
d is p la y in g  very  high a f f i n i t y  fo r  cAMP, however, h iv e  s ince  

been rep o rted .

A d is c o n c e rtin g  problem a t  th a t  tim e was th e  apparent d is p a r i ty  

In  m olecu lar mass e s tim a tio n s  o f th e  type  IV  cAMP PDE b etw -tn  

d if f e r e n t  au th ors . E s tim atio n s  were based on p a r t ia l  

p u r if ic a t io n  o f  th e  s o lu b le  enzyme, u s u a lly  a t ta in e d  through  

e lu t io n  on D EA E-cellu lose columns fo llo w ed  by v a rio u s  methods 

fo r  m olecu lar mass d e te rm in a tio n . The p a r t ic u la te  forms wore 

p a r t i a l l y  p u r if ie d  u s u a lly  by f i r s t  s e p ara tin g  out th e  

membranes o f  In te r e s t ,  s o lu b il iz in g  th e  enzyme, and then  

app ly ing  techniques fo r  m o lecu lar mass d e te rm in a tio n . Russel 

and asso c ia tes  (1973 ) rep o rted  a s iz e  o f  400000 d a lto n . fo r  the  

enzymes In  r a t  l i v e r .  Another group demonstrated a va lu e  o f  

200000 to  250000 dal tons (Thompson e t  a l .  1971) w h ile  th re e  

d if f e r e n t  values o f 55000, 110000 and 240000 fo r  th e  enzyme In  

the  so lu b le  p o rtio n  o f human lung were reported  (B ergstrand  and 

Lundqulst 1976). In  r a t  ad ip o cytes , th e  membrane-bound form , 

when re leased  by 0TT, gave an apparent m olecu lar mass o f  300000 

to  360000 which was almost h a lf  the  va lu e  o f 720000 reported  

fo r  the holoenrvme s o lu b il iz e d  by d e te rg en ts  (H aklno e t  a l .  

1960).

The f i r s t  group to  p u r ify  to  apparent homogeneity a type IV  

cAMP POE was Thompson a d h is  asso c ia tes  (1 9 7 9 (a ) )  and they  

based t h e ir  s tu d ies  on tha  so lu b le  form o f tn e  enzyme In  dog 

kidney. Since th en , the  r.firvme, both so lu b le  and p a r t ic u la te ,  

has been p u r if ie d  e ith e r  to  homogeneity or e x te n s iv e ly  so from: 

the  so lu b le  e x tra c t  o f human lung (Moore and S chroedter 1962);
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plasma membranes o f r a t  l i v e r  (Marchmont e t  «7. 1 9 8 1 (a )) ;  ra t  

s k e le ta l m yoblasts (N arlnd raso rasak  e t  a l .  1982); cy to so l o f  

r a t  p la te le ts  (G rant and Colman 1984 ); human m yeloid  leukaemlc 

c e l ls  (two s o lu b le  form s) (O n a ll e t  a l .  1985); cy to so l o f  human 

and bovine p la te le ts  (Macphee e t  a l .  1986; r a t  ad ipocytes  

(h orm one-sensitive  p a r t ic u la te  fo n n ) ( S a l t le l  and S te lg e rw a lt  

1986; S a l t le l  1987); r a t  h e a rt (F o u g le r e t  a l .  1986); and 

la s t ly ,  a form from hypotonic e x tra c ts  o f bovine h e a rt  

(H arriso n  e t  a l .  19 8 6 ,. These various, forms of';en d i f f e r  w ith  

respect to  s iz e , k in e t ic  b ehaviour, hormone s u n s l t lv l t y  and 

response to  e f fe c to rs  and In h ib i to r s .

The Thompson team subsequently c h a ra c te r iz e d  th e  type  IV  enzyme 

from dog kidney fu r th e r  (E p s te in  a t  a l .  1982 ( b ) )  which was 

la t e r  reviewed (Thompson a t  a l .  1 9 84 ). The s o lu b le , dog kidney  

h lg h - a f f in l t y  type IV  cAMP PDE has an apparent n a tiv e  and 

m olecular mass o f about 60000 dal tons a lthough a 57000 d a lto n  

form , which Is  im m unologically r e la te d , a ls o  c o -p u r lf le s  w ith  

th e  enzyme, 1n a d d itio n  to  some low m olecu lar mass fragm ents. 

The Km values fo r  cAMP and cGMP a re  2 uM and 530 uM 

re s p e c tiv e ly  w ith  a s im ila r  Vmax o f  0 .3  umol/mln/mg p ro te in  fo r  

both s u b s tra te s . The enzyme e x h ib its  l in e a r  k in e t ic s ,  cannot be 

phcsphorylated by p ro te in  kinases In  the  presence o f ATP and 

th e re  is  no d ir e c t  evidence o f hormonal s e n s i t iv i t y .  The enzyme 

has a hydrophobic domain and In h ib i t io n  s tu d ie s  In d ic a te  th a t  

both cAi.P and cGMP are  hydrolyzed a t  the  same c a t a ly t ic  s i t e .  

The enzyme Is  a lso  h ig h ly  la b i le ,  re q u ire s  p ro tease In h ib ito r s ,  

1s In a c tiv a te d  by DTT 1n d i lu t e  s o lu tio n  and re q u ire s  e th y len e



g ly c o l fo r  s t a b i l i t y  d u rin g  p u r i f ic a t io n  and s to ra g e . Of 

In te r e s t ,  w«s th e  f in d in g  by th e  group th a t  th e re  was 

c ro s s -re a c tio n  o f the  s o lu b le  dog kidney type I  cPOE w ith  a 

p o ly c lo n a l an tibody developed a g r .^ s t  th e  p u r if ie d  type  IV  cAHP 

POE suggesting a t  le a s t some shared homology In  s tru c tu re  

(Sarada e t  a l .  1982).

The Hayworth, Houslay and Marchmont group have, s in ce  1680, 

p u r if ie d  to  apparent homogeneity and e x te n s iv e ly  c h a ra c te rize d  

one o f two membrane-bound forms o f  type  IV  cAMP POE In  ra t  

l i v e r  plasma membranes (Marchmont e t  a l .  1 9 8 0 ( a ) , ( b ) ) .  The one 

membrane-bound form Is  a h lg h - a f f In l t y  enzyme th a t  1s 

p e r ip h e ra l ly  bound to  th e  plasma membrane. T h is  typ e  o f  

membrane-bound enzyme can be s o lu b il iz e d  by h igh Io n ic  s tre n g th  

or c h e la tin g  agents whereas the  o th e r form which 1s a 

lo w - a f f In l t y  In te g r a l ,  membrane-bound enzyme (Km fo r  cAMP > 2 

uM) can only be s o lu b il iz e d  by d e te rg e n t. The p e r ip h e ra l type  

IV  cAMP POE has been p u r if ie d  to  apparent homogeneity 

(Marchmont a t  a l .  I 9 8 l ( a , b ) )  and e x h ib its  an apparent subunit 

and n a tiv e  s iz e  o f 58000 da l tons w ith  Km values fo r  cAMP and 

cGMP o f 0 .7  uM and 120 uM re s p e c tiv e ly . The re s p e c tiv e  Vmax 

values  fo r  cAMP and cGMP are  9 .1  umol/mln/mg p ro te in  and 0 .4  

umol/min/mg p ro te in  and th e  Vmax fo r  cAMP Is  30 fo ld  g re a te r  

than the enzyme reported  In  dog kidney (Thompson a t  a l .  1984). 

The enzyme e x h ib its  n e g a tiv e  c o -o p e ra tiv e  k in e t ic s  which Is  

ascribed  to  a mnemonic re a c tio n  mechanism (re v ie w  Houslay at  

a l .  1984). I t  is  worth n o tin g  th a t  th e  two membr-.ne-bound forms 

face the Inner plasma membrane and are  th e re fo re  In t r a c e l lu la r
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and not ectoenzymes (Smoake a t  a t .  1 9 8 1 (b )) . The Marchmont 

group have claim ed th e  f in d in g s  o f  Smoake and co-w orkers to  be 

erroneous because o f  p o ss ib le  men rane contam ination  o f  tne  

p e r ip h e ra l, h lg h - a f f ln l t y  type IV  cAMP PDE (Marchmont e t  a l .  

1 9 8 1 (a ); . Treatm ent o f  Is o la te d  r a t  l i v e r  plasma membranes by 

th e  Marchmont team w it ' In s u lin  showed a c t iv a t io n  o f  the  

p e r ip h e ra l, h igh a f f i n i t y  ype IV  cAMP POE. This  a c t iv a t io n  

e f f e c t  was fcund to  be e l i c i t e d  through p ho sp hory la tion  o f  the  

enzyme (Marchmont a t  a l .  1 9 8 1 (a )) .  The same group demonstrated  

th e  same e f f e c t  In  In ta c t  hepatocytes (Heyworth e t  a l .  1 9 8 3 (b )) .  

The mechanism o f In s u l in ’ s a c tio n  Is  proposed to  be m ediated  

v ia  a s p e c if ic  guanine re g u la to ry  p ro te in  term ed, N ln s , w ith  a 

p oss ib le  s iz e  o f 26000 d a lto n s  (Heyworth a t  a l .  1 9 8 3 (a ,b ) ) .

O ther membrane-bound type IV  cAMP PDE forms In  d e n s e -ves lc les  

o f ra t  l i v e r  have a ls o  been described  by t h is  group (Heyworth 

a t  a l .  1986 ). Two memorane-bound forms were found In  r a t  l i v e r  

m itochondria  (Cercek and Houslay 1982) and two o r more In  the  

endoplasmic re tic u lu m  o f th e  same tis s u e  (W ilson and Houslay 

1 9 8 3 (a ) , (b ) ) .  The d e n s e -v e s lc le  form Is  considered to  be a 

d is t in c t  enzyme s ince I t  appears to  be a c tiv a te d  by In s u lin  v ia  

a d if f e r e n t  mechanism and, In  a d d it io n , glucagon, IBMX and 

d lb u try l cAMP were found to  s tim u la te  th e  denve v e s ic le  enzyme 

but not th e  one In  plasma membranes (Heyworth a t  a l .  1 9 8 3 (b )) .

In  fa c t ,  glucagon p revents  the  h lg h - a f f ln l t y  type IV  cAMP PDE 

from being a c tiv a te d  by In s u lin  (W allace a t  a l .  1 9 8 0 .  Tne two 

d is t in c t  enzymes bound to  the In n e r and o u te r  memoranes o f ra t  

U v e r  m itochondrion have net heen p u r if ie d  although I t  appears
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th a t  both forms are  p e r ip h e r a l . The o u te r  membrane f irm  1s 

p o ss ib ly  a d is c re te  enzyme s in ce  I t  e x h ib its  a low a f f i n i t y  fo r  

cAMP (Km >2 u h ), not p re v io u s ly  reported  fo r  a p e r ip h e ra l type  

IV  enzyme, and a ls o  d is p la y s  l in e a r  k in e t ic s .  The In n er  

membrane form 1s, a t  p re s e n t, In d is t in g u is h a b le  from th e  h igh  

a f f i n i t y  plasma membrane typ e  IV  enzy. fhe endoplasm ic  

re tic u lu m  forms neeo to  be fu r th e r  p u r i f ie d  and c h a ra c te r iz e d ,  

although a p e r ip h e ra l form has been dem onstrated to  be 

a c tiv a te d  and s o lu b il iz e d  by DTT, 1n agreement w ith  f in d in g s  on 

th e  type IV  form by th e  o th e r workers mentioned a t  th e  

beginning o f  th is  d iscu ss io n  (Sakai a t  »1.  1978; Loten a t  Ml.  

1980). I t  appears, th e r e fo r e , th a t  th e re  a re  a t  le a s t  fo u r  

d is t in c t  membrane-bound typ e  IV  cAMP PDE enzymes In  r a t  l i v e r  

Id e n t i f ie d  by the  Marchmont team. The c e l l  s e p a ra tio n  

techniques used by these au th ors  have been v e -y  thorough but 

p r o te o ly t ic  In h ib i to r s  have not been used nor even p ro te o ly s is  

te s te d  during  the  p u r i f ic a t io n  procedures (Marchmont and 

Housla'1 1 9 8 1 (b )) . The lack  o f use o f p ro tease  In h ib i to r s  by the  

Marchmont group has prompted o thers  to  q u es tio n  th e  rep o rted  

m olecu lar a lz e  o f th e  r a t  l i v e r  p r lp h e ra l typ e  IV  enzyme (M a jo r  

a t  a l .  1983 ). More r e c e n t ly , th e  Marchmont group, using th e  

novel methodology o f  " I r r a d ia t io n  In a c t iv a t io n  o f  r a t  l lv e i  

plasma membranes" have re p o ,te d  th a t th e  In te g r a l lo w - a f f In l t y  

type IV  CAMP PDE, a lthough not f u l l y  p u r i f ie d ,  y ie ld s  an 

estim ated  m olecu lar mass o f  120000. They re p o r t , however, a 

range o f 54000 to  140000 d a lto n s  fo r  th e  p e r ip h e ra l form  

depending on the presence o r absence o f  In s u lin  p r io r  to



I r r a d ia t io n  (Houslay a t  aJ.  1984 ).

The Appleman and Whitson group have Id e n t i f ie d  two 

h lg h - a f f In l t y  type IV  cAMP PDE form s In  free ze -th a w e d  r a t  l i v e r  

p re p a ra tio n s  (Whitson and Appleman 1982). T h e ir  re s u lts  d i f f e r  

from th e  f in d in g s  o f th e  Marchmont team w ith  regard  to  th e  high  

a f f i n i t y  fo r  cGMP e x h ib ite d  by both  forms (no Km values  

p ro v id ed ) In  a d d itio n  to  a much h ig h e r a f f i n i t y  f o r  cAMP. The 

two form s, however, d id  show n e g a tiv e  c o -o p e r a t lv l ty .  The 

m olecu lar mass values f o r  th e  forms v a rie d  accord ing  to  th e  

method o f p a r t ia l  p u r i f ic a t io n  adopted. I f  th e  t is s u e  was 

d e te rg e n t s o lu b il iz e d  a type  IV  cAMP PDE y ie ld e d  an apparent 

m olecu lar mass o f 200000  suggesting  th a t  I t  Is  th e  In te g ra l  

membrane-bound enzyme. The two h lg h - a f f ln l t y  typ e  IV  cAMP PDE 

form s, termed A and B, s o lu b il iz e d  by fre e z e -th a w in g , gave 

apparent m olecu lar s iz e s  o f 100000 and 85000 re s o e c tlv e ly  and 

appear to  be v a r ia n ts  o f  th e  p e r ip h e ra l forms described  by the  

Marchmont group. Lengthy storage has shown a conversion  o f  the  

A to  the B form and a n t1 sera  ra is e d  ag a in s t th e  B form  

c ro s s -re a c ts  w ith  the  A form (W hitson and Appleman 1982; review  

Appleman # t  a l .  1984). Two h 1 g h -a f f In l ty  forms have a ls o  been 

id e n t i f ie d  In  adipose t is s u e  e x tr a c ts  and o n ly  one o f  them 1s 

In s u lin  dependent (Appleman a t  a l .  1984). One o f  th e  

h lg h - a f f ln l t y  forms In  In ta c ;  r a t  ad ipocytes has been shown to  

be a c tiv a te d  by papaverine md MIX (Wong and Ool 1985) which is  

analagous 1n behaviour to  th a t o f  th e  d e n s e -v e s lc le  enzyme In  

r a t  l i v e r  (Heyworth a t  a l .  1 9 8 3 (b )) . Recent work has shown th a t  

th e  in s u lin  a c t iv a t io n  o f In s u l1 n -s e n s 1 tlv e  typ e  IV  cPDE does
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not In v o lv e  th e  components o f  adenyl cyc lase  re g u la tio n  (Weber 

• t  a l .  1 987 ). Furtherm ore, S a l t l e l  (1987 ) has dem onstrated th a t  

th e  acute a c tio n s  o f  In s u lin  on th e  a c t i v i t i e s  o f  cPDE, adenyl 

cvclase  and pyruvate  dehydrogenase m ight be m ediated oy an 

Id e n t ic a l In t r a c e l lu la r  carbohydrate  complex composed m ain ly  o f  

In o s ito l phosphate and glucosam ine.

A d d itio n a l p u r i f ic a t io n  s tu d ie s  o f  typ e  IV  enzymes In  o th e r  

t is s u e s  such as th e  s o lu b le  form In  human lung In d ic a te  th is  

enzyme to  be very  s im ila r  to  th e  s o lu b le  dog kidney form (Moore 

and Schroedter 1982) a lthough  these au thors sp ecu la te  th a t  th e  

form Is  p o ss ib ly  a c a t a ly t ic  subun it o f a la r g e r  n a tiv e  enzyme. 

The h lg h - a f f In l t y  cAMP POE hormone-dependent enzyme In  r a t  

ad ipocytes has been re c e n tly  p u r if ie d  to  homogeneity and found 

to  have a subun it m o lecu lar mass o f  60000 d a lto n s  but th e re  was 

no d e f in i t iv e  data  on th e  n a tiv e  s tru c tu re  ( S a l t l e l  and 

S tle g e rw a lt 1986).

R ecently  th e re  has been the  suggestion o f c la s s ify in g  a 

subgroup o f  th e  type IV  cAKP POE enzymes as being "cGMP 

in h ib ite d  low Km cAMP POE" because these forms are  m arkedly  

In h ib ite d  by low c o n cen tra tio n s  o f cGMP (H a rris o n  e t  a l .  1986). 

