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STUDIES ON THE MECHANISM OF INDUCTTION OF 

ALKALINE EHOSFHKCASE IN HELA rRTTfi

CHAPTER I  

XNTRDDUCnCN

A lk a lin e  p h o sp h atases ( In te rn a tio n a l Enzyme C la s s if ic a tio n  

3 :1 :3 :1 ) (1) a re  enzymes found in  a  w ide v a r ie ty  o f  t i s s u e s  and a re  cha­

r a c te r iz e d  by  th e  a b i l i ty  t o  h y d ro ly ze  phosphoroonoesters i n  a lk a lin e  

medium. Ohe d e s ig n a tio n  i s  som adiat a r b i tr a r y ,  co n s id e re d  w ith in  th e  

c o n te x t o f  m o lecu lar b io lo g y , th e re  b e in g  no ev id en ce t o  s ig p o r t  lo c a l­

iz e d  i n t r a c e l lu la r  a lk a l in i ty  o f  an  o rd e r  o f  th e  re p o rte d  pH optim a; 

and , even  though no p h y s io lo g ic a l r o le  h a s  been  p roposed  vM ch  can be  

u n eq u iv o ca lly  dem onstra ted , a lk a lin e  p h o sp h atases have b een  w id ely  inr- 

v e s td g a te d  a s  a  r e s u l t  o f  t h e i r  u se fu ln e s s  a s  d ia g n o s tic  p aram eters in  

c l in ic a l  p a th o lo g y . Mammalian a lk a lin e  p h o sp h atases have b een  shown to  

b e  g ly c o p ro te in s , c o n ta in in g  hexD sandnes, fu o o se , m annose, g lu c o se , 

g a la c to s e  (2) and s i a l i c  a d d ,  w hich i s  su so q x tib le  to  neuram in idase (3 ) , 

r e s u lt in g  in  changes in  e le c tro p h o re tic  m o b ility  (4 ) . T here i s  ev idence 

to  su g g e s t t h a t  th e re  a re  tw o id e n t ic a l  s th u n its ,  and t h a t  th e  a c tiv e  

form  o f  th e  enzyme i s  a  d im er vhose m o lecu la r w e ig h t h a s  b een  deteianined 

to  b e , by  g e l  f i l t r a t i o n ,  120 ,000-130 ,000 , from  human p la o e n ta  o r  k idney  

(5) ; by  u l tr a c e n tr ifu g a tio n , 116,000, w ith  a  monomer o f  5 8 ,0 0 0 , from  human

1
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p la o e n ta  (6 ) ; by su c ro se  d e n s ity  c e n tr ifu g a tio n / 1 0 0 / 0 0 0 / and by S ^ d ia r 

dex G-200 chrom atography/ 150/000/ from  HéLa c e l l s  (7) ; and a  more h i^ r ly  

po lym erized  form  from  human p la o e n ta  o f  m o lecu la r w e i ^ t  240/000 ( 8) .  An 

a lk a lin e  p hosphatase o f  m o lecu la r w e i ^ t  550/000 h as b een  is o la te d  from  

him an chrcx iic  g ra n u lo c y tic  leukem ic le u k o c y te s / a n o th e r o f  m o lecu lar 

w eig h t 410/000 from  norm al human leu k o cy tes and one from  leu k o cy tes ta k e n  

from  p a t ie n ts  w ith  re a c td v e  g ra n u lo c y to s is  td iic h  h as a  m o lecu la r w e iÿ it 

o f  470/000 (9 ) . T i ^ t l y  bound z in c  h as b een  shewn to  b e  an  in te g r a l  p a r t  

o f  th e  s tr u c tu r e  o f  th e  a lk a lin e  p h o sp h atase  from  sw ine k id n ey  (1 0 ) and 

i t s  rem oval by e th y le n e d ism in e te tra a o e tic  a d d  (EQEA) r e s u l t s  in  lo s s  o f  

a c t iv i ty  \d iic h  can  b e  r e s to r e d  by a d d itio n  o f  s e v e ra l o o n b in a tio n s o f  d i­

v a le n t c a td c n s / z in c  and magnesium/ z in c  and c d b a lt/ magnesium and c o b a lt

o r  c o b a lt a lo n e / to  p re p a ra tio n s  o f  enzyme from  r a b b it  sm a ll in te s t in e
-4(1 1 ). Z inc a t  4 X 10 m o lar h a s  been  shown t o  s tro n g ly  in h ib i t  th e  mono- 

e s te ra s e  a c t iv i ty  o f HeLa c e l l  a lk a lin e  p h o sp h atase  (12) a s  w e ll a s  th e  

p y rc fh o sp h a tsse  a c t iv i ty  vdiich h as been  found a s s o d a te d  w ith  human in te s ­

t i n a l  a lk a lin e  p hosphatase (1 3 ). Magnesium s tim u la te s  th e  phosphomcmo- 

e s te ra s e  a c t iv i ty  o f  human in te s t in a l  a lk a lin e  p h o sp h atase  (14) b u t in h i­

b i t s  th e  pyrophosphatase a c t iv i ty  o f  HeLa c e l l s  (7 ) . H ig h er c o n c e n tra ti­

ons o f  magnesium a ls o  in h ib i t  th e  m onoesterase a c t iv i ty  o f  th e  enzyme 

from  human in te s t in e  (1 5 ). Magnesium i s  a  m ore e f f e c t iv e  a c t iv a to r  o f  

r a t  i n t e s t i na l  a lk a lin e  p h o sp h atase  th a n  o f  human (1 4 ). Enzyme p u r if ie d  

from  b o v in e  sy n o v ia l f l d d  h a s  no adenosine tr ip h o sp h a ta se  (AOPase) o r  

pyrophosphatase a c t iv i ty  and  i s  a c tiv a te d  by  m L llim olar magnesium/ and by 

z in c , s tro n tiu m  and c a ld u m  a t  lO" m olar (1 6 ). . The phosphoncnoesterase 

a c t iv i ty  o f  u rin a ry  a lk a lin e  ph o sp h atase  i s  a ls o  in h ib ite d  by  in o rg a n ic
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pho6# ia te  (1 7 ). Phosphate h a s  been  found to  form  a  o o v a le n t e s te r  bend 

w ith  a  h y d rtn y l group o f  a  s e r in e  re s id u e  o f  b o v in e  l i v e r  a lk a lin e  phos­

p h a ta se ; by ra d io iso to p e  In o o rp o ra tio n  s tu d ie s , t i ü s  phosphate  e s te r  h as 

been shewn to  b e  r ^ i d l y  and  re v e rs ib ly  form ed a t  pH 8  and i s  presum ed to  

be an im p o rta n t f a c to r  in  ti ie  a c tiv e  s i t e  (1 8 ). -The amount o f  phosphate 

was c a lc u la te d  to  be ab o u t one h a l f  m ole p e r  m ole o f  enzyme. The amino 

a c id  o c n p o s itio n  o f  human p la c e n ta l a lk a lin e  p h o sp h atase  in c lu d e s  an  ahun- 

canoe o f  th e  hydrooy l amino a d d s ,  s e r in e  and  th re o n in e ; Ghosh re p o r ts  

20 m oles and th re o n in e  and 23 m oles o f  s e r in e  re s id u e s  p e r  70,000 grams 

o f  p ro te in  (2 ) .

S e v e ra l p h y s ic a l and  k in e t ic  p ro p e r tie s  o f  a lk a lin e  p h o sp h atase  

have been  in v e s tig a te d  in  a t te n p ts  to  d is tin g u is h  enzyme from  d if f e r e n t  

t i s s u e s .  A lk a lin e  p h o sp h atase  i n  th e  mouse i s  lo c a liz e d  m ain ly  i s  th e  

plasm a membrane (1 9 ), and vAien c e l l s  a re  ly s e d  th e  enzyme e v e n tu a lly  

f in d s  i t s  way in to  th e  b lo o d  w here i t s  s t a b i l i t y  p e rm its  i t  to  rem ain f o r  

sane tim e . A c l i n i d a n  can  b a se  a  d ia g n o sis  o f  le s io n  to  a  p a r t ic u la r  

t is s u e  to  a  g r e a te r  e x te n t i f  h e  can  f i r s t  d e te c t  an  in c re a se  in  t o t a l  s e ­

rum a lk a lin e  p h osphatase and  th e n  id e n tify  th e  t i s s u e  o f  o r ig in . One p ro ­

p e r ty  w hich h a s  b een  so  en p lo y ed  i s  th e  in h ib i t io n  o f  seme s p e d e s  o f  a l ­

k a lin e  p h o sp h atase  by L -p h en y la lan in e . The enzymes from  human in te s t in e  

(1 4 ), p la c e n ta  (2 0 ), norm al and  ch ro n ic  g ra n u lo c y tic  leukem ic leu k o cy tes 

(9 ) , a  p rim ary  b i l e  d u c t tum or (2 1 ), p le u ra l  f lu id  from  p le u r i t i s  c a r d n -  

cmatsosa (2 2 ), a  d issem in a ted  b ronchogen ic ca rd n cm a  (2 3 ), and HëLa c e l l s  

(24) have been  shown to  b e  L -p h e iy la la n in e  s e n s i t iv e ;  p re p a ra tio n s  from  

bone (2 5 ), l i v e r ,  k id n ey , lu n g  o r  sp le e n  a re  n o t (1 3 ). The in h ib i t io n  i s  

an u n c o n p e titiv e , coup ling  ty p e  w hich in v o lv e s  a  h o m o steric  in te r a c t io n
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w ith  a  ly s in e  re s id u e  and a  h iÿ i  d eg ree  o f  s te r e o s p e c if ic i ty , a s  D- 

p h en y la lan in e  does n o t in h ib i t  any o f  th e  a lk a lin e  pho sp h atases (1 4 ).

The m echanian o f  th e  in h ib i t io n  i s  re p o rte d  to  b e  th e  p re v e n tio n  o f  b reak ­

down o f  a  phosphoryl-enzyne in te rm e d ia te  (2 6 ). The o th e r  e s s e n t ia l  a ro ­

m atic  amino a d d ,  D -try p tcp h an , a ls o  in h ib i ts  human p la o e n ta l and HeLa 

a lk a li ne p h o sp h a tase , b u t D-tryp>tophan does n o t (2 5 ). C y ste in e  h a s  a ls o  

been found to  in h ib i t  a lk a lin e  p h o sp h atase  in  HëLa o e l l s ,  p ro b ab ly  by fo i>  

ndng a  c h e la te  w ith  z in c  in  th e  a c tiv e  s i t e ;  t h i s  in h ib it io n  i s  r e v e rs ib le  

t y  z in c  b u t n o t b y  c a lc iu n  (2 7 ). P la o e n ta l and HëLa a lk a lin e  p h o sp h atases 

a re  a ls o  in h ib ite d  by D L -h is tid in e  (2 5 ). L -leu cd n e in h ib i ts  p la o e n ta l en­

zyme f i f t y  p e r  c e n t a t  te n  m illiro o la r , and in h ib i t s  p l e u r i t i s  ca rd n o n ar- 

to s a  enzyme (Nagao isoenzyme) s ix ty  p e r  c e n t a t  one m illim o la r (2 2 ).

A p h y s ic a l c h a r a c te r is t ic  v h ic h  may p ro v e  o f  g re a t v a lu e  in  d i­

ag n o sis  o f  n e o p la s ia  i s  th e  s t a b i l i t y  to  h e a tin g  a t  56° C en tig rad e  f o r  30 

m inutes v h ich  h as been  o b serv ed  in  HeLa (2 4 ), p la o e n ta  (2 8 ), Began i s o ­

enzyme (2 9 ), Nagao isoenzym e from  p le u r i t i s  c a rd n c m a tx e a  (22) and p r i ­

mary b i l e  d u c t tu n o r (21) a lk a lin e  p h o sp lia tase . Enzyme from  l i v e r ,  bone 

(3 0 ), Chang l iv e r  (12) and leu k o cy tes  (9) lo se s  m ost o r  a l l  o f  i t s  a c t i ­

v i ty  under s im ila r  o o n d itd o n s. N om al human i n t e s t i n a l  a lk a lin e  phosphar 

ta s e  lo se s  no a c t iv i ty  on h e a tin g  a t  56° C f o r  one h o u r (1 1 ).

E le c tro p h o re tic  m o b ility  on s ta rc h  g e l e le c tro p h o re s is  h as  a ls o  

been v d d ely  in v e s tig a te d  a s  a  means t o  id e n tify  d i f f e r e n t  typies o f  a lk a ­

l in e  phosphatase (3 1 ), and a tte m p ts  have been  made to  d e f in it iv e ly  c o rre ­

l a te  m o b ility  v fith  t is s u e  o f  o r ig in . T reatm ent v d th  neuram in idase removes 

te rm in a l s i a l i c  a d d s  from  a lk a lin e  p h o sp h atases from  p la o e n ta  (3 2 ), l i v e r  

(4 ) , k idney  (3 3 ), HeLa c e l l s  (34) and Began isoenzym e (29) v fith  a
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r e s u l ta n t  lo s s  i n  e le c tro p h o re tic  m o b ility , b u t th e  a lk a lin e  ph o sp h atase  

o f  human in te s t in e  i s  r e s i s ta n t  to  neuram in idase (3) ; i t  may b e  th a t  th e  

s tr u c tu r e  o f  i n t e s t i n a l  a lk a lin e  p h o sp h atase  maJces th e  s i a l i c  a d d  in a c ­

c e s s ib le  to  th e  n eu ram in id ase , a s  th e  e le c tro p h o re tic  m o b ility  i s  a l te r e d  

so m a h a t on s to ra g e  a t  4 ° C f o r  fo u r  m onths (3 5 ). T h is i s  p ro b ab ly  due 

t o  slow  d e g ra d a tio n  o f  s i a l i c  a d d .  T h is s tx k ^  in c lu d e s  a  tre a tm e n t o f  

HeLa 65 a lk a lin e  p h o ^ a ta s e  w ith  V ib rio  c h o le ra e  neuram in idase fo llo w ed  

by  p o lyacry lam ide d is c  g e l  e le c tro p h o re s is , r a th e r  th a n  th e  s ta r c h  g e l 

e le c tro p h o re s is  u sed  in  p rev io u s  s tu d ie s . The in v e s tig a to rs  d t e d  above 

f in d  no change i n  enzyme a c t iv i ty  a f t e r  neuram in idase tre a tm e n t; how ever, 

tu^eatm ait o f  a  p re p a ra tio n  from  is o la te d  r a t  l i v e r  plasm a raenbranes d id  

r e s u l t  in  lo s s  o f  a c t iv i ty  (3 6 ).

S e v e ra l s tu d ie s  have su g g ested  th a t  th e re  a re  th re e  immunologi­

c a l  groups o f  a lk a lin e  p h o sp h a ta se s , th e  f i r s t  in c lu d in g  b o n e , l i v e r ,  

s p le e n  and k id n ey  (3 ) , a  second  v h ic h  in d u d e s  p la o e n ta , HëLa c e l l s  

(3 7 ), Regan isoensym e (22) and a  p rim ary  b i l e  d u c t tu n o r (21) and th e  

th i r d ,  in te s td n e  (3 ) .

Optdmun pH v a lu e s  have b een  re p o rte d  f o r  r a t  sm a ll in te s t in e  

a lk a lin e  p h o sg h a ta te  to  b e  9 .8 , u s in g  pheny lphosphate as  s u b s tr a te , and 

8 . 8 , u sin g  b etar-g ly csro p h o sp h ate  a s  s u b s tr a te  (38) ; bov ine sy n o v ia l f lu id  

a lk a lin e  p h o sp h a ta se , pH 10 .0  a t  f iv e  m illim o la r  p arar-n itropheiy lphcssphate  

and 9 .3  a t  0 .0 5  m illim o la r  p a ra -n itro p h e n y lp h o sp h a te  (p4iPP) (16) ; human 

p la c e n ta , sodium  pheny lp h o sp h ate , pH 10 .6  (40) ; u s in g  sodium  pheny lphos- 

p h a te  a s  a  s u b s tr a te ,  ch ick en  l iv e r  m iczosones, pH 10.0  (39) ; human k id ­

n ey , scdLum p h en y lp h o sp h a te , pH 10 .6  (4 0 ); HëLa 71 o e l l s ,  p a re t-n itro p h e n y l- 

E hoqphate, pH 10 .0  (7 ); HëLa E o e l l s ,  sodium  p h a y lp h o sp h a te , pH 10 .4
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(4 1 ). O ptim m  pH i s  c le a r ly  dependent to  san e  e x te n t on th e  n a tu re  and 

oono en tra ticx i o f  s u b s tr a te , th e  so u rc e  o f  enzyme and th e  b u f fe r  system .

Anong th e  s u b s tr a te s  u sed  to  m easure o r  dem onstrate  phospho- 

m onoesterase a c t iv i ty  a re  b e ta rg ly o e ro p h o sp h a te , p a ra -n itro p h e n y lp h o s- 

p h a te , p h e iy l p h o sp h a te , in d œ y l p h o sp h a te , b e ta -n a p h th y l p h o sp h a te , 

p h en o lp h th a le in  p h o sp h a te , p h e n o lp h th a le in  d ip h o sp h ate  and m ethylum bel- 

l i f e r y l  phosphate (4 2 ). Cox and G r if f in  dem onstrated  th e  a b i l i t y  o f  

HeLa c e l l  a lk a lin e  p h o sp h atase  to  c a ta ly z e  th e  h y d ro ly s is  o f  in o rg a n ic  

pyrophosphate a t  pH 8 .5 . S e v e ra l o th e r  a lk a lin e  p h o sp h atases from  human 

le u k o c y te s , k id n ey , in te s t in e ,  r a t  bone and c a l f  i n t e s t i ne a ls o  d isp la y  

pyroghosghatase a c t iv i ty  a t  pH 8 .5 , b u t  o n ly  HeLa enzyme h as more a c t iv i ty  

a s  a  pyrophosphatase th a n  a  m onoestserase a t  t h a t  pH. I t  h as  b e a i sug­

g e s te d  on th e  b a s is  o f  th e s e  f in d in g s  t h a t  th e  n a tu ra l p h y s io lo g ic a l 

r o le  m i ^ t  b e  as  a  p y ro p h o sp h atase , and  c e r ta in ly  th e  pH optimum f a l l s  

w ith in  a  more p la u s ib le  p h y s io lo g ic a l re g io n  (4 3 ). O rthophosphate and 

pyrophosphate each  a c t  a s  a  c o n p e titiv e  in h ib i to r  o f  th e  o th e r 's  ty d ro -  

ly s i s  by  human i n t e s t i n a l  a lk a lin e  p h o sp h a tase  (1 5 ). I d e n tity  o f  th e  

p ro te in  in  HeLa c e l l s  p o sse ssin g  th e  tw o a c t iv i t i e s  h as been  e s ta b lis h e d  

by in rnunolog ical a s se y , oonocm itant p u r if ic a t io n , c y s te in e  in h ib i t io n  and 

re sp o n se  to  ty d ro o o rtiso n e  (7 ). Moss and E aton  (4) have r q x r t e d  th a t  

a lk a lin e  pho sp h atases re a d ily  ly d ro ly z e  adenosine m ono-, d i -  and tr ip h o s ­

p h a te s . NTPase a c t iv i ty  dependent on calcium  h as been  dem onstrated  in  

ch ic k  in te s t in a l  b ru sh  b o rd e r c e l l s  (44) ; magnesium and potassium »- 

magnesium dependent A lP ases have b een  re p o rte d  to  o ccu r in  r a t  l i v e r  

plasm a membranes (3 6 ).

Ih e  in t r a c e l lu la r  lo c a l iz a t io n  o f o liia lln e  ph o sp h atase  h as



7

been  r^ x n rte d  to  be  m ostly  p a r t ic u la te  in  hunan l i v e r ,  e . g . , i n  nu c le i , 

m ito ch o n d ria  and lysoscm es, and la rg e ly  a  s o l ib le  c o n s titu e n t o f  i n t e s t i ­

n a l  muoosa (45) ; in  th e  plasm a m etibranes o f  r a t  l i v e r  (46) and HeLa c e l l s  

(4 7 ).

Gey, Coffinan and K doichek (48) f i r s t  c u ltu re d  th e  human e p ith e ­

l i a l  c e l l  l in e ,  HeLa, from  t i s s u e  th k en  from  a  c e rv ic a l ad en o ca rd n an a . 

