end o f  f iv e  m inu tes i t  l o s t  abou t 54% o f  i t s  a c t i v i t y  and 

91% a t  th e  end o f  30 m inu tes. S im ila r  r e s u l t s  were re p o r te d  f o r  th e  r a b b i t  

enzyme by Lewis (33). The r e s u l t s  a r e  shewn in  F ig u re  25.
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Conclusion

Human l i v e r  guanine deam inase i s  an a c id ic  p ro te in  w ith  a  

m olecu lar w eigh t o£ 120,000 and i s  composed o f  two su b u n its . The 

p u r if ic a t io n  scheme used  in  t h i s  s tu d y  r e s u l te d  in  a  3248 fo ld  p u r i f ic a t io n  

w ith  33% y ie ld .  The a f f i n i t y  l a b e l ,  ag aro se  hexane guanine tr ip h o sp h a te  i s  

im portan t in  th e  p u r i f i c a t io n  o f  th e  enzyme s in c e  i t  i s  r e a d i ly  a v a i la b le .

The sy n th e s is  o f  th e  la b e l  lias been s u c c e s s fu l ly  a ttem pted  in  t h i s  la b o ra to ry  

although  th e  lig a n d  i s  com m ercially  a v a i la b le .  The a f f i n i t y  la b e l  g r e a t ly  

m inim izes th e  number o f  th e  s te p s  o f  s e v e ra l  more column chromatography as  

used  in  th e  e a r l i e r  p ro ced u res , and h e lp s  in  ach iev in g  th e  pu re  enzyme 

p re p a ra tio n  in  a  s h o r te r  p e r io d . Amino a c id  a n a ly s is  and i s o e le c t r i c  

fo cu sin g  supported  th e  d a ta  t h a t  i s  i s  an a c id ic  p r o te in .  SDS g e l  e le c t r o ­

p h o re s is  and g e l  f i l t r a t i o n  a ls o  were in  accordance t o  th e  dim er n a tu re  o f 

th e  enzyme as  was th e  i s o e l e c t r i c  fo cu s in g .

There a r e  c o n f l ic t in g  r e p o r ts  on th e  m olecu lar w eigh t and k in e t ic  

param eters o f th e  enzyme from d i f f e r e n t  so u rc e s , so  th e  r e s u l t s  o f  t h i s  

in v e s t ig a t io n  a r e  n o t in  a  p o s i t io n  t o  su p p o rt a  p a r t i c u la r  s tu d y , a lthough  

th ey  c lo se ly  p a r a l l e l  t o  m ost o f  th e  w o rk ers ' o b se rv a tio n s . T his enzyme 

i s  v ery  in te r e s t in g  enzyme and r e c e n t ly  c l in ic ia n s  have s ta r t e d  to  

observe  guanine deam inase in  th e  o n se t o f  th e  v a r io u s  ty p es  o f  d ise a se s  as  

in  v i r a l  h e p a t i t i s ,  k idney  d is e a s e s ,  e t c .  (88, 89, 90) and a  study  w ith  th e  

c l i n i c a l  approach w i l l  be  in te r e s t in g  t o  do p a r t i c u la r ly  a t  th e  m olecular 

le v e l .

S trong in h ib i t io n  by PHMB su g g ests  th e  p o s s ib i l i t y  o f  th e  p resence o f 

-SH groups a t  th e  a c t iv e  s i t e  o f  th e  enzyme. pH e f f e c t s  o f  th e  enzyme were 

q u ite  in te r e s t in g  in  t h a t  th e y  in d ic a te  th e  involvement, o f  hydroxide ions
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q u i te  c le a r ly  as th e  v e lo c i ty  in c re a se d  c o n s ta n tly  w ith o u t any ab ru p t 

changes. A sharp  peak o r  d e c l in e  i n  v e lo c i ty  a f t e r  pH 8 .0  s tro n g ly  su g g ests  

a  pH optimum o f  8 .0  f o r  t h i s  enzyme. A sunmary o f  th e  r e s u l t s  o b ta in ed  in  

t h i s  study  i s  p re sen ted  i n  T ab le  6 . and th e  com parative d a ta  on guanine 

deaminase from v a rio u s  o rgans and t i s s u e s  o f  v a r io u s  sp e c ie s  in  Table 6.