These a c t i v i t i e s  have been rep o rteo  1n mutant S49 mouse 

lymphoma c e l ls  (B ro th ers  e t  a l .  1982); human p la te le ts  (H ldaka  

and Asano 1976; Grant and Colman 1984); bovine h e a rt (D onnelly  

1978; H arrison  e t  a l .  1986); and r a t  l i v e r  (Russel e t  a l .

1973). W ith in  th is  subgroup th e re  Is  d is p a r ity  between 

m olecular mass e s tim a tio n s  and s u b s tra te  a f f i n i t i e s ,  cor 

example th e  human p la t e le t  s o lu b le  enzyme has been rep o rted  to



mm I in

-

be a dim er o f  140000 d a lto n *  w ith  a subun it o f  61000 d a lto n s . 

The Km va lues  f o r  both cAHP and cOMP are  very  low , and a re  0 .1 8  

uM and 0 .0 2  uM re s p e c t iv e ly , w ith  a very  low Vmax fo r  cOMP. Of 

In te r e s t ,  was th e  la c k  o f c r o s s - r e a c t iv i ty  between t h is  form  

and th e  p o ly c lo n a l an tibody ra is e d  to  s o lu b le  dog kidney  

enzyme. In  c o n tra s t, th e  su bu n it fo r  h 1 g h -a ff1 n 1 ty  bovine h e a rt  

enzyme, p u r if ie d  from hypotonic e x tr a c ts , Is  es tim ated  to  be 

110000 d a lto n s  and can be phosphorylated . A p o ly c lo n a l an tibody  

developed a g a in s t t h is  enzyme does not c ro s s -re a c t w ith  e i t h e r  

bovine lung nor dog kidney type  IV  cAHP POE.

F in a l ly ,  a type IV  cPOE, p a r t i a l l y  p u r if ie d  by Umekawa and 

asso c ia tes  (1984) In  human p la t e le t s ,  appears to  h ydro lyze  both  

cAMP and cGMP w ith  h igh a f f i n i t y  and alm ost equal p re fe re n c e . 

The apparent m o lecu lar mass Is  about 175000 d a lto n s  and e i t h e r  

s u b s tra te  ac ts  as a c o m p e tit iv e  In h ib i to r  o f  th e  o th e r . Yet 

another team has p u r if ie d  a s o lu b le  type IV  cPOE Isoenzyme 

(a p p a re n t,y  e x h ib it in g  th e  m a jo r ity  o f s o lu b le  cPCE a c t i v i t y  In  

human p la te le ts )  and th e  Isoenzyme has a re p o rted  m o lecu lar  

mass o f 110000 d a lto n s  (Macphee e t  a l .  1986)

In  conc lu s io n , th is  c la s s  o f  enzymes has proven, by f a r ,  to  be 

the  most d i f f i c u l t  to  which to  assign general p ro p e r t ie s , a p a rt  

from the  tren d  o f a h ig h er a f f i n i t y  d isp layed  fo r  cAMP and lack  

o f ca lc iu m /ca lm o du lin  a c t iv a t io n . The re p o rts  o f d is t in c t  

enzymes are  numerous and th e  s u b s tra te  s p e c i f i c i t ie s  and 

estim ated  m olecu lar s ize s  vary  c o n s id e ra b ly . Whether the  

d iscrep an c ies  1n m olecu lar mass e s tim a tio n s  may be e x p la in ed  by 

e it h e r  aggregation  o f a 60000 d a lto n  sp ec ies , o r whether th e
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low er values rep resen t p r o te o ly t ic  fragm ents o f  a la rg e r  

holoenzyme In cu rred  d u rin g  processing remains to  be 

a s c e rta in e d . I f  I t  proves to  be th e  la t t e r  case I t  Is  p o ss ib le  

th a t  th e  v a r ia t io n  In  s u b s tra te  a f f i n i t i e s  and k in e t ic s  may, In  

p a r t ,  be th e  r e s u lt  o f changes In  co nform ation a l s tru c tu re  

re s u lt in g  In  m o d ified  a c tio n  a t  th e  c a t a ly t ic  and b ind ing  s ite s  

o f th e  p r o te o ly t ic  fragm ents.

E v id e n tly  th e re  are  a la rg e  number o f  cPDE enzymes and some 

isoenzymes both w ith in  t is s u e s  o f th e  same species  and between 

sp ec ies . The aim o f th is  th e s is  was to  examine cPDE forms In  

human mammary and u te r in e  t is s u e s , h ith e r to  ra th e r  n eg lec ted . A 

murine l in e  e x h ib it in g  spontaneous mammary tumours was a ls o  

s t / le d  and th e  forms o f  cPDE between s e le c te d  t is s u e s  o f  th is  

syngeneic mammalian model have been compared. Some o f  th e  forms 

observed have been p a r t i a l l y  p u r if ie d  and c h a ra c te r iz e d . The 

techniques used have e i t h e r  fo llo w ed  methods described  In  the  

l i t e r a t u r e  o r have been m o d ified  to  adapt to  c o n d itio n s  o f  

sm all tis s u e  samples. The l a t t e r  being  an obvious consequence 

o f studying  human tis s u e s  w ith  th e  excep tio n  o f  human leiomyoma 

(benign tumours) o f th e  u te ru s . The ensuing ch apters  w i l l  

th e re fo re  cover th e  s ta te d  to p ic s  o f  In te r e s t  1n much g re a te r  

d e ta i l  and th e  f in d in g s  w i l l  be compared and c o n tras ted  c lo s e ly  

w ith  the  c la s s if ic a t io n s  o f cPDE enzymes o u t lin e d  above.
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CHAPTER TWO

CHARACTERIZATION OF SOLUBLE CPOE ACTIVITIES IN  MURINE TISSUES. 

O b je c tiv e s

My f i r s t  A ttem pts to  c h a ra c te r iz e  and p a r t lv  y cPOE 

enzymes In  n e o p la s tic  mammary tis s u e s  were perform ed in  murine  

t is s u e s . I  had a v a ila b le , by k ind  perm ission o f  Or Kundlg 

(Departm ent o f  Pharmacology, M edical School, U n iv e rs ity  o f  the  

W ltw a te rs ra n d ), a fem ale , murine l in e  which e x h ib ite d  

spontaneous tumours In  m u ltlp aro u s  fem ales a t  an Inc iden ce  o f  

g re a te r  than 90%. These m u ltlp aro u s  mice were th e  fem ale  FI 

g e n e is tlo n  o f  a cross between fem ale B alb /cfC 3H  and male DBA/8 

anim als These hybrids  have been described  In  th e  l i t e r a t u r e  

( S t o l f l  # t  a?. 1971). The spontaneous mammary tumours 

a p p aren tly  r e s u lt  from In fe c t io n  o f  the  g e n e tic  m a te r ia l w ith  a 

v iru s  th a t is  passed on o r In h e r ite d  by th e  o f fs p r in g . During  

my s tu d ie s , based on e 1ec tro n -m 1croscopy o f  th e  h yb rid  tumour 

t is s u e , I  noted the presence o f budding v iru s e s  In  some o f  the  

u ltr a s e c t io n s . advantages o f working w ith  th is  animal model 

were:

1. The n e o p la s tic  mammary tis s u e  was d e riv e d  from p r a c t ic a l ly  

syngeneic anim als and thus the FI hybrids  were a source o f  

uniform  tumour t is s u e . Indeed, oestrogen and progesterone
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recep to r assays perform ed In  over 30 .a p a ra te  tumours y ie ld e d  

c o n s is te n tly  n e g a tiv e  f in d in g s .

2 . Many workers have noted s im i la r i t ie s  between spontaneously  

o ccu rrin g  prim ary m urine mammary tumours and human b re a s t 

neoplasms e s p e c ia lly  w ith  respect to  spreading  and morphology, 

f a m i l ia l  In h e r ita n c e , hormonal fa c to rs  and spontaneous 

regress ion  (see S t o l f 1 e t  a l .  1971).

3 . Large q u a n t it ie s  o f  s im ila r  tumours could  be accumulated  

en ab lin g  p u r i f ic a t io n  procedures to  be te s te d .

4 . A constant supply o f  fre s h  t is s u e  could be made a v a ila b le  by 

planned breeding  schedules.

5. Com parative s tu d ie s  o f cPDE enzymes In  th e  n e o p la s tic  tis s u e  

could be made w lt . i th e  o th e r m urine tis s u e s  such as l i v e r ,  

k id n eys, h e a rt and b ra in .

The one d isadvan tage, however, was th a t  a comparison between 

th e  murine mammary tumour and th e  normal mammary tis s u e  In  the  

same animal was not fe a s ib le  on account o f  th e  lack o f  

s u f f ic ie n t  q u a n t it ie s  o f tis s u e  fo r  cPDE enzyme d e te c tio n  In  

the  la t t e r .  In  la t e r  c h a p te rs , working on human mammary and 

u te r in e  t is s u e s , I t  was p o ss ib le  to  ach ieve th is  com parative  

work w ith in  each p a t ie n t  a lthough th e  problem o f tumour 

h ete ro g e n e ity  between p a t ie n ts , e s p e c ia lly  1n human mammary 

t is s u e s , rem ained.

I n i t i a l l y ,  the  so lu b le  cPDE forms were s tu d ied  In  murine  

mammary tis s u e s  by means o f non -denatu ring  p o lyacry lam ide  d isc  

g e l-e le c tro p h e s 1 s  coupled to  a s p e c if ic  enzyme a c t iv i t y  s ta in  

fo r  cPDE enzymes. P a r t l i l  p u r i f ic a t io n  o f cPDE (u s in g  cAMP as a



s u b s tra te  f o r  d e te c tio n ) was achieved by means o f continuous o r  

batch e lu t io n  o f the  crude cy to so l on DE-62 c e llu lo s e  

anion ic-exchange chromatography fo llo w e d  by chrom atofocuslng  

and gel exc lu s io n  chromatography. F in a l ly ,  a 

p o ly a c ry la m ld e -s la b -g e l e le c tro p h o re s is  system was adopted and 

th e  s p e c if ic  enzyme s ta in  technique s l ig h t ly  m o d ified  so th a t  

com parative s tu d ies  o f  so lu b le  cPDE forms In  th e  crude c y to so ls  

o f murine tis s u e s  o f  b ra in , k id n ey , h e a r t , l i v e r  and n e o p la s tic  

mammary t is s u e  could be made. Much o f  th e  exp erim en ta tio n  

performed In  th is  anim al model enabled th e  development o f  more 

optim al procedures fo r  s tudying  cPDE enzymes In  human tis s u e s .

In tro d u c tio n

I t  would seem th a t p resen t day evidence precludes a g e n e ra lize d  

causal e f f e c t  o f e i t h e r ,  th e  le v e ls  o f  cAMP, cGMP and s p e c if ic  

m etabo lic  enzymes o r th e  r a t io  o f  th e  two s u b s tra te s , In  the  

p r o l i f e r a t io n  o r tra n fo rm e tlo n  o f  a l l  c e l ls .  That any o r most 

o f these fa c to rs  m ight be causal In  c e r ta in  s p e c if ic  tumours o r  

transform ed c e l ls  cannot be d iscounted . For good review s on th e  

s u b jec t o f c y c lic  n u c le o tid e s  and t h e i r  m etabolism  In  r e la t io n  

to  growth and p r o l i f e r a t io n  o f normal and n e o p la s tic  c e l ls  see 

(Ryan and H e ld M ck  1974; Hunt and M a rtin  1980; Prasad 1981; 

Boynton and W h it f ie ld  1983).

Many o f th e  e a r ly  s tu d ie s  which proclaim ed cAMP to  be a 

n eg a tive  re g u la to r  o f c e l l  growth were based on c e l l  l in e  

stu d ies  (H e ld r lc k  and Ryan 1970; 1971). There w ere, however, a
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number o f s ig n if ic a n t  problems associated  w ith  c e l l  l in e  models 

which could and have, in  some cases, g iven  r is e  to  fa ls e  

conclusions concerning the e f fe c t  o f c y c lic  n u c leo tid es  on c e l l  

growth, some o f which in c lud e:

1. S tud ies which were based on asynchronously d iv id in g  c e l ls  

where cAMP has been shown to  surge in  most, but not a l l  c e ) Is ,  

during  G1 and a lso  in  la te  S o r e a r ly  0 2 .

2 . The degradation  products o f cPDE enzyme ac tio n  such as 5 AMP 

and o th er fu r th e r  breakdown products l ik e  adenosine have a lso  

been shown to  a c t as in h ib ito r s  o f c e l l  growth.

3. Problems w ith  comparing c e l ls  d u rin g  d i f f e r e n t  growth stages  

i . e .  exp on en tia l phases o f growth w ith  quiescen t monolayers.

4 . E x te rn a l problems such as serum d e p le tio n  o f th e  c u ltu re  

media lead ing  to  in h ib it io n  o f c e l l  growth.

5. Experiments by some workers based so ley  on the  use o f the  

cAMP analogue, d ib u ty ry l cAMP, where the breakdown p roduct, 

n -b u ty r ic  ac id  has been im p lica ted  in  causing growth  

in h ib i t io n .

O bviously these p o te n t ia l sources o f e r r o r  could a lso  extend to  

observations based on adenyl cyc lase , guanyl cyclase and cPDE 

enzymes, e s p e c ia lly  s ince th e re  is  evidence th a t cPDE a c t iv i t y  

is  induced by i t s  own s u b s tra te  (Bourne e t  a l .  1973). I t  

appears, th e re fo re , th a t in  w u l1 -c o n tro l led experim ents on c e l l  

lin e s  th a t e ith e r  cAMP or d ib u ty ry l cAMP has been shown to  be 

e ith e r  n e g a tive  re g u la to rs  o f growth in  HeLa, neuroblastoma and 

murine sarcoma c e l l  lin e s  re s p e c tiv e ly  (Friedman 1976; Prasad 

1979; Rtdgway e t  a l .  1966) o r p o s it iv e  re g u la to rs  in  many o ther



c e l ls  ( r e  Mew Boynton and W h it f ie ld  1983 ).

There have a ls o  been problems re la te d  to  th e  measurement o f  

c y c lic  p urin e  n u c le o tid e s  In  v /v o  which may be sum m arlzed:-

1. Too long a d e lay  between e x c is io n  o f th e  t is s u e  and 

processing le a d in g  to  ca tabo lism  o f  th e  s u b s tra te s  by 

endogenous cPDE enz'm es.

2 . Processing th e  t is s u e  w ith  a cPDE In h ib i t o r  such as 

th e o p h y llin e  which o n ly  In h ib i ts  some o f th e  many cPDE enzymes 

p re s e n t.

3 . Problems In  a c c u ra te ly  m easuring cQMP le v e ls  which a re  o fte n  

p resen t a t  o n ly  one te n th  th e  c o n c e n tra tio n  o f  CAMP In  many 

t is s u e s  (C o ffe y  # t  a 7. 1978).

4 . Expresslu, o f  th e  le v e ls  o f  s u b s tra te  on th e  b as is  o f  tis s u e  

wet w e ig h t, per u n it  p ro te in  o r In  term s o f  DMA y ie ld  

c o n f l ic t in g  d a ta .

I t  appears th a t  Increased cAMP le v e ls  In  tumours versus normal 

t is s u e  have been rep o rted  In  ag gress ive  mammary tumours In  

humans (M inton e t  Ml.  1976; Q uerlno t e t  Ml.  1977; Kung e t  Ml.

1977) In  ra ts  ( C h a tte r je e  and Kim 1976; R llle m a  e t  Ml.  1978) 

and a ls o  1n r a t  c e l ls  (Cohen 1 9 76 ). A ls o , r e la t iv e ly  h ig h er  

le v e ls  o f cAMP have been measured 1n M o rris  hepatomas (M ic k le  

e t  Ml.  1977) and In  Induced hepatomas (D eR ubertls  and Craven 

1 980 ). By c o n tra s t, lower le v e ls  o f cAMP In  comparison to  

normal tis s u e  c o u n te rp arts  have been described  1n a s p e c if ic  

M orrV , hepatoma (M ic k le  e t  Ml.  1976) In  human colon (D eR ubertls  

a t  a I. 1976) and In  leukaemlc lymphocytes (Monahan e t  a 7.

1 976 ). I t  can be seen, th e re fo r e , th a t  th e re  a re  s u b s ta n tia l



d iffe re n c e s  between tumours and cancer c e l ls  compared to  normal 

c e l ls  In  th e  rep o rted  le v e ls  o f  cAHP (a ls o  cGMP) which m ight 

■e f le c t  t ru e  d iffe re n c e s  o r  be th e  r e s u lt  o f  one o r more o f  the  

above o u t lin e d  m ethodological problem s. S ince th e  

m ethodological e r ro rs  a re  d i f f i c u l t  to  a s ie s s , th e  measurement 

o f adenyl and guanyl cyc lase  and cPDE le v e ls  In  tumours ( In 

vivo)  probably p rov ide  more m eaningful re s u lts . N onetheless, 

e rro rs  would s t i l l  s r ls e  I f  th e  enzymes were: 1. h ig h ly  la b i le  

and 2 . th e  problem o f expressing  enzyme a c t i v i t y  accord ing  to  

DMA con ten t o r on th e  b as is  o f  p ro te in  would s t i l l  rem ain.