HeLa c e l l s  a re  a n e ip lo id  in  th e  o r ig in a l  c lo n e  and have been  s ih c u ltu re d  

o v e r th e  y e a rs  i n  c lo n es c h a ra c te r iz e d  b y  hicgi o r  low a lk a lin e  p h o sp h atase  

a c t iv i ty ,  v iru s  s u s c e p t ib i l i ty ,  cptim un grow th in  s e le c tin g  medium con­

ta in in g  s e r a  from  d if f e r e n t  an im al so u rc e s  and v a ry in g  in  n u tr ie n t  ocm- 

t e n t .  As long  a s  t is s u e  c u ltu re  c o n d itio n s  rem ain c o n s ta n t, v iru s  and 

mycoplasma in fe c tio n s  a re  av o id ed , u n ifo m  medium em ployed and no s e le c ­

t io n  by  r a d ia tio n  o r  chem ical s t r e s s  o c c u rs , th e  c lo n e s  a re  reaso n ab ly  

s ta b le  o v e r p ro tra c te d  p e rio d s  o f  tim e . The œ i l  l in e s  can  b e  p a r t i a l l y  

c h a ra c te r iz e d  by  m ajor m odal chromosome number and k a ry o ty p e . The œ i l  

l in e  em ployed in  th i s  s tu c ^  i s  d e s ig n a te d  HeLa 65 , a s  th e  m a jo rity  o f  th e  

c e l l s  frcm  th i s  c lo n e  b e a r  65 chrcmoscmBs (4 9 ).

One o f  th e  c h ie f  problem s in h e re n t in  th e  s tu c ÿ  o f  mammalian 

g e n e tic s  a t  th e  œ l l u l a r  le v e l  i s  th e  p a u c ity  o f  m arker enzymes v h ic h  

can  b e  fo llo w ed  i n  c u ltu re  and used  to  d is tin g u is h  so m atic  chronosomie 

d if fe re n c e s . O e lls  d e riv e d  frcm  s p e c ia liz e d  t is s u e  i n  v iv o  te n d  to  b e -  

ocme g e n e ra liz e d  o r  "d e d iffe re n td a te d "  u n t i l  th ey  d evelop  oomrnon metiabo- 

l i c  t r a i t s ,  n u t r i t io n a l  req u irem en ts , m orphology and enzyme oom position . 

HeLa o e l ls  p ro v id e  seme advan tages in  t h a t  th ey  can  b e  o o n tin u o u sly  c u l­

tu re d  in d e f in i te ly  w ith  l i t t d e ,  i f  any , change in  s e v e ra l r e a d ily  m easu­

r a b le  p aram eters under r e la t iv e ly  w e ll-d e fin e d  grow th c o n d itio n s .
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One o f  th e  b e s t  s tu d ie d  o f  th e s e  p aram eters i s  th e  t o t a l  le v e l  and sp e ­

c i f i c  a c t iv i ty  o f  a lk a lin e  p h o ^ A a ta se , \ ^ c h ,  i n  c e l l  l in e s  o f  low a lk a ­

l in e  p h o sp h a tase  a c t iv i ty ,  can  b e  f re q u e n tly  in c re a se d  m arkedly (50) by  

a d d itio n  o f  p re d n iso lo n e  (4 0 ), h y d ro o o rtisc n e , dexam ethasone o r  o th e r  

g lu o cK o rtio o id  an alo g s (5 1 ). O his " in d u c tio n "  does n o t o ccu r by th e  same 

m echanism  a s  th e  c la s s ic  system  o f  Jacob  and Monod (5 2 ), a s  th e re  i s  n o t 

an  in c re a s e  in  t o t a l  a lk a lin e  p h o sp h atase  p r o te in , a s  determ ined  t y  im r 

mune p r e c ip i ta t io n  te c h n iq u e s  (4 7 ), a lth o u g h  new p ro te in  s y n th e s is  i s  

re q u ire d . A ctin cn y cin  D and p u ro n y d n  b lo ck  th e  in d u c tio i  (5 3 ). T hese 

d a ta  in p ly  th a t  e i th e r  a  new p ro te in  q p e d e s  o f  a lk a lin e  p h o sp h atase  i s  

^ t h e s i z e d  by a  gene sw itc h in g  m echanism , o r  t h a t  seme new f a c to r ,  vdiich 

i s  in s tru m e n ta l in  a  s t r u c tu r a l  m o d ific a tio n  o f  th e  enzyme a s  i t  i s  new ly 

sy n th e s iz e d , i s  b e in g  made o r  a c tiv a te d . The p rim ary  c b je c tiv e  o f  th e  

p re s e n t s tu d y  i s  to  f in d  some m o le c u la r d is t in c t io n  betw een th e  a lk a lin e  

p h o sp h a ta se  produced i n  HeLa 65 i n  th e  c o n tro l s t a t e  (65C) and th a t  i n  

th e  h y d ro c o rtiso n e  re g u la te d  s t a t e .  O e lls  a re  co n s id e re d  t o  b e  in  th e  

h y d ro c o rtiso n e  re g u la te d  (65H) s t a t e  a f t a r  co n tin u o u s c u ltu re  w ith  th re e  

ndcrcm o lar ly d ro c o rtlso n e  f o r  s ix  p a s s e s . An in te rm e d ia te  "induced” 

s ta t e  (651) in  v h ic h  650 c e l l s  a re  grown vd.th h y d ro c o rtiso n e  f o r  72 h o u rs  

i s  a ls o  u sed  to  s tu d ^  th e  t r a n s i t io n  from  650 t o  65H. The in c re a se  i n  

a lk a lin e  ph o sp h atase  a c t iv i ty  i n  HeLa 65 on i n i t i a l  s t ix n l tu r e  w ith  hyd­

ro c o rtis o n e  i s  c h a ra c te r iz e d  b y  a  tw elv e  h o u r la g  p e r io d  (54) a f t e r  

v h ic h  th e  s p e c if ic  a c t iv i ty  r i s e s  l in e a r ly  f o r  ab o u t 36 h o u rs . The i n ­

c re a se  i n  a c t iv i ty  i s  in itia ts e d  e x c lu s iv e ly  i n  th e  s y n th e tic  phase o f  

th e  c e l l  c y c le . By 72 h o u rs a f t e r  a d d itio n  o f  h y d ro c o rtiso n e , th e  enzyme 

le v e l i s  f u l ly  induced  and w i l l  rem ain  a t  a  c o n s ta n t le v e l  a s  long  as
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h y d ro o o rtiso n e  i s  m ain ta in ed  in  th e  m ediun (5 4 ). I f  hydroG ortisone i s  

e m itte d  f ro n  th e  mediun f o r  s e v e ra l p a s s e s , th e  a c t iv i ty  re tu rn s  t o  th e  

o r ig in a l  c o n tro l le v e l (4 0 ). A d d itio n  o f  r e t in o ic  a d d  t o  th e  m ediun a t  

th e  tim e o f  i n i t i a l  tre a tm e n t w ith  h y d ro o o rtiso n e  b lo c k s  th e  in d u c tio n  

o f  a lk a lin e  phosphatase (55) a s  does D -gluoosam ine (5 6 ). However, g lu c o ­

sam ine h a s  been  r^ x o rte d  t o  e x e r t  a  po w erfu l c y to to x ic  e f f e c t  on v a rio u s  

a s d t e s  tu n o r l in e s ,  r e s u lt in g  in  d ec rease d  v ia b i l i ty  and  tra n s p la n ta b i-  

U ty ; i t  a ls o  in h ib i ts  c e l l - f r e e  r ib o n u c le ic  and d eo x y rib o n u c le ic  a d d  

sy n th e s is  70 to  85 p e r  c e n t i n  30 m inute in cL b a tio n s (5 7 ), and ^  novo 

t r a n s c r ip t io n  and t r a n s la t io n  h a s  been  e s ta b lis h e d  a s  a  r e q u is i te  o f  th e  

in d u c tio n , c y s te in e  added t o  th e  grow th medium a ls o  b lo c k s  th e  h y d ro o o r­

tis o n e  in d u c tio n  (4 0 ). I n  a  b a c te r ia l  sy stem , i t  was found th a t  grow th 

o f  E sc h e ric h ia  o o li  i n  p h o sp h ate  d e f id e n t  medium le d  to  a  maxked i n ­

c re a se  in  a lk a lin e  p h o sp h a tase  a c t iv i ty  (5 8 ), b u t e f f o r t s  by  o th e r  in v e s ­

t ig a to r s  (59) and th is  s t u ^  to  dem o n stra te  th e  same phenomenon i n  a  roan- 

m alian  c e l l  c u ltu re  system  f a i le d  to  show e i th e r  an in c re a s e  o r  d e c re a se  

in  a c t iv i ty  by  changes in  p h o sp h ate  le v e ls  i n  th e  grow th medium. In  

b r o i le r  c h ic k s , d ie ta iy  e le c tr o ly te s  have b een  found to  in flu e n c e  th e  

a c t iv i ty  o f  in te s t in a l  a lk a lin e  p h o sp h a ta se ; hicgi le v e ls  o f  c a ld u n  and 

magnesium re p re s s  a c t iv i ty ,  \d i i le  p hosphate  d e f id e n c y  g re a tly  s tim u la te s  

i t  (6 0 ). V itam in  D in d u ces a lk a lin e  p h o sp h atase  a s  w e ll a s  c a ld u n  depen­

d e n t A lPase a c t iv i ty  in  c h ic k  in t e s t in a l  b ru sh  b o rd e r c e l l s  (44) and Ras­

m ussen h as i n  f a c t  p re se n te d  s iix s ta n tia l  ev id en ce to  su g g e s t th a t  b o th  

a c t iv i t i e s  a re  fu n c tio n s  o f  th e  same p r o te in . HeLa c e l l s  grown in  s u s -  

p en sio n  c u ltu re  medium i n  v h ic h  c a lc iu n  c o n c e n tra tio n  i s  ab o u t te n  p e r  

c e n t and phosphate c o n c e n tra tio n  te n  fo ld  t h a t  o f  m onolayer m ediun have
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much low er le v e ls  o f  a lk a lin e  p h o sp h atase  actfcifirtÿv- (2 4 ). An in c re a se  

in  calcium  le v e ls  in  su sp en sio n  c u ltu re  m editui le a d s  to  a  d ec rease  in  

in t r a c e l lu la r  so d iu n  and an  in c re a se  in  p o tassiu m  in  HeLa c e l l s  (6 1 ). 

D ib u ty ry l c y c lic  3 ', 5 '-a d e n o s in e  m onophosphate (DB c-AW) h a s  been  shown 

to  induce a lk a lin e  p h o sp h atase  a c t iv i ty  in  a  ly b r id  c e l l  l in e  betw een 

mouse and C hinese h am ste r, b u t t h i s  l in e  does n o t respond  to  g lu o o o o rti-  

oo id s (6 2 ). H ydrooortisone h as a ls o  been  found to  induce ty ro s in e -a lp h a -  

k e to -g lu ta ra te  tran sam in ase  in  r a t  hepatom a a s c i te s  tu n o r o e l ls  in  c u l­

tu r e ,  re a c h in g  f u l l  le v e l  o f  a c t iv i ty  w ith in  s ix  h o u rs o f  a d d itio n  o f  

h y d ro o o rtiso n e  to  th e  m ediun and re q u ir in g  r a p id  ^  novo p ro te in  sy n th e­

s i s ,  r e s u l t in g  in  a  n e t  in c re a s e  in  enzyme p ro te in  (6 3 ). G lucagon, in ­

s u l in  and b en zo a te  a ls o  in d u ce ty ro s in e  am in o tra n sfe ra se  (6 4 ). % e  in ­

d u c tio n  i s  b locked  by ac td n cn y cin  D, cyclohex im ide, p u ro n y d n , p ro g e ste ­

rone and ch lo ran p h en io o l. D ie same enzyme i s  induced  f iv e  to  e i ^ t  f o ld  

in  r a t  hepatom a c e l ls  by  D -gluocsam ine, w ith  a  concom itan t m arked reduc­

t io n  in  p ro te in  and ENA s y n th e s is  o v e r a  72 h o u r p e rio d  (6 5 ). In  xiormal 

r a t s ,  lyd rooortiscH ie o r  tuyp tophan  in je c te d  in to c a p e ritc n e a lly  induces 

ty ro s in e  a m in o tran sfe ra se  in  l i v e r  hcmogenatzes te n  fo ld  (6 6 ) .  A drenocor­

t ic o tr o p ic  hormone (ACTH) in je c te d  in tra m u sc u la rly  in to  p a t ie n ts  w ith  

ch ro n ic  ly e lo c y td c  leukem ia, in  \h ic h  leu k o cy te  a lk a lin e  ph o sp h atase  a c t­

iv i ty  i s  low , lead s  to  a  m arked in c re a se  in  t h a t  a c t iv i ty  (6 7 ). B at 

a t r i a l  a lk a lin e  p h o sp h atase  a c t iv i ty  i s  r a p id ly  induced  b y  sih cu tan eo u s 

in je c tio n  o f  iso p re n a lin e  in to  th e  r a t  (6 8 ) .  D ie r i s e  i n  a c t iv i ty  can  

b e  s ip p re s se d  by  p re tre a tm e n t o f  th e  r a t s  w ith  cy d ch ex im id e  o r  a c tin o -  

i ty d n  D. Kaunann (69) h a s  r ^ o r t e d  p o te n tia tio n  o f  th e  e f f e c ts  o f  i s o ­

p re n a lin e  and n o ra d re n a lin e  by h y d ro c o rtiso n e  in  c a t  h e a r t  m uscle , and
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C lausen and Fümisy (70) have d e n o n s tra te d  th e  s tim u la tio n  o f  r a t  b ra in  

sy n a p tic  a lk a lin e  p h o sp h atase  a c t iv i ty  by n o ra d re n a lin e . P ro g este ro n e  

in d u ces r a b b it  leu k o cy te  a lk c d in e  p h o sp h atase  (7 1 ). A l iv e r  e n q ^ ,  

try p to p h an  p y rro la s e , can  b e  induced  ^  v iv o  by  h y d ro o o rtiso n e  car by  

try p to p h a n , a lth o u g h  th e re  a re  e v id e n tly  ̂ tw o s e p a ra te  mechanisms o f  inr- 

ducticx i; th e  in d u c tio n s  a re  a d d itiv e , b u t  ü ie  ly d ro o o rtiso n e  in d u c tic a i 

i s  n o t a s so c ia te d  w ith  an  in c re a se d  le v e l  o f  f r e e  try p to p h a n  o r  e x c re ­

t io n  o f  try p to p h an  m e ta b o lite s  by pyridoodne d e f ic ie n t  r a t s .  The try p ­

tophan  in d u c tio n  does in c re a s e  th e  o o n o e n tra tio n  o f  f œ e  try p to p h a n  in  

l i v e r  and in c re a se  m e ta b o lite  e x c re tio n . I t  i s  n o ta b le  t h a t  th e  h y d ro ­

o o rtiso n e  ty p e  in d u c tio n  i n  r a t  l i v e r  can  b e  s t i mu la t ed  by  a d re n a lin e  as  

w e ll (7 2 ). In c re a se s  in  o sro o la rity  by a d d itio n  o f  42 m L llim o lar sodium  

c h lo rid e  o r  82 m illim o la r su c ro se  have b een  re p o rte d  t o  in d u ce  an  in c re a se  

in  h e a t s ta b le  a lk a lin e  p h o sp h atase  a c t iv i ty  i n  HeLa 65 (S^) o e l l s .  T h is 

in d u c tio n  can  b e  b lo d ced  b y  p u rcn y c in  (7 3 ).

S in ce  HeLa 65 c e l l s  show a  m arked in c re a s e  in  a lk a lin e  phosphar 

ta s e  a c t iv i ty  a f t e r  a  p e r io d  o f  grow th i n  medium o o n ta in in g  h y d ro o o rti­

so n e , and imm unologie te c h n iq u e s  have shown t h a t  th e re  i s  no m ore enzyme 

p ro te in  p e r  c e l l  i n  65H th a n  65C, i t  h a s  b een  concluded  th a t  th e  i n t r i n ­

s i c  s p e c if ic  a c t iv i ty  o f  th e  enzyme i s  in c re a se d  by  a  chem ical m o d ifica ­

t io n  o r  c o n fig u ra tio n a l change v h ich  im proves th e  c a ta ly t ic  e f f ic ie n c y .

The amount o f  z in c  in  b o th  65C and 65H a lk a lin e  p h o ^ h a ta s e  h as b een  

m easured and found to  b e  n o t s ig n if ic a n t ly  d i f f e r e n t .  However, th e r e  i s  

^ p a r e n t ly  a  d iffe re n c e  in  th e  t i ^ t n e s s  o f  th e  z in c  b in d in g  t o  th e  a c t­

iv e  s i t e  o r  in  th e  a c c e s s ib i l i ty  o f  th e  z in c , t o  EEŒA, a s  th e  i n i t i a l  

r a te s  o f  in a c tiv a tio n  o f  th e  c o n tro l enzyme by EDEA a re  marke d ly  h ig h e r
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th a n  th e  h y d ro o o rtiso n e  re g u la te d  enzyme i n i t i a l  r a te  o f  in a c tiv a tio n  

(4 7 ). The e le c tro p h o re tic  m o b ilitie s  o f  b o th  ty p e s  o f  enzyme a re  th e  

same b o th  on po ly acry lam id e d is c  g e l and s ta rc h  g e l  e le c tro p h o re s is . 

Change in  e le c tro p h o re tic  m o b ility  on s ta r c h  g e l  a f t e r  neuram in idase 

tre a tm e n t i s  a ls o  th e  same f o r  b o th  65C and 65H, in d ic a tin g  th e  same 

n u ib e r o f n e u ra m in id a se -a c c e ssib le  te rm in a l s i a l i c  a d d  m oietd.es (4 7 ). 

K inetd.c s tu d ie s  in d ic a te  th a t  b o th  65C and 65H a lk a lin e  p h o sp h a tase  have 

th e  same v a lu e  (4 7 ) .

Ih e  re g u la tio n  o f  enzyme in t r i n s i c  s p e d f i c  a c t iv i ty  b y  che­

m ica l m o d ific a tio n  h as b een  review ed b y  H o lzer and  Duntze (7 4 ). G lu ta r 

m ine sy n th e ta se  i s  co n v erted  from  th e  a c tiv e  1»  th e  in a c tiv e  form  by 

c leav ag e  o f  an  adeny l re s id u e ; an  a d e n y la tin g  enzyme c a ta ly z e s  th e  in ­

a c tiv a tio n  t y  re -a d e n y la tin g  th e  a c tiv e  form . G lycogai p h o sp h o ry lase  

and i t s  re g u la to ry  enzyme, p h o sp h o ry lase  b  k in a s e , a re  b o th  a c tiv a te d  

by  phosphorylatd.on o f  s e r in e  re s id u e s . F ru c to se  1 ,6 -d ip h o sp h a ta se  and 

p y ru v a te  d etyd rogenase  a re  b o th  in a c tiv a te d  by  p h o sp h o ry la tio n , and 

a c tiv a te d  by d ep h o sp h o ry la tio n  (7 4 ). R ad io iso to p e  s tu d ie s  h ave in d ic a ­

te d  th a t  la b e le d  adenosine i s  n o t in c o rp o ra te d  in to  e i th e r  65C o r  6 SH 

a lk a lin e  p h o sp h atase  (7 5 ).

Ih e  f i r s t  s p e d f i c  o b jec td v e  o f  t h i s  s t u ^ ,  th e n , w as t o  p u r ify  

b o th  ty p es o f  a lk a lin e  p h o sp h atase  to  a s  h ig h  a  d eg ree  o f  p u r ity  as  

p o s s ib le  and d e term in e  i f  one o r  b o th  a re  p h o sp h o ry la ted , an d , i f  s o , 

\* e th e r  th e re  m igh t b e  a  d if fe re n c e  in  th e  d eg ree  o f  p h o sp h o ry la tio n . 

S in ce  D -gluoosam ine had  been  im p lic a te d  in  th e  recp rla to ry  p ro c e s s , th e  

amount o f hexosam ines was determ in ed . The number o f  f r e e  s u lf iy d r y l  

groups on each  v a r ie ty  was m easured, s in c e  i t  h a s  been  re p o rte d  th a t
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h y d ro o o rtiso n e  in c re a se s  th io l  c o n ta i t  in  r a t  l i v e r  n u c le a r p ro te in s  

(7 6 ). O ther d rugs vM .ch have been  shown to  b e  r e la te d  to  a lk a lin e  phos­

p h a ta se  a c t iv i ty  w ere te s te d  f o r  t h e i r  a b i l i ty  to  induce i t  in  th e  HeLa 

system . O th er hexosam ines and a œ ty la te d  hexosam ines w ere a ls o  te s te d  

f o r  t h e i r  c a p a b il i ty  to  e i th e r  in d u c e , b lo ck  th e  h y d ro o o rtiso n e  in d u c ­

t io n  o f , o r  red u ce  th e  c o n tro l le v e l  o f  a lk a lin e  p h o sp h atase .