Table 5

Summary of the Results Obtained in this Investigation

Step R e su lt

1. P u r i f ic a t io n  f a c to r

2. S p e c if ic  a c t i v i t y

3 . N ative  m o lecu lar w eig h t

4. S ubunit m o lecu lar w eig h t

5. I s o e le c t r i c  p o in t

6. Amino a c id  a n a ly s is

7. C -te rm in a l amino a c id

8. N -te rm in a l amino a c id

9. Km w ith  guanine

10. Kra w ith  8 -  azaguanine

11. Optimum pH

12. E f f e c t  o f  v a ry in g  pH a t  
k in e t ic  param eters

13. Io n iz a t io n  groups (pKa) v a lu es

14. I n h ib i t io n  fcy io d o a c e ta te

15. I n h ib i t io n  by p  -  hydroxym ercuribenzoate

16. Time In a c t iv a t io n  by PHMB

17. I n h ib i t io n  by 5 -  am inoim idazole 
4 -  carboxamide

3248

21.5

120,000

59,000

4.76

A cid ic  p r o te in .  High in  G lu, 
Asp, G ly, A la , V al Leu re s id u e

A lanine

V aline

1.538 x  10"%!

2 x  10-4M

8.0

As shown i n  F ig u res  1 8 - 2 0 .

5 .8  and 8.0 

S l ig h t  in h ib i t io n  

S trong noncom petitive in h ib i to r  

As shown in  F ig u re  25 

C om petitive in h ib i to r

18. Tem perature s t a b i l i t y Loss o f  a c t i v i t y  above 45CC



Table 6

aurce Reference

SUMMARY OF COMPARATIVE DATA ON GUANINE DEAMINASE

FROM VARIOUS ORGANS AND TISSUES FROM VARIOUS SPECIES

Degree o f  S u b s tra te  M ich ae lis  pH Mole-
p u r i f i c a -  s p e c i f i -  c o n s ta n ts  C om petitive I n h ib i to r  o p t -  c u la r
t io n  c i t y  (m o le s /l i te r )  in h ib i to r s  c o n s ta n ts  mum w eigh t

R abbit l i v e r  ( i)  Rausch & N o rris  (22)

( i i )  Kream & C hargaff

( i i i )  Lewis (56)

(iv) C u rrie  e t  a l  (29) 200-
fold

(v) Lewis (33) 9000-
fold

guanine

8 -  a z a -  
guanine

guanine

8 -  aza--- 
guanine

guanine

guanine

8 -  a z a -  
guanine •

1-methyl-
guanine

guanine

8 -  a z a -  
guanine

5x10-6

7x10

N.D.

-3

1 .05xl0-5  

■>-41.02x10

3.33x10

N.D. N.D.

2.70X10"3

1 .2 x10-5M AIC1 3.05X10"5 

THFA2 2 .58xl0“ 4 

AICA3 5 .68xl0-4

near
8.0

6.3

N.D.

6 .5

7 .7

5 .9

7 .1

6.8

6.0

170.000 
and

525.000 
(ge l f i l ­
t r a t i o n  on 
sephadex 
G -200).

56.000 
(g e l f i l ­
t r a t i o n  on 
sephadex 
G-200)
54.000 
(SDS poly­
acrylam ide 
g e l  e le c t r o ­
p h o res is )  .