I t  should a ls o  be noted th a t  In  many o f  th e  e a r l i e r  re p o rts  ( In  

the  S ev e n tie s ) b e fo re  th e  cPDE enzymes had been t e n ta t iv e ly  

c la s s if ie d  th e re  was a tendency to  re p o rt on low a f f i n i t y  cPDE 

(d e te c te d  a t  100 uM s u b s tra te  c o n c e n tra tio n ) and h igh a f f i n i t y  

cPOE (d e te c te d  a t  1 uM s u b s tra te  c o n c e n tra tio n ) In  crude  

cyto so ls  as i f  these were two d is c re te  cPOE form s. Whether 

these do, 1n f a c t ,  rep resen t sep ara te  enzymes as was o r ig in a l ly  

supposed o r d i f f e r e n t  b in d in g  s ite s  on th e  same enzyme remains 

to  be determ ined. To avoid  added confusion In  th e  fo llo w in g  

summary o f cPOE le v e ls  In  tumours, I  have summarized th e  high  

a f f i n i t y  cPOE r.aasurements (1 uM CAMP o r 1 uM cGMP) s in ce  th is  

r e f le c ts  a c lo s e r approxim ation  to  th e  normal p h y s io lo g ic a l 

le v e l o f th e  s u b s tra tes  w ith in  c e l l s .  T h is , o f  course, was an 

o v e rs im p lif ic a t io n  In  view o f th e  p o s s ib i l i t y  o f  

c o m p a rtm e n ts U z a t Io n  lead in g  to  cAMP and cGMP g ra d ie n ts  w ith in  

the  c e l l  (F e l l  1980).

A survey o f th e  l i t e r a t u r e  has y ie ld e d  a wide v a r ia t io n  o f cPOE



le v e ls  In  d i f f e r e n t  tumours o r tumour c e l ls  (see Hunt and 

M a rtin  1980) and even c o n f l ic t in g  re s u lts  w ith in  th e  same 

tumour ty p e . For exam ple, In  com parative s tu d ie s  between 

lymphocytes and leukaem l: lymphocytes (re v ie w  F pste ln  and 

Hachlsu 1 9 8 4 ), some authors re p o rt th a t  o n ly  one c A M P -sp ed flc  

PDE (ty p e  IV )  Is  p resen t in  lymphocytes (Takemoto # t  «?. 1978) 

w h ile  o th ers  have shown cOMP h y d ro ly s is  (Wedner a t  a l .  1979 ).

I t  g e n e ra lly  appears, though, th a t  leukaem lc c e l ls  a re  reported  

to  have h ig h er le v e ls  o f  type  IV  cAMP POE than  normal 

lymphocytes (Monahan e t  a l .  1975; E pste in  e t  a l .  1977; H a lt  and 

Weiss 1979; Epstein  and Hachlsu 1984).

There have been severa l s tu d ie s  based on cPOE le v e ls  In  mammary 

tumours but th e  heterogeneous c h a ra c te r o f  human mammary 

carcinomas has ra ised  d i f f i c u l t i e s  1n com parative s tu d ie s  o f  

c y c lic  n u c le o tid e  m etabolism . High tumour co n c e n tra tio n s  o f  

cAMP (and sometimes cGMP) compared to  normal mammary tis s u e s  

when expressed on a per p ro te in  bas is  have been de tec ted  1n 

human b re a s t tumours (M inton  a t  a l .  1976; G u erln o t e t  a l .  1977; 

Kung e t  a l .  1977), In  r a t  mammary tumours ( C h a tte r je e  and Kim 

1975), and r a t  mammary c e l ls  (Coh.in e t  a l .  1 9 76 ). H igher le v e ls  

than r e n a l  o f s o lu b le  cPDE (u s u a lly  o n ly  te s t in g  cAMP as 

s u b s tra te ) have been rep o rted  In  crude c y to s o ls  o f  human 

mammary carcinoma (S in g e r e t  a l .  1976; Kung e t  a l .  1 9 77 ), 1n 

murine mammary tis s u e s  (Sheth e t  a l .  1980) and In  r a t  mammary 

t is s u e s  (R 1llem a e t  a l .  1980). An in v i t r o  exp erim ent, however, 

based on c u ltu re d  r a t  mammary c e l ls  showed lower le v e ls  o f c ’ OE 

(o n ly  cAMP te s te d ) in  th e  homogenates o f n e o p la s tic  c e l ls



compared to  normal c e l ls  (Cohen a t  a l .  1976) and these fin d in g s  

were s im ila r  to  those rep o rted  fo r  hepatomas versus normal 

l i v e r  (Rhoads a t  a h  1972; C la rk  a t  a h  1973). N ev e rth e le s s , 

when th e  re s u lts  were compared In  r a t  mammary c e l l  supernatants  

(s o lu b le  cPDE) th e  cPDE a c t i v i t y  was h igher In  th e  n e o p la s tic  

c e l ls  (Cohen a t  a h  1 9 7 6 ).

Where normal mammary t is s u e s  were not a v a ila b le  In  s u f f ic ie n t  

q u a n t it ie s , such as In  m urine and r a t  mammary tum our-bearing  

l in e s ,  work has been rep o rted  1n com parative s tu d ie s  o f th e  

components o f  cAMP/cOMP m etabolism  In  tumours and c e l l  l in e s  o f 

d if f e r e n t  growth ra te s . R eports have been described  by workers  

where cPDE le v e ls  In  m icro sec tio n s  were h igher 1n human benign  

mammary tumours (L a rn e r and R u therfo rd  1982) and h ig h er  

a c t iv i t i e s  were rep o rted  In  non -m etas tas iz in g  r a t  tumours 

versus m eta s ta s iz in g  tumours (C h a tte r je e  and K1m 1975). The 

Larner and R utherfo rd  team were a b le  to  choose m alignant and 

benign human mammary tumours o f s im ila r  c e l lu la r  d e n s it ie s  

(vCnflrm ed by m icroscopic a n a ly s is ) fo r  com parative enzyme 

stu d ies  in  m icro sectio n s  but when t h e i r  re s u lts  were expressed  

in  supernatants  on a p er p ro te in  bas is  th e re  were e it h e r  no 

s ig n if ic a n t  d if fe re n c e s  In  cPDE le v e ls  between th e  two tis s u e s  

o r the  tumours had h ig h e r le v a ’ s (L a rn e r and R u therfo rd  1982). 

Worx by Cho-Chung and asso c ia tes  has shown th a t  d lb u ty ry l cAMP 

caused In v ivo  reg ress ion  o f oestrogen-dependent r a t  mammary 

tumours induced by 7 ,1 2 -d Im eth y1benzanthracene (OMBA) and a ls o  

m  v i t r o  suppression o f  human b re a s t cai. e r  c e l ls  (MCF7) 

(Cho-Chung a t  a h  1980; Cho-Chung 1986). They have a lso  found,
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as w e ll as o th e r w orkers , th a t  1n DH8A-Induced r a t  mammary 

tumours, cAMP le v e ls  were g re a te s t in  reg ress ing  tumours o f  

o verlectom lzed  anim als (M atu s lk  and H l l f  1976; Cho-Chung a t  a l .

1978).

C o n flic t in g  evidence has been r e p o r e d , however, In  u te r in e  

c e l ls  which are  a ls o  oestrogen and p rogesterone-dependent, 

where an I n i t i a l  acute cAMP surge s been measured fo llo w in g  

In je c t io n  o f o e s tra d ia l 17-B eta  (Szego and Davis 1967;

R osenfeld and O’ M alley  1 9 7 0 ). A lso , 1 1 a r a t  mammary 

adenocarcinoma c e l l  l in e  th e re  was evidence th a t  d lb u ty ry l cAMP 

p o s it iv e ly  c o n tro lle d  th e  growth ra te  o f th e  c e l l  l in e  (K le in  

and lo l z z l  1977).

There have a lso  been opposing re p o rts  on th e  le v e ls  o f  cPDE 

a c t i v i t y .  For example, Cho-Chung has reported  Increased  cPDE 

a c t iv i t y  (o n ly  cAMP te s te d )  In  reg ress ing  DMBA-Induced r a t  

mammary tumours (Cho-Chung a t  a l .  1978) whereas o th e rs  using  

the  same r a t  model, have shown h ig h er enzyme le v e ls  1n growing 

tumours ( Ip  and Dao 1 980 ). H igher le v e ls  o f  cPDE In  growing 

mammary tumours have a ls o  been described  In  humans (S in g e r e t  

a l .  1976). A more recen t f in d in g  has been th a t  p h y s io lo g ic a l 

co ncen tra tio n s  o f o e s tra d io ! In h ib i t  cPDE a c t iv i t y  1n human and 

r a t  u te r in e  tis s u e s  and th a t  th e re  appears to  be a fu n c tio n a l 

re la t io n s h ip  between oestrogen recep to rs  and cPDE a c t iv i t y  

(E t ln g o f e t  a l .  1984).

A ll  these s tu d ies  have been based on measurements o f cPDE 

le v e ls  In  e ith e r  crude homogenates or c y to s o ls . C le a r ly , some 

o f the opposing data  are  th e  re s u lt  o f the  tumour model



s tu d ie d , th e  methodology used and th e  method o f  expression  o f  

cPDE enzyme a c t i v i t y .  My f in d in g s , based on comparisons between 

th e  d i f f e r e n t  murine t is s u e s  w i l l  be d iscussed.

R e*s«nts 3H -1 7 -B e ta -o e s tra d lo l (s p e c if ic  a c t i v i t y  95 C1/mmo1), 

c y c lic  ( 8 - 3H) AMP (s p e c if ic  a c t iv i t y  26 C1/mmo1), c y c lic  ( 8 - 3H) 

GMP (s p e c if ic  a c t iv i t y  36 Cl/m m ol) were purchased from  th e  

Radiochemical C entre (Amersham, UK). T M t la te d  

1TBeta-methy1-promogestone (s p e c if ic  a c t i v i t y  87 Cl/m m ol) and 

co ld  promogestone were purchased from Nev England N uclear (NEN, 

Boston, MA, USA). Crota lus  a t r ox  5 * -n u c le o tid a s e  (Grade IV )  

CAMP, cGMP, cCMP, 5 *AMP, adenosine, bovine h e a rt  

c a lm o d u lin -in s e n s itiv e  phosphodiesterase, ca lm odulin  

-s t im u la te d  phosphodiesterase, th e o p h y llin e ,  

d le th y ls t l lb e s te r o l  and l-m e th y 1 -3 -1 s o b u ty lxan th ln e  (M IX ) were 

obta ined from Sigma (Sigm a, S t Lou is . Mo, USA). A lk a lin e  

phosphatase (AP) ca lm od u lin , ca lm ld lzo llu m  and 

t r if lu o r o p e r a z in e  were purchased from Boehrlnger (B o ehrln ger, 

Lewes, UK). M o lecu lar mass markers fo r  sodium dodecylsu lphate  

(SOS) e le c tro p h o re s is  and fo r  gel f i l t r a t i o n ;  cyanogen 

p ro m ld e -a c tlv a te d  Sepharose fo r  a f f i n i t y  chromatography; 

Sephacryl S-200 fo r  gel f i l t r a t i o n ;  reagents fo r  

Is o e le c tro fo c u s in g ; chromatofocus1ng gel and ampholyte 

P o ly b u ffe r 74 fo r  chrom atofocusIng were a l l  ob ta ined  from 

Pharmacia (Pharm acia, U ppsala, Sweden). Dowex AG1-X2(200-400

M a te r ia ls  and Methods
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mesh) and the Bio-Rad protein kit were purchased from Bio-Rad 

tBio-Rad Laboratories, Calif., USA). DEAE-52 for anion-exchange 

chromatography; acrylamide, N ,N -bismethylene aerylamide, 

immonium persulphate, mercaptoethanol, bromophenol blue and 

glycine for non-denaturing polyacrylamide-ge1 electrophoresis 

(slab or disc) were obtained from BDH (BDH Chemicals, Poole,

UK). All other reagents used were of analytical grade and were 

purchased from Merck (Merck, Darmstadt, FRG) or from BDH (BDH 

Chemicals. Poole, UK).

storage q£ Rad inchemicals.

The tritiated solutions of cAMP and cGMP have a certain 

percentage contamination with tritiated water even when fresh.

To remove this source of contarninatiori, the radiolabelled 

cyclic nu leotides were either purified using a suitable column 

on a Waters HPIjC system or another procedure, which 1 modified, 

was used. In the literature a method of removing tritiated 

water is described whereby the radioactive ligand (200 ul) is 

applied to a Dowex AG 2x8 (200-400mesh) resin column (Bio-Rad), 

washed with 10 ml of 40 mM Tris buffer and eluted with 5 ml of 

0 .3  H HC1 in 0 .5  ml fractions. The pH is then adjusted to 7.5 

with 1 N NaOH and stored at -20° C in 40% ethanol. I, however, 

considered this to be a rather excessive dilution of the 

radioligand which could result in non-specific breakdown and 

thus developed another method. The radioligand (250 ul) was 

aliquoted (20 ul) into sterile vaoutainer tubes and stored at 

-7 0 °  C for no longer th a n  2 m o n th s . On the day of the assay, the



tube was p laced on Ic e  and th e  s o lu tio n  evaporated  under a 

steady stream  o f p ure , f i l t e r e d  n itro g e n  to  remove t r l t l a t e d  

w ater as gas. The tube was then e q u il ib ra te d  In  th e  assay 

b u f fe r  fo r  ten  m inutes on Ic e . The s p e c if ic  a c t i v i t y  o f  th e  

lig an d  was c a lc u la te d  f o r  each assay by p la c in g  a 60 u l a liq u o t  

in to  s c in t i l l a t i o n  c o c k ta il (P ackard ) and counting  th e  

d is in te g ra t io n s  per m inute (dpm) o f  th e  " to ta l  counts v i a l .

The s o lu tio n  ( lig a n d  p lus b u f fe r )  was always ad ju s te d  so th a t  

about 200000 dpm was p resen t 1n a 50 u l a l iq u o t .

P re p a ra tio n  g f  Oowex AQ re s in  ffi£  SEBE

The re s in  (50 g) was washed w ith  250 ml 0 .5  N HC1 made up w ith  

d e io n ize d , d is t i l l e d  w a te r. The re s in  was l e f t  to  stand fo r  30 

m inutes and th e  supernatant g e n tly  d iscard ed . A 250 ml volume 

o f 0 .5  N NaOH was then added and a llow ed  to  e q u i l ib r a te  fo r  30 

m inutes. The f i r s t  s tep  was then repeated  using 0 .5  N HCl. 

T h e re a fte r , the  re s in  was re p e a te d ly  rinsed  In  d e io n ize d , 

d is t i l l e d  w ater and allow ed  to  s e t t le  u n t i l  th e  supernatant 

re g is te re d  a pH read ing  o f about pH=5. The s e t t le d  volume o f  

re s in  (ap p ro x im ate ly  70 m l) was then resuspended In  two volumes 

(140 m l) o f 3 mM g la c ia l a c e t ic  a d d  and s to red  a t  4 °  C fo r  no 

more than th re e  weeks or 1 f b lank va lu es  were u n accep ted y  

high .

Theophvliine-S eoharose a f f i n i t y  m a trix  p rep a ra tio n ^

Thl.t a f f i n i t y  medium was prepared from the method o f Marchinont
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P rep ara tio n  and storage e f  OE-52 d e llu ld g e .

The gel was washed success ive ly  (by s e t t l in g  and d ecan tin g ) 

w ith  0 .6  N NaOH, severa l changes o f  w a te r. Then washed In  0 .5  N 

HC1 and s e v e ra l changes o f  w ater u n t i l  a pH o f  4 to  6 was 

a tta in e d . P r io r  to  e x p e rim e n ta tio n , th e  gel was e q u ilib ra te d  1n 

4 volumes o f  fre s h ly  re c o n s titu te d  b u f fe r .  The gel was s to red  

in  b u f fe r  p lu s  0 .6  N NaCl a t  4 °  C when not In  use.

T issue p re p a ra tio n  and atoraa#,

The miM.«nary tumour t is s u e , b ra in , k id n ey , l i v e r  and h e a rt  

t is s u e s  from the  FI m u ltlp aro u s  fem ales were su pp lied  by Dr 

Kundlg (Deparment o f Pharm acology). The t is s u e s  were excised  

and e ith e r  im m ediately p laced In  l iq u id  n itro g e n  fo r  a p eriod  

not exceeding th re e  weeks or p laced In  Ic e  co ld  b u f fe r  fo r  

processing th a t  day.

Fresh tis s u e  pre p a ra tio n  far so lu b le  a£B£ aflMS anilySilt

The tis s u e s  were trimmed o f f a t ,  minced and homogenized w ith  an 

u lt r a tu r r a x  homogenizer fo r  5 second b ursts  In  4 p a rts  (w /v ) o f  

v ario u s  Ic e -c o ld  b u ffe rs  depending on the  experim enta l method 

to  be used. These were (A ) 0 .01  M T r ls /H C l, pH 7 .5 ,  0 .3  mM 

phenylm ethylsulphony1f 1u o r1de (PMSF), 3 .75  mM m ercap toethano l,

1.1 M g ly c e ro l , 1 mM CaCl2 , 5 mM MgCl2 (B ) 0.025M im ld a zo le /H C l,
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pH 7 .6 ,  0 .3  mM PMSF, 3 .7 5  mH m ercap toethano l, 1 .1  M g ly c e ro l 

(C ) 0 .0625  M T r ls /H C I, pH 6 .8 ,  0 .3  mM PMSF, 3 .7 5  mM 

m ercaptoethano l, 1.1 M g ly c e ro l . The hcmogenates were then  

c e n tr ifu g e d  In  a Beckman U lt r a c e n tr ifu g e  a t  lOOOOOxg fo r  1 hour 

a t  4 ° C. The supernatants  were e i t h e r  fu r th e r  p u r i f ie d ,  o r  

p re c ip ita te d  w ith  ammonium su lp h ate  (A S ), o r  s to red  In  a liq u o ts  

a t  -7 0 °  C. The p e l le ts  were s to red  a t  -7 0 °  C.