A p re v io u s  a tte m p t to  in d u ce  a lk a lin e  ph o sp h atase  in  HeLa c e l l s  

by a d d itio n  o f  th e c p d y llin e  and d ib u ty ry l c y c lic  3 ' ,5'-AMP f a i le d  to  de­

m o n stra te  a iy  change in  a lk a lin e  p h o sp h atase  a c t iv i ty  vhen th e  d ru g s 

w ere added to  th e  grow th medium a f t e r  48 hou rs o f  grow th and th e  c e l l s  

h a rv e s te d  fo u r  h o u rs a f t e r  a d d itio n  o f  th e  d ru g s. I n  view  o f  th e  la g  

p e r io d  w hich h a s  been  observed  in  th e  h y d ro o o rtiso n e  in d u c tio n , i t  seemed 

p o s s ib le  t h a t  grow th o f  th e  c e l l s  w ith  th e o p h y llin e  and IB c-AW  und er 

th e  same grow th o o n d itic n s  a s  th e  hy d ro o o rtiscx ie  in d u c tio n  m i ^ t  have a  

d i f f e r e n t  e f f e c t .  E p in ep h rin e  was a ls o  used  in  th e  e a r l i e r  s tu d y  (77) 

and  was te s te d  in  t h i s  s tu d y  a s  w e ll .



CHAPTER I I  

MATERIALS ANDmiBODG

C tell C u ltu re s  and MBdiun 

IWd HeLa c e l l  c lo n es o f  m ajo r m odal duxncscm e n u d sers  65 and 

11, d e s ig n a te d  HeLa 65 and HëLa 71 (49) ,  w ere c u ltu re d  i n  m onolayer i n  

B lake o r  m ilk  d ilu tio n  b o t t le s  o r  T-25 f la s k s  (F alcon P la s t i c s ) . The med- 

iu n  enp lcyed  was E a g le 's  Minimiin E s s e n tia l  Medium (78) (Auto Pew, Flow La­

b o ra to r ie s , I n c . ,  R o c k v ille , M aryland) supplem ented w ith  te n  p e r  c e n t 

(v/v) c a l f  serum  (C olorado Serum Oonpany, D enver C o lo rad o ), f iv e  n d l l i -  

m olar g lu tam in e , f i f t y  u n its  p e r  m i l l i l i t e r  p e n ic i l l in ,  and f i f t y  mLcxo- 

grams p e r  m i l l i l i t e r  each  o f  s tr ^ ito n y c in  and k ananycin . A n tib io tic s  w ere 

o b ta in ed  from  Grand I s la n d  B io lo g ic a l C onpaiy, Grand I s la n d , New Y ork. 

P r io r  to  in o c u la tio n , th e  s te r i l i z e d  b o t t le s  w ere g assed  w ith  a  m ix tu re  

o f  f iv e  p e r  c e n t carbon d io x id e  in  a i r  to  m a in ta in  th e  pH o f  th e  medium 

a t  abou t 7 .2 . The c a l f  serum  was in a c tiv a te d  by  h e a tin g  to  56° C f o r  

t h i r t y  m inu tes b e fo re  a d d itio n  to  th e  medium. To ach iev e  th e  ty d ro o o r ti-  

sone re g u la te d  (Her) s t a t e ,  th e  c e l l s  w ere sudbcultured in to  grow th med­

ium c o n ta in in g  one m icrogram  p e r  m i l l i l i t e r  ( th re e  m icrom olar) ly d ro a o r-  

tis o n e  (Sigma Chem ical Ocnpany, S a in t L o u is , M issouri) and allow ed  to  grow 

to  co n flu en cy . The c e l l s  w ere re p e a te d ly  subcu ltru red  in to  medium oonr 

ta in in g  h y d ro o o rtisc n e  f o r  a t  l e a s t  th re e  weeks ( s ix  p assag es) to  e n su re  

th e  new s t e a ^  s ta t e  (H ex). in  th o se  s tu d ie s  in v o lv in g  th e  induced  (651)

14
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s t a t e ,  th e  fy d ro o o rtiscm e was added to  c o n tro l c e l l s  a t  th e  i n i t i a t io n  

o f  th e  experim en ts v M d i w ere u s u a lly  o f  72 hours d u ra tio n . C e ll svky- 

c u ltu re  and h a rv e s tin g  tech n iq u es  have b een  d e sc rib e d  (7 9 ). Most o f  th e  

e jq jerim en ts w ere h a rv e s te d  a t  a  oonfluency  o f  ap p ro x im ate ly  12-18 x  1 0 ^ 

c e l l s  p e r  sq u a re  c e n tim e te r, r ^ r e s e n t in g  an e sq x m e n tia lly  d iv id in g  popu­

la t io n  o f  c e l l s  in  asynchronous grow th (8 0 ).

C e ll C ounts

A ll c e l l  co u n ts w ere made on a  B ric^t-U L ne hem ocytcm eter from  

A m erican O p tic a l In s tn m e n t Ocnpany, S c ie n t i f ic  In stru m e n t O iv isicm , Buf­

f a lo ,  Nav Y ork.

S e p a ra tio n  o f  G ly cx p ro te in s 

The c e l l  m onolayers from  B lake b o t t le s  w ere h a rv e s te d  by wash­

in g  tw ic e  w ith  te n  m i l l i l i t e r  a liq u o ts  o f  sa lin e -^ T ris  (ST) b u f fe r , 0 .025  

m olar T r is  h y d ro c h lo rid e  in  is o to n ic  so d itm  c h lo rid e  a t  pH 7 .2 . The 

c e l l s  w ere th e n  sc rap ed  in to  a  t h i r d  te n  m i l l i l i t e r  a l iq u o t o f  ST b u f­

f e r ,  u s in g  a  ru b b e r policem an; a f t e r  oonbin ing  th e  c e l l  su sp en sio n s, th e  

c e l l s  w ere p e l le te d  by  c e n tr ifu g a tio n  a t  1 0 0 0  re v o lu tio n s  p e r  m inute f o r  

f i f t e e n  m inutes in  an  In te rn a tio n a l PR- 6  c e n tr ifu g e  equ ipped  w ith  a  num­

b e r  253 head . Ih e  c e l l  p e l le t s  w ere resuspended  in  ab o u t one m i l l i l i t e r  

o f  ST b u f fe r  p e r  te n  m illio n  c e l l s .  The su sp en sio n  was e x tra c te d  f o r  th re e  

m inu tes w ith  n -b u ta n o l (one m i l l i l i t e r  p e r  m i l l i l i t e r  o f  suspension) a t  

maximum sp eed  on a  V ortex G enie m ixer (F ish e r  S c ie n t i f ic  Ocnpany, p i t t s -  

b u rç ii, P en n sy lv an ia ). The p h ases w ere s e p a ra te d  by  c e n tr ifu g a tio n  a t  1700 

r e v o lu tiœ s  p e r  m inute f o r  f i f t e e n  m inu tes and th e  ip p e r , l i p i d  phase was
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r e -e x tr a c te d  w ith  th re e  volum es o f  ST b u f fe r . Ih e  aqueous phases w ere 

cm b in ed  and d ia ly se d  a g a in s t th re e  changes o f  fo u r  l i t e r s  o f  two m i l l i -  

m olar T r is ,  pH 7 .5 . An u l t r a f i l t r a t i o n  a p p a ra tu s  u s in g  a  ooU odion  bag 

(S c h le ic h e r and S c h u e ll, K eene, New H anpshire) was em ployed t o  reduce 

th e  volume u n t i l  an approodm ate p ro te in  o o n a e n tra tio n  o f  2 0  m illig ram s 

p e r  m ill i l i t e r  was re a c h e d . F i l t r a t io n  was c a r r ie d  o u t a t  a  vacuum o f  

f i f te e n  pounds p e r  sq u a re  in c h , u s in g  a  M illip o re  punp (H illi^ io re  C orpor­

a tio n , B edford , M a ssa c h u se tts ).

Whole C e ll ly s a te s  

Whole c e l l  ly s a te s  w ere p re p a re d  by w ashing th e  c e l l  m onolayer 

th re e  tim es w ith  ST b u f f e r ,  th e n  add ing  two m i l l i l i t e r s  o f  0 .2 5  p e r  c e n t 

sodium  d eoxycho late  to  th e  m onolayer t o  ly s e  th e  c e l l s .  The f la s k  necks 

w ere b roken  o f f  to  f a c d li tia te  w ith d ra w al, and a  P a s te u r  p ip e t te  u sed  tx> 

m ix and w ithdraw  th e  ly s e d  m onolayer.

P o lyacry lam ide Û isc G el E le c tro p h o re s is  

S e p a ra tio n  and p u r if ic a t io n  o f  a lk a lin e  p h o sp h atase  from  th e  

c o n c e n tra te d  b u ta n o l e x tr a c ts  was c a r r ie d  o u t by  p d y acx y lam id e  d is c  g e l  

e le c tro p h o re s is  as  d e sc rib e d  by D avis (81) e x c e p t th a t  th e  h a rd  g e l  compo­

s i t io n  was m o d ified  a s  fo llo w s : one p a r t  o f  S o lu tio n  A (3 6 .3  grams o f  

T r is ,  0 .2 3  m i l l i l i t e r  o f  N ,N ,N ' ,N '-te t% am ietly le tb y len ed iam in e , 48 m i l l i ­

l i t e r s  o f  one norm al l^ d ro c h lo r ic  a d d ,  w a te r added to  t o t a l  1 0 0  m i l l i l i ­

te r s )  and one p a r t  o f  S o lu tio n  C (28 .0  grams o f  acry lam dde, 0 .735 grams 

o f  m ethy lene-b isacry lam d.de, w a te r to  1 0 0  m i l l i l i t e r s )  w ere added to  tw o 

p a r ts  o f  0 .1 4  p e r  c e n t ammcxiium p e r s u lf a te . E a r l ie r  p r^ > a ra tio n s  u t i l i z e d
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a  s o f t  sam ple g e l;  how ever, th e  l a s t  two p re p a ra tio n s  w ere done by th e  

a l te r n a t iv e  p rocédure in  w hich a  la y e r  o f  f o r ty  p e r  c e n t su c ro se  was o v e r­

la id  w ith  th e  h a rd  g e l .  The sp a c e r g e l d e sc rib e d  by  D avis was e m itte d  

from  th e s e  pr^>araticxTS. E le c tro p h o re s is  was c a r r ie d  o u t a t  a  c o n s ta n t 

c u r re n t o f  two m illia n p e re s  p e r  g e l , u s u a lly  f o r  a  p e rio d  o f  f iv e  h o u rs . 

A lk a lin e  p h osphatase oands w ere lo c a liz e d  by  means o f  a  h is to c h e m ic a l 

s ta in  ocnposed o f  100 m i l l i l i t e r s  o f  a  0 .1 5  m olar T r is  b u f f e r ,  pH 1 0 .3 , 

c o n ta in in g  cme m illim o la r magnesium c h lo r id e  and 2 0 0  m illig ram s each  o f  

a lp h a -n ^ h th y l phosphate and  F a s t B lue BB d iazo n iu n  dye (D ajac L ab o rato ­

r i e s ,  The Borden Gonpary, P h ila d e lp h ia , P e n n sy lv a n ia ). S ta in in g  tim e  ave­

rag ed  ab o u t f i f te e n  m in u te s. I n  th e  p re p a ra tiv e  ru n s , tw elv e  id e n t ic a l  

g e ls  w ere made u p , one o f  \d iic h  was s ta in e d  and th e  e le c tro p h o re tic  m obil­

i t y  o f  th e  a lk a lin e  jh c s fh a ta s e  bands c a r e fu lly  m easured. A f iv e  m i l l i ­

m ete r s l i c e  carresp o n d in g  t o  th e  enzyme a c t iv i ty  was e x c ise d  from  each  o f  

th e  o th e r  e le v e n  g e ls ;  th e  d is c s  w ere th e n  drawn by  s u c tio n  in to  an  empty 

g la s s  tu b e  o f  th e  same s iz e  u sed  to  form  th e  g e ls ,  w ith  s o l id  c o n ta c t b e ­

tw een th e  d is c s  and w ith  a l l  a i r  bubb les ex c lu d ed  from  th e  tsjb e . The r e ­

m aining p ie c e s  o f  th e  g e ls  w ere h isto ch em û ca lly  s ta in e d  t o  e n su re  th e  a c ­

curacy  o f  th e  e m n sio n  o f  th e  a lk a lin e  p h o sp h a tase  b and . The g e l  v h ic h  

had b een  stzained  to  lo c a te  th e  a lk a lin e  p h o sp h a tase  band was s ta in e d  a g a in  

w ith  th e  Amido-Schwartz s t a i n  t o  v is u a liz e  th e  rem ain ing  p ro te in  bands 

(8 2 ). A fo u r  to  f iv e  in c h  p ie c e  o f  g u a rtex v in ch  d ia ly s is  tu b in g  was 

soaked i n  w a te r  and th e  end  s tr e tc h e d  o v er th e  g la s s  tu b e  c o n ta in in g  th e  

e x c ise d  d is c s  and secu red  w ith  a  ru b b er b an d . The tu b e  was f i l l e d  w ith  

lOX g ly c n n e -T ris  b u f fe r  ( th re e  grams o f  T ria n a  b a s e , 1 4 .4  gram s o f  g ly c in e  

in  one l i t e r  o f  w a te r , f in a l  pH 8.3) and t i e d  so  a s  to  in c lu d e  ab o u t one
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m ilH l i t e r  o f  f lu id  below  tiie  g e ls .  The td b e  was re p la c e d  i n  th e  canaloo  

Model 6  D isc G el E le c tro p h o re s is  ap p a ra tu s  i n  vrfiidi th e  anode was oonnec- 

te d  to  th e  low er re s e rv o ir  v l-ic h  was f i l l e d  w ith  lOX g ly d n e -T r is  b u f fe r  

and co n ta in ed  th e  c o lle c tin g  b a g . To o o n p a isa te  f o r  th e  a d d itio n a l le n g th  

added to  th e  g la s s  tu b e  by th e  d ia ly s is  t tb in g ,  th e  tp p e r  r e s e r v o ir  was 

e le v a te d  by p la c in g  fo u r  n im ber f iv e  ru b b e r s to p p e rs  a t  e q u id is ta n t p o in ts  

around th e  c irc iin fe re n o e , betw een th e  tp p e r  and low er cham bers. E le c tro ­

d ia ly s is  was perform ed f o r  tw en ty  h o u rs a t  tw o m illia n p e re s  p e r  g e l .  The 

e le c tro d ia ly s a te s  w ere d ia ly z e d  e x h a u s tiv e ly  a g a in s t d i s t i l l e d  w a te r p r io r  

to  f u r th e r  a n a ly s is .

A lk a lin e  P hosphatase A ssay 

A lk a lin e  p h o sp h atase  a c t iv i ty  was m easured by  in c u b a tin g  up to  

0 .2  m i l l i l i t e r  o f  sam ple w ith  0 .4  m i l l i l i t e r  o f  8  m illim o la r p a r a m itr o -  

pheny l p hosphate  (p>-NPP, Sigma) in  0 .2 5  m o lar T r is ,  pH 1 0 .0 , s to p p in g  th e  

re a c tic a i by a d d itio n  o f  1 .0  m i l l i l i t e r  o f  0 .2 5  norm al sodium  ty d rco d d e  

and m easuring th e  ab so ib an œ  o f  th e  l ib e r a te d  p x a ra m itrc p h e iy la te  io n  

a t  410 n an cn e te rs  on a  Beckman DOR sp ec trcp h o tcm e te r m o d ified  w ith, a  G il­

fo rd  c u v e tte  p o s itio n e r , pow er so u rce  and o p t ic a l  d e n s ity  c o n v e rte r  (8 3 ). 

S in ce  th e  t o t a l  a ssay  volume and pH was s u d i t h a t  th e  absorbance a t  410 

nanom eters e q u a ls  te n  tim es th e  number o f  n d c ra n o le s  o f  p a ra -n itro p h e n o l 

in  s o lu tio n , th e  en:yme a c t iv i ty  was c a lc u la te d  by  th e  fo llo w in g  fo rm ula: 

A^2̂ 0 ^  ^  in c u b a tio n  tim e  in  m in u tes = nanom oles/hdnute

One n d U iu m it i s  d e fin ed  a s  one nanomole o f  p a r a -n i tr o p h a y la te  io n  form ed 

p e r  m inu te . A liq u o ts  w ere chosen  w hich w ould y ie ld  an  abso rbance o f  0.050 

to  1 .0  w ith in  te n  to  s ix ty  m in u tes o f  in c u b a tio n  a t  37° C.
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PüOtéiA Aaaay
P ro te in  was e s tim a te d  b y  a  m o d ific a tio n  o f  th e  m ethod o f  Lowry, 

e t  a l . , (84) u s in g  f e tu in  a s  a  s ta n d a rd . IVro m i l l i l i t e r s  o f  re a g e n t 1 

( f re s h ly  made p r io r  to  a ssay  b y  oonbin ing  one m i l l i l i t e r  o f  one p e r  c e n t 

copper s u l f a te  w ith  one m i l l i l i t e r  o f  tw o p e r  c e n t so d iu a  t a r t r a t e  and 98 

m i l l i l i t e r s  o f  tw o p e r  c e n t so d iu n  oaiixM iate i n  0 . 1  norm al sodLun h ydroxr 

id e ) was added t o  each  sam ple (vp t o  0 . 2  m i l l i l i te r - c o n ta in in g  rp  to  1 0 0  

m icrogram s), v o rte x  m ixed and in c ib a te d  a t  20° C f o r  e x a c tly  f i f t e e n  min­

u te s . R eagent 2 (F o lin -C io c a lte a u  pheno l re a g e n t, C u rtin  S c ie n t i f ic  0cm- 

pany, d i lu te d  1 : 1  w ith  w a te r ) , 0 . 2  m i l l i l i t e r ,  was added, v o r te x  m ixed and 

in cL b ated  f o r  e x a c tly  one h o u r, ib soxbance a t  690 nancroeters was m easu ra l 

and oonpared w ith  a  s ta n d a rd  cu rv e  ran g in g  fc o n  te n  to  1 0 0  m icrog ram s.

HexDsamine A ssay 

Hexosamine was e s tim a te d  by  th e  m ethod o f  G a tt and Berman (8 5 ).

S u lfh y d ry l A ssay 

F re e  s u lf iiy d iy l g roups w ere m easured by  a  m icro  s c a le  m o d ific a r 

t io n  o f  th e  m ethod o f  Deaikin, e t  ,  (8 6 ) ,  i n  v h ic h  th e  r e a c tio n  m ix tu re , 

in  o rd e r o f  a d d itic x i, c o n s is te d  o f  0 .2  m i l l i l i t e r  o f  0 .0 5  m o lar p hosphate  

b u f fe r , pH 7 .0 , 25 m ic ro lite r s  o f  5 ,5 '- d i th ic b is - (2 - n i tr c b e n z o ic  a d d )  

(EaUB, S igm a), up to  0 .2  m i l l i l i t e r  o f  sam ple o r  s ta n d a rd  and made up to  

a  f in a l  volume o f  0 .525  m i l l i l i t e r  by  a d d itio n  o f  w a te r. Ih e  absorbance 

o f  th e  a ssay  m ix tu re  a t  412 nanom eters was re a d  im m ed iately . C le la n d 's  

re a g e n t, d i th io th r e i to l  (P ie rc e  C hem ical C o ., R ockford , 111 .) was u sed  f o r  

th e  s ta n d a rd  cu rv e  w hich was H nA ar from  one t o  f i f t y  nanom oles (8 7 ).
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N euram inidase T reatm en t o f  A lk a lin e  P hosphatase 

A liq u o ts  o f  150 m ic ro li te r s , e a d i ocm tain ing  approx im ately  1 .5  

m illig ram s o f  p ro te in , o f  th e  ccxK sentrated b u ta n o l e x tr a c ts  from  65C and 

65H w ere in c u b a te d  w ith  25 m icrogram s o f  C lo strid iu m  p e rfa in g en s  neuram i­

n id a se , Type V (Sigma) a t  37° C f o r  tw en ty  h o u rs . D u p lica te  sa n p le s  w ere 

in cu b a ted  w ith o u t neuram inidase u n d er id e n t ic a l  c o n d itio n s . A f te r  th e  

in c u b a tio n , a liq u o ts  w ere ta k e n  f o r  p ro te in  and a lk a lin e  p hosphatase as­

sa y  and th e  rem ainder was la y e re d  i n  0 .2 5  m i l l i l i t e r  o f  fo r ty  p e r  c e n t su ­

c ro se  d i r e c t ly  on to p  o f  a  p o ly acry lam id e g e l w hich had  been  p re p a re d  by 

th e  a l te r n a t iv e  m ethod d e sc rib e d  above. The su cro se-sam p le  la y e r  was o v e r­

la id  w ith  a  la y e r  o f  g ly d n e -T r is  lOX b u f fe r  in  f o r ty  p e r  c e n t su c ro se  

(1 :1 ) and e le c tro p h o re s is  c a r r ie d  o u t a t  4° C f o r  f iv e  hours in  th e  Canal­

oo Model 6  ^ p a r a tu s .  The g e ls  w ere s ta in e d  h is to c h e m ic a lly  to  lo c a liz e  

th e  a lk a lin e  p h o sp h atase  bands.