6 - th io -
guanine 8.0x10 4M



Continued

ource Reference

Degree o f  S u b s tra te  M ichael i s  pH Mole-
p u r i f i c a -  s p e c i f i -  c o n s ta n ts  C o n p e titiv e  I n h ib i to r  o p t-  c u la r
t io n  c i t y  (m o le s /l i te r)  in h ib i to r s  c o n s ta n ts  mum w eight

R at l i v e r

R at b ra in

i) S o lub le  
f r a c t io n

(i)  Schmidt (17)

( i i )  Mansoor e t  a l  (53)

( i i i )  Kumar & K rishnan (27) 360-
fo ld

(iv) Baker & S iebeneick  
(59)

( i)  Mansoor e t  a l  (53)

( i i )  Kiunar e t  a l  (27)

>) L igh t-m itochondria

) Heavy m itochondria  "

Sheep b ra in  (i)  Mansoor e t  a l  (53)

200-

fo ld

80 t o  
100-  

fo ld

590-
fo ld

49-
fo ld

38-
fo ld

80 to  
100-  

fo ld

guanine

guanine

guanine
8 -aza -
guanine

guanine

8 -aza -
guanine
isoguan ine
6 - th io -
guanine

guanine

8 -aza -
guanine

1.92x10-5

1.98x10 -5

2.90x10 -4

1.05x10 -3

9.2

9 .0

6.6

9 .0

8.0

7 .5

6 .5

and
8.5

TU
T
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Degree o f  S u b s tra te  
p u r i f i c a -  s p e c i f i -  

>urce R eference t io n  c i t y

R abbit b r a in  ( i)  Lewis (33) 1200-

fo ld
guanine

Ling cod 
muscle

(i)  Roy (47)

Mouse l i v e r  ( i)  Kumar e t  a l  (27) 
(so lu b le  
frac tio n O

200 -

fo ld

crude
ex­
t r a c t s
195-
fo ld

8 -aza -
guanine

6 - th io -
guanine^

guanine

8 -aza -
guanine

guanine
8 -aza -
guanine

M ich ae lis  pH Mole-
c o n s ta n ts  C om petitive I n h ib i to r  o p t -  c u la r
(m o le s /l i te r )  in h ib i to r s  c o n s ta n ts  mum w eigh t

1 .22xl0-5  AIC 2.78xl0~5 6 .504 58,000
(pH7.0) TUFA 3 .12x l0 -4 (gel

AICR f i l t r a t i o n

1 .43x l0“4 
(pH 7 .0)

3 .30x l0“ 5 6 .0

Sephadex 
G-200).

5.0x10 6 (B) 5 .6
and
8.5

6.3x10"5(A) 7 .0
8.0

112
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Source Reference

Degree o f S ubstrate M ichaelis pH Mole-
p u rific a - s p e c if i-  constants C crrpetitive In h ib ito r o p t- cu la r
t im  c ity  (m o les/liter) in h ib ito rs  constants nun weight

8. Rabbit 
liv e r

9 . Rabbit 
liv e r

10. Human 
liv e r

(vi) Fogle & Bieber 1250
(34, 35)

(v ii) Bergs trom & Bieber 7100
(62)

This th esis  3248

guanine

guanine
8-aza-
guanine

guanine

5.6xl0~^4

3.63x10-6M 
2.3xl0~^M

3-deaza- 3.7x10"^  
guanine

1.538xlO-sM

8.0  110,000

8.0

6.0

7.0

8.0

110,000 
(2 subunits 
o f 52,000 
each).

120,000 
(59,000 
each 2 
subunits)

8 -  azaguanine 2xlO“ M̂ 5-AIC 5xl0“%4

*SJS Sodium dodecyl su lfa te

1. AIC 5 -  amino imidazole -  4 -  carboxamide

2. TOFA T etrahydrofolate

3. AICR 5 -  aminoimidazole -  4 -  carboxamide riboside

4. At 1200-fold p u rifica tio n  o f ra b b it b rain  deaninase, a  sin g le  sharp pH optimum i s  observed a t  pH 6.9 .

At 100-fold p u rific a tio n , however, th e  pH-rate p ro file  shows a broad plateau between pH 5.5 and pH 8.5 w ith 
observable maxisa a t  pH 6.5 and pH 8.5.

5. 6 -  thioguanine -  the  u tiliz a tio n  o f 6 -  thioguanine as su b stra te  by b rain  deaminase i s  only observed a t
extremely high concentration o f enzyme. Ihe liv e r  enzyme is  q u ite  capable o f u tiliz in g  th is  analog a t  normal
concentrations o f enzyme.

113
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