Frozen tis s u e  p re p a ra tio n  f a r  s o lu b le  sphfi enzyme a n a ly s is ,

The tis s u e s  were p u lv e r iz e d  under l iq u id  n itro g e n . The powders 

were then re c o n s titu te d  In  Ic e -c o ld  b u ffe rs  A, B o r C and 

homogenized b r ie f ly  w ith  the u lt r a tu r r a x  p r lc r  to  

u lt r a c e n t r ifu g a t io n  a t  lOOOOOxg fo r  1hr a t  4 °  C. The 

supernatants  and p e l le ts  were t r e a te d  as described  above fo r  

fre s h  t is s u e .

Oestrogen and progesterone r v .u o to r  assays af murine 

mammary tumour t i s s ue,

These assays were ro u t in e ly  perform ed In  th e  Department o f  

N uclear M edicine by m yself w ith  te c h n ic a l ass is tance  a; d were 

assayed according to  p re v io u s ly  pub lished  methods (C e il in g s  # t  

a ) ,  i960; Sadan a t  a 7. 1987 ). E s s e n t ia l ly ,  th e  imthod Invo lved  

a m u lt ip le  p o in t d ex tran -co a ted  charcoal radloasr-ay technique  

fo llo w ed  by Scatchard p lo t  a n a ly s is  (S catchard  1949) fo r  

q u a n t if ic a t io n  and ch arac ter ra t io n  o f the  s te ro id  r e c e p t ' , s.

t

* ■



Ammonium su lp h ate  p r e c ip i ta t io n  a t  n u tio s  t la a y s  OYtO@ala  

e it h e r  crude ac p a r t i a l l y  n y r l f lo d ,

EXAMPLE.

1. Add 4 .0  ml Ic e -c o ld  ammonium su lp h ate  (AS) s a tu ra te d  

s o lu tio n  to  6 .0  ml m urine supernatant (c y to s o l)  to  make up a 

40% A .S . s o lu t io n .

2 . S t i r  g t i t ly  and stand on 1ce fo r  20 m inutes.

3. C e n trifu g e  fo r  30 m inutes a t  2S000xg a t  4 °  C.

4 . T ra n s fe r supernatant and s to re  40% p e l le t  fo r  la t e r  

re c o n s titu t io n  In  b u f fe r  o f choice fo llo w e d  by d ia ly s is .

5. Add X ml Ic e -c o ld  AS s a tu ra te d  s o lu tio n  to  su pernatant to  

make up a 75% s o lu tio n  by s o lv in g  f o r  X : -

(0 .4 x 1 0 + X )/(1 0 + X ) = 0 .7 5  

hence X = 14 ml

6 . s t i r  g e n tly  and stand on Ice  fo r  20 m inutes and then  

c e n tr ifu g e  a t  25000xg a t  4 °  C fen 30 m inutes.

7 . D iscard  supernatant and s to re  p e l l e t  a t  -7 0 °  C fo r  la t e r  

re c o n s titu t io n  In  b u f fe r  o f choice fo llo w e d  by d ia ly s is .

P re p a ra tio n  o f  d ia ly s is  tu b in g .

S u ita b le  lengths o f d ia ly s is  tu b in g  were excised  and p laced In  

a s o lu tio n  co n ta in in g  1 mM EOTA and enough NaHC03 such th a t  the  

pH o f th e  s o lu tio n  was g re a te r  than a pH o f 8 . The tu b in g  was 

b o ile d  fo r  10 m inutes and then was thorough ly  rinsed  In  

d i s t i l l e d ,  d e io n ized  w a te r. The tu b in g  was then b o ile d  again  

fo r 10 m inutes In  d i s t i l l e d ,  d e io n ized  w ater to  remove a l l



Im p u ritie s  and s to red  In  s t e r i l e  w ater a t  4 °  C f o r  no longer 

than two weeks. I t  was deemed b e t te r  not to  add p re s e rv a tiv e s  

since cPOE enzymes a re , In  a d d it io n  to  being very  l a b i le ,  

s e n s it iv e  to  and In h ib ite d  by a la rg e  range o f  reag en ts .

A nalys is  o f the so lu b le  sEUE enzymes a f amine cytosols 

fcy non-denaturing  doW acry l amide-gel electrophoresis.

The e le c tro p h o re s is  o f the  m urine c y to so ls  was ro u t in e ly  run a t  

a 7.5% p o lyacry lam ide  gel c o n c e n tra tio n  under non -denaturing  

co n d itio n s  using e it h e r  an LKB Disc E le c tro p h o re s is  system o r  

an LKB v e r t ic a l  E le c tro p h o re s is  system.

The methods used were adapted from those o f Davis (19 6 4 ) and 

Laemmll (1 9 7 0 ) . The fo llo w in g  m o d ific a tio n s  were: no SDS was 

used, 3 .75  mH m ercaptoethanol In s tead  o f  0 .7 2  M and th e  tank  o r  

e le c tro d e  b u ffe r  (pH 8 .3 )  conta ined  2 .5  mM T r ls  and 19.2 mM 

g ly c in e . Crude t is s u e  cy to so ls  o r p u r if ie d  e x tra c ts  were loaded 

In  50 u l a liq u o ts  (<5 mg p n .*e in /m l)  and run a t  2 mA per d isc  

gel or 20 mA per s lab  (co n stan t c u rre n t) fo r  5 hours a t  4 °  C. 

C ytosols which had not been homogenized nor e q u ilib ra te d  In  

b u ffe r  C, had an equal volume o f  gel sample b u f fe r  added (0 .5  M 

T rls /H C 1 , pH 6 .8 ,  1.1 4 g ly c e ro l , 0.025% bromophenol b lu e )  

p r io r  to  e le c tro p h o re s is . Gels were s ta in e d  fo r  enzyme a c t iv i t y  

from the method o f Goren e t a l .  (1 9 7 1 ) , w ith  the  fo llo w in g  

m o d ific a tio n s . The g e ls , d iscs  o r s la b s , were p laced In  

f i l t e r e d  (Whatman N o.2) b u f fe r  (300 m l) o f 0 .1  M T r ls -m a le a te ,  

pH 7 .0 , and g e n tly  rinsed  2 o r 3 tim es. The f in a l  re a c tio n
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m ixtu re  was then added to  th e  s labs  and conta ined  0 .1  H 

T r1s-m a1eate , pH 7 .0 , 2 .6  mM magnesium s u lp h a te , 1 .6  mM lead  

n i t r a t e ,  a lk a l in e  phosphatase (1 u n i t /m l)  and cAHP o r cQMP a t  

300 uM c o n cen tra tio n  unless o therw ise  s ta te d . The s labs  were 

Incubated fo r  30 m inutes to  1 hour a t  37° C o r  o v e rn ig h t a t  room 

tem peratu re  w ith  g e n tle  a g ita t io n  1n a w aterbath  shaker. Then 

th e  g e ls  were washed w ith  constant a g ita t io n  In  severa l changes 

o f d i s t i l l e d ,  d e io n ized  w ater fo r  2 hours and developed fo r 2 

m inutes In  0 .01  M ammonium su lp h id e  s o lu tio n . The g e ls  were 

sto red  In  d i s t i l l e d  w oter u n t i l  photographed o r  analyzed  by 

den»1tom etry scanning using a Beckman D ensitom eter CDS 200. 

P re p a ra tiv e  g e ls  ussd fo r  Is o la t io n  o f enzyme bands f o r  cPDE 

a c t iv i t y  a n a ly s is  o r SDS oo lyacry lam ld e  ge1- e 1 a c tro p h o res1s 

were prepared as above except th a t  a b lank comb was used and a 

2 cm v e r t lc a 1 s t r ip  o f th e  c e n tra l p o rtio n  o f  th e  gel was 

developed fo r  a c t iv i t y  In  th e  minimum tim e (2  hours) w h ile  the  

re s t o f  th e  gel was kept a t  0 -4 °  C. When th e  bands In  the  

c e n tra l p o rtio n  were developed th e  a rea  o f undeveloped gel 

corresponding w ith  the  same Rf as th a t  o f th e  a lig n e d  a c t iv i t y  

bands was exc ised . The s t r ip s  (2 -3  mm) were p laced 1n la b e lle d  

glass t e s t  tubes .  ' homogenized w ith  a g lass homogenlzer and 

e lu te d  fo r  24 hours a t  4 °  C 1n 0 .2 6 -0 .5  ml b u f fe r  A. The m ix tu re  

was f i l t e r e d  through a M l l l lp o r e  0 .4 5  urn pore f i l t e r  under 

pressure and s tored  a t  -7 0 °  C u n t i l  a s u f f ic ie n t  q u a n tity  had 

baen accumulated fo r  enzyme a n a ly s is .



Non denaturing  po lyacry lam ide  a lflS iia fib a ifta J a  fflC  llflfe  9# l& i  

Acrylam lde stock s o lu t lo i i1. -  

2 9 .2  g acrylam lde

0 .8  g b is  acry lam lde  

w ater to  make up a volume o f  100 ml

The dry chem icals were added to  a v o lu m e tr ic  f la s k  and w ater  

( d i s t i l l e d ,  d e io n ize d ) was added to  make up a volume o f  100 m l. 

The m ixtu re  was s t i r r e d  using i  m a n n e t lc -s t lr re r  u n t i l  I t  

formed a c le a r  s o lu t io n . The s o lu tio n  was f i l t e r e d  through a 

m lll lp o r e  f i l t e r  (45 m icron pore s iz e )  a ttached  to  a 50 ml 

s y rin g e . The f i l t e r e d  s o lu tio n  was s to red  a t  4 °  C.

Lower Tr1s stock s o lu tio n  ( 4 X ) : -

1 .5  M T r ls /H C l pH 8 .8

The t i t r a t e d  s o lu tio n  was made up to  a volume o f 100 ml w ith  

th e  rem aining w ater ( d i s t i l l e d ,  le lo n lz e d ) ,  f i l t e r e d  and stored  

as above.

Stack b u f fe r  stock s o lu tio n  ( 4 X ) : -

0 .5  M Tr1s/H C l pH 6 .8

The t i t r a t e d  s o lu tio n  was f i l t e r e d  as described  above ana 

sto reo  a t  4 °  C.

Sample b u f fe r : -

0 .5  M TMS/HC1 pH 6 .8

5 ul bromophenol b lue (1%)

1.1 H g ly c e ro l



I t  crude o r  p u r if ie d  c y to s o ls  had not been e q u il ib r a te d  In  

b u ffe r  C then an equal volume o f  sample b u f fe r  was added. 

O therw ise 6 u l o f  1% bromophenol b lue  was added to  th e  sample

Ammonium pe u lp h ate  s o lu tio n  (A P S ):-

A 1% s o lu tio n  (w /v ) was prepared fr e s h ly  f o r  each experim ent 

and s tored  on Ice  u n t i l  ready fo r  use.

Tank b u ffe r  (pH 8 . 3 ) : -

2 .5  mM T M s  

19. mM g ly c in e

This  s o lu tio n  was always prepared fre s h  on th e  day o f  th e  

experim ent In  a 5 l i t r e  v o lu m etric  f la s k  w ith  w ater ( a t  4 ° C) 

and d iscarded  a f t e r  use.

Lower gel s o lu tio n  fo r  4 s labs  (7 .6 % ): -  

Lower T M s (s to c k ) 33 .75  ml

Acrylam lde (s to c k ) 33 .75  ml

Water 66 .75  ml

APS 0 .675  ml

Tamed 45 ul



Stack gel s o lu tio n  fo r  4 s labs  (6% ): 

Stack b u ffe r  (s to c k ) 10 ml

A crylam lde (s to c k ) 5 .32  ml

Water 24 .40  ml

APS 200 ul

Temed 20 u l

^D S-oolvacrvlam lde q e l-e le c t r o s ta r a a l ^

A 10% s o lu tio n  o f sodium dodecylsu lphate  (SOS) was prepared  

fre s h  on th e  day o f  th e  experim ent In  a 60 ml volume.

Lower gel s o lu tio n  fo r  4 s la fcs :-

Lower Tr1s (s to c k ) 22 .5  ml

Acrylam lde (s to c k ) 3 0 .0  ml

W ater 36.1 ml

APS 450 ul

Temed 30 ul

SOS 0 .9  ml

Stack gel s o lu tio n  fo r  4 s lab s :-

Stack b u f fe r  (s to c k ) 10 ml

Acrylam lde (s to c k ) 5 .32  ml

w ater 24 .80  ml

APS 200 ul

Temeo 40 ul

SOS (s to c k ) 400 ul



Tank s o lu tio n  fo r  4 s lab s  (S D S ):-  

g ly d n e  72 g

Trim  15 9

SDS (s to c k ) 50 ml

The above were re c o n s titu te d  In  f  l i t r e s  o f  w ater ( d i s t i l l e d ,  

d e io n ize d ) a t  10° C. TV,* s o lu tio n  was d iscarded a f t e r  use.

P re p a ra tio n  f i f  sample fo r  SDS-oolvacrvlam ide S l9 S tr9 P h c re * l& i

Sample SOS b u ffe r  2 X :-  

Stack b u ffe r  (s to c k ) 2 .5  ml

SOS (1 0 *  s o lu tio n ) 4 .0  ml

Q lycero l 2 .0  ml

Mercaptoethanol 1 .0 m l

W ater 0 .5  ml

D iv id e  In to  1 ml a liq u o ts  and fre e z e  a t -7 0 °  C.

Treatm ent o f samples:™

1. T r ic h lo ro a c e t ic  a c id  (TCA) 20% (w /v ) .

2 . Make up above s o lu tio n  and s to re  u n t i l  ic e -c o ld .

3. Add an equal volume o f  20* TCA s o lu tio n  to  crude o r  p u r if ie d  

f r a c t io n .

4 . P lace In  Eppendorf tubes and 1r.cubat» on 1ce fo r  15 m inutes.

5. Spin in  Eppendorf m ln1 -cen tr1 fu g e  a t maximum speed fo r  5 

m inutes.

6. D iscard su pernatant.

7. Add 0 .5  ml ethanol (a b s o lu te ) to  tube and vo rtex  v ig o ro u s ly .
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8 . Spin In  Eppendorf m ln l-c e n tr lfu g e  a t  maximum speed fo r  5 

m inutes.

9 . D iscard e thanol and rep eat s teps 7 and 8 .

10. D iscard ethanol and leave  samples In  tubes a t  room 

tem perature u n t i l  com plete ly  d ry .

11. Add s u ita b le  volume o f sample b u f fe r  (SDS 2X, see above) 

w ith  an equal volume o f w ater and s to re  In  f r e e z e r  a t  -7 0  C 

u n t i l  ready fo r  use.

12. On day o f exp erim ent, take  out tubes and p lace  on a 

p o lys tyren e  f lo a t  and b o ll samples fo r  6 m inutes.

13. Remove th e  tubes and co o l.

1 4 .  L o a d  a n d  r u n  o n  S D S - p o l y a c r y l a m ld e  g e l s .

Coomassle b lue s ta in in g  a f  5CS 3911a.

F lx a t lv e : -

methanol 50%

a c e tic  ac id  10%

w ater ( v /v /v )  40%

The gels  were f ix e d  In  the  above s o lu tio n  fo r  a minimum o f 1 

hour w ith  g e n tle  a g ita t io n .

S ta in in g  s o lu t lo n : -  

Coomassle b lue R-250 0.1%

methanol 25%

a c e tic  a d d  10%

w ater (v/v/v) 65%



i . . -  lUfci, Af.'

The s o lu tio n  was f i l t e r e d  b e fo re  use and th e  g e ls  s ta in ed  w ith  

g e n tle  a g ita t io n  fo r  2 hours o r longer I f  necessary.

D es ta ln ln g  s o lu t lo n : -

The ge ls  were p laced In  th e  d e s ta ln ln g  s o lu tio n  fo r  24 to  48 

hours and then photographed.

Silver staining of 505 9Sl5^

T h is  was done according to  th e  method o f M e r r l l  and H arring to n  

(1 9 8 4 ) .

Prepare fo llo w in g  s o lu t lo n s : -

1. 0.36% (w /v ) NaOH

2. 19.4% AgN03

3. 1% (« / • ')  c i t r i c  ac id

S to re  so lu tio n s  a t  4 ° C. The g e ls  were f ix e d  fo r  one hour and 

then p laced In  th e  above s o lu tio n s  fo r  th e  tim es s t ip u la te d .

Q ra d le n t-g e l non -denaturing  oglyasrY lam id# 4 .v C tro p fw rM .t l i

Example: 5 to  15% non-denatur .,,g po lyacry lam id e  g ra d ie n t  

e le c tro p h u re s ls :-

methanol 7%

w ate r (v /v )
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Dense aerylam lde s to c k :-  

acrylam lde 73 g

b isacry lam lde 4 g

75% g lycero l 250 ml

L ig h t acrylam ide s to c k :-  

acrylam lde 73 g

b is a c ry ’ amide 4 g

w ater 250 ml

S t i r  so lu tion s  very w e ll >\nd s to re  In  dark a t  4 °  C.