P hosphate Assay

P hosphate assay s w ere c a r r ie d  o u t in  g lassw are  W iich had  been  

p rec lean ed  by  b o ilin g  t h i r t y  m inu tes in  0 .5  norm al p e rc h lo r ic  a d d ,  f o l­

lowed by th re e  r in s e s  w ith  d i s t i l l e d  w a te r , th en  th re e  r in s e s  o f  doubly 

g la s s  d i s t i l l e d  w a te r . Samples to  b e  an aly zed  f o r  in o rg a n ic  phosphate 

w ere e x h a u s tiv e ly  d ia ly z e d  a g a in s t s e v e ra l changes o f  doubly d i s t i l l e d  

w a te r , p y ro ly zed  a t  180° C in  sev en ty  p e r  c e n t p e rc h lo r ic  a d d  u n t i l  a l l  

o rg a n ic  m a te r ia l was ocm pletely  ashed  and  th e  sam ples d ry , th en  back  ly -  

d ro ly zed  in  0 .9  m i l l i l i t e r  o f  w a te r and 0 . 2  m i l l i l i t e r  o f  seven ty  p e r  c en t 

p e rc h lo r ic  a c id  f o r  one h o u r a t  100° C to  ly d ro ly z e  any pyrophosphates 

w hich m ight have been  form ed d u rin g  th e  p y ro ly s is . To th e  sam ple was
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added 0 .4  m i l l i l i t e r  o f  1 .25  p e r  c e n t amnoniim m o l^ad ate , w ith  m ix ing , 

fo llow ed  by  0 .4  m i l l i l i t e r  o f  f iv e  p e r  c e n t aso o zb ic  a d d ,  w ith  m ixing. 

The re a c tio n  m ix tu re  was h e a te d  a t  100° C f o r  sev en  m inu tes and th e  ab - 

sozbanoe a t  797.5 nanom eters m easured (8 8 ) .

I n tr a o e l lu la r  p h o sp h ate
4

R e p lic a te  c u ltu re s  o f  65C and 65H c e l l s  grown t o  12 + 2 x  10

c e l l s  p e r  sq u are  o e n tim e te r w ere w ashed tw ice  w ith  ST b u f f e r  and sc rap ed

in to  f iv e  p e r  c e n t p e rc h lo r ic  a d d ,  th e  p ro te in  p r e d p i t a t e  p e l le te d  by

o e n tr ifu g a tic a i on a  Model CL desk  to p  c e n tr ifu g e  ( In te rn a tio n a l BcpiLp-

m ent Ocnpany, Needham H e ic ^ ts , M assachusetts) and th e  s ip e m a ta n t assay ed

f o r  in o rg a n ic  p h o sp h ate . A r e p l ic a te  c u ltu re  o f  eaoh was tz y p s in iz e d  and

th e  c e l l s  coun ted . The m olar o o n a e n tra tio n  o f  p hosphate  i n  each  c lo n e
—12was c a lc u la te d  b ased  on an  av erage c e l l  volume o f  3 .3  x  10 l i t e r s  f o r  

65C and 4 .0  x  lO’ ^^ l i t e r s  f o r  65H (8 9 ).

P re p a ra tio n  o f  P la o e n ta l  A lk a lin e  P h o sp h a tase  

A f re s h  hunan p la c e n ta  w e i r in g  app rox im ate ly  1 .5  pounds was 

p e rfu se d  w ith  ic e  c o ld  ST b u f fe r  to  remove a s  much b lo o d  a s  p o s s ib le .

Ih e  spongy t is s u e  was e x c ise d  and c u t  in to  sm a ll p ie c e s  w ith  s c is s o r s .

The t o t a l  t i s s u e  volume o f  275 m i l l i l i t e r s  was d ilu te d  to  900 m i l l i l i t e r s  

w ith  c o ld  ST and hom ogenized i n  a  V i r t i s  M sdel 45 hcm ogenizer f o r  f iv e  

m inutes a t  abou t 75 p e r  c e n t maximum sp eed . The hcroogenate was d iv id e d  

in to  fo u r  p o irtic n s , each  o f  v h ic h  was e x tra c te d  w ith  100 mi H i  l i t e r s  o f  

n -b u ta n o l f o r  f iv e  m inu tes in  th e  V iz ± is . The e x tr a c ts  w ere p la c e d  in to  

300 m i l l i l i t e r  g la s s  c e n tr ifu g e  j a r s  and c e n tr ifu g e d  a t  1000 zpm f o r
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f i f t e e n  m inutes in  an  In te rn a tio n a l PR-2 c e n tr ifu g e  equ ipped  w ith  a  nim ­

b e r  533A head . Ih e  s tra w -o o lo re d  aqueous phase was s e p a ra te d  by s ip h o n , 

u s in g  a  P a s te u r  p ip e t and tygon  tu b in g , from  th e  g e la tin o u s , b ro w n ish -red  

upper (h a s e . Ohe aqueous phase was d ia ly z e d  a g a in s t th re e  changes o f  25 

m illim o la r  T r is ,  pH 7 .5 . I t  was th en  o e n trifu g e d  f o r  t h i r t y  m inutes a t  

30,000 X g  in  a  S o rv a ll RD-2B r e f r ig e r a te d  c e n tr ifu g e  and th e  p r e c ip i ta te d  

m a te r ia l d isc a rd e d . The su p e rn a ta n t f lu id  was d iv id e d  in to  two p o r tio n s  

and ly o p h iliz e d  to  d iy n ess  and s to re d  a t  -2 0 °  C f o r  f u r th e r  a n a ly s is . A 

p o r tio n  o f  th e  re s id u e  w e i^ iin g  43 m illig ram s was d is s o lv e d  in  doubly  

g la s s  d i s t i l l e d  w a te r and d ia ly z e d  f o r  4 .5  hours a g a in s t 0 .5  p e r  o e n t UCB 

A rg h o lin e  c a r r ie r  a n p h o ly te s , pH 3-10 (UKB P ro d u k te r, AB, Sweden).

I s o e le c t r ic  Focusing 

The is o e le c ± r ic  fo cu sin g  column used  was th e  LKB ty p e  8102, 

c a p a c ity  440 m i l l i l i t e r s ,  co o led  to  4 °  C Iby a  N eslab In s tru m e n ts , I n c . ,  

(P ortsm outh , New H anpshire) co o lin g  system  and th e  pow er supp ly  was a  

Vokam M odel 2541 frcm  C o n so lid a ted  L a b o ra to rie s , I n c . ,  C hicago H e i s t s ,  

I l l i n o i s .  The co lunn  was p re p a re d  by th e  method o f  L i and L i (9 0 ). The 

g ra d ie n t was p rep a red  by  m ixing 100 grams o f  su c ro se  (U ltra p u re , Schw arz- 

Mann, O rangdourg, New Je rse y ) w ith  150 m i l l i l i t e r s  o f  w a te r  and fo u r  m il­

l i l i t e r s  o f  LKB 3-10 A n^holine s o lu tio n , to  maike up th e  dense s o lu tio n , 

ïh e  l i g h t  s o lu tio n  c o n s is te d  o f  th e  sa n p le  s o lu tio n  p lu s  2  m i l l i l i t e r s  o f  

A qçho line, and d ilu te d  to  a  f in a l  vo liine o f  210 m i l l i l i t e r s .  The dense 

s o lu tio n  was p la c e d  i n  th e  o u t le t  s id e  o f  th e  IKB g ra d ie n t fo rm er, w ith  

th e  e l e c t r i c  s t i r r e r .  A fte r  p r^ > a ra tio n  o f  th e  colum n, a  c o n s ta n t v o lta g e  

o f  400 v o l ts  DC was a p p lie d  to  th e  column a t  an in i t i a i l  c u rre n t ran g in g
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from  10-30 m lllis n p e re s , d e p a iâ in g  on th e  s a n p le . A f te r  a  p e r io d  o f  24 

to  48 h o u rs , th e  c u r re n t dropped to  a  c o n s ta n t mLninun v a lu e  o f  2 to  2 .5  

m illia n p e re s  and th e  i s o e le c t r i c  fo cu sin g  was o o n p le te d . The c u r re n t was 

tu rn e d  o f f ,  th e  c e n te r  w e ll c lo se d  and th e  c o n te n ts  o f  th e  co lunn  c o U e c - 

t^ed in  f iv e  m i l l i l i t e r  f r a c tio n s  on a  G ilso n  f r a c t io n  c o l le c to r . A Com ­

in g  Model 12 pH m eter was u sed  to  d e term in e  th e  pH o f  th e  f r a c t io n s . The 

f ra c tio n s  c o n ta in in g  th e  a lk a lin e  p h o sp h a tase  a c t iv i ty  w ere p la c e d  in  5 /8 " 

d ia ly s is  tu b in g  and d ia ly z e d  a g a in s t 2 m illim o la r  T rls«H C l, pH 7 .5 , p r io r  

to  a s s ^  f o r  p ro te in  and a lk a lin e  p h o sp h a tase  a c t iv i ty .

Hexosamine and Drug Response i n  C u ltu re  

In  o rd e r  to  t e s t  th e  resp o n se  o f  HeLa a lk a lin e  p h o sp h atase  t o t a l  

and s p e c if ic  a c t iv i ty  and c e l l  grow th (a s  m easured by  t o t a l  p ro te in )  t o  a  

v a r ie ty  o f  hexosam lnes and d ru g s , HeLa c e l l s  w ere in o c u la te d  in  fo u r  m i l l i ­

l i t e r  a liq u o ts  in to  T-25 f la s k s  a t  an  inoculum  c o n c e n tra tio n  o f  ab o u t one 

hundred thousand  c e l l s  p e r  m i l l i l i t e r .  The conpound to  b e  tzested  was made 

up as a  s t e r i l e  s to c k  s o lu tio n  e i th e r  i n  w a te r o r  i n  c c n p le te  medium, in  

th o se  c a se s  W iere s o lu b i l i ty  was low and a  w a te r s o lu tio n  m ic^ t in tro d u c e  

d i lu t io n  e f f e c ts  in to  th e  eap erim en t. A liq u o ts  o f  th e  s to c k  s o lu tio n s  w ere 

added t o  th e  grow th medium a t  th e  tdme o f  in o c u la tio n , and th e  c u ltu re s  

w ere h a rv e s te d  a s  d e sc rib e d  above e i th e r  24 , 48 o r  72 h o u rs  l a t e r .  H exos- 

amines te s te d  w ere D -glucosam ine, D -g alacto sam in e, N -aoety lg luoosam ine, 

N -ace ty lg a lac to san d n e  and N -acetylm annosam ine. D-maimose was a ls o  te s te d . 

A ll hexoses used  w ere o b ta in e d  fcom Sigma Chem ical Conpany, S a in t L o u is , 

M isso u ri. In o rg a n ic  p h o sp h ate  was Baiker A nalyzed B eagent. H y d ro co rti­

so n e, d ib u ty ry l c y c lic  3* ,5 '-a d e n o s in e  m caiophosphate, th e o p h y llin e .
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im id azo le , ep in q p h rin e  b i t a r t r a t e ,  le t in o ic  a c id  and iso p ro te re n o l w ere 

a ls o  o b ta in e d  from  Sigm a. D ie p e p tid e  hormones te s te d  w ere d onated  by D r. 

G. M. A. P a lird e ri and w ere p a r t i a l l y  p u r if ie d  b ov ine (TCA e x tra c t)  p a ra ­

th y ro id  h o rn m e (W ilson L a b o ra to rie s , C h ic a g o ,I llin o is )  and s y n th e tic  s a l ­

mon c a lc ito n in  (AL-0977, Armour P h arm aceu tica l Ocnpany, K ankakee, I l l i n o i s )  

and a l l  o th e r  re a g e n ts  w ere o f  re a g e n t g ra d e .
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M onosaccfaarides Added t o  Gfcwth Msdium 

T able 1 i l l u s t r a t e s  th e  e f f e c ts  o f  s e v e ra l hexosaoiLnes and  N- 

a o e ty la te d  hexDsandnes on th e  s p e c if ic  a c t iv i ty  o f  a lk a lin e  p h o sp h atase  

in  HeLa 65 c o n tro l c u ltu re s  to  \d iid i h y d ro c o rtiso n e  h as been  added to  th e  

grow th medium to  a  f in a l  c o n c e n tra tio n  o f  th r e e  ndcxano lar a t  th e  tim e o f  

in o c u la tio n . The v a lu e  f o r  a lk a lin e  p h o sp h atase  s p e c if ic  a c t iv i ty  in  th e  

induced  s t a t e  w ith o u t hexosam ine re p re s e n ts  th e  mean + s ta n d a rd  e r r o r  fo r  

te n  r q p lic a te  c u ltu re s . F iv e  m illim o la r D -gluoosam ine a lm o st com pletely  

b lo ck s th e  in c re a se  in  a lk a lin e  p h o sp h atase  a c t iv i ty  above t h a t  observed  

in  c o n tro l c u ltu re s  w ith o u t t^ d ro o o rtiso n e . The s te re o isc m e r, D -g a lac to s- 

am ine, i s  abou t tw en ty  f iv e  p e r  o e n t e f f e c t iv e  in  b lo ck in g  th e  in d u c tio n . 

N -acety lg lucosam ine h as no e f f e c t  a t  th re e  m illim o la r , b u t enhances th e  

in d u c tio n  by f i f t y  p e r  c e n t a t  f iv e  m illim o la r . N -ace ty lg a lac to san d n e  

s tim u la te s  th e  in d u c tio n  by tw enty  to  tw en ty  f iv e  p e r  c e n t a t  th r e e  m il l i ­

m olar and a t  f iv e  m illim o la r . N -aoetylm annosandne was th e  m ost e f f e c tiv e  

in  enhancing th e  in d u c tio n , r e s u lt in g  in  ab o u t a  tw a ity  f iv e  p e r  c e n t in ­

c re a se  a t  two m illim o la r o r  g r e a te r . The N -a c e ty la te d  hexosam lnes d id  n o t 

a f f e c t  th e  t o t a l  amount o f  p ro te in  p e r  c u l tn r e . grown w ith o u t hexos-

andnes y ie ld e d  0 .84  + 0 .0 2  m illig ram s o f  p ro te in  p e r  c u ltu re  ( c e l l  count 

was 3 .3  + 0 .2  x  10^ c e l l s  p e r  c u ltu re )  and c u ltu re s  grown w ith  f iv e

25
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TABt£ 1

EFESCTS OF SEVERAL MONOGAOCHARDOBS ON 
HÏDBOOORnSONE INDUCTION OF 

ALKALINE PHOSPHATASE

A d d itio n O cn o en tra tio n
m o le s / l i te r

A lk a lin e  E hosphatase 
m ill iu n its /k g  p ro te in

None - 2 3 .2  + 1 .6®

D -gluoosam ine 5 X 10"^ 6 .5  + 0 .5

D -galactosam ine 5 X 10” ^ 1 7 .6  + 1 .1

N -aoety lg luoosam ine 3 X 10"^ 2 1 .4  + 1 .5

t1 5 X 10"^ 33 .5  + 1 .8

N -ao ety lg alacto sam in e 3 X 10"^ 2 8 .7  + 1 .7

II 5 X 10” ^ 30.9 + 1 .2

N -aoetylm annosam ine 2 X 10“ ^ 32 .4  + 0 .9

H y droœ rtiscjne was added to  65C c e l l s  a t  th e  tim e  o f  in o c u la tio n  and  th e  
fv>nq w ere h a rv e s te d  a f t e r  72 h o u rs o f  g row th . H ie d a ta  re p re s e n t th e  
mean o f  f iv e  r e p l ic a te  c u ltu re s  + s ta n d a rd  e rro r*  65C c e l l s  grown w ith ­
o u t h y d ro o o rtiso n e  have a lk a lin e  p h o sp h atase  s p e c if ic  a c t iv i ty  o f  4 .0  + 
0 .3  m il l iu n its  p e r  m illig ram  o f  p ro te in

a -  te n  r e p lic a te  c u ltu re s
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M onosaocfaarides Added to  Growth M ediun 

T ab le 1 i l l u s t r â t e s  th e  e f f e c ts  o f  s e v e ra l hexosam lnes an d  N- 

a œ ty la te â  hexosam lnes on Urn s p e c if ic  a c t iv i ty  o f  a lk a lin e  p h o sp h a ta se  

i n  HeLa 65 o o n tro l c u ltu re s  to  w hich h y d ro c o rtiso n e  h a s  been  added t o  th e  

grow th medium to  a  f in a l  c o n c e n tra tio n  o f  th re e  n d cx an o la r a t  th e  tim e  o f  

in o c u la tio n . Ih e  v a lu e  f o r  a lk a lin e  ph o sp h atase  s p e c i f ic  a c t iv i ty  i n  th e  

in d u ced  s t a t e  w ith o u t hexosam ine rq x re se n ts  th e  mean + s ta n d a rd  e r r o r  f o r  

te n  r e p l ic a te  c u ltu re s . F iv e  m illim o la r  D -gluoosam ine alm ost o c n p le te ly  

b lo c k s  th e  in c re a s e  in  a lk a lin e  p h o sp h atase  a c t iv i ty  ab o w  th a t  cb se rv e d  

i n  c o n tro l c u ltu re s  w ith o u t h y d ro o o rtisc n e . The s te re o iso m e r, D -g a la c to s - 

andne, i s  ab o u t tw e ity  f iv e  p e r  o e n t e f f e c tiv e  i n  b lo c k in g  th e  in d u c tio n . 

N -aoety lg luoosam ine h as no e f f e c t  a t  th re e  m illim o la r , b u t enhances th e  

in d u c tio n  by f i f t y  p e r  c e n t a t  f i v e  m illim o la r . N -ace ty lg a lac to san d n e  

s tim u la te s  th e  in d u c tio n  by  tw enty  t o  tw enty  f iv e  p e r  c e n t a t  th r e e  m i l l i -  

m o lar and a t  f iv e  m illim o la r . N -aoetylm annosam ine was th e  m ost e f f e c t iv e  

i n  enhancing  th e  in d u c tio n , r e s u lt in g  i n  ab o u t a  tw en ty  f iv e  p e r  c e n t i n ­

c re a se  a t  tw o m illim o la r  o r  g re a t e r .  The N -a c e ty la te d  hexosam lnes d id  n o t 

a f f e c t  th e  t o t a l  anoun t o f  p ro te in  p e r  c u ltu re . C e lls  grown w ith o u t hexos- 

am ines y ie ld e d  0 .8 4  + 0 .0 2  m illig ram s o f  p ro te in  p e r  c u ltu re  ( c e l l  co u n t
g

was 3 .3  + 0 .2  x  10 c e l l s  p e r  c u ltu re )  and c u ltu re s  grown w ith  f iv e

25
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TAB££ 1

EFEECTS OF SEVERAL MSNOSAGOIARIIES ON 
HÏESOaORnSGNE INDUCTION OF 

AÜCALINE FH06PHKEASE

A d d itio n

None

D -gluoosam ine

D -g a la c to s a m in e

N -ao e ly lg lu o o san in e

ffl

N -ao ety lg a lac to sam in e

t t

N -aœ tylm annos amine

O cn o en tra tio n
m o le s / l i te r

A lk a lin e  P h o sp h a tase  
ndL U iunits/ing p ro te in

2 X 10

2 3 .2 + 1 . 6

6 .5 + 0 .5

17 .6 + 1 . 1

2 1 .4 + 1 .5

33 .5 + 1 . 8

2 8 .7 + 1 .7

30.9 + 1 . 2

32.4 + 0 .9

H ydrooortisone was added to  650 c e l l s  a t  th e  tim e  o f  in o c u la tio n  and th e  
r e l i a  w ere h a rv e s te d  a f t e r  72 hours o f  g row th . The d a ta  r ^ r e s a i t  th e  
mean o f  f iv e  r ^ l i c a t e  c u ltu re s  + s ta n d a rd  e r r o r .  650 c e l l s  grown w ith ­
o u t h y d ro o o rtiso n e  have a lk a lin e  p h o sp h atase  s p e c if ic  a c t iv i ty  o f  4 .0  + 
0 .3  m i l l iu n its  p e r  m illig ra m  o f  p ro te in

a -  te n  r ^ l i c a t e  c u ltu re s
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m illim o la r  N -aoety lg luoosam ine y ie ld e d  0 .8 2  + 0 .0 2  m illig ra m s  o f  p ro te in  

p e r  c u ltu re . F ig u re  1 shows th e  tim e  co u rse  o f  in d u c tio n  o f  a lk a l in e  

ph o sp h atase  by h y d ro o o rtiso n e  and th e  e f f e c t  o f  a d d itio n  o f  f iv e  m i l l i ­

m olar D -glucosam ine to  th e  ^ s te m . The in c re a se  i n  a lk a l in e  p h o sp h atase  

a c t iv i ty  above c o n tro l v a lu e s  i s  d im in ish ed  frcm  n e a r ly  n in e  f o ld  w ith o u t 

D -gluoosam ine to  o n ly  f i f t y  p e r  o e n t.

F ig u re  2 shows th e  in h ib i t io n  o f  r a t e  o f  p r o te in  s y n th e s is  in  

651 c u ltu re s  a s  a  r e s u l t  o f  a d d itio n  o f  f iv e  m illim o la r  D -gluoosam ine. 

D uring th e  72 h o u r grow th p e r io d , th e  r a t e  o f  in c re a s e  in  o n ly  ab o u t h a l f  

o f  th a t  w ith o u t th e  hexosam ine. The d im in u tio n  o f  p r o te in  in c re a s e  i s  

m arkedly le s s  th a n  th e  In h ib it io n  o f  th e  in c re a s e  in  a lk a lin e  ph o sp h atase  

a c t iv i ty .  F ig u re  3 i l l u s t r a t e s  th e  l in e a r  dependence o f  th e  ih h ib itd o n  

o f  grow th  on th e  hexosam ine o o n o e n tra tio n  th ro u ÿ io u t th e  ran g e  te s te d . 

F ig u re  4 shows th a t  th e  d e c re a se  i n  a lk a lin e  p h o sp h a ta se  a c t iv i ty  i s  a ls o  

d ^ )en d en t on th e  oono en tra td o n  o f  D -^luoosam ine, and t h a t  th e  le v e l  o f  

enzyme can  n o t o n ly  b e  p rev en ted  &om in c re a s in g  in  th e  in d u ced  sy stem , 

b u t can  b e  b ro u ÿ it down f ro n  th e  e le v a te d  s te a f^  s t a t e  le v e l  i n  th e  65H 

system . F ig u re  5 shows th e  re sp o n se  o f  a lk a lin e  p h o sp h a ta se  s p e c if i c  a c ­

t i v i t y  to  o o n o e n tra tio n  o f  N -aoetylm annosam ine in  th e  grow th medium.

E le c tro p h o re tio  M o b ility  A f te r  N euram inidase T reatm en t

F ig u re  6  i l l u s t r a t e s  th e  id e n t i ty  o f  e le c tro p h o re tic  m o b ility  

o f  HeLa 65C and 65H a lk a lin e  p h o sp h a ta ses on p o ly acry lam id e  d is c  g e l  b o th  

p r io r  and s rb se g u e n t to  tre a tm e n t w ith  V ib rio  c h o le ra e  n eu ram in id ase . 

N e ith e r sp e c ie s  o f  enzyme d isp la y e d  any change in  s p e c i f ic  a c t iv i ty  (65C, 

8 .9  m ill iu n its /h g ;  65C a f t e r  NANAase, 1 1 .2 ; 65H, 3 5 .2 ; 65H a f t e r  NANAase,
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• 3 0
Q.

G»
E25

= 2 0

24 720 48
Growth time I, hours

F ig u re  1 . In h ib itio n  b y  D -gluoosandne o f  h y d ro c o rtiso n e  in d u c tio n  in  HSLa 
651. O o n tro l c e l l s  w ere in o c u la te d  w ith  3 n d d c n o la r  h y d ro o o rtiso n e  (-A -) 
and w ith  f iv e  m illim o la r D -gluoosam ine p lu s  3 ndcrom plar h y d ro o o rtiso n e  
(-0 -) an d  h a rv e s te d  a t  24 h o u r in te r v a ls .
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0 j6

0.4

0.2

0 24 48 72
Growth time» hours

F ig u re  2 . In h ib itio n  o f  œ i l  grow th by D -gluoosam ine added to  651 c u l­
tu r e s .  F iv e  n d llim o la r  D -gluoosandne p lu s  3 ndcrom olar ly d ro o o rtiso n e  
(-A -) and 3 ndcrcm olar h y d ro o o rtiso n e  ( - 0 -) w ere added t o  65 o o n tro l 
œ l l s  a t  th e  tim e  o f  in o c u la tio n  and c e l l s  w ere h a rv e s te d  a f t e r  72 h o u rs .
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1.2

a  0.8

CL

04

0.2

2 3
0-Glucosamine, mM

f ig u re  3 . T o ta l c e l l  p ro te in  i n  HeLa 65H and 651 c u ltu re s  a s  a  fu n c tio n  
o f  D-gluoo6 am ine o o n o e n tra tio n . D -gluoosandne was added to  65H (-* -) cu l­
tu re s  and D -gluoosaidne p lu s  3 m icrom olar h y d ro o o rtiso n e  was added to  65C 
c e l l s  (-0 -)  and c e l ls  h a rv e s te d  a f t e r  72 h o u rs grow th.
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4 0

S 20k

D-Gtucosamine, mM

F ig u re  4 . S p e c if ic  a c t iv i ty  o f  a lk a lin e  p h o sp h a ta se  i n  65H (n âr) and 651 
(-# -)  c u ltu re s  a s  a  fu K ± io n  o f  D -gluoosandne o o n o e n tra tio n . C e lls  w ere 
h a rv e s te d  a f t e r  72 h o u rs g row th.
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N-Acetylmannosamine, mM

F ig u re  5 . A lk a lin e  p h o sp h atase  a c t iv i ty  i n  651 c u ltu re s  a s  a  fu n c tio n  
o f  N-aoetylm anncsam inB o o n o e n tra tio n . Grcwtii tim e  was 72 h o u rs .
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Bkywi

1

F ig u re  6 . E f f e c t  o f  tre a tm e n t w ith  n eu rsn d iiid ase  on d is c  g e l  e le c tx o -  
f h o re t ic  m c b ility  o f  HeLa 65C and 65H a lk a lin e  p h o ^ h a ta s e s . A «  65C,
B = 65H, C = 65C + NANAase, D = 65H + NRNAase. Arrow d en o tes d ir e c t io n  
o f  m ig ra tio n . C athode a t  to p  o f  g e l .
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35,7) a f t e r  c leav ag e  o f  te m L n a l s i a l i c  a d d  r e s id u e s , and tiie  e le c tro p h o ­

r e t i c  m o b ility  o f  b o th  65C and 65H a lk a lin e  p h o sp h a ta se  i s  red u ced  f o r ty  

p e r  c e n t a f t e r  neuram in idase tre a tm e n t.

P u r if ic a tio n  o f A lk a lin e  H io sp h atase  f ro n  HeLa 65C and 65H 

A lk a lin e  p h o sp h atases f ro n  HeLa 65C and 65H a s  w e ll a s  from  h u ­

man p la c e n ta  w ere p u r if ie d  front b u ta n o l e x tr a c ts  by  i s o e le c t r i c  fo cu sin g  

a s  d e sc rib e d  in  M a te ria ls  and M etiiods. T ab le  2 shows th e  re c o v e rie s  o f  

a c t iv i ty  and p ro te in  and th e  e x te n t o f  p u r if ic a t io n  o f  th e  HëLa enzym es.

Ih e  p u r if ic a t io n s  ach iev ed  in  th e s e  system s does n o t ocnpare  w e ll t o  p ih -  

l is h e d  datia frcm  o th e r , more e la b o ra te  m ethods. However, a n a ly s is  by  d is c  

g e l  e le c tro p h o re s is  o f  th e  iso la tse d  enzyme w hich was c o n ta in e d  in  one to  

th r e e  f ra c tio n s  (o f 1 0 0  c o lle c te d )  y ie ld e d  a  s in g le  ban d  o f  enzyme a c t iv i ty  

and  a  s in g le  band o f  p ro te in  a s  v is u a liz e d  by th e  A m ido-Schw artz s ta in .  

P re p a ra tio n s  o f  a lk a lin e  p h o sp h a tase  from  d is c  g e l  e le c tro p h o re s is  a re  

low i n  s p e c if ic  a c t iv i ty  a s  w e ll , and  re c o v e rie s  o f  a c tiv e  p ro te in  a re  

in  th e  ran g e  o f  a  te n th  o f  one p e r  c e n t. However, p o ly acry lam id e  g e ls  

c o n ta in in g  s^ > a ra te d  p ro te in s  from  b u ta n o l e x tr a c ts  and  s ta in e d  by  Amido- 

S chw artz ^ d w  no p ro te in  bands c lo s e r  th a n  th re e  m illim e te rs  to  th e  a lk a ­

l in e  p h o sp h a tase  b an d s, and th e  h is to c h e m ic a lly  s ta in e d  g e l  rem nants from  

v h ic h  th e  a lk a lin e  ph o sp h atase  bands h ad  been  e x c ise d  showed no rem ain ing  

a c ± iv ity . T h is ev id en ce  su g g e sts  t h a t  th e  e x c is io n  o f  th e  bands i s  a  p re ­

c is e  and re p ro d u c ib le  p ro ced u re  v h ic h  en su re s  th e  hom ogeneity o f  th e  alkar- 

l i n e  p h o sp h atase  p re p a ra tio n  by  t h i s  m ethod. F o r b o th  m ethods o f  p u c ifi-r  

c a tio n , th e  lo s s e s  i n  p ro te in  and  a c t iv i ty  a re  s im ila r  f o r  b o th  65C and 

65H enzymes a t  each  s ta g e  o f  p u r if ic a t io n .
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TABI£ 2

PURIFICATION OF HELA 650 NiJD 65H 
AUCALINE PHOSPHATASE

P u r if ic a tio n  S t ^  P ro te in  A c tiv ity  Sp A ct P u r if ic a tio n
mg % reoovery n tln its  % recoveiy iriU hits/ng F o ld

D sooycholate ly s a te

65C 120 580 4 .8
65H 110 2430 1 7 .3

n -B u tano l e x tr a c t

650 106 8 8 560 97 5 .3 1 , 1
65H 80 73 2 2 0 0 91 5 8 .5 3 .4

I s o e le c t r ic  fo cu sin g

65cg 1 .3 1 . 1 29 5 2 1 .5 4 .4
6 5 tr  1 .4 1 .3 236 1 0 165 .8 9 .5

G el e le c tro p h o re s is^

650 0.115 0 . 1 3 .4 0 . 6 2 9 .5 6 . 1
65H 0.143 0 .1 3 4 .8 0 . 2 33.6 1 .9

ar  peak f r a c t io n  on ly
b -  fo llo w in g  n rb u ta n d  e x tra c tio n , a s  an  a l te r n a t iv e  t o  i s o e le c t r ic  

fo cu sin g
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I s o e le c t r i c  P o in ts  o f  A lto lir tg  U ta ^ h a ta a e s  

The i s o e le c t r i c  p o in ts  o f  th e  a lk a lin e  p h o sp h a tases o f  v a rio u s  

HeLa clcaies and hunan p la o e x ta  a re  shown i n  T ab le  3 . HSLa 65C d i^ la y e d  

th re e  d is tin g u is h a b le  enasyne p e a k s , tw o sm a ll peaiks a t  pH 4 .0  and 4 .6  and 

a  m ajo r p eak  a t  pH 5 .2 . O nly th e  isoenzym e a t  pH 4 .0  w as cb serv ed  i n  HeLa 

65H. I n  th e  HeLa d o n e  c o n ta in in g  c o n s ti tu t iv e  am ounts o f  a lk a lin e  p h œ - 

p h a ta s e , HeLa 71, b o th  th e  c o n tro l and h y d ro c o rtiso n e  re g u la te d  enzymes 

h ad  th e  same i s o e le c t r i c  p o in t , jGocusing a t  pH 4 .4 . Hunan p la c e n ta l a lk a ­

l in e  p h o sp h a ta se  was cb se rv e d  to  have i t s  i s o e le c t r i c  p o in t  a t  pH 4 .7 .

Amount o f  H eaasendnes on  A lk a lin e  th o g h a ta s e s  

A lk a lin e  p h o sp h a ta se  from  HeLa 65C and 65H was p u r if ie d  by d is c  

g e l  e le c tro p h o re s is  a s  d e sc rib e d  i n  M a te ria ls  and M ethods. T o ta l h ex esa - 

ndne i n  HeLa 65C and 65H w as assay ed  and  determ ined  to  b e  e ic ^ t  nanom oles 

o f  hexD sanine p e r  115 m icrogram s (one nanom ole) o f  enzyme p r o te in . HëLa 

71C and  71H a lk a lin e  p h o sp h a ta se  p u r if ie d  b y  i s o e le c t r i c  fo cu sin g  y ie ld e d  

fo u r  and e i ^ t  nanom oles o f  hexosam ine p e r  115 ndczogram s o f  p ro te in , re s ­

p e c tiv e ly .

F re e  S u lf ly d ry ls  on A lk cd in e H io sp h atase  

A lk a lin e  p h o ^ h a ta s e  p u r if ie d  b y  i s o e le c t r i c  fexcising  was as­

say ed  f o r  f r e e  s u lf liy d ry l g ro u p s a s  d e sc rib e d  i n  M a te ria ls  and M ethods 

and t h i o l  c o n te n t was d e te rm in ed  to  b e  fo u r  nanom oles p e r  115 m icrograns 

o f  p ro te in  i n  b o th  65C an d  65H.
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TABLE 3

ISOELECTRIC POINTS OF SEVERAL 
ALKALINE PHOSPHATASES

Type I s o e le c t r ic  p o in t(s )

HeLa 650^ 4 .0 4 .6  5 .2 ^

HeLa 65H 4 .0

HeLa 71C 4 .4

HeLa 71H 4 .4

P la c e n ta 4 .7

a -  th re e  d i s t i n c t  isoenzym e peaks o bserved  
b -  m ajor p eak , an a ly zed  fo r  p h o sp h ate  (T able 4)
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T iÿ ifc ly  Boürtd H losphàté  6 »! A lk a lin e  K iûfighatase 

A lk a lin e  p h o sp h a ta se  frcm  65C and 65H c e l ls  was p u r if ie d  by d is c  

g e l e le c tro p h o re s is  ( f iv e  ea^ierim ents) c r  b y  i s o e le c t r i c  fo c u s in g  (one ex­

perim ent) . A fte r  esd ia u stiv e  d ia ly s is  a g a in s t d o ih ly  g la s s  d i s t i l l e d  w a te r , 

th e  sam ples o f  a lk a lin e  p h o sp h a tase  w ere a ssa y e d  f o r  p ro te in  and p hosphate  

a s  d e sc rib e d  in  M a te ria ls  and M ethods. T ab le  4 p re se n ts  th e  n u ib e r o f  n a r  

ncm oles o f  phosphate  p e r  115 m icro g rams o f  p ro te in . The e m g ^  from  65C 

c e l l s  i s  seen  to  c o n ta in  a lm o st fo u r  tim es a s  much t i ^ t l y  bound p h osphate  

a s  th a t  from  651. T h is  p h o sg h ate  was n o t rem oved by d is c  g e l  e le c tro p h o ­

r e s i s  a t  pH 8 .3 , e x h a u s tiv e  d ia ly s is  a t  pH 7 .5  o r  by i s o e le c t r i c  fo cu sin g  

a t  pH 4 .0 -5 .2 . A s in g le  experim en t in  v h ic h  HeLa 71C and  71H a lk a lin e  

p h o sp h atases w ere p u r if ie d  by  i s o e le c t r ic  fo c u s in g  in d ic a te d  t h a t  th o se  

enzymes co n ta in ed  o r  w ere a s s o c ia te d  w ith  1 1 0  and 1 1  nancm oles, re sp e c t­

iv e ly , o f  phosphate p e r  115 m icrogram s o f  p r o te in . An e a r l i e r  d is c  g e l 

p u r if ic a t io n  o f  71C enzyme y ie ld e d  120 nanom oles o f  p h o sp h ate  p e r  115 

m icrogram s o f  p ro te in . I n  th e  c ase  o f  65C and  65H, th e  s in g le  v a lu e  de­

r iv e d  from  th e  i s o e le c t r i c  fo cu sin g  ex p erim en t i s  in  good agreem ent w ith  

th e  f iv e  fxoom d is c  g e l  e le c tro p h o re s is .

E f f e c t  o f  P hosphate i n  Growth ^ d iu tn  

The f in d in g  th a t  th e re  was m ore p h o sp h ate  in  65C a lk a lin e  phos­

p h a ta se  th a n  65H le d  to  th e  s p é c u l a t i f  t h a t  pexhaps an  in c re a s e  in  in o r ­

g a n ic  phosphate  in  th e  grow th medium co u ld  e x e r t  sane in f lu e n c e  e i th e r  on 

th e  c o n tro l le v e l o f  a lk a lin e  p h o sp h atase  a c t iv i ty  o r  i n h i b i t  th e  in d u c tio n  

in  o u r c e l l  system . Growth o f  65C and 651 c u ltu re s  w ith  added phosphate 

ran g in g  frcm  one to  te n  m illim o la r  showed no  in c re a s e  o r  d e c re a se  i n  c e l l s
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TABI£ 4

AM3ÜNT OF TIGHTLY BOUND PHOSPHKEE ON 
AUCAUNE PHOSPHATASE PURIFIED 

FROM HELA 65C AND 65H

E:^>eriinent Method o f  P u r if ic a t io n  Nancmoles P j
115 m icrog rans p ro te in

65C 65H

1 D isc g e l 22 .7 5 .0

2 It 20.9 5 .4

3 It 25.4 5 .2

4 I t 2 2 . 8 8 . 1

5 I t 26 .5 8 . 1

6  . I s o e le c t r ic  fo cu sin g 23.9 7 .4

Mean + s ta n d a rd  e r r o r 23 .7  + 0 .8 6 .5  + 0 .6
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(3 .3  + 0 .6  X 10^) p e r  c u ltu re , p ro te in  (0 .8 5  + 0 .0 2  m L llig ran s) p e r  c u l­

tu r e  o r  i n  a lk a lin e  p h o sp h a tase  s p e c if ic  a c t iv i ty  (65C, 4 .8  + 0 .2  n d l l i -  

u n its/m g  p ro te in ; 651, 24.6  + 0 .3  m illiu n its /tn g  p r o te in ) . The f r e e  i n t r a -  

o e l lu la r  p h o sp h ate  o o n o e n tra tio n  was d e term in ed  t o  b e  6 .5  m illim o la r  in  

HeLa 65C and 7 .0  m illim o la r  i n  HeLa 65H.

Growth w ith  D ib u ty ry l C y c lic  3*,5*-AMP

S in ce  o th e r  enzymes th o s e  a c tiv e  and  in a c tiv e  fa m e  o o n ta in  d i f ­

f e r e n t  am ounts o f  phosphate  a r e  re g u la te d  th r o u ^  th e  a c tio n  o f  c y c lic  

AMP, i t  seem ed v e ry  re le v a n t t o  a t te n p t  to  in d u œ  o r  re p re s s  a lk a lin e  

p h o sp h atase  in  o u r system  b y  c y c lic  AMP o r  i t s  d ib u ty ry l d e r iv a t iv e , IB 

c-AMP, and to  t e s t  th e  e f f e c ts  o f  o th e r  d ru g s known to  b e  in v o lv e d  in  

c y c lic  AMP-mediated sy stem s. C u ltu re s  o f  6 SC c e l l s  w ere p re p a re d  to  v h ic h  

EB crAMP (ran g in g  frcm  0 .4  to  1 .6  m illim o la r  i n  th e  grow th mediim) was ad r 

ded , and a  s im ila r  s e t  o f c u ltu re s  to  v h ic h  3 m icx aao la r h y d ro c o rtiso n e  

vras added i n  a d d itio n  to  th e  IB  c-AMP. F ig u re  7 i l l u s t r a t e s  th e  in c re a s e  

in  a lk a li  ne  p h o sp h a tase  a c t iv i ty  v h ic h  can  b e  produced  by IB c-A tP  and th e  

a d d itiv e  in c re a s e  i n  a c t iv i ty  due to  th e  o o n b in a tio n  o f  EB c-AMP and h y d ­

ro c o rtis o n e . T here was a  m arked in h ib i t io n  o f  c e l l  grow th ( t o t a l  p ro te in )  

a t  cne m illim o la r  EB c-AM* (T ab le  5 ) . T h is may acco u n t f o r  th e  in c re a se d  

la g  tim e  n o ted  in  th e  in d u c tio n  by  EB c-AW  (F ig u re  8 ) ocnpared  w ith  th a t  

observed  in  th e  h y d ro c o rtiso n e  in d u c tio n .

T h e c p iy llin e , a  m e tl^ la te d  x a n th in e  d e r iv a tiv e , u s u a lly  enhances 

th e  e f f e c t  o f  c y c lic  AW by in h ib i t in g  th e  p h o sp h o d ie s te ra se  v h ic h  hydro­

ly z e s  i t .  Hoping to  d em o n stra te  such  a  s y n e rg is t ic  e f f e c t ,  we added th eo ­

p h y llin e  a t  0 .1 , 0 .5  and 1 . 0  m illim o la r  to  th e  grow th medium o f  csu ltn res
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F ig u re  7 . E f f e c t  o f  EB (-# -)  and 3 m icrcm olar t^ d ro œ r tis o n e  p lu s
EB c-AMP (-0 -) on a lk a lin e  p h o sp h a tase  a c t iv i ty .  Growth, t in e  was 72 h o u rs. 
V e r tic a l b a rs  re p re s e n t s ta n d a rd  e r r o r .
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F ig u re  8 . Time oourse o f  in d u c tio n  o f  a lk a lin e  p h o sp h a ta se  by  ty d ro o o r-  
tis o n e  (-r#-) and by  EB c-M**. C e lls  w ere grown w ith  3 jnicxonD lar hy d ro ­
c o r tis o n e  o r  w ith  one m illim o la r  EB c-AMP ( - o - ) .
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o f  65C and 651 c e l l s .  F ig u re  9 shows t h a t ,  r a th e r  th a n  enhancing  th e  in ­

d u c tio n , th e o p h y llin e  m adcedly r ^ r e s s e s  a lk a lin e  p h o sp h a tase  a c t iv i ty .