S olu tions adequate fo r  2 s labs:

Dense g e l: -

dense acrylam lde 2 2 .5  ml

lower Tr1s (s to c k ) I .5  ml

APS 43 ul

Temed 14 .4  ul

L ig h t g e l: -

l ig h t  acrylam lde 5 .0  ml

lower T r ls  (s to c k ) 7 .5  ml

w ater 17 .5  ml

APS 7 .2  ul

Temed 14.4  ul

The de -aera ted  so lu tio n s  were placed In  the c o rre c t m ixing  

chambers o f the LKB-gradlents gel fo rm er. Under g en tle  s t i r r in g



and a flow  ra te  o f 3 -6  m l/m inute  th e  l in e a r  g ra d ie n t s o lu tio n  

was c a r e fu l ly  pumped In to  th e  prepared s lab  p la te s  o f  the  

LK B -V ertlca l system. The ge ls  were overlayed  w ith  2 ml w ater 

and allow ed to  se t fo r  4 hours. The o v e rla y  was then  decanted  

and the  usual s tack ing  g e l a p p lie d  (see p revious d ir e c t io n s ) .

The cy to so ls  were 1n 60 u l a liq u o ts  (<5  mg/m l) p ro te in  and th e  

e le c tro p h o re s is  was run a t  20 mA per s la b  fo r  18 hours a t  4 °  C.

Photography a f  po lyacry lam ide f l& Ilx

Techn ical Pan 135 mm (ASA 50) f i lm  was used. The s e tt in g s  on 

th e  Nikon camera u s u a lly  were: f  stop = 3 .5 ,  s h u tte r  speed 

l / 8 t h  second. The gel to  be photographed was p laced on a glass  

sheet and then placed on an upturned X -ra y  f i lm  v ie w e r. A ll  

excess l ig h t  was b lo tte d  out by p la c in g  dark cardboard p ieces  

around the  g e l. The exposure tim e was dependent on th e  

In te n s ity  o f th e  cPOE a c t iv i t y  bands and th e  background o f  the  

gel and v a rie d  from 21 to  10 seconds. O c cas io n a lly  a gr.ten 

f i l t e r  was used.

Radioassav fo r  cPOE a c t iv i t y  in  crude and parti aUy purified 

frac t ions,

This  was a tw o-step  rad ioassay o f  (Thompson and Appleman 1971; 

Thompson e t  *7 .1 9 7 4 ) and fu r th e r  m o d ified  by Boudreaux and 

Drummond (1975 ) and Azhar and Menon (1 9 7 7 ) . For ro u tin e  assays, 

a 200 ul f in a l  in cu b atio n  m ix tu re  Inc luded : b u f fe r  A, 3h- cAMP 

(200000 d .p .m .) ,  un label led cAMP a t 1 and 100 uH concentr. ions
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and s u ita b ly  d ilu te d  -y to s o ls . A f te r  In cu b atio n  fo r  10 m inutes  

a t  30 ° C, th e  tubes were p laced fo r  2 m inutes 1n a b o il in g  w ater 

bath  and then allow ed to  c o o l. 5 '-N u c le o tid a s e  was added to  

each tube (1 u n it / tu b e )  In  a 60 u l a liq u o t and th e  re a c tio n  

m ix tu re  Incubated fo r  10 m inutes a t  37° C. The re a c tio n  was

te rm in a ted  by a d d itio n  o f  750 u l o f  a s lu r r y  ( 1 : 3 )  o f B1o-Rad

AG 1-X2 re s in  in  3 mM a c e t ic  a c id . A f te r  v o rte x In g , th e  tubes  

were c e n tr ifu g e d  a t  SOOOxg fo r  10 m inutes and th e  r a d io a c t iv ity  

in  a 600 u l a l iq u o t  o f th e  su pernatant was measured by l iq u id  

s c in t i l l a t i o n .

C a lc u la tio n  f if  thfi r m U s  

Formula s te p s :-

1. 2x(dpm ( to ta l) -d p m (b la n k ) ) = nC1

2 .2 0  dpm (where 1 nCI = 2220 dpm)

2 . D iv id e  nCI by th e  c a lc u la te d  s p e c if ic  a c t iv i t y  o f 3H-cAMP + 

co ld  CAMP o r 3 H-cGMP + co ld  cGMP ( In  d /m m o le ) to  g ive  plcomol 

CAMP o r cGMP h ydro lyzed .

3 . D iv id e  th is  va lue  by th e  s o lu b le  p ro te in  content o f '-he 

sample (m g/m l) to  g ive  plcom oles cAMP o r cGMP hydrolyzed/m g  

p ro te in .

4 . D iv id e  t h is  va lue  by th e  in cu b atio n  tim e (u s u a lly  ’ 0 

m inutes) to  g ive  f in a l  s p e c if ic  a c t i v i t y .  Thus the  cPDE u n its  • 

cAMP or cGMP hydrolyzed/m g p ro te ln /m ln .

For rap id  c a lc u la t io n  o f  cPDE s p e c if ic  a c t i v i t i e s ,  d a ta  was 

en tered  In to  a form ula w r it te n  In  a BASIC programme run on an



HP 85 computer.

Notes

Assays which y ie ld e d  b lank values g re a te r  than 8% o f  counts  

were d iscarded  and th e  assays -erun w ith  e i t h e r  fre s h  lab e l 

( 3H -cAHP o r 3H -cGMP) o r fr e s h ly  prepared Dowex R esin .

s c h e m a t i c  o u t l i n e  s £  t i u t  t i t s z i i f i f i  r a d l w m  b a t f i b  B f f l t i l f i d x

3H-adenosine and adenosine/ 3H-guanoslne and guanoslne > PI

The bas ic  assumptions m  th is  assay a r e : -

1. The c y to s o ls  do not c o n ta in  h igh  le v e ls  o f n o n -s p e c if ic  

phosphodiesterases which have been described  In  th e  l i t e r a t u r e  

(see In tr o d u c t io n ) .

2. That th e  charged products o f cPDE h y d ro ly s is  nam ely, 5 'AMP 

and 5'QMP, are  not converted to  o th e r by-p roducts  d u rin g  the  

f i r s t  in cu b atio n  s tep . For example, R utten and a s so c ia tes

(< 9 7 3 ) o u t lin e d  a scheme th a t showed the enzyme 5 ’ AMP deaminase 

acts  on 5 'AMP to  form 5 'IM P . The l a t t e r  product Is  converted by 

5 'n u c le o tid a s e  to  form 1 nosine + P1.

3. The uncharged or n e u tra l products o f adenosine o r  guanoslne 

( t r l t l a t e d  o r c o ld ) formed In  th e  second in cu b atio n  step  by 

excess, exogenous 5 ' -n u c le o t1dase remain In  th e  supernatan t. 

C onversely, a l l  the charged species such as cAMP, 3H-cAMP, 5 GMP 

o r 3H_5'GMP are  absorbed by the  an ion ic-exchange re s in . The

90
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l a t t e r  s itu a t io n , I f  I t  d id  not occur, would r e s u lt  In  "blank" 

values ( th a t  is  b lanks w ith  no cPDE a c t i v i t y )  w ith  unacceptab ly  

high counts (> 8 X ). I t  Is  less  easy, however, to  determ ine  

whether adenosine o r guanosIne have been absorbed to  the  

a n io n ic  re s in  thus lead in g  to  an und eres tim atio n  o f cPDE 

a c t iv i t i e s  (see R utten e t  a l .  1973, Lynch and Cheung 1976, 

Thompson e t  a 7. 1979). For t h is  reason, th e  m o d ified  method o f  

Azhar ard Menon (1 9 7 7 ) was adopted whereby th e  Dowex re s in  when 

e q u ilib ra te d  In  3 mM a c e t ic  a c id  re s u lte d  1n optimum recovery  

o f adenosine and when e q u il ib ra te d  In  0 .7 5  M methanol gave 

optimum recovery o f 3H-guanos1ne.

P ro te in  D e te rm in a tio n .

P ro te in  was measured in  c y to s o ls  o r p a r t i a l l y  p u r if ie d  

f r a c t lo r s  using th e  Bio-Rad p ro te in  assay k i t  m o d ified  from th e  

method o f B radford  (1976 ) using  bovine serum albumin as a 

standard .

C h a r a c t e r i z a t i o n  a l  t t i S  s o l u b l e  f i£ Q £  g n z y iP tB  8 f  ( I M f l n g  " I f l l f fP f lQ  

tumours fey anion exchange ghromatQaraphy-i shroMtofocwslna anti 

M l  9M lU#lQ n.

P u lv e rize d  murine tumours (20  g) were homogenized a t  4 °  C 1n 

b u ffe r  B (4  p a r ts )  and c e n tr ifu g e d  a t  I60000xg fo r  one hour. 

About 100 ml o f c le a r  supernatant (A ) was ad justed  to  0 . i H 

NaCl and run on a 0E-52 an lo n lc -exch a i ge column which had 

p rev io u s ly  been e q u ilib ra te d  w ith  b u f fe r  B. This was washad In



th e  ad ju s ted  b u ffe r  u n t i l  no more p ro te in  was d e te c te d . The 0 .1  

M NaCI f r a c t io n  (B ) was p e lle te d  w ith  7 0 * ammonium su lphate  and 

s to red  a t  -7 0 °  C. The 0E-S2 column was then e lu te d  w ith  a 

g ra d ie n t o f 0 .1  to  0 .4  H NaCI in  b u f fe r  B. The » o le d  p ro te in  

peak (c )  was then  d la ly z e d  o v e rn ig h t In  b u f fe r  8 (s in c e  th is  

was to  be the  s ta r t in g  b u f fe r  fo r  th e  chrom atofocuslng column) 

to  g iv e  f r a c t io n  ( 0 ) .  F ra c tio n  ( 0 ) ,  s t i l l  In  th e  d ia ly s is  bag 

was th e n , p laced In  drv s o lid  sucrose a t  4 ° C and co ;e n tra te d  

to  about 10* o f th e  o r ig in a l  volume to  g ive  f r a c t io n  (E ) .

F ra c tio n  (E ) was then a p p lie d  to  th e  chrom atofocuslng column 

p re v io u s ly  e q u ilib ra te d  w ith  b u f fe r  B. The column was then  

washed M t h  b u f fe r  B u n t i l  no more p ro te in  was d e te c te d . The 

unabsorbed f r a c t io n  (F ) was e ith e r  te s te d  im m ediately  fo r  cPDE 

a c t i v i t y  or p e lle te d  w ith  70* ammonium su lp h ate  and s to red  a t  

-7 0 °  C. The chrom atofocuslng column was then e lu te d  w ith  

P o ly b u ffe r 74-HCl (pH range from 7 to  4 ) and 4 ml fra c t io n s  

were c o lle c te d  u n t i l  th e  pH measured 4 (about 120 to  150 ml 

t o t a l  e lu e n t volum e). The f r a c t io n s  were then t i t r a t e d  to  a pH 

o f 7 .5  w ith  1 M Im idazo le  to  p reven t loss o f cPOE a c t iv i t y  and 

then the f r a c t io n s  were analyzed fo r  both cPOE a c t iv i t y  a t  1 

and lv0  uM cAMP co ncen tra tio n s  and p ro te in  c o n c e n tra tio n . The 

cPOE a c t iv i t y  peaks were pooled to  g ive  f r a c t io n  (G ). For gel 

f i l t r a t i o n ,  f r a c t io n  (0 )  was c la ly z e t  o vern ig h t 1n b u f fe r  B 

w ith  5 mM magnesium c n lo r ld e  and 1 mM calcium  c h lo r id e . The 

d la ly z e d  sample was c e n tr ifu g e d  a t  40000xg fo r  30 m inutes a t 4 

0 C to  remove p r e c ip i ta te  and then concentrated  In  sucrose (about 

10 to  20* o f the  o r ig in a l volume) to  g ive  f r a c t io n  (H ).
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F ra c tio n  (H ) (about 2 m l) was then a p p lie d  to  a Sephacryl S-200  

column (m o lecu la r mass d e te rm in a tio n  range 5000 to  250000 

d a lto n s ) which had been p re v io u s ly  e q u il ib ra te d  w ith  b u f fe r  B. 

The m olecu lar mass standards used to  s ta n d a rd ize  th e  column 

p r io r  to  th e  a p p lic a t io n  o f  f r a c t io n  (H ) were ovalbumin 43000, 

albumin 67000, a ld o la s e  158000 and c a ta la s e  232000. The e lu te d  

1 ml f r a c t io n s  from th e  S -200 gel were te s te d  f o r  cPDE a c t iv i t y  

and p ro te in  c o n c e n tra tio n .
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Schem atic o u t l in e  o f th e  c h a ra c te r iz a t io n  procedure:

TUMOUR TISSUE

1. fre s h  o r p u lv e r iz e d  20 g

2. homogenize In  4 p a rts  b u f fe r  b

CRUDE HOMOOENATE

3 . sp in  a t  100000X3 fo r  1 hour

SUPERNATANT A PELLET 
s to re  a t  -7 0  C

4 . appiy a to  e q u ilib ra te d  0E-52 re s in  (a n io n ic  exchange)

BOUND PROTEIN UNABSORBED FRACTION B

5 . run 0 .1  «  to  0 .1  «  M C I g r .d l .n t  In  b u f f . r  8 through 0E-52

6 . c o l le c t  g ra d ie n t NaCl f r a c t io n s

POOLED PROTEIN PEAK C

7. d la ly ’.e C o v e rn ig h t 1n b u f fe r  B

DIALYLSATE 0

8 . co ncen tra te  D lOx In  sucrose  

CONCENTRATE E

9. apply E to  e q u il ib ra te d  chrom atofocuslny column 

BOUND PROTEIN THROUGH FRACTION F

10. e lu te  CF column w ith  PB74-HC1 (pH 7 .4 )

11. c o l le c t  4 ml f r a - t lo n s

12. measure pH and t l t r a t J  to  pH 7

13. measure enzyme a c t iv i t y  and p ro te in  c o n cen tra tio n  

POOLED FRACTIONS G

14. d la ly z e , c e n tr ifu g e  er.d co ncen tra te  

FRACTION H

15. apply to  S-200 fo r  mass d e te rm in a tio n
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R esu lts

P h v , 'c . i  ^ . . . c t . r t . M i o n  a t  a m id *  sEflE issxiu  M  a a ia a li

af mammary tumetiiix

The pH % .» o f th e  s o lu b le  cPOE a c t iv i t y  was pH = 7 .5 -8 .0

(T a b le  2 :1 )  and thus b u ffe r  A was used In  a l l  subsequent cPDE 

a c t iv i t y  d e te rm in a tio n s . Experim ents showed th a t  when exogenous 

calm odulin  (30 u n its )  was added In  th e  presence o f c a le lu *  

(p re s e n t «n b u f fe r  A) th e re  was no s ig n if ic a n t  change In  enzyme 

a c t iv i t y  fo r  e ith e r  CAMP or cGMP (p > 0 .5 ) (see T ab le  2 : 2 ) .  In  

th e  presence o f EOTA (50  uM), a c h e la tin g  agent o f  magnesium 

and a ls o  calcium  Io n s , th e re  was a decrease In  cPOE a c t iv i t y  

observed fo r  both cAMP and cGMP (sec T ab le  2 : 2 ) .  The optim al 

p ro te in  c o n cen tra tio n  fo r  measurement o f cPOE a c t i v i t y  by 

rad ioassay (as described  m  m a te - la ls  and methods) In  crude 

mammary supernatant was found iO be 2 mg/ml (T ab le  2 :3 ) .



T ab le  2 :1 . The so lu b le  cP.iE a c t i v i t i e s  o f cruda m unne mammary 

supernatant assayed a t  d i f f e r e n t  pH v a lu e s . R esu lts  a re  the  

mean o f two experim ents.

Assay pH CAWr
nmoi/m g/m ln

100 uM luM

6. 5 0 .92 0.027

7 .0 1.55 0 .053

7 .5 1.98 0 .097

8 .0 2 .02 0 .1 20

8 .5 1.62 0 .057

9 .0 1.02 0 .029

T ab le  2 :2 . The so lu b le  cPDE a c t i v i t i e s  in  crude f r a c t io n s  o f  

murine mammary tumour. The re s u lts  rep resen t th e  mean o f two 

experim ents

f r , C t ’ ° n r  nmol/fflfl/io.n

Crude homogenate 
Crude supernatant A 
Crude supernatant A 
♦calm odulin /C a  
Crude supernatant A 
♦EOT A

100 uM 1 uH 100 UM 1 uM

16 0.6 4 0 .019 - —

2 1.88 0 .127 5.59 0.104

2 2.09 0 .113 4 .30 0.106

2 0 .94 0 .056 2 .23 0 .096
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Table 2:3. The cPDE a c tiv ities  when measured by radioassay at 

d ifferent protein concentrations of crude mammary tumour 

supernatant. The results represent the mean of two experiments

Tissue P ro te in  cone, 
mg/ml

CAMP
nmol/mg/mln 

100 uM 1 uM

Murine
Tumour 15

7
0 .9 2
1.11

0 .019
0 .056

2 1.88 0 .127

1 1.67 0 .119

oestrogen and progesterone IsysIs In murine m m n.

Xw ourai.

Of 32 murine mammary tumours analyzed  fo r  s te ro id  recep to r  

c o n te n t, none o f the  tumours had le v e ls  o f c y to s o lic  unbound 

oestrogen o r progesterone recep to rs  th a t  exceeded 10 fmol/mg 

p ro te in . Most tumours, 2 9 /3 2 , had u n d e tec tab le  recep to rs  

according to  Scatchard p lo ts  and a l l  th e  tumours were classed  

as oestrogen recep to r d e f ic ie n t  and progesterone recep to r  

d e f ic ie n t  tis s u e s . T h is  was In  accordance w ith  accepted  

c la s s i f ic a t io n  where oestrogen rec e p to r r ic h  and progesterone  

recep to r r ic h  tis s u e s  must exceed 10 fm/mg bound 

recep to r p ro te in  and e x h ib it  Scatchard a n a ly s is  w ith  s t a t i s t i c a l l y  

acceptab le  lin e a r  p lo ts . The murine irammary tumours were
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th e re fo re  s im ila r  In  growth dependence and appeared to  be 

oestrogen and progesterone Independent.

rwi~ri.naturing c sJ u s n lm H #  61 au d M

.iwnarv . j ib  M M im  m H U M .