I t  seem ed reascm able t h a t  e i th e r  a lk a lin e  phoqphatase m i ^ t  b e  in h ib ite d  

ly  th e o p h y llin e , and , i f  s o , t h a t  s u f f i d a n t  am ounts o f  th e o p h y llin e  m i ^ t  

rem ain i n  th e  œ i l  ly s a te s  to  aooount f o r  th e  red u ced  a c t iv i ty ;  o r ,  t i i a t  

th e o p h y llin e  m i ^ t  in f  lu e n œ  a  p h y s io lo g ic  o r  m e ta b o lic  p ro c e ss  vdiich de­

te rm in e s  o r  m odulates a lk a l in e  p h o sp h atase  a c t iv i ty .  To t e s t  th e  f i r s t  

p o s s ib i l i ty ,  a  s e r ie s  o f  a lk a lin e  p h o sp h atase  a ssay s  w ere perform ed w ith  

added th e o p h y llin e  ran g in g  from  0 .2  t o  1 .0  m illim o la r  i n  th e  re a c tio n  m ix­

tu r e .  F ig u re  10 shows t h a t  th e o p h y llin e  a t  0 .6  m illim o la r  in h ib i ts  th e  

£ hos£hanonoesterase a c t iv i ty  ab o u t f i f t y  p e r  c e n t. S e r ia l  d i lu t io n  expe­

rim en ts  on ly s a te s  o f  c u ltu re s  grown w ith  h y d ro o o rtd scn e , w ith  and w ith o u t 

th e o p h y llin e  a t  1 .0  m illim o la r , ^ o w  t h a t  a  f i f t e e n  f o ld  d i lu t io n  o f  th e o ­

p h y llin e  f r e e  ly s a te  g iv e s  an  in c re a se  i n  r e la t iv e  s p e c i f ic  a c t iv i ty  o f  

th i r te e n  p e r  c e n t, and s im ila r  tre a tm e n t o f  a  ly s a te  from  a  c u ltz ire  grown 

w ith  th e o p ty llin e  y ie ld s  a  r e la t iv e  s p e c if ic  a c t iv i ty  in c re a s e  o f  tw en ty  

e i ^ t  p e r  c e n t. These d a ta  m i ^ t  seem tx> su g g e s t t h a t  r e s id u a l th eo p h y l­

l in e  i n  th e  ly s a te s  was re sp o n s ib le  f o r  th e  reduced  a c t iv i ty .  H tw ever, 

vhen  th e  t o t a l  œ i l  volvm e o f  th e  m onolayer i s  oonpared  w ith  th e  f in a l  

d i lu te d  vo lune in  th e  a s sa y , i t  becomes c le a r  t h a t  th e  c e l l  w ould have to  

c o n c e n tra te  th e c p h y llin e  ab o u t 670 f o ld  i n  o rd e r  to  y ie ld  a  f in a l  th e o ­

p h y llin e  c o n c e n tra tio n  i n  th e  a ssay  m ix tu re  o f  one m illim o la r , o r  en cu ÿ i 

to  p ro d u œ  a  sev en ty  p e r  in h ib i t io n  on  a c t iv i ty .  I f  th e o p h y llin e  bound 

i r r e v e r s ib ly  to  a lk a lin e  p h o sp h a ta se , o r  i r r e v e r s ib ly  in a c tiv a te d  i t ,  th e  

p o s s ib i l i ty  w ould rem ain t h a t  th e  ly s is  and  sv b seg u en t d i lu t io n  in to  th e  

a s s ^  w ould n o t re d u œ  th e  th e o p h y llin e  c o n c e n tra tio n  below  th e  e f f e c t iv e
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F ig u re  9 . E f fe c t o f  th e c p h y llin e  on a lk a lin e  pho sp h atase  s p e c if ic  a c t iv i ty  
i n  c u ltu re s  o f  65C and 651 ( - o - ) . Growth tim e was 72 hours*
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F ig u re  10. I n h ib it io n  o f  a lk a lin e  p h o sp h atase  a c t iv i ty  b y  addi t i o n  o f  
th e o p d y llin e  to  th e  a s s ^ .
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o o n o e n tra tio n  o f  one m illim o la r . I n  o rd e r  t o  determ ine v d ietiier th e  in h i­

b i t io n  was r e v e rs ib le  o r  i r r e v e r s ib le ,  sam ples o f  a lk a lin e  p h o sp h a tase  

w ere made i:p w ith  and w ith o u t one m illim o la r  th e o p h y llin e  and d ia ly z e d  

o v e rn ig h t a g a in s t doubly  g la s s  d i s t i l l e d  w a te r  and assay ed  f o r  a lk a lin e  

p hosphatase a c t iv i ty .  The sam ple vA ich had  n ev er been  a p o s e d  t o  th e o ­

p h y llin e  had  th e  same a c t iv i ty  (28 .0  + 0 .3  m illiu n its /tn g ) a s  th e  one from  

v h ic h  th e  th e c p ty ll in e  had  been  d ia ly z e d . From th e se  d a ta  i t  i s  oon o lu - 

ded th a t  th e  reduced  a c t iv i ty  i s  n o t due to  in h ib i t io n  by  r e s id u a l th e o -  

p l^ U in e  in  th e  c e l l  ly s a te s .

E f fe c ts  o f  S e v e ra l C y c lic  AM P-Related Drugs 

T ab le  5 i l l u s t r a t e s  th e  e f f e c ts  o f  s e v e ra l d rugs v h ic h  have been 

shown to  a f f e c t  e i th e r  th e  h y d ro c o rtiso n e  in d u c tio n  o f  a lk a lin e  phosphat­

a se  o r  th e  a c t iv i ty  o f  a d e iy l c y c la s e , th e  enzyme v h ic h  c a ta ly z e s  th e  p ro ­

d u c tio n  o f  3* ,5 '- c y c l ic  AW. B e tin o ic  a d d ,  a  known in h ib i to r  o r  a lk a lin e  

p hosphatase in d u c tio n  by  ly d ro c o rtis c n e  (5 5 ), was te s te d  a g a in  f o r  th a t  

d a i l i ty  a s  w e ll as  i t s  efiP ect on th e  EB c-AMP in d u c tio n . I t  i s  c le a r  th a t  

r e t in o ic  a d d ,  v h ic h  in h ib i ts  th e  h y d ro o o rtiso n e  in d u c tio n  by  f i f t y  p e r  

c e n t a t  te n  m icrcm o lar, h as  l i t t l e  o r  no e f f e c t  on th e  EB c-AMP in d u c tio n . 

Im id azo le , v h ic h  h as b een  shown to  s tim u la te  p h o sp h o d ies te ra se  (9 1 ), th e r e -  

l y  red u cin g  th e  i n t r a œ l lu l a r  le v e l  o f  c y c lic  AW , low ered th e  h y d ro o o rti­

sone m ediated  in d u c tio n  by  tw en ty  f iv e  p e r  c e n t. T h eo p h y llin e  red u ced  th e  

h y d ro o o rtiso n e  in d u c tio n  f i f t y  p e r  c e n t a t  500 m icrcm olar and Ü ie EB e-AW 

m ediated  in d u c tio n  100 p e r  c e n t a t  t h i s  c o n c e n tra tio n . When u sed  a lo n e , 

th e o p h y llin e  a t  500 m icrcm olar red u ced  65C a lk a lin e  p h o sp h atase  a c t iv i ty  

sev en ty  p e r  c e n t. E p in ep h rin e  b i ta r tx a te ,  a  known s tim u la to r  o f  adeny l
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TABU: 5

EFFECTS OF VARIOUS DRUGS ON AQWLINE PHOSPHATASE 
ACTIVITY AND ON ŒLL GRDWIH

A dditions F in a l
C o n ce n tra tio n

m icrcm olar

A lk a lin e
P hosphatase

m u n its/h g

O e ll
Growth

% o f  co n tre ]

None — 4 .0  + 0 .3 100

EB c-AMP 1000 26.0  + 1 .4 48

Ify d ro co rtiso n e 3 28 .0  + 1 .9 74

DB c-AMP + 1000
% d ro c o rtiso n e 3 6 3 .3  + 2 .5 82

R e tin o ic  a c id  + 10
Ifydrocortisosne 3 1 2 .4  + 0 .9 86

R e tin o ic  a c id  + 10
DB c-A^P 1000 2 4 .1  + 2 .2 42

Im idazo le  + 10
H ydrocortisone 3 2 1 .7  + 0 .1 100

Im idazo le  + 1000
Ify d ro co rtiso n e 3 21 .0  + 0 .4 110

th e o p h y llin e 500 1 .2  + 0 .1 100

T heoghy lline + 500
Ifydrocortiscaie 3 1 3 .7  + 0 .8 105

T heophy lline + 500
EB-cAMP 1000 3 .3  + 0 .3 16

E p inephrine b i t a r t r a t e 320 19 .0  + 2 .0 30

Drugs w ere added to  th e  grow th medium a t  ^ e  tim e  o f  inocuLLaticn and  c e l l s  
w ere h a rv e ste d  a f t e r  72 ho u rs grow th  a t  2>i C. C e ll grow th was e s tim a te d  
from  th e  r a t io  o f  c e l l  p ro te in  i n  an  ex p erim en ta l c u ltu re  to  c e l l  p ro te in  
in  c o n tro l c u ltu re s  u s in g  an  ^ sp ro x im atian  o f  s im ila r  amounts o f  p ro te in  
p e r  c e l l .
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c y c la se  (9 2 ), r e s ti l te d  in  a  fo u rfo ld  in c re a se  in  enzyme a c t iv i ty  d e s p ite  

in h ib i t in g  c e l l  grow th. D ie e f f e c ts  o f  th e  v a rio u s  d rugs on c e l l  grow th 

a re  a ls o  shown in  T ab le  5 . H ydrooortisone a lm e , a t  a  c o n c e n tra tio n  o f  

th re e  m icrcm olar, le d  to  a  tw enty  f iv e  p e r  c e n t d e c re a se  in  t o t a l  o e l l  

p ro te in  p e r  c u ltu re  and EB crAW d ec rease d  p ro te in  by  f i f t y  p e r  c e n t a t  

one m illim o la r . The tw o d rugs in  o o n b in a tio n  w ere s l i ^ t l y  le s s  i r h ib i to iy  

tow ard c e l l  grow th o r  t o t a l  p ro te in  th a n  hydro o o rtiscm e a lo n e . D iecp b y l- 

l i n e ,  e i th e r  a lo n e  o r  i n  o o ifo in a tio n  w ith  th re e  m icrcm olar h y d ro o o rtiso n e , 

had  no e f f e c t  on c e l l  p ro te in  a t  500 m icrcm olar; b u t  i n  o o n b in a tio n  w ith  

EB c-AMP a t  one m illim o la r , c e l l  grow th was o o n p le te ly  b lo ck ed .

E ffe c ts  o f  P o ly p ^ tid e  Hoamanes 

TVio p o ly p e p tid e  horm ones, p a ra th y ro id  hormone and c a lc ito n in , 

vhose fu n c tio n s  in  c a ld u n  m ethbolism  have been  re o e n tly  rev iew ed (9 3 ), 

w ere added  to  th e  grow th m ediun o f  c u ltu re s  o f  HeLa 65C (F ig u re  1 1 ). Syn­

th e t i c  salm on c a lc ito n in  a t  f i f t y  m i l l iu n i ts  p e r  m i l l i l i t e r  induced  abou t 

a  th re e  fo ld  in c re a se  in  a lk a lin e  p h o sp h atase  a c t iv i ty  p e r  m illig ra m  o f  

t o t a l  c e l l  p ro te in  and b o v in e p a ra th y ro id  hormone a t  f i f t y  m icrograms p e r  

m i l l i l i t e r  d ^ x ressed  th e  a lk a lin e  p h o sp h atase  a c t iv i ty  by  ab o u t f o r ty  p e r  

c e n t. N e ith e r  hormone a f fe c te d  t o t a l  p ro te in  p e r  c u ltu re .
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F ig u re  11 . E ffe c ts  o f  c a lc ito n in  ( -X -)  and p a r a t l^ r o id  honnone (-o -) 
on a lk a lin e  p h o sp h atase  s p e c if ic  a c t iv i ty  i n  65C c e l l s  i n  c u ltu re . 
Growth tim e was 72 h o u rs .
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DISOBSION

A lk a lin e  p h o sp h a ta se  h as been  shown to  in c re a s e  fo u r to  te n  f o ld  

in  HeLa 65 c u ltu re s  W ien c u lt iv a te d  w itii th re e  n â c ra n o la r  ty d ro o o rtiso n e  

in  th e  medivm (50 ). I h e  in d u c tio n  o ccu rs by an  in c re a s e  in  s p e c if ic  a c t i ­

v i ty  o f  th e  enzyme r a th e r  th a n  by  an in c re a s e  in  th e  amount o f  enzyme con­

c e n tra tio n  in  th e  o e l l  (4 7 ). M eliykovych and C ostlow  (56) showed th a t  th e  

in d u c tio n  i s  b locked  b y  D -gluoosam ine and s ta te d  th a t  tw enty  m illim o la r  

g lucosam ine i s  grow th in h ib i to ry  to  v a rio u s  c e l l  c u l tu r e s . We found in  

o u r system  th a t  th e  in h ib ito ry  e f f e c ts  o f  g lucosam ine on t o t a l  c e l l  p ro ­

te in  a re  se e n  when th e  g lucosam ine o o n o e n tra tio n  i n  th e  medium i s  a s  low 

a s  (me m illim o la r  and t h a t  th e  e f f e c t  i n  l in e a r  vp to  f iv e  m illim o la r , 

W iich was th e  iç p e r  l im i t  o f  o u r t e s t  c o n d itio n s . Bosmann h as s tu d ie d  th e  

e f f e c ts  o f  D -gluoosam ine and D -galacA osam ine on  BNA and p ro te in  s y n th e s is  

in  mouse leukem ic L5178Y c e l l s  and h as r ^ x o te d  th a t  D -gluoosam ine a t  100 

m icrom oles p e r  m i l l i l i t e r  in h ib i t s  PNA, ENA, p ro te in  and g ly c o p ro te in  sy n ­

th e s is  95 p e r  c e n t (9 4 ). Our s tu c ^  shows a  n e a rly  q u a n t i t a t i f  in h ib i t io n  

o f  a lk a lin e  phosphatase in d u c tio n  by a  much low er c o n c e n tra tio n ; in  th e  

mouse c e l l  c u ltu re  sy stem , D -galactosam ine a t  100 m illim o la r  in h ib i ts  th e  

s y n th e tic  p ro cesses  by  23 p e r  c e n t and i n  th e  HeLa system  we haws shown 

th a t  a t  f iv e  m illim o la r , th e  in h ib i t io n  o f  a lk a lin e  p h o sp h atase  in d u c tim

50
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i s  a b o u t tw enty  f iv e  p e r  c e n t . The r e la t iv e  e f fe c td v a ie s s  o f  th e  two s t e -  

r e o is c n e r s , th e n / i s  ab o u t th e  same in  b o th  sy stem s/ and th a t  r a t io  may 

b e  acx30unted f o r  l y  th e  in teroonversicM i o f  tb e  two hexosandnes by an  is o -  

m erase. Bosmann a ls o  te s te d  D-mannose and  found th a t  i t  in h ib ite d  th e  

sy n th e se s  by fo r ty  f iv e  p e r  c e n t/  b u t i n  tb e  HeLa sy stem , we found th a t  

th e  te n  fo ld  in d u c tio n  o f  a lk a lin e  p h o sp h a tase  a c t iv i ty  by  h y d ro c o rtiso n e  

was u n a ffe c te d  by f iv e  m in i  m o lar m annose. In  o u r system , th e  N -a o e ty l 

hexosandnes enhanced th e  a lk a lin e  p h o sp h a tase  a c t iv i ty ,  vdiereas in  th e  

Bosmann s t tu ÿ  N -acety lg luoosam ine in h ib i te d  s y n th e s is  te n  p e r  c e n t, N- 

acety lm annosan ine th i r te e n  p e r  c e n t, and N -ace ty lg a lac to sam in e  h ad  no 

e f f e c t .  The c o n c e n tra tio n  o f  N -a c e ty la te d  hex o said n es u sed  in  Bosm ann's 

s t u ^  was 100 m illim o la r , v d iid i was s e v e ra l tim es hi^& er th a n  th e  h iÿ ie s t  

u sed  i n  o u r s t u ^ ,  and th e  d iffe re n c e s  i n  e f f e c t  a re  p ro b ab ly  b e s t  ac­

co u n ted  f o r  by p o s tu la tin g  t h a t  o u r grow th medium was scm eidiat d e f ic ie n t  

i n  th e  hexosandnes and th e  le v e ls  we added w ere s u f f ic ie n t  to  make tp  th e  

d e f ic ie n c y , b u t below  th e  le v e l  n e c e ssa iy  f o r  to x ic i ty .  Bosmann a ls o  

found  th a t  th e  in h ib it io n s  w ere r e v e rs ib le  by a d d itio n  o f  u r id in e  n u cleo ­

t id e s  ( u r a c i l  and u r id in e  w ere in e f fe c tiv e )  to  th e  grow th mediixn. T h is 

su g g e s ts  th a t  th e  m echanism o f  in h ib i t io n  in v o lv e s  d ^ l e t i a i  o f  th e s e  nuc­

le o tid e s  by fo rm atio n  o f  th e  u r i ^ l  m onosaccharides. S in ce  i t  h a s  been  

e s ta b lis h e d  th a t  new m essenger and p ro te in  s y n th e s is  i s  re q u ire d  f o r  th e  

h y d ro o o rtiso n e  in d u c tio n , i t  seems m ost l ik e ly  t h a t  th e  b lo c k in g  o f  t r a n s ­

la t io n  o r  tr a n s c r ip tio n  i s  th e  mechanism a£  ih h ib itic m  o f  a lk a lin e  phos­

p h a ta se  h y d ro c o rtiso n e  in d u c tio n  by D -glucosam ine. I t  w ould b e  in te r e s t ­

in g  to  add u r id in e  n u c le o tid e s  to  c u ltu re s  o f  651 c e l l s  t r e a te d  w ith  f iv e  

m illim o la r  glucosam ine and le a rn  w hether th e  in d u c tio n  th e n  p ro ceed s.
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ih e  o b se rv a tio n  th a t  neuram m ldase red u ced  th e  d is c  g e l  e le c tro ^  

p h o re tic  m o b ility  o f  65C and 6SH a lk a lin e  p h o sp h a tase  to  e x a c tly  th e  same 

d eg ree  i s  o c m sis te n t w ith  e a r l i e r  r e s u l t s  u s in g  s ta r c h  g e l e le c tro p h o re s is  

(49) a s  i s  o u r o b se rv a tio n  t h a t  neu ram in id ase  tre a tm e n t r e s u l t s  i n  no 

change in  a c t iv i ty .  P ro b ab ly  th e  s i a l i c  a d d  re s id u e s  a re  f a r  enough r e ­

moved from  th e  a c tiv e  s i t e  t h a t  th e y  do n o t a f f e c t  th e  s ih s t r a t e  a f f in i ty  

n o r do th e y  a p p re c ia b ly  a ffe c t: th e  oonform aticai o f  th e  en ^ m e w hich i s  b e ­

lie v e d  to  u n d e r lie  th e  d if fe re n c e  in  ocmtrcxL and induced  a c t iv i ty  (2 4 ).