M t l . l ly ,  . l . c  rcohor.su run. « r .  p rfc rM d  on 01k  9=1. «

. 5,  acrylamlde oonc.ntr.t1on. for both CAMP .nd cOHP «  100 uH 

an c .n tr.t1on. (Fig. 2:1 ., 2:1b). Control mcuMtlon, In th . 

,r .« n c . of i.H tWophyllln. .head d1f f . r .n t 1. l  Inhibition of 

th. CPOE .n e w  .c tlv lty  band, for =AHP .nd cOHP r .w .c t lv .1 ,

, . . .  r ig h t  hend g a l .  o f F 1 g .. 2 : 1 .  .nd  2 :1 b ) .  A t c n u .n t r . t 1 o n .  

g re a te r  t h e  10 «M th e o p h y llin e  th e re  . . .  l i t t l e  a c t i v i t y  

. t e ln ln g  observed b u t. by th a t  . t a g . ,  th e re  « e r .  p rob lem , in  

t r y in g  to  s o lu b il iz e  f u l l y  th e  th e o p h y llin e  In  th e  In cu b atio n  

medium and th e  cloudy p r e c ip i ta te  In  th e  medium m ight have 

prevented band fo rm atio n  m echan ica lly  through t h .  p r e c ip i ta te  

s e t t l in g  on th e  gel ra th e r  then  by chemical a c tio n ,  

c o n tro l In c u b a tio n . In  t h .  absence = f  CAMP o r COMP o r a lk a l in e  

p n o a p h a t.. . gave no cPOE a c t i v i t y  band. (F ig .  2 : 2 ) .  There wa» no 

s ta in in g  observed when fA M P , ad .no .1ne o r  ATP n e 'e  

.  fmr e ith e r  CAMP Of COMP.



F ig . 2 : U .  Non-denaturing polyacrylamide d isc

g e l -e le c tro p h o re s is  fo llo w ed  by s p e c if ic  cPDE a c t i v i t y  s ta in in g  

o f crude cytoso o f murine mammary tumours. The l e f t  gel shows 

fo u r bands (arrow ed) In  th e  presence o f cAMP (100 uM). The 

r ig h t  gel shows a c o n tro l In cubation  o f  cAMP (100  uM) in  the  

presence o f th e o p h y llin e  (6  mM). S o lub le  p ro te in  = 2 mg/ml 1n

50 u l a liq u o ts .

F ig . 2 :1 b . The same experim ent as fo r  la  except th a t  the  

incubations  were perform ed In  the  presence o f cGMP (100 uM). I t  

was noted th a t  the  re s o lu tio n  o f the cPDE a c t i v i t y  bands were 

c le a r e r  when cGMP was used.



- .............

F ig . 2 :2 . C on tro ls  o f th e  cPDE forms on non -denaturing  

polyacry lam ide d is c  g e l-e le c tro p h o re s is  In  crude murine mammary 

c y to s o l. S o lub le  p ro te in  = 2 mg/ml In  50 u l a l iq u o ts . C ontro l 

In cu b atio n  from L to  R: w ith o u t cAMP, w ith o u t cOMP, w ith o u t  

a lk a l in e  phosphatase. No a c t iv i t y  bands were observed under the  

above c o n d itio n s  In  over th re e  sep ara te  experim ents perform ed.



A d a p ta t io n  2f SEQE a c t i v i t y  S tfllll t2 i l l f e  Bfll

After the technique was perfected so that clear gels were 

possible, two commercially available forms of bovine heart cPDE 

(from Sigma) one activator deficient (AD) and the other 

activator Insensitive (A I) were tested (F1gs. 2:3a, 2:3b). The 

adcPOE showed increased activ ity  with added calmodulin (20 to 

50 units) whereas the AIcPDE form became more diffuse. The 

re lative m obilities (Rf) of the ADcPDE and AIcPDE bands 

wrre very similar and were closest to the band 2 form observed in 

murine mawnary tumour using 7.5% polyacrylamide concentration

(Table 2:4).

Comparative &W Y @f soluble SECE IStiJdlX fsms ID XALlm  

murine tissues.

The soluble cPOE forms showed s im ila rities  and differences in 

the activ ity  patterns of the following murine tissues: brain, 

kidney, liv e r, heart and mammary tumour (Figs. 2:4a and 2:4b). 

The relative  mobility (Rf) range for the various bands for the 

different tissues using 7.5% polyacrylamide gel concentrations 

are summarized (Table 2:4),  One band appeared to be common to 

a ll tissues Including the commercially obtained bovine heart 

cPDE forms.



F ig . 2 :3 a . N on-denaturing  po lyacry lam ide  s lab  

g e l-e le c tro p h o re s is  o f con tnerc ta lly  obta ined  bovine h e a rt cPDE. 

S o lu b le  p ro te in  = < 100 ug/ml In  to ul a l iq u o ts . A c t iv i t y  band 

o f a c t iv a to r  o e f lc le n t  (AO) cPOE o f  commercial bovine h e a r t .  

Lane 1=ADcPDE, lane 2=ADcPDE ♦ 10 u n its  ca lm od u lin , lane  

3=A0cP0E ♦ 20 u n its  ca lm od u lin , lane 4=A0cP0E + 50 u n its

ca lm odu lIn .

F ig . 2 :3 b . A c t iv i ty  band o f a c t iv a to r  In s e n s it iv e  (A I)cPDE o f 

bovine h e a r t . Lane 1=AIcPDE, lane 2 = AIcPOE +50 u n its  

calm odulIn  (7 .5 % ).
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F ig . 2 :4a . Non-denaturing polyacrylam ide slab  

g e l-e le c tro p h o re s is  a t  7 .6  % acrylam lde co n c e n tra tio n . Soluble  

p ro te in  = 1 mg/ml In  50 ul a liq u o ts  fo r  b ra in  and kidney and 2 

mg p ro te in /m l In  50 u l a liq u o ts  fo r  the  o th er tis s u e  cy to so ls . 

Soluble cPDE a c t iv i t y  bands fo r  the  murine tis s u e s  (1n 

d u p lic a te  from l e f t  to  r ig h t )  b ra in  (B ) , kidney (K ) ,  l iv e r  ( O ,  

h e a rt (H ) . and tumour (T ) The a c t iv i t y  bands, numbered 

consecu tive ly  from the  top o f the gel fo r  each t is s u e , were 

the  same fo r  both cAMP (above) and cGMP (b e lo w ).
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F ig . 2 :4b . N on-denaturing  p o lyacry lam ide  s lab  

g e l -e le c tro p h o re s is  a t  7.5% aery 1 amide gel c o n c e n tra tio n . 

S o lub le  p ro te in  loaded was 1 mg/ml In  50 ul a liq u o ts  fo r  b ra in  

and kidney and 2 mg p ro te in /m l In  50 u l a liq u o ts  fo r  th e  o th e r  

t is s u e  c y to s o ls . The cPOE a c t iv i t y  bands observed In  b ra in  (B ),  

kidney (K ) , l i v e r  ( L ) ,  h e a rt (H ) ,  and mammary tumour (T ) when 

Incubated In  100 uM cAMP (to p  l e f t ) ,  60uM cAMP, 26 uM cAMP and 

10 uM -.AMP ibottom  r ig h t ) .





T able  2 :4 . R e la t iv e  m o b il ity  (R f range) o f  cPDE a c t i v i t y  bands 

observer In  7.5% g e ls  as shown In  F ig . 2 :4a  fo r  both cAMP and 

cGMP.

Rf range T issue and band
from top o f  gel p o s itio n  (F ig .  2 :4 )

A. 0 .0 9 5 -0 .1 1 kidney ( i )
B. 0 .1 2 -0 .1 4 h e a rt (1 )
C. 0 .2 4 -0 .2 8 tumour ( 1 ) ,  h e a rt (2 )

0. 0 .2 9 -0 .3 6
l i v e r  ( 1 ) ,  k idney (2 )
bovine h e a rt form s, 
h e a rt ( 3 ) ,  b ra in  ( 1 ) ,  
1 1 v e r (2 ) , k idney ( 3 ) ,  
tumour (2 )

E. 0 .3 4 -v .36 tumour (3 )
F. 0 .3 7 -0  41 tumour (4 )

The Rf p o s itio n s  C and D had f a i r l y  wide Rf ranges s in ce  the  

a c t i v i t y  bunds in  b ra in  and kidney were very  -inse and spread 

out (see j .  2 :4 a ) .  T h is  observa tio n  was to  lead  to  fu r th e r  

experim ents to  e s ta b lis h  whether these dense, a p p a re n tly  s in g le  

bands were, In  fa c t ,  more than one cPDE form . At th is  s tag e , 

however, w ith  7.5% g e ls , th e re  appeared to  be on ly  one a c t iv i t y  

form o f cPDE In the two commercial sources o f  bovine h e a rt  

enzymes and murine b ra in . There appeared to  be two forms 1n 

murine l iv e r ,  th re e  In murine h e a rt and kidney and fo u r bands 

In  the  murine mammary tumours.

Whan lower su b s tra te  co n cen tra tio n s  o f e ith e r  cAMP or cQMP were
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used I t  was noted th a t  th e  upper bands p a r t ic u la r ly  In  th e  Rf 

range o f  0 .2 4 -0 .2 8  (p o s it io n  C from  top  o f g e l)  In  m urine  

tumour and l i v e r  became more prom inent a t  low er s u b s tra te  

c o n cen tra tio n s  (F ig . 2 :4 b ) .  T h is  seemed to  suggest th a t  these  

forms had a h ig h er a f f i n i t y  fo r  e i t h e r  cAMP o r cGMP.

D ensitom etry scans o f th e  murine tlSSUfi CYtOSQlS WhftD £UQ 911 

ng PAGE c o u p  led  &g th a  CPDE a r t l Y . l l i  StalJL.

D ensitom etry scans were perform ed on 7 .5  *  a e ry 1 amide g e ls  to  

g ive  th e  cPOE a c t iv i t y  p r o f i le s  o f  th e  v a rio u s  m urine tis s u e  

c y to s o ls  (loaded  w ith  e i t h e r  5 mg p ro te in /m l o r  2 mg p ro te in /m l 

o r 1 mg p ro te In /m l In  50 u l a l iq u o ts ) .  T h is  enabled a 

q u a n t i ta t iv e  assessment o f  th e  cPDE a c t i v i t y  In  each band 

(c a lc u la te d  as th e  % a rea  under th e  peak) o f  a s p e c if ic  tis s u e  

cyto so l (F ig s . 2 :5 a , 2 :5 b , 2 :5 c , and 2 :5 d ) . The more densely  

s ta in in g  c y to s o ls  such as m urine b ra in  (F ig .  2 :5 a ) and murine  

kidney (F ig .  2 :5 b ) had to  be tra c e d  a t  a low er s e n s i t iv i t y  

s e t t in g  ( t h a t  1s a t  1 as averse to  2 , 3 o r 4 ) In  a d d it io n  to  

th e  fa c t  th a t  they were 'oaded a t  low er s o lu b le  p ro te in  

c o n cen tra tio n s  (1 mg p ro te 1 n /m l) . T h ere fo re  q u a n t i ta t iv e  

com parisons, except 1n a r e la t iv e  s e n » i, were not made between 

those t is s u e  c y to so ls  th a t  were tra c e d  a t  both d i f f e r e n t  

s e n s i t iv i t y  s e tt in g s  and had been loaded a t  d i f f e r e n t  so lu b le  

p ro te in  c o n c e n tra tio n s . The densitom etry  scans o f m urine h e a rt 

cyto so l a t  50 and 100 uM cAMP (s e n s i t iv i t y  s e t t in g  z 2 ) (F1g. 

2 :5 e ) when compared to  those a t  e i t h e r  10 uM cAMP ( s e n s i t iv i t y
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s e tt in g  = 4 ) ( l e f t  scan o f F ig . 5 :2 e ) o r  10 uM cGMP 

( s e n s i t iv i t y  = 4) ( l e f t  scan o f  F1g. 5 : 2 f )  showed th a t  the  

lower s u b tra te  c o n cen tra tio n s  had r e la t iv e ly  Increased cPOE 

a c t iv i t y  1n band 1. Th is  e f f e c t  was p a r t ic u la r ly  pronounced fo r  

th e  densitom etry  scan w ith  10 uM cAMP ( l e f t  scan o f  F ig . 2 :5 e ) .  

This  suggests th a t  the  band 1 o f murine h e a rt cy to so l Is  a 

h igher a f f i n i t y  enzyme compared to  bands 2 and 3 . When 

comparisons were made between the cPDE a c t iv i t y  p r o f i le s  o f  

murine h eart cytoso l a t  10 uM cAMP ( l e f t  scan o f F1g. 2 :5 e )  

w ith  th a t o f 10 uH cAMP + 1 uM cGMP ( r ig h t  scan o f  F ig . 2 :5 e )  

th e re  was s l ig h t ly  Increased cPOE a c t i v i t y  In  band 1 o f  the  

mixed s u b s tra te  p r o f i l e .  Whereas, a l l  th re e  bands showed 

increased a c t iv i t y  in  th e  cPDE a c t iv i t y  p r o f i le  o f  m urine h e a rt  

cytoso l a t  10 uM cGMP + 1 uM cAMP ( r ig h t  scan o f F1g. 2 :5 f )  

w ith  th a t  o f 10 uM cGMP ( l e f t  scan o f F ig . 2 : 6 f ) .  Thus a 

s o lu b le  cGM P-stim ulated cPOE (ty p e  I I  cPOE) may have been 

detec ted  In  the  band 1 o f m urine h e a rt c y to s o l. N onetheless, 

low co ncen tra tio n s  o f cAMP seemed to  s tim u la te  a l l  th e  murine 

h e a rt so lu b le  cPDE form s. A lso , th e re  was more cPOE a c t i v i t y  In  

a l l  th e  murine cPDE bands a t  10 uM cGMP compared to  10 uM cAMP 

( t h is  e f f e c t  was not observed a t  h ig h er s u b s tra te  

c o n c e n tra tio n s ). Th is  suggests th a t  th e re  may be a h ig h er  

a f f i n i t y  b ind ing  s i t e  fo r  cGMP.



F ig . 2 :6 a . Densitom etry scans o f  murine b ra in  cy to so l when run 

on nd PAGE coupled to  th e  cPDE a c t iv i t y  sta 'fn  a t  50 uM cAMF 

( l e f t  scan) and 100 uM cAMP ( r ig h t  scan. The s e n s it iv i t y  

s e tt in g  = 1. S o lub le  p ro te in  loaded was 1 mg/ml In  50 ul 

a liq u o ts . The r e la t iv e  cPDE a c t iv i t y  fo r  each band as a % o f  

th e  to ta l  cPDE a c t iv i t y  fo r  each scan was: background o f  b ra in  

8X a t  53 uN and 10% a t  100 uM; band 1 o f b ra in  92% a t  50 uM and 

90% a t 100 uM.

SOuM cAMP

Brain IOOuM cAMP

I
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F ig . 2 :5b . Densitom etry scans o f m urine kidney cytoso l when run 

on nd PAGE coupled to  the cPDE a c t iv i t y  s ta in  at. 50 uM cAMP 

( l e f t  scan) and 100 uM cAHP ( r ig h t  scan ). The s e n s it iv i t y  

s e tt in g  : 1. S o luble  p ro te in  loaded was 1 mg/ml In  50 ul 

a liq u o ts . The r e la t iv e  cPDE a c t iv i t y  fo r  each band as a % o f  

the  to ta l  cPCE a c t iv i t y  fo r  each scan was: background o f kidney  

;% a t 50 uM and 1% a t 100 uM; band 1 o f kidney 1IX a t  50 uM and 

m  at 100 u *. car-d 2 o f kidney 3» t a t 50 uM and 39% a t 100 uM; 

band 3 of n id n e y  46% a t 50 uM and 48% a t 100 uM.

- r Kidney IOOuM cAMP — Direction of run
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F ig . 2 :5 c . D ensitom etry scans o f murine l i v e r  cy to so l ( l e f t  

scan a t  50 uM cAHP) and murine mammary tumour cy to so l ( r ig h t  

scan a t  100 uM cAMP) when run on nd PAGE coupled to  th e  cPDE 

a c t iv i t y  s ta in .  S e n s i t iv i ty  s e tt in g s  = 2 fo r  l i v e r  and 3 fo r  

:umour. S o luble  p ro te in  loaded was 2 mg/ml In  50 u l a l iq u o ts .  

The r e la t iv e  cPDE a c t iv i t y  fo r  each band as a X o f th e  to ta l  

cPDE a c t iv i t y  fo r  each scan was; background o f l i v e r  9%; band 1 

o f l i v e r  38%; band 2 o f  l i v e r  53%; background o f tumour 1%; 

band 1 o f tumour 46%; and bands 2 to  4 o f tumour 53%.

3

j i

IOQuM cAMP •-Direction of n r r

1 1C

X
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F ig . 2:5«i. D ensitom etry scans o f  murine h e a rt cytoso l when run 

on nd PAGE coupled to  th e  cPDE a c t i v i t y  s ta in  a ' 50 uM cAMP 

( l e f t  scan) and 100 uH cAMP ( r ig h t  scan ). The s e n s i t iv i t y  

s e tt in g  was = 2 . S o lu b le  p ro te in  loaded was 2 mg/ml In  60 ul 

a liq u o ts . The r e la t iv e  cPDE a c t i v i t y  fo r  each band as a % o f 

th e  to ta l  cPDE a c t iv i t y  fo r  each scan was: background o f  h eart  

10% a t 50 uM and 11% a t  100 uM; band 1 o f  h e a rt 45% a t  50 uM 

and 44% a t  100 uM; band 2 o f h e a rt 21% a t  50 uH and 20% a t  100 

uM; band 3 o f  h e a rt 24% a t 50 uM and 24% a t  100 uM.
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F ig . 2 :5 * .  Densitom etry scant, o f m urine h e a rt c y to s o l when run 

on nd PAGE coupled to  th e  cPDE a c t i v i t y  s ta in  a t  10 uM cAMP 

( l e f t  scan) and 10 uM cAMP + 1 uM cGMP ( r ig h t  s c a n ).

S e n s i t iv i ty  s e tt in g  fo r  each scan = 4 . S o lu b le  p ro te in  loaded 

was 5 mg/ml in  50 u l a liq u o ts . The r e la t iv e  cPDE a c t i v i t y  fo r  

ee*h band as a % o f  the to ta l  cPDE a c t iv i t y  o f th e  10 uM cAKP 

scan was: background o f h e a rt 6X; band 1 o f h e a rt 76%; band 2 

o f h e a rt 7.5%; band 3 o f h e a rt 10.5%. For the  mixed s u b s tra te  

scan on the  r ig , i t  the  values were: background o f  h e a rt 6%; band 

1 o f h e a rt 79%; band 2 o f h e a rt 6 .5 % ;  band 3 o f h e a rt 8.5%.

MeertlOtiM'AwlP - r Heart IQuMcAMP+luMcQMP — Direction of run

112



F ig . 2 : 5 f .  D ensitom etry scans o f m urine h e a rt cy to so l when run 

on nd PAGE coupled to  th e  cPDE a c t i v i t y  s ta in  a t  10 uM cGMP 

( l e f t  scan) and 10 uM cGMP > 1 uM cAMP ( r ig h t  scan ).

S e n s i t iv i ty  s e tt in g  fo r  each scan = 4 . S o lu b le  p ro te in  loaded  

was 5 mg/ml In  50 u l a l iq u o ts . The r e la t iv e  cPDE a c t i v i t y  fo r  

each band as a % o f the t o t a l  cPDE a c t i v i t y  o f  th e  10 uM cGTP 

scan was: background o f h e a rt 1%; band 1 o f h e a rt 61%; bard 2 

o f h e a rt 10%; band 3 o f h e a rt 29%. For th e  mixed s u b s tra te  

scan on th e  r ig h t  the  values were: background o f  h e a rt 1%; band 1 

o f h e a rt 58%; band 2 o f h e a rt 10%; band 3 o f h e a rt 31%.

Direction of run
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t is s u e s  using e ith e r  t t i i  s a l nifthad an tb s  r ^ K x w t r i g  i m X x

C on tro ls  using nd PAGE coupled to  th e  cPDE a c t iv i t y  s ta in  were 

run w ith  the  a d d itio n  o f  a . ca lm od u lin , b . 5 mM 

t r i f lu o r o p e r a z in e ,  and c . EOTA (60  uM) (P ig . 2 :6 ) .  

T r if lu o ro p e r a z in e , which 1s a p o ten t In h ib i to r  o f  type  I  cPDE 

(ca lm o du lin  dependent cPDE), was found to  In h ib i t  com plete ly  

a l l  th e  cPDE a c t iv i t y  bands a t  •  & mM c o n cen tra tio n  a lthough  I t  

was shown to  in h ib i t  d i f f e r e n t ia l l y  the  morr ra p id ly  moving 

forms a t lower in h ib i to r  co n c e n tra tio n s . Added calm odulin  (50  

u n i ts ) .d id  not appear to  have an e f f e c t  on th e  In te n s ity  o f the  

cPDE a c t iv i t y  bands 1n murine t is s u e s  (F ig . 2 :6 ) .

The cPDE a c t iv i t i e s  In  crude c y to s o ls  o f m urine t is s u e s  by 

rad io assay , using both cAMP and cGMP, a re  summarized In  Tables  

2 :5 ,  2 :6 , 2 :7  and 2 :8 .

The cPOE a c t iv i t i e s  1n m uri.ie t is s u e  c y to so ls  were a ls o  te s te d  

1n th e  presence o f ca lm ldazollum  (5  uM), which 1s a p o tent 

in h ib i to r  o f type I  cPDE, and a ls o  1n th e  presence o f exogenous 

calm odulin .
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F ig  2 :6 . N on-denaturing  po lyacry lam ide  s la b  g e l - e 1ec trop h ores1s 

a t  7.5% and 8% acry lam lde co n c e n tra tio n s . C on tro ls  were run 

w ith  b ra in  (0 .5  mg p ro :s in /m l)  kidney (1 mg p r o te in , l i v e r  

(1 mg p r o te in /m l) ,  h e a rt (2  mg p ro te In /m l)  and tumour (2  mg 

p ro te In /m l)  In  50 u l a liq u o ts  and s ta in ed  fo r  cPDE a c t iv i t y .

Top l e f t  (7.5%  g e l)  was a complete In cu b atio n  In  100 uM cANP. 

Top r ig h t  (7.5%  g e l)  shows p o s t-e le c tro p h o re s is  In cu b atio n  o f  

gel 1n 5 mM t r i f lu o r o p e r a z in e .  Lower l e f t  (8.0%  g e l)  shows 

calm odulin  added to  100 uM cGMP. Lower r ig h t  (8.0%  g e l)  shows 

In cu b atio n  In  100 uM EOTA fo llo w in g  e le c tro p h o re s is . The two 

low er m ig ra tin g  cPOE bands observed In  murine b ra in  cytoso l 

m  the presence o f 100 uM EOTA are  arrowed.
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Table 2 :5 . The cFDE a c t i v i t i e s  In  m urine tis s u e s  using cAMP as 

s u b s tra te  e it h e r  100 uM o r 1 uM c o n c e n tra tio n s .

T issue P ro te in  cAMP cAMP ♦ TFP (1 mto
mg/nil nmo1/mg/m1n nmol/mg/mln

100 uM 1 uH 100 uM 1 uM

B rain 0 .5  27 .04  0 .163 0 .6 2 nd
Kidney 1 6 .35  0 .332 0 .2 2 0 .008
L iv e r 1 8 .51  0 .146 0 .1 5 6 0 .005
H eart 2 0 .8 6  0 .088 0 .1 9 9 0 .016
Tumour 2 1 .80  0 .127 0 .171 nd

Table 2 :6 . P a r a lle l  c o n tro l experim ents 1n L,ie presence o f the

in h ib i to r  calm idazoHum  (500 uM) or exogenous calm odulin  (20

u n its /a s s a y ).

T 1suue cA M P +lnh lb lto r cAMPrcalmodulln
nmol/mg/m1n nmol/mg/m1n

100 uH 1 uM 100 uM 1 uM

B rain 16.24 0 .366 26 .18 0 .512
Kidney 4.W8 0 .296 5 .76 0 .309
L iv e r 2 .69  0 .102 8.41 0 .164
H eart 0 .9 4  0 .056 0 .9 4 0 .078
Tumour 1.90  0 .108 2 .0 9 0 .1 1 *

■ r
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Table 2 :7 . The cPDE a c t i v i t i e s  In  murine tis s u e s  using cGMP as 

s u b s tra te  a t  e i t h e r  100 uM o r 1 uM co n c e n tra tio n s .

T issue P ro te in  cGMP cGMP + TFP (ImM)
mg/ml nmol/mg/mln nmol/mg/mln

100 uM 1 uM IOOuM 1uM

B rain 1 2 6 .28 0 .526 1 .173 0 .0 6 5
Kidney 1 7.51 0 .266 0 .4 0.C05
L iv e r 1 8 .7 0 .203 0 .31 0 .005
H eart 2 1 .64 0 .098 0 .2 0 5 0 .0 1 0
Tumour 2 2 .5 9 0 .104 0 .152 0 .0 0 4

Table 2 .8 .  P a r a l le l  c o n tro l experim ents 1n th e  presence o f  the  

In h ib i to r  salm ldazollum  (500 uK) o r exogenous calm odulin  (20  

u n its /a s s a y ).

T issue cGMP-Mnhlbltor cGMP* calm odulin
nmol/mg/m1n nmol/mg/mln

100 uM 1 uM 100 uM 1 UM

B rain 27 .54 0 .267 28 .18 0 .437
Kidney 6 .1 2 0 .272 6.91 0.261
L iv e r 3 .31 0 .1 8 4 6 .8 0 0 .2 0 5
H eart 1 .44 0 .037 1.27 0 .115
Tumour 2 .2 3 0 .096 2 .3 0 0 .1 0 4



m m .

The In h ib i to r  calm ldazollum  a t  ix c o n cen tra tio n  o f 500 urn 

appeared to  cause some In h ib i t io n  o f cPOE a c t i v i t y  In  th e  crude 

tis s u e  cy to so ls  e s p e c ia lly  when cAMP was used as s u b s tra te . The 

In h ib i to r ,  t r if lu o r o p e r a z in e  a t  1 mM c o n c e n tra tio n , had a 

marked In h ib i to r y  e f f e c t  on a l l  th e  s o lu b le  cPDE a c t i v i t i e s  In  

the  m urine tis s u e s  examined. The a d d itio n  o f  ca lm odu lin , 

however, had l i t t l e  e f fe c t  on th e  cPOE s p e c if ic  a c t i v i t i e s  and 

th is  was in  agreement w ith  th e  gel e le c tro p h o re s is  f in d in g s .

Table 2 :9 . The s p e c if ic  a c t i v i t i e s  o f  cPOE (nmol/mg 

p ro te ln /m ln ) m  th e  e x tra c ts  o f p a r t ic u la te  fr a c t io n s  o f murine 

b ra in  and kidney.

T issue 100 uM CAMP 1 uM cAMP 100 UM COMP 1 uM cGMP

B ra in 14.3 0 .1 6 0 13 .8 0 .167
Kidney 1 .6 0 .029 1.71 0 .028

.m, •

These cPOE a c t iv i t i e s  associated  w ith  th e  membrane components 

o f m urine b ra in  and kidney were obta ined  by u ltra s o n lc a t lo n  o f  

the  t is s u e  p e l le ts .  The p e l le ts  were w e ll r insed  In  b u f fe r  B to  

remove cytop lasm ic contam ination  p r io r  to  u ltra s o n lc a t lo n  and 

cPDE a c t iv i t y  d e te rm in a tio n .
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E lu tio n  f if  cPDE forms from tils  9@1 bflMs o f  murlnfi

tis s u e  c v to s o ls  run 20 BTSBftEflllYS OQOrdSDStilLlna 

p o ly a c ry la m ide aftl e le c tro p h o re s is  15XL.

T h is  was achieved by using a b lan k  comb on th e  slabs and 

la y e r in g  volumes o f 1 ml o f  th e  cy to so l o f  e ith e r  m urine b ra in ,  

k id n ey , l i v e r ,  h e a r t , and tumour. The e lu t io n  techn ique was as 

described In  M a te r ia ls  and Methods.

Table  2 :1 0 . The p u r i f ic a t io n  o f th e  d i f f e r e n t  a c t iv i t y  bands 

was g re a te s t fo r  th e  b ra in  t is s u e  bu . th e re  was poor recovery  

in  o th er t is s u e s . The s p e c if ic  a c t i v i t i e s  fo r  the v a rio u s  bands 

a re  summarized below.

Tissue Band No. cAMP cG^p
(F ig  2 :4 )  100 uM 1 uM 100 uM 1 uM

nmol/mg/mln pmol/mg/mln nmol/mg/m1n pmol/mg/mln
------------ ---------------

B rain 1 391 23 ,500 250 28 ,889

Kidney 1 -
2 28 .3 316 19.6 1,327

3 19.5 611 23 .3 2 ,236

L iv e r 1 2 .5 195 4 .3 232
2 1.5 55 nd 366

Heart 1 3 .9 232 2 .5 88
2 0 .98 70 1.25 89
3 nd 29 nd 74

Tumour 1 0 .45 126 1.7 57

2 1.7 57 0 .45 131
3 3 .3 113 0 .603 156
4 nd 88 • 349



>

a #  a m # # #

T ab le  2 :10  shows th a t  th e re  was cPOE a c t iv i t y  In  a l l  th e  e lu te d  

bands s tu d ied  a lthough th e  low a f f i n i t y  b ind ing  (100  uM cAMP or  

100 uM cQMP) was not always d e te c ta b le  (n d ) . C le a r ly ,  th e re  was 

loss o f cPOE enzyme a c t i v i t y ,  a p a rt from  th a t  In  m urine b ra in  

t is s u e , and t h is  was probab’ due to  th e  fa c t  th a t  cPOE enzymes 

are  la b i le  and a c t iv i t y  loss was In c u rre d  1n th e  o v e rn ig h t  

e lu t io n  s te p . I t  appeared th a t  In  th e  e lu te d  bands th e re  was 

s ig n if ic a n t ly  h ig h er a f f i n i t y  f o r  cGMP compared to  cAMP In  some 

o f th e  bands, p a r t ic u la r ly  m  bands 2 and 3 o f k id n e y . Whether 

t h is  was due to :  th e  very  much lower p ro te in  co n c e n tra tio n s  (ug 

prote1n /m l th a t  the  cPOE enzymes were exposed to  d u rin g  the  

e lu t io n  s tag e ) which is  known to  cause loss o f cPDC a c t iv i t y  

(E p s te in  # t  a f .  1 9 8 2 (b ));  o r th e  r e s u lt  o f a conform ationa l 

change In  th e  c a ta ly t ic  s ite s  fo r  cAMP o r cGMP h y d ro ly s is  

( d i f f e r e n t ly  a ffe c te d  depending on th e  tis s u e  s tu d ie d , namely, 

kid n ey ) o c c u rrin g  during  th e  o v e rn ig h t e lu t io n  s te p  could not 

be determ ined.

N on-denaturing  oo lvacrv lam lde  s lab  gg 1 9 1 PbPhQrgs 11 *. US 1.113 

l in e a r  acrv lam lde  g ra d ie n ts , g f  m urlns EKtaSfllS Sfiuglfid

is  t i n  s£fi£ s c t i v l i y  s ta in ,

I n i t i a l l y ,  g ra d ie n ts  between 6 and 15% c o n cen tra tio n s  were used 

but th is  was changed to  a range from 5 to  22.5% s in ce  th is  

range gave a b e t te r  re s o lu tio n  o f the  cPDE form s. G reater  

p ro te in  co n cen tra tio n s  o f the  crude cy to so ls  had to  be loaded  

sin ce  th is  method seemed to  lead to  loss o f cF'DE a c t iv i t y  in



th a t  on1> f a in t  bands developed. For t h is  reason, best re s u lts  

were obta in ed  fo r  the  m urine b ra in  and Kidney c y to s o ls  (F ig .  

2 : 7 ) .  Three cPDE a c t iv i t y  bands were observed 1n b ra in  and fo u r  

In  kidney a lthough the fo u r th  band was o n ly  ju s t  d ls c e rn a b le  In  

kidney cytoso l a t  a h ig h er p ro te in  c o n c e n tra tio n  (F ig . 2:"’ ) .  An 

e s tim a tio n  o f th e  m olecu lar masses o f  these forms was achieved  

by comparing th e  Rf o f th e  a c t iv i t y  bands to  a graph o f th e  

slope o f  the  Rf va lues o f m o lecu lar mass standards ve= ;g

m olecu lar mass. The re s u lts  are  summarized below 1n T ab le  2 :1 1 . 

The m olecu lar mass standards used were albumin (A ) 68000, 

la c ta te  dehvdrogenase (L )  140000, c a ta la s e  (C ) 232000, f e r r i t i n  

(F ) 440000, th y ro g lo b u lln  (T )  669000.

Table 2 :1 1 . M o lecu lar mass d e te rm in a tio n s  o f th e  s o lu b le  cPDE 

enzymes o f mur ne b ra in  and kidney by non-denatu ring  

polyacry lam ide  g ia d le n t g e l-e le c tro p h o re s is . The fin d in g s  are  

the  re s u lt  o f th re e  separate  experim ents .

M urine T issue Band No. 
from top

M o lecu lar Mass + / -  SO

B rain 1 209000 8100
2 186000 7300
3 169000 7400

Kidney 1 426000 11000
2 229000 8400
3 199000 8600
4 182000 8600
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F ig . 2 :7 . N on-denaturing  po lyacry lam ide  gel s lab  

g e1- e 1ac tro p h o res1s run on a 5 to  22.5% aery  1 amide g ra d ie n t.  

From l e f t  to  r ig h t  are  shewn th re e  In c reas in g  p ro te in  

co n cen tra tio n s  (1 , 3 and 5 mg p ro te in /m l In  100 u l a l iq u o ts )  o f  

mu.Mne b ra in  (B ) ,  kidney (K ) and llv w r  ( I ) .  Note th e  re s o lu tio n  

o f  th re e  a c t iv i t y  bands In  murine b ra in . Below are  shown the  

n a tiv e  p ro te in  bands o f  th e  standards (on th e  l e f t  la n e ) and 

crude c y to so ls  B, K, L , H and T s ta in ed  w ith  Coomassle b lue.The  

f a i n t  bands observed fo r  murine l i v e r ,  h e a r t , and tumour a l l  

corresponded to  a m olecu lar mass ranging between 180000 

to  220000 d a lto n s

12 2





Mr>lfti->nlar maas determination q£ c£D£ activity £0013 bV

Ferguson plat analysis.