The accu racy  o f  th e  d a ta  p re se n te d  oonoem ing  th e  amount o f  

phosphate  bound to  a lk a lin e  p h o ^ h a ta s e  i s  d^>endent tp o n  th e  d eg ree  o f  

p u r ity  o f  th e  enzyme. The judgm ent o f  p u r ity  o f  th e  ensyme i s  b ased  p r i ­

m a rily  on th e  f a c t  t h a t  th e re  w ere no p r o te in s , a s  v is u a liz e d  by  th e  

Am ido-Schwartz s ta in ,  o th e r  th a n  a lk a lin e  p h o sp h a ta se , w ith in  th re e  m i l l i ­

m eters on e i th e r  s id e  o f  th e  c e n te r  o f  th e  a lk a lin e  p h o sp h a tase  band . The 

h isto ch ea tL cal s ta in in g  o f  th e  g e l  rem nants w ould have d e te c te d  an  e r r o r  

i n  c u ttin g  th e  g e ls ;  t h a t  i s ,  i f  th e  a lk a lin e  p h o sp h atase  band  h ad  a  scm e- 

\ h a t  d i f f e r e n t  m o b ility  on one g e l ,  o r  i f  th e  f iv e  m illim e te r  a c d s io n  

had  been  d isp la c e d  by  th re e  m illim e te rs  o r  m ore, th e  a lk a lin e  p h o sp h atase  

band o r  a  p o r tio n  o f  i t  w ould have rem ai ned i n  a  rem nant and th e  p u r ity  

o f  th e  p ré p a ra tio n  ccnprom ised. T h is  was n o t th e  c a se ; th e  g e l  rem nants, 

i n  ev ery  c a se , showed no h is to c h e n d c a l s ta in in g . A nother p o s s ib le  so u rce  

o f  e r r o r  oou ld  have b een  th e  p hosphate  a s s ^  i t s e l f ;  how ever, a f t e r  th e  

p re c le a n in g  p ro ced u re  was i n i t i a t e d ,  th e  c x x a s io n a l f a ls e  h i^ i s  due to  a  

b i t  o f  d e te rg e n t re s id u e  in  th e  t i h e  w ere e lim in a te d , and c o n s is te n t, 

re p ro d u d b le  s ta n d a rd  cu rv es ran g in g  frcm  tw o to  one hundred nancm oles o f  

p hosphate  w ere p roduced ro u tin e ly . I t  sh o u ld  b e  p a in te d  o u t t h a t  th e
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n a tu re  o f  th e  mode o f  a ttach m en t o f  th e  pho sp h ate  m easured i n  th i s  s tu d y  

i s  q u ite  d i f f e r e n t  frcm  th e  h ig h ly  l a b i l e ,  r e a d ily  exchangeab le  phosphate 

d e sc rib e d  by  E n g stro n  (95) v h ic h  vras rem oved frcm  th e  enzyme a t  pH 8.

The t o t a l  amount o f  pho sp h ate  was c a lc u la te d  to  b e  o n ly  0 .5  m oles o f  phos­

p h a te  p e r  m ole o f  enzyme. The phosphate determ ined  in  t h i s  s tu d y  s t ^ e d  

on th e  enzyme th ro u ÿ i d is c  g e l  e le c tro p h o re s is  a t  pH 8 .3 , and th e re  was 

a  s u b s ta n tia l ly  g re a te r  amount p re s e n t.

The i s o e le c t r ic  fo c u sin g  p rooedure does n o t t r e a t  th e  a lk a lin e  

p h o sp h atase  a s  h a rsh ly  a s  th e  d is c  g e l e le c tro p h o re s is , b a se d  on th e  h i0 i -  

e s t  s p e c if ic  a c t iv i t i e s  r e s u lt in g  from  th e  tw o p ro c e d u re s . However, v»e 

w ere cxncsemed le s s  v d th  h i ^  s p e c if ic  a c t iv i ty  o f  th e  f in a l  p ro d u c t th a n  

v fith  p ro te in  hom ogeneity, and enzyme p re p a ra tio n s  p u r if ie d  from  p la c e n ta , 

HeLa 65C and 65H by is o e le c ± r ic  fo cu sin g  each  y ie ld e d  a  s in g le  p ro te in  

band on d is c  g e l  e le c tro p h o re s is .

The a c tiv a tio n  o f  an  enzyme by  rem oval o f  p h o sp h ate  o r  in a c t­

iv a tio n  b y  p h o sp h o ry la tio n  i s  i l lu s tx a te d  b y  a t  l e a s t  th re e  p u b lish e d  ex­

am ples, f ru c to s e  1 .6 -d ip h o sp h a ta se , p y ru v a te  d rfy d ro g en ase  and p h o sp h o ry l- 

a se  a  p h o sp h a ta se . N en d id n o  (96) re p o rte d  th a t  cy cd ic  AW in c re a se d  th e  

r a te  o f  in a c tiv a tio n  o f  p u r if ie d  f ru c to s e  1 ,6 -d ip h o sp h a ta se  b y  a  crude 

p re p a tio n  frcm  p o rc in e  k id n ey , ATP and m agnesiun. T o rre s  and  Q ie la la

(97) found th a t  p hosphory lase  a  p h o sp h atase  p a r t i a l ly  p u r if ie d  from  av ian  

s k e le ta l  m uscle vras in a c tiv a te d  a t  a  g r e a te r  r a te  vhen c y c l ic  AMP was ad­

ded . R e a c tiv a tio n  o f  in a c tiv a te d  p y ru v a te  cW ydrogenase from  p ig  h e a r t  

m uscle i s  s tim u la te d  by  in c ib a tin g  th e  polyenzym e conp lex  v«ith  c y c lic  

AW (7 4 ). T hese f in d in g s  su g g e s t th a t  c y c lic  AW n i ^ t  p l ^  a  key  ro le  

in  th e  re g u la tio n  o f  a lk a lin e  p h o sp h atase  a c t iv i ty .  Ook (77) had
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a ttem p ted  to  in d u œ  an  in c re a s e  in  enzyme a c t iv i ty  by a d d itio n  o f  d ib u ty ­

r y l  c y c lic  AMP to  th e  grow th m ediun a f t e r  48 h o u rs  o f  grow th and h a rv e s te d  

th e  c e l l s  fo u r  h o u rs a f t e r  a d d itio n  o f  th e  d ru g . A p p aren tly  th a t  le n g th  

o f  in c i ta t io n  w ith  th e  d ru g  was in s u f f ic ie n t  t o  p e rm it th e  p ro te in  syn­

th e s is  re q u ire d  f o r  th e  in d u c tio n  (53) and i s  ocm siderab ly  le s s  th a n  th e  

la g  p e rio d  p re v io u s ly  d e sc rib e d  (5 4 ). Our e f f o r t  was d ire c te d  tow ard  

d ip l ic a t io n  o f  th e  c o n d itio n s  u n d er v h ic h  in d u c tio n  by h y d ro o o rtiso n e  

o c c u rs , t h a t  i s ,  grow th w ith  th e  d rug  f o r  72 h o u rs . The in d u c tiv e  e f f e c ts  

o f  d ib u ty ry l (?-AW and h y d ro o o rtiso n e  w ere a d d itiv e  and th e  tim e  co u rses 

s im ila r , su g g e stin g  th a t  th e  tw o mechanisms a r e  th e  same o r  c lo s e ly  r e ­

la te d . A denyl c y c la se  i n  leu k o cy te s  frcm  a s th m a tic  and n o n asth m atic  s rb -  

je c ts  h as  b e e i  shown to  b e  s tim u la te d  by  h y d ro o o rtiso n e  and iso p re n a lin e

(9 8 ). I t  w ould b e  e ip e c te d , i f  th e  m echanism o f  a lk a lin e  p h o sp h a tase  in -  

d u c tic n  i s  p r im a rily  th ro u ÿ i s tim u la tio n  o f  ad en y l c y c la s e , r e s u l t in g  in  

in c re a se d  in t r a c e l lu la r  c-AMP, th a t  th e  la g  p e r io d  w ould b e  red u ced  i f  

th e  in d u c in g  d ru g  w ere DB o-AMP r a th e r  th a n  h y d ro c o rtiso n e . However, cyo - 

l i c  AM> h as b een  r^ x a rte d  to  in h ib i t  p ro te in  s y n th e s is  in  r a t  m uscle f i ­

b e rs  (99) and  th i s  s t u ^  in d ic a te s  th a t  th e  same i s  t r u e  f o r  HeLa c e l l s .  

B âr and H ech te r (100) p ro p o se  th a t  th e re  i s  a  s in g le  ad en y l c y c la se  in  

f a t  œ i l  ç h o s t m enbranes and th a t  i t s  s tim u la tio n  b y  d i f f e r e n t  e f fe c to r s  

such  a s  g lu cag o n , s e c r e t in , a d re n o o o r tiœ tu tp in , th y ro id -s tim u la tin g  and 

lu te in iz in g  horm ones, e p in ^ h r in e ,  and o th e r  a g e n ts  i s  m ed ia ted  by sp e c i­

f i c  p ro tê tnaoeous re c e p to rs  a t  th e  o u te r  s u rfa c e  o f  th e  p lasm a m enbrane. 

D iis  m ight: e x p la in  vAy Kcyama (62) was a b le  t o  in d u ce  a lk a lin e  p hosphatase 

w ith  d ib u ty iy l c-AMP b u t n o t w ith  g lu o o o o rtio o id s  ; i t  may b e  th a t  th e  

adenyl c y c la se  o f  th e  m ouse4iam ster h y b rid  c e l l ,  la c k in g  th e  re c e p to r
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p ro te in  s p e c if ic  fo r  h y d ro o o rtiso n e , was iin re sp cn siv e  to  i t .  The f a c t  

t h a t  r e t in o ic  a c id  b lo ck s th e  in d u c tio n  o f  a lk a lin e  p h o sp h atase  by hydro­

o o rtiso n e  b u t n o t by EB c-AMP adds some w e i ^ t  t o  th e  p o s tu la te  th a t  th e  

a c tio n  o f  c y c lic  AM> fo llo w s th a t  o f  h y d ro o o rtiso n e ; p o s s ib ly  r e t in o ic  

a c id  a l t e r s  th e  p ro te in  r e o ^ t o r  in  such  a  va y  t h a t  h y d ro o o rtiso n e  does

n o t b in d  to  i t ,  o r  th a t  r e t in o ic  a c id  in h ib i ts  ad en y l c y c la se  d i r e c t ly .

The p o s s ib i l i ty  th a t  h y d ro o o rtiso n e  a c ts  by in h ib i t in g  p h o ^ h o d ie s te ra s e  

r a th e r  th an  s tim u la tin g  ad en y l c y c la se  was te s te d  by  Logsdon, e t  (9 8 ), 

vho found t h a t  a t  ocm oen trations o f  lO”^ m olar o r  l e s s ,  h y d ro o o rtiso n e  had  

no d e te c ta b le  e f f e c t ;  how ever, a t  10 ^ to  10 ^ m o la r, th e re  was s ig n if ic a n t  

in h ib it io n . A nother p ie c e  o f  ev id en ce  w hich s iç p o r ts  c y c lic  AM> m ed ia tio n  

o f  h y d ro o o rtiso n e  in d u c tio n  i s  th e  m oderate in h ib i t io n  o f  th a t  in d u c tio n  

by im id azo le . The in h ib it io n  o f  in d u c tio n  i s  th e  same in  m agnitude v h e - 

th e r  te n  m icrcm olar o r  one m illim o la r  im id azo le  i s  u sed  in  th e  medium. 

P robab ly  th e  lo w er c o n c e n tra tio n  i s  s u f f ic ie n t  t o  s a tu r a te  th e  phosphodi­

e s te ra s e  in  th e  c e l l s .  E}^)erim ents v h ic h  m ust b e  done in  th e  fu tu re  to

f u r th e r  e lu c id a te  th e  mechanism o f  in d u c tio n  a re  to  m easure a) e f f e c t  o f  

hydrocortisC Tie on HeLa adeny l c y c la s e , b) in t r a c e l lu la r  le v e l  o f  o-AMP 

i n  65C, 65H and EB c-AW in d u ced  c e l l s  and c) th e  amount o f  t i # i t l y  bound 

phosphate  on EB c-AMP induoed  a lk a lin e  p h o sp h a ta se .

The req u irem en t f o r  new PNA and p ro te in  s y n th e s is  r a is e s  s e v e ra l 

q u e s tio n s  ab o u t th e  sequence o f  e v e n ts  o r  r a te  l im itin g  s ti^ js  in  th e  i n ­

d u c tio n  p ro c e ss . Cox (77) su g g e ste d  th a t  th e  la g  ph ase  i s  due to  th e  a c -  

c u n u la tio n  o f  an  in te rm e d ia te , p x s s ib ly  m essenger PNA, d u rin g  th e  sy n th e ­

t i c  ghase o f  th e  c e l l  c y c le , s in c e  c e l l s  grown w ith  cyclohex im ide, a  p ro ­

t e i n  sy n th e s is  b lo ck in g  a g e n t, vdJLl s t a r t  im m ediately  t o  in c re a s e  in
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a lk a lin e  phosphatase a c t iv i ty  a s  socm a s  th e  cyclohexim ide i s  rem oved. 

T h is su g g e sts  th a t  th e  a lk a lin e  p h o sp h atase  vdiich i s  o f  h i^ ie r  s p e c if ic  

a c t iv i ty  i s  cxily th e  newly sy n th e s iz e d  n a t e r i a l ,  v h ic h  m ust b e  s tr u c tu ­

r a l ly  m o d ified  (d ^ h o sp h o ry la te d ) d u rin g  o r  s h o r tly  a f t e r  s y n th e s is , and 

th a t  once th e  enzyme h as been  in c o rp o ra te d  in to  th e  plasm a m enbrane, i t  

i s  n o t a l te r e d  in  a c t iv i ty .  I t  i s  a ls o  p o s s ib le  t h a t  th e  m odij^ ing  en­

zyme o r  enzymes may b e  a  s t r u c tu r a l  oocponent o f  th e  sm ooth endoplasm ic 

re tic u lu m , and th a t  th e  new ly sy n th e s iz e d  a lk a lin e  p h o sp h atase  o n ly  h a s  

one p e rio d  o f  exposure to  i t  o r  them . The q u e s tio n  i s  w hether c y c lic  

AMP in d u ces th e  sy n th e s is  o f  a  p h o sp h atase  v h ic h  cdea^es phosphate from  

p h osphoserine  re s id u e s  on th e  enzym e, re p re s se s  th e  sy n th e s is  o f  a  k in a se  

v h ic h  vrould o th e rw ise  p h o sp h o ry la te  th e  a lk a lin e  p h o sp h a ta se , o r  by  seme 

gene sw itch in g  mechanism le a d s  to  th e  ^ ^ th e s i s  o f  a  more a c tiv e  phospha­

ta s e  o r  le s s  a c tiv e  k in a se . A nother p o s s ib le  m echanism  w ould b e  th e  sim ­

p le  a l lo s t e r i c  a c tiv a tio n  o r  in h ib itu .o n  o f  an  a lre a d y  e x ta n t phosphatiase 

o r  k in a se , assum ing th a t  th e  req u irem en t f o r  new p ro te in  s y n th e s is  ^> - 

p l ie d  o n ly  to  a lk a lin e  p h o sp h atase  i t s e l f ,  and n o t to  some m o d ifie r p ro ­

t e in .  The ev id enoe  p re se n te d  by  G r if f in  and B er (54) su g g ests  t h a t  th e  

a lk a lin e  p hosphatase in d u c tio n  i s  i n i t i a t e d  o n ly  in  th e  s y n th e tic  ph ase  

o f  th e  c e l l  c y c le , b u t i t  does n o t n e c e s s a r ily  fo llo w  th a t  th e  re q u ire ­

m ent f o r  new m essenger im p lie s  a  req u irem en t f o r  a  d if f e r e n t  m essenger. 

The s im p le s t mechanism o f  a lk a lin e  p h o sp h atase  in d u c tio n  by  ly d ro o o r ti-  

sone may b e  a s  fo llo w s: h y d ro o o rtiso n e  b in d s  t o  a  p ro te in  re c e p to r  a s ­

s o c ia te d  w ith  adenyl cycdase in  su ch  a  w ;^ th a t  th e  c y c la se  i s  s tim u la te d  

and th e  in t r a c e l lu la r  le v e l  o f  c y c lic  AMP i s  in c re a s e d . C y c lic  Af© may 

in h ib i t  th e  p h o sp h o iy la tio n  o f  s e r in e  re s id u e s  on a lk a lin e  ph o sp h atase
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vA ich i s  b e in g  sy n th e s iz e d  i n  th e  sm ooüi endoplasm ic re tic u lu m , o r  s tim u ­

l a t e  th e  rem oval o f  pho sp h ate  from  phosphosezines on  th e  en ^ m e . Theo­

p h y llin e  may s tim u la te  th e  p h o sp h o iy la tio n  o f  th e  enzym e, b u t i t  i s  m ore 

reaso n ab le  to  p o s tu la te  t h a t  i t  m iÿ it i n h ib i t  th e  d ep h o sp h o x y la ticn , s in c e  

th e  fu n c tio n s  o f  th e o p h y llin e  th u s  f a r  re p o rte d  have b e a i in h ib i to iy .

The a lk a lin e  p h o sp h atase  oonfozm ation r e s u l t in g  from  th e  sm a lle r  nunber 

o f  phosphates on  th e  enzyme le a d s  to  an  enhancem ent o f  i t s  s p e c if ic  a c t i ­

v i ty .  I f  th e o p h y llin e  d id  i n h ib i t  th e  d ^ h o sp h o z y la tio n , i t  w ould make 

th e  re g u la to ry  p ro o ess  more e le g a n t i f  a lk a lin e  p h o sp h atase  w ere th e  p ro ­

t e i n  phosphatase v h ic h  by e x tr in s ic  o r  i n t r i n s i c  a u to c a ta ly s is  prom oted 

i t s  own d ^ h o sp h o ry la tio n . The o n ly  f irm  ev idenoe t o  s rp p o r t t h i s  p o s s i­

b i l i t y  i s  th e  f a c t  t h a t  th e o p h y llin e  in h ib i t s  th e  phosphcm onoesterase 

a c t iv i ty  o f  a lk a lin e  p h o sp h atase  v e ry  e f f i c i e n t ly .  I f  th a t  w ere th e  c a s e , 

i t  sh o u ld  b e  p o s s ib le , und er th e  p ro p e r c o n d itio n s , to  s tim u la te  an  a u to -  

c a ta ly t ic  dephosphory latûon  i ^  v i t r o ,  u n le s s  th e re  w ere some a s p e c t o f  

conform ation  \h ic h  re q u ire d  t h a t  th e  m o d ific a tio n  ta k e  p la c e  d u rin g  o r  

im m ediately  a f t e r  s y n th e s is .

The re g u la tio n  o f  a lk a lin e  p h o sp h atase  a c t iv i ty  may b e  q u i te  a  

d i f f e r e n t  mechanism in  HeLa 71 , a lth o L # i t h i s  s tn j^  does n o t in c lu d e  s u f ­

f i c ie n t  s t a t i s t i c a l  ev idenoe t o  do much m ore th a n  in d ic a te  o r  su g g e s t a  

d i f f e r e n t  mode o f  r e g u la tio n . The c b se rv a tio n  v h ic h  i s  c o n s is te n t w ith  

th e  HeLa 65 d a ta  i s  th e  low ering  o f  th e  amount o f  t i ^ t l y  bound pho sp h ate  

in  th e  H er s t a t e ;  how ew r, th e  acrtivL ty  o f  th e  71H enzyme i s  som evhat lo ­

w er th a n  th a t  o f  71C, and th e  n u ib e r o f  hexosam ines p e r  m olecule o f  th e  

71C enzyme i s  h a l f  t h a t  o f  71H. I t  may b e  th a t  th e  c o n tro l le v e l  o f  en ­

zyme a c ± iv ity  i s  so  h io ^  t h a t  a  m echanism  v h ic h  te n d s  to  in c re a se  th e
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a c t iv i ty  tr ig g e r s  a  s e p a ra te  p ro cess in v o lv in g  m o ciifica ticsi o f  th e  p o ly -  

sa c c h a rid e  s id e  c h a in , low ering  th e  s p e c if ic  a c t iv i ty .  I t  sh o u ld  b e  r e ­

membered th a t  th e  c o n tro l le v e l o f  a lk a lin e  p h osphatase a c t iv i ty  in  HeLa 

71 i s  two o rd e rs  o f  m agnitude h i^ ie r  th a n  th a t  o f  65H.

Ih e  r o le  o f  a lk a lin e  p h o sp h a tase  in  c l in i c a l  d ia g n o sis  h as been  

re c e n tly  review ed (42,101) and f a l l s  o u ts id e  th e  scope o f  th i s  s t u ^ .  A 

v a r ie ty  o f  p h y s io lo g ic a l ro le s  have b een  proposed  f o r  a lk a lin e  p h o sp h atase  

such  a s  th e  t r a n s f e r  o f  phosphates from  a  p h o sp h o ester to  an  a lc o h o l (102) 

h y d ro ly s is  o f  pyrophosphate (4 3 ), fu n c tio n  as  a  5 '-n u c le o tid a s e  (39) and 

v a rio u s  o th e r  fu n c tio n s  in v o lv in g  c o n se rv a tio n  o r  re g u la tio n  o f  n u c le ic  

a d d s ,  su g a rs  and o th e r  sm all m olecu les from  v h ic h  phosphate  can  b e  re ­

moved under a s s ^  o c n d itio n s . An e a r ly  m ajo r h y p o th esis  concern ing  a lk a ­

l in e  p h o sp h atase  fu n c tio n  ^  v iv o  was p roposed  by  R obison (103) vho pos­

tu la te d  th a t  p h o sp h atese  in  bone vras re sp o n s ib le  f o r  th e  lib e ra ti.(m  o f  

f r e e  phosphate frcm  p h o sp h ate  e s te r s  a i^  th a t  th e  lo c a l  in c re a se  in  f re e  

in o rg a n ic  phosphate c o n c e n tra tio n  le d  t o  th e  d e p o s itio n  o f  c a ld u n  phos­

p h a te  s a l t s .  T h is th e o iy  in v o lv ed  th e  b e l i e f  th a t  b io lo g ic a l c a l d f i c a r  

t io n  o cx u rred  th ro u ^ i th e  p r e d p i ta t io n  o f  s o lu te s  from  s tp e rsa tm ra te d  

s o lu tio n s .