This was achieved by measuring the Rf values of the different 

cPDE activity bands at different gel concentrations and 

applying Ferguson plot analysis t,Ferguson 1964). The molecular 

mass standards used were: albumin 67000, lactate dehydrogenase 

140000 catalase 232000. ferritin 440000. The polyacrylamide 

concentration range was from 5X to 9% (Fig 2:8). The calculated 

molecular masses for the cPDE forms in the murine tissue cytosols 

are summarized below.

Table 2:12. Molecular mass determinations of the various murine 

tissue forms of cPDE by Ferguson Plot. The results represent 

the mean of two experiments.

Tissue Band No. 
iFig. 2:4)

Molecular Mass +/-SD

Brain 1 280000 12000
Kidney 1 395000 15000

2 282000 13500
3 245000 11300

Liver 1 233000 12000
2 226000 10600

Heart 1 246000 9600
? 225000 10700
3 227000 9300

Tumour 1 219000 10100
2 226000 7500
3 234000 11000
4 229000 10100
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The v t lu e s , using th e  Ferguson p lo t  tech n iq u e , y ie ld e d  h ig h er  

m olecu lar masses (o f  the  o rd e r o f  7 -1 9 * )  fo r  th e  cPDE forms In  

murine b ra in  and kidney compared to  th e  values determ ined by 

g ra d ie n t g e ls . I t  was not e s ta b lis h e d  why th e re  was t h is  

d if fe re n c e  but may r e f le c t  the  degree o f  e r r o r  asso c ia ted  w ith  

th e  two techn iques. N onetheless, th e  re s u lts  showed s im ila r  

m olecu lar masses fo r  the  cPDE forms In  a l l  th e  t is s u e  c y to so ls  

examined except fo r  the band 1 form o f  nurlne b ra in , band 1 and 

band 2 forms o f kidney and band 1 o f h e a r t . The band 1 o f  the  

kidney form could rep resen t an aggregation  o f th e  band 3 form  

or cFDE. The band 2 . 4iney  form appeared to  be a dim er a t  

h igher gel co ncen tra tio n s  (to p  l e f t  8% gel F1g. 2 :8 ) .
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F ig . 2 :8  N on-denaturing  p o lyacry lam ide  s 1a b -e 1a c tro p h o res1s a t  

d if f e r e n t  acrylam lde c o n cen tra tio n s  coupled to  th e  cPDE 

a c t iv i t y  s ta in  o f murine t is s u e  c y to s o ls : b ra in  ( E ) ,  k idney  

(K ) ,  l i v e r  ( L ) ,  h e a rt (H ) and tumour ( T ) .  S o lu b le  p ro te in  

loaded was 1 mg/ml In  50 u l a liq u o ts  o f  b ra in  and kidney and 2 

mg p ro te in /m l In  50 u l a liq u o ts  o f th e  o th e r t is s u e  c y to s o ls . 

From top l e f t ,  are  g e is  o f  8% and 8.5% . Lower l e f t  Is  a 5% g e l.  

Lower r ig h t  showi a 6.5% non-denaturing  gel o f  standard  

p ro te in s  s ta in e d  w ith  Coomassle b lu e .





Attempted purification of muring mammary tumo.ui solub.ls fiEDE 

antymaii

This was done according to  th e  p u r l f Ic a t lo n  scheme as o u t lin e d

1n m a te r ia ls  and methods. A ty p ic a l  rep resen ta lo n  o f  the

cPDE a c t i v i t i e s  during  p u r i f ic a t io n  stages 1s represented  In  Table

2 :13 .

Table 2 :1 3 . A ty p ic a l re p re s e n ta tio n  o f th e  p a r t ia l  

p u r i f ic a t io n  steps o f so lu b le  cPDE In  murine mammary tumour as 

o u tll .ia d  in  the methods o f C hapter Two. A ll  c y to so ls  o r 

f r a c t io n s  were ad justed  to  a p r . 'te ln  c o n cen tra tio n  o f 

approxim ate ly  2 mg/ml fo r  th e  cPDE a c t iv i t y  d e term in a tio n s  

(o n ly  cAMP te s te d ) . U n its  fo r  s p e c if ic  a c t iv i t y  ( S . A .)  were In  

nmol/mg p r o te in / mln fo r  low a f f i n i t y  measurements and In  

pmol/mg o ro te ln /m 1n  fo r  high a f f i n i t y  measurements

F ra c tio n T o ta l Low a f f i n i t y High a f f i n i t y
mg S.A . T o ta l S .A . T o ta l

A 359 2 .35 343.65 69 .40 24 ,915
B 144 0 .17 10.4 4 .25 254
C 198 1.79 367.35 97.76 . 19,356
E 195 1.32 257 .4 68 .20 13,299
F 68 0 .83 56 .8 52 .10 3 ,543
0 91 59.60 5 ,424



There was a la rp e  loss o f cPDE a c t iv i t y  (53% a t  1 uM cAMP 

c o n c e n tra tio n ) 1n th e  d ia ly s is  and c o n cen tra tio n  stage (E ) o f  

th e  pooled DEAE fr a c t io n s . The f in a l  recovery fo r  cPDE a f t e r  

e lu t io n  from th e  chrom atofocuslng column fo llo w ed  by t i t r a t i o n  

and poo ling  o f  cPDE fra c t io n s  was 22% a t  1 uM cAMP 

c o n c e n tra tio n . There was to ta l  loss o f a c t iv i t y  a t  100 uH cAMP 

a t  the Q stage

I t  was a ls o  suspected th a t  th e  enzyma a c t iv i t y  was being  

a ffe c te d  by th e  low pH o f th e  P o ly b u ffe r  74-HC1 (pH range 4 to  

7 ) .  An experim ent was perform ed whereby d i f f e r e n t  p ro te in  

co n cen tra tio n s  o f crude cy to so l o f murine mammary tumour were 

placed in  P o ly b u ffe r 74-HC1 fo r  2 hours a t  4 °  C (p H =4). The cPDE 

a c t iv i t y  was te s te d  and a f t e r  t i t r a t i o n  re s u lts  a re  shown below  

In  Table 2 :1 4 .



Table 2:14. Test of cPDE activity after incubation In 

Polybuffer 74.

Fraction Protein conc. 100 uM cAMP 1 uM cAHP 
mg/ml nmol/mg/mIn pmol/mIn/mg

cytosol with 
buffer

control with­
out buffer

7.34 1.3 29
5.02 0.8 34
1.39 0.41 13
1. 5 0.00 7
0.97 0.00 7

5.02 1.6 35
1.15 1.85 62

The re s u lts  showed th a t a t 1c»er - r o te in  co n cen tra tio n s  the  

cPOE enzyme a c t iv i t i e s  a t both 1 uM cAMP and 100 uM CAMP were 

s e vere ly  a ffe c te d . The p u r i f ic a t io n  experim ents were ad justed  

such th a t ,  a f t e r  measurement o f the pH, the f r a c t io n s  e lu te d  

through the chrom atofocuslng column were im m ediately t i t r a t e d  

to  a pH o f 7 .6  w ith  1 M im id azo le . In  a d d it io n , to ta l  p ro te in  

concent r a t ‘ ons o f g re a te r than 100 mg were loaded on the  

chrom atofocusing column. The fra c t io n s  e lu te d  from the  

chrom atofocuslng column gave th re e  main peaks fo r  cPDE a t 1 uM 

cAMP co ncen tra tio n s  (F ig . 2 : 3 j .  The s p e c if ic  a c t iv i t y  ranges 

fo r  1 uM cAMP were 1 4 0 - '7 0 .1 8 0 - 210 and 52-70 pmol cAMP 

hydrolyzed/m in/m g p ro te in . The p i values o f the  th re e  peaks 

were re s p e c tiv e ly  pH>7, pH 5 .2 -5 .6  and pH 4 .1 -4 .2  (F ig . 2 :9 ) .
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F ig  2 :9 . S eparation  o f  h igh a f f i n i t y  cPDE a c t i v i t y  by 

chroroatofocuslng o f cy to so l o f mouse tumour. The cPDE a c t iv i t y  

(on '  cAMP te s te d ) was expressed as pmol cAMP hydrolyzed/m g  

p ro te ln /m ln  and the  P I ranges a re  numbered 1 to  3.

PROTEIN pM /m g/m inPROTEIN
1.6

500
L4

1.2 400

l . §

300

200

FRACTION NUMBER(9ml /tube)



M o lecu lar mass d e te rm in a tio n  fax g e l f i l t r a t i o n .

The (Q) f r a c t io n  (see T ab le  2 :1 3 ) was pooled and d la ly z e d  

o vern ig h t according to  th e  techn ique described  1n m a te r ia ls  and 

methods to  g ive  the  (H ) f r a c t io n .  The gel f i l t r a t i o n  medium was 

Sephacryl S-200 (m o lecu lar mass range 5000-250000 d a lto n s ) and 

the m o lecu lar mass standards used were ovalbumin 43000, albumin 

67000, a ld o la s e  156000 and c a ta la s e  232000. The cPOE a c t iv i t y  

a l l  e lu te d  ju s t  a t  o r a f t e r  th e  vo id  volume which In d ic a te d  th a t  

the  m o lecu la r mass o f th e  p a r t i a l l y  p u r if ie d  cPDE enzymes o f  

murine mammary tumour were g re a te r  than 200000.



F ig . 2 :1 0 . P r o f i le  o f  th e  m olecu lar mass o f  cPDE In  th e  H 

f r a c t io n  when run on Sephacryl S -200 . The cPDE a c t iv i t y  (o n ly  

cAMP te s te d ) was expressed as dpm o f cAMP hydro )yzed /m ln .

MICROGRAMS PROTEIN
108

HIGH AFF.DPM

LUV AFF, DPM

20 -

18

VOID VOLUME
ELUTION VOLUME(ml )

DPM

20



D i s c u s s io n

Since a l l  th e  murine tumours were shown to  be oestrogen and 

progesterone-independent tnd th e re  was In s u f f ic ie n t  normal 

mammary t is s u e , comparisons o f  cPDE a c t i v i t y  between e ith e r  

tumour t is s u e  versus normal c o u n te rp a rt o r hormone-dependent 

tis s u e  versus hormone-Independent tumour t is s u e , was not 

p o s s ib le . N everth e less , some In te r e s t in g  comparisons were made 

between c e r ta in  tis s u e s  c f  th e  syngeneic mur1r.e model namely, 

b ra in , K idney, l i v e r ,  h e a rt and mammary tumour. A ls o , by means

o f the  adapted non-denatu ring  p o ly a c ry la m ld e -s la b -g e l

e le c tro p h o re s is  technique coupled to  th e  s p e c if ic  cPDE enzyme 

a c t iv i t y  s ta in , I t  was p oss ib le  to  c h a ra c te r iz e  th e  d i f f e r e n t  

tis s u e  s o lu b le  cPDE forms s im u ltan eo us ly . Th is  Is  an aspect 

which has not p re v io u s ly  been reported  to  my knowledge.

In  the  s o lu b le  murine tis s u e  f r a c t io n s , a t o t a l  o f s ix

m ig ra tin g  cPDE forms were de tec ted  w ith  c h a r a c te r is t ic  Rf

ranges (see Table 2 : 4 ) .  One o f  the observed cPDE a c t i v i t y  forms 

was common to  a l l  th e  tis s u e s  w ith  the  Rf range o f 0 .2 9 -0 .3 5  

(Tab le  2 :4 )  whereas some o f th e  o th e r cPDE forms were e ith e r  

t is s u e -s p e c if ic  (th e  murine mammary tumour bands 5 and 6 w it,)  

res p e c tiv e  Rf ranges o f 0 .3 4 -0 .3 6  and 0 .3 7 -0 .4 1 )  o r  common to  

some but not a l l  o f th e  t is s u e s . For example, th e  cPDE band 

w ith  Rf range 0 .2 4 -0 .2 8  was present In  a l l  t is s u e s  except the  

murine mammary tumour cPDE a c t iv i t y  p r o f i l e .  A ll  th e  so lu b le  

forms o f cPDE a c t iv i t y  th a t wore ite c te d  In  th e  t is s u e s , u s m - 

the gel method, hydrolyzed both cAMP and cGMP. The band



p a tte rn s  were Id e n t ic a l when e i t h e r  s u b s tra te  was used and 

under th e  experim enta l c o n d itio n s  used, th e  band In te n s i t ie s  

appeared to  be s im ila r  fo r  e it h e r  s u b s tra te  (F ig .  2 :4 a ) .  

Although, my re s u lts  do not d isprove  th e  th eo ry  th a t  th e  cPDE 

forms I  observed, which c o n s is te n tly  hydrolyzed  both cAMP and 

cGMP, a re  d is c re te  enzymes th e  very  s im ila r  cPDE p r o f i le s  w ith  

e it h e r  s u b s tra te  concurs b e t te r  w ith  th e  th eo ry  th a t  th e re  a re  

two separate  c a t a ly t ic  s ite s  on th e  same enzyme (W e lls  e t  a 7. 

1976; S u lliv a n  e t  a ) .  1987).

The experim ent, based on th e  t e s t  fo r  cPDE a c t i v i t y  1n the  

e lu te d  enzyme bands from th e  non-danatur1ng p o lyacry lam id e  g e ls  

(T ab le  2 :1 0 ) showed t h a t ,  d e s p ite  th e  poor recovery  o f  s o lu b le  

enzyme a c t i v i t y ,  th e  r e la t iv e  a c t i v i t i e s  o f  th e  s o lu b le  cPOE 

enzymes in  the  f i v e  murine tis s u e s  d id  not v a ry . T hat Is ,  by 

f a r  th e  h ig h est a c t i v i t y  was found In  b ra in  fo llo w e d  by kidney  

then l i v e r  and th e  rem aining t is s u e s , h e a rt and mammary tumour 

were s im ila r  In  le v e ls  o f c y to s o lic  cPDE a c t i v i t i e s .  Of n o te , 

though, band 2 In  kidney (R f range 0 .2 4 -0 .2 8  see F1g. 2 :4 b )  

when e lu te d  from p o lyacry lam ide  g e ls  and te s te d  f o r  cPDE 

a c t iv i t y  (T ab le  2 :1 0 ) showed a h ig h er a c t iv i t y  fo r  cPDE a t  

e it h e r  100 uM cAMP o r 100 uH cGMP c o n cen tra tio n s  (low  a f f i n i t y )  

compared to  band 3 (R f range 0 .2 9 - 0 .3 5 ) .  From observ ing  the  

s ta in ed  gel (F ig . 2 :4 b ) th e  opposite  r e s u lt  would have been 

expected s ince  band 3 o f kidney e x h ib ite d  denser s ta in in g . The 

unexpected f in d in g  might be a t t r ib u te d  to  e i t h e r  one o r both o f 

the fo llo w in g : 1. The enzyme In  band 3 o f kidney was more 

la b i le  than band 2 and thus In cu rred  a g re a te r  loss o f cPOE

i : ,3
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a c t iv i t y  In  th e  o v e rn ig h t e x tr a c t io n  s te p .

2 . The lead  Ions (1 .5  mM) p resen t In  th e  In cu b a tio n  m ix tu re  

m ight have d i f f e r e n t ia l  I •' In h ib ite d  th e  bands such th a t  kidney  

band 2 was more In h ib ite d  than band 3 g iv in g  r is e  to  s ta in ed  

g e ls  d e p ic tin g  denser s ta n ln g  fo r  band th re e  (F ig .  2 :4 b ) .

A lso , notew orthy, was th e  o b serva tio n  th a t  th e  loss o f  cPDE 

enzyme a c t iv i t y  a f t e r  th e  o v e rn ig h t e lu t io n  s tep  appeared to  be 

g re a te r  fo r  th e  h y d ro ly s is  o f  cAMP a t  1 uM c o n cen tra tio n  

comnarod to  th a t  fo r  cGMP (1 uM) (T a b le  2 :1 0 ) .  T h is  

d i f f e r e n t ia l  loss o f a c t i v i t y  f o r  th e  h y d ro ly s is  o f  cAMP 

compared to  th a t  fo r  cGMP, fo llo w in g  a 16 hour e lu t io n  s tep  a t  

4°  C, Im p lie s  an Im portant caveat 1n assessing th e  cPOE k in e t ic  

param eters rep o rted  fo r  e i t h e r  s u b s tra te  when experim enta l 

methods In v o lv e  long p erio d s  o f exposure o f cPOE a t  low p ro te in  

c o n cen tra tio n s  during  t^ e  processing s+eps. For exam ple, 

fo llo w in g  a ra th e r  lengthy p u r i f ic a t io n  procedure using bovine  

b ra in  a type  I  cPOE high a f f i n i t y  enzyme (Km o f 2 uM) has been 

c h a ra c te r iz e d  which p r e f e r e n t ia l ly  hydro lyzes cGMP (S h e n o llk a r e t  

a l .  1986). Th is  cGMP h y d ro ly z in g  type I  form has not been 

described  by any o\.her workers d e s p ite  th e  fa c t  th a t  they have 

stu d ied  th e  same tis s u e  (see In tro d u c tio n  s e c tio n  on type I  

cPOE enzymes).

The s o lu b le  cPDE forms In  th e  murine tis s u e s  were a ls o  te s te d  

fo r  s u s c e p t ib i l i t y  to  In h ib i t io n  to  fo u r  In h ib ito r s  namely: 

is o b u ty H e th y lx a n th in e  (MIX 100 uM) and th e o p h y llin e  (6  mM) 

which are  n o n -s p e c if ic  In h ib i to r s  and t r i f lu o r o p e r a z in e  (1 mM) 

and calm ldazoUum  (5  uM) which are  re v e rs ib le  In h ib i to r s
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