I t  may v e ry  v ra ll b e  th a t  th e  p rim ary  mode o f  a c tio n  ^  v iv o  i s  

to  re g u la te  one o f  th e  d iv a le n t c a tio n s  whose fu n c tio n  and c o n c e n tra tio n  

have b een  lin k e d  to  th o s e  o f  p h o sp h ate . Ih e  m ost obvious o f  th e se  i s  

c a ld u n , s in c e  so  much o f  th e  b o d y 's  m in e ra l w eig h t c o n s is ts  o f  c a ld u n  

p h o sp h ate . I t  m i^ it b e  b e s t  to  look  a t  some o f  th e  dem onstrated  in te r r e ­

la tio n s h ip s  betw een c a ld u n  and some o f  th e  o th e r  f a c to rs  v h ic h  in flu e n c e  

o r  o r  r e la te d  to  a lk a lin e  p h o sp h atase . Mac*bnus and h is  oowodcers have
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found (104) th a t  th e  e p in ^ h r in e  s tim u la te d  r a t  thym ocyte p r o l i f e r a t io n  

m ed iated  by  c y c lic  AW i s  enhanced l y  c a lc iu D , th ro u ÿ i s t i mu la t ion  o f  

ad en y l c y c la se  by ca lc iu m . Chi and F ra n c is  (105) dem o n stra ted  th a t  la rg e  

in c re a s e s  i n  c a ld u n  b u t  n o t so d iu n  o u tflo w  co u ld  b e  s tim u la te d  in  a  c e l­

lu l a r  s lim e  m old by  a d d itio n  o f  0 .1  m illim o la r  c y c lic  AMP. In  fro g  s a r -  

to r iu s  m uscle, B orys and K a rle r  (106) have shown th a t  a d d itio n  o f  te n  

m illim o la r  c a f fe in e , an  in h ib i to r  o f  p h o sp h o d ie s te ra se , s tim u la te s  an  i n ­

c re a se  i n  m ito c h o n d ria l c a ld u n  c o n te n t and a  d ec rease  i n  m icrosom al c a l­

d u n .  The in t r a c e l lu l a r  d is tr ib u tic m  o f  c a ld u n  i s  c r i t i c a l  in  re g u la ­

t in g  a  n u ib e r  o f  enzym ic p ro c e sse s  a s  w e ll a s  in flu e n c in g  m uscle c o n tra c ­

t io n  and s y n a p tic  tra n sm iss io n ; Rasmussen (107) h as th o ro u g h ly  review ed 

a  n u ib e r  o f  in te ra c tio n s  betw een c a ld u n  and c y c lic  AMP i n  a  w ide v a r ie ty  

o f  td s su e s  and o rg an ism s. He h a s  a ls o  found th a t  in  ra c h itd lc  c h ic k s , a  

s ig n if ic a n t  in c re a s e  i n  b o th  in te s t in a l  c a ld u n  a b so rp tio n  and in te s t in a l  

a lk a lin e  p h o sp h atase  a c t iv i ty  o cc u rre d  fo llo w in g  a  s in g le  p ly s io lo g ic a l 

dose o f  v itam in  Dg (4 4 ). He a ls o  found an  in c re a se  in  c a ld u n  a c tiv a te d  

ATPase a c t iv i ty  and  p re se n te d  ev idenoe t o  su g g e s t th a t  th e  a lk a lin e  phos­

p h a ta se  a c t iv i ty  was a n o th e r fu n c tio n  o f  th e  same p ro te in  a s  th e  c a ld u n  

ATPase a c t iv i ty ,  b o th  a c t i v i t i e s  b e in g  in h ib i te d  by L ^ p h e ry la lan in e  b u t 

n o t D -p h en y la lan in e .

I t  w ould b e  o f  no p a r t ic u la r  b e n e f i t  to  th e  o e l l  t o  c le a v e  A3P, 

fd ic h  th e  c e l l  g e n e ra te s  a t  c o n s id e ra b le  ejqpense in  in te r n a l  m e tab o lic  

m achinery and e x te rn a l energy  i i p u t ,  u n le s s  a  concom itan t e v e n t o c c u rre d  

a g a in s t an energy  g ra d ie n t and th a t  e v e n t was b e n e f ic ia l  t o  th e  c e l l .

The cy to p lasm ic  o o n o e n tra tio n  o f  c a ld u n  i n  m anm alian c e l l s  i s  in  th e  

ran g e  o f  lO” ^ to  lo ” ® m o la r, and plasm a o o n o e n tra tio n  i s  ab o u t 10 ^ m o lar
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(44) and th i s  d i f f e r e n t ia l  m ust six re ly  b e  m a in ta in ed  a t  o o n s id e ra b le  ex­

p en se  o f  e n e rg y , vdiose so u rc e  i s  p ro b ab ly  AEP. I t  seems v e ry  rea so n ab le  

t h a t  an  enzyme whose a b i l i t y  to  h y d ro ly ze  a  h i ^  energy  oonpound v d iile  

a s so c ia te d  w ith  calc iu m , an d  lo c a liz e d  a t  th e  o u te r  boundaiy  o f  th e  c e l l ,  

may p o ssess  t h a t  a c t iv i ty  f o r  th e  p u rp o se  o f  pim ping ca lc iu m  o u t o f  th e  

c e l l  a g a in s t th e  o o n o e n tra tio n  g ra d ie n t. I t  i s  p o s s ib le  t o  p o s tu la te  a  

feedback  ^ s t a n  o f  re g u la tio n  o f  th e  a c t iv i ty  o f  th e  enzyme b a se d  on th e  

foU cm ing ev id en o e : in f lu x  o f  c a ld u n  in to  th e  c e l l  i s  a s s o d a te d  w ith  

an  in c re a se  i n  c a ld im -M P a se  a c t iv i ty  and a lk a lin e  p h o sp h a ta se  a c t iv i ty  

(44) ; c a ld u n  s tim u la te s  ad en y l c y c la se  a c t iv i ty  (104) v h ic h  in c re a se s  

th e  le v e l  o f  c y c lic  AMP, in c re a s in g  th e  a c t iv i ty  o f  a lk a lin e  ph o sp h atase  

(c a ld u tt-A IP a se ? ). T h is scheme r a is e s  th e  q u e s tio n  o f  v d ie th er h yd roco r­

t is o n e  v a i l  in d u ce  th e  a c t iv i ty  o f  th e  ca ld u n -A T P ase , and v h e th e r  id en ­

t i t y  o f  th e  tw o a c t iv i t i e s  can  b e  d em o n stra ted  i n  a  h ig h ly  p u r if ie d  enr- 

zyme p r^ > a ra tia n  and v h e th e r  a lk a lin e  p h o sp h a ta se  a c t iv i ty  can  b e  induoed 

by a d d itio n  o f  c a ld u n  to  o e l l s  grown in  c a ld u n  d e f id e n t  medium. There 

i s  some ev id en ce  to  s ip p o r t  th e  l a t t e r ,  a s  HeLa c e l l s  grown i n  s p in n e r  

m ediun v â th  0 .4  m illim o la r c a ld u n  have o n ly  ab o u t te n  p e r  c e n t a s  much 

a lk a lin e  p h o sp h atase  a c t iv i ty  (24) a s  do c e l l s  grown in  m onolayer m ediun 

w hich c o n ta in s  2 .7  m illim o la r  c a ld u n  (7 8 ). MacManus (104) showed a  

sh a rp  p la te a u  i n  th e  e f f e c t  o f  c a ld u n  on  c y c lic  AW , v d th  th e  b re a k  a t

1 .2  m illim o la r .

Our f in a l  e x p e rim a it in p l ic a te s  an  in te r r e la t io n s h ip  betw een 

a lk a lin e  p h o sp h a tase  a c t iv i ty  and c a ld u n  re g u la tio n  by  show ing th a t  a lk a ­

l in e  p h o sp h a ta se  i s  in d u ced  th re e  fo ld  b y  c a ld to n in  a t  f i f t y  m il l iu n i ts  

p e r  m i l l i l i t e r  i n  th e  grow th, m ediun. C a ld to n in  i s  produced  b y  th e
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p a r a f o l l ic u la r  c e l l s  c lu s te re d  in in e d ia te ly  o u ts id e  th e  c e l l s  t h a t  b o rd e r 

th e  th y ro id  f o l l i c l e  and cau ses hypocaloenda t y  in h ib i t in g  bone ré s o rp tio n  

by o s te o c la s ts  (9 3 ). B ird , e t  (108 ), o b serv ed  m arked hypocaloenda 

and hypophosphatan ia in  r a t s  in je c te d  w ith  im id a z o le , v h i le  th e o p ly llin e  

induoed hypophosphatem ia w ith o u t s ig n if ic a n t ly  a f fe c tin g  p lasm a calcium .

In  r a t s  v h ic h  had  been  p r e tr e a te d  f o r  fo u r days v fith  c o r tis o n e , th e  im id a­

z o le  induoed  hypocalcem ia was red u ced , v h i le  th e o p h y llin e  e x e r te d  a  m arked 

hypocalocm ic e f f e c t .  These f in d in g s  a re  c o n s is te n t w ith  o u r  m odel, in  

th a t  hypocalcem ia, w hich i s  analogous to  a  red u ced  pim ping o f  calcium  o u t 

o f  th e  c e l l  in to  th e  m ediun (plasm a) i s  induoed  by th e  same oonpound, 

im id azo le , v h ic h  reduces th e  i n d u d b i l i ty  o f  a lk a lin e  p h o sp h a ta se  in  HeLa 

c e l l s .  I n  b o th  sy stem s, th e  e f f e c ts  o f  im id azo le  and th e  g lu c o c o rtic o id  

a re  a n ta g o n is tic .

The r e s u l t s  o f  t h i s  s tu c ^  seem to  im p lic a te  a  key  r o le  o f  a lk a ­

l in e  p h o sp h a ta se  in  th e  re g u la tio n  o f  c a ld u n  tr a n s p o r t .



CHAPTER V  

SUtlARÏ

A lk a lin e  p h o sp h atase  a c t iv i ty  in  HeLa c e l l s ,  an  a iie tp lo id  l in e  

o f  e p i th e l ia l  o r ig in  d e riv e d  from  an adenocarcinom a, i s  in d u c ib le  by th e  

a d d itio n  o f  h y d ro c o rtiso n e  to  th e  grow th m ediun. The in d u c tio n  b eg in s  

a f t e r  an e i ^ t e e n  h o u r la g  p e r io d , in c re a se s  l in e a r ly  f o r  ab o u t t h i r t y  

s ix  h o u rs , and reach es a  p la te a u  o r  new s te a i^  s t a t e  le v e l  ab o u t s ix  fo ld  

h i ^ e r  th a n  th e  c o n tro l le v e l .  The e le v a te d  a lk a lin e  p h o sp h atase  a c t iv i ty  

ra n a in s  c o n s ta n t as  long  a s  th re e  m ic ro n o la r l^ d ro c o rtis o n e  i s  m ain ta in ed  

in  th e  grow th medium. The in c re a s e  in  a c t iv i ty  i s  due to  an  in c re a s e  in  

th e  i n t r i n s i c  s p e c if ic  a c t iv i ty  r a th e r  th a n  to  an  in c re a s e  i n  th e  amount 

o f  enzyme p re s e n t in  th e  c e l l .  The in d u c tio n  can  b e  b lo ck ed  by  p u rcn y c in , 

a c tin c n y c in  D o r  by D -glucosam ine, v h ic h  h as b een  shown to  i n h ib i t  sy n th e­

s i s  o f  p r o te in , g ly o c p ro te in  and n u c le ic  a d d s .

The m ore a c tiv e  form  o f  th e  a i^ m e , from  c e l l s  grown w ith  hydro­

c o r tis o n e , i s  found to  have fo u r  tim es le s s  t i ^ t l y  bound pho sp h ate  th a n  

th e  enym e from  c o n tro l c e l l s .  D ib u ty ry l ad en o sin e  c y c lic  3 ' ,5 '-inonoph06- 

p h a te  a ls o  in d u ces a  s ix  f o ld  in c re a s e  i n  c e l l u l a r  a lk a lin e  p h o sp h atase  

a c t iv i ty  vdien added to  th e  medium a t  one m in im o la r , and th i s  in d u c tio n  

i s  a d d itiv e  to  th a t  caused  by  th re e  m icrcm olar h y d ro c o rtiso n e . Im idazo le  

p a r t i a l l y  b lo c k s  th e  in d u c tio n  by  ty d ro c o r tis o n e , and  th e o p iy llin e  low ers 

th e  c o n tro l le v e l  o f  a lk a lin e  p h o sp h atase  a c t iv i ty  i n  a d d itio n  t o  m arkedly
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red u cin g  th e  amount o f  in d u c tio n  b y  h y â ro o o rtis c n e . % e  o c n b in a tio n  o f  

d ib u ty ry l c y c lic  AMP and th e o p h y llin e  e x h ib its  a  pow erfu l c y to to x ic  e f f e c t .  

'H ieo p h y llin e  a lo n e  p e rm its  norm al o e l l  p ro p ag aticm , v d iile  d ib u ty iy l c y c lic  

AMP a lo n e  b lo ck s c e l l  grow th ab o u t f i f t y  p e r  c e n t. R e tin o ic  a d d  b lo ck s 

th e  in d u c tio n  by  h y d ro c o rtiso n e  b u t n o t th a t  s tim u la te d  by d ib u ty ry l c y c lic  

AMP. Ih e c p h y llin e  in h ib i ts  th e  phosphononoesterase a c t iv i ty  o f  a lk a lin e  

p h o sp h atase  when added to  th e  a ssa y .

"BrX) p o ly p e p tid e  hormones v h ic h  a re  im p o rta n t f a c to rs  i n  c a ld u m  

re g u la tio n  a ls o  show some e f f e c t  on c e l lu la r  a lk a l in e  p h o sp h atase  a c t iv i ty .  

P a ra th y ro id  hormone s l ig h t ly  red u ces th e  o o n tro l le v e l  o f  a lk a lin e  phospha­

ta s e  a c t iv i ty ,  w h ile  c ^ a ld tc n in  in d u ces a  m arked in c re a se  in  a c t iv i ty .  

N e ith e r hormone a f f e c ts  c e l l  g row th . Evidence i s  p re se n te d  to  su g g e s t th a t  

a lk a lin e  p h osphatase a c t iv i ty  i s  re g u la te d  by p h o sp h o ry la tio n  and dephos- 

p h o ry la d o n , t h a t  th e  re g u la tio n  i s  m ed iated  b y  c y c lic  AW , and th a t  th e  

i n  v iv o  fm c tic a i o f  th e  en2yme may b e  to  re g u la te  th e  le v e l  o f  c a ld u n  in  

th e  cy txplasm .



6 4

LIST OF IEFEFEMŒS

1 . D ixon, M ., and E . C. W^3b. 1964. Enzymes, 2nd e d . Lcaigmans ,
L o n d o n .

2 . Ghosh, N. K. 1969. P u r if ic a tio n  and  m o lecu la r p ro p e r tie s  o f  p la ­
c e n ta l and in te s t in a l  a lk a lin e  p h o sp h a ta se s . Ann. N. Y. A cad. 
ScL. 166:604.

3 . Rctoinscxi, j .  c . ,  J .  E . P ie rc e  and D. P . G o ld s te in . 1964. D if fe r ­
e n t i a l  a c tio n  o f  neuram in idase on  hunan serum  a lk a lin e  phospha­
ta s e .  N atu re  (London) 204:472.

4 . M oss, D. W ., R. H. E a to n , J .  K. Sm ith and  L . G. Whitiby. 1966. A l­
te r a t io n  i n  th e  e le c tro p h o re tic  m o b ility  o f  a lk a lin e  phosphat­
a se s  a f t e r  tre a tm e n t w ith  n eu ram in id ase . Biochem. J .  9 8 :3 2 c .

5 . B eyer, S . H. 1963. Hunan o rg an  a lk a lin e  p h o sp h a ta ses: d is c r im i­
n a tio n  by  s e v e ra l means in c lu d in g  s ta r c h  g e l e le c tro p h o re s is  
o f  antiens^m e-enzym e s c p e m a ta n t f lu id s .  Ann. N. Y. A cad. S o i. 
103:938.

6 . G o ttlie b , A. J . ,  and H. H. Sussman. 1968. Human p la o e n ta l a lk a lin e
p h o sp h a ta se : m o lecu la r w e i ^ t  and  s ib u n i t  s tr u c tu r e . Biocfaim. 
B io p t^ . A cta  160:167.

7 . G r if f in , M. J .  1969. S ^ x a ra tio n  and c h a ra c te r iz a tio n  o f  HeLa a lk a ­
l in e  pyrophosphatase isoenzym es. A rch. Biochem. B iophys. 132: 
299.

8 . Ghosh, N. K ., and W. H. Fishm an. 1967. C h a ra c te r iz a tio n  o f  hunan
p la o e n ta l a lk a lin e  p h o sp h atase  isozym es. Fed. P ro c . 26 :558 .

9 . B o ttcm ley , R. H ., C. A. L ov ig ,"R . H o lt and M. J .  G r if f in . 1969.
G onparison o f  a lk a lin e  p h o sp h atase  from  hunan norm al and le u ­
kem ic le u k o c y te s . C ancer R es. 29:1866.

10 . M ath ies, J .  C. 1958. P re p a ra tio n  and p ro p e r tie s  o f  h iÿ i ly  p u r if ie d
a lk a lin e  p h o sp h a tase  from  sw ine k id n e y s . J .  B io l. Cham. 233: 
1121.

11 . C la rk , B ., and J .  W. P o rte o u s . 1965. The m e ta l io n  a c tiv a tio n  o f



6 5

th e  a lk a lin e  b e ta r^ ly œ rc p h œ p h a ta se  o f  r a b b it  sm all in te s t in e .  
Biochem. J .  95 :475 .

12. H erz, F . , and H. M. N itow sky. 1962. A lk a lin e  ph o sp h atase  a c t iv i ty
o f  hunan c e l l  c u ltu re s :  k in e t ic  and p h y sic a l-c h e m ic a l p ro p e r­
t i e s .  A rch. Biochem. B iophys. 96:506.

13. M oss, D. W. 1969. The in flu e n c e  o f  m eta l io n s  on th e  o rth o p h o sp h at­
a se  and in o rg a n ic  p y rophosphatase  a c t iv i t i e s  o f  hunan a lk a lin e  
p h o sp h a tase . Biochem. J .  112:699.

14. Fishm an, W. H ., S . G reen and N. I .  I n g l i s .  1963. L -^ h en y la lan in e :
an organ  s p e c if ic  s te r e o s p e c if ic  in h ib i to r  o f  hunan i n t e s t i n a l  
a lk a lin e  p h o sp h a ta se . N atu re  (London) 198:685.

15 . E a to n , R. H ., and D. W. M oss. 1967. I n h ib itio n  o f  th e  o rthophos­
p h a ta se  and py rcp h o sp h atase  a c t i v i t i e s  o f  hunan a lk a lin e  phos­
p h a ta se  p re p a ra tio n s . Biochem . J .  102:917.

16. D abich, D ., and O. W. N eihaus. 1966. P u r if ic a tio n  and p ro p e r tie s
o f  bov ine sy n o v ia l f lu id  a lk a lin e  p h o sp h a ta se . J .  B io l. Chem. 
241:415.

17. H i l l ia r d ,  S . D ., J .  F . O 'D onnell and  S . S chehker. 1965. On th e  n a ­
tu re  o f  th e  in h ib i to r  o f  u r in a ry  a lk a lin e  p h o sp h a ta se . C lin . 
Chem. 11 :570 .

18. Engstrom , L . 1964. S tu d ie s  on b o v in e  l iv e r  a lk a lin e  p h o sp h atase
p u r if ic a t ic s i , phosphate  in c o rp o ra tio n . B icxhim . B iophys. A cta  
92 :71 .

19. C la rk , S . L ., J r .  1961. The lo c a l iz a t io n  o f  a lk a lin e  p h o sp h atase
in  t is s u e s  o f  m ice, u s in g  th e  e le c tro n  m icroscope. Amer. J .  
A nat. 109 :57 .

20. Ghosh, N. K ., and W. H. Fishm an. 1968. P u r if ic a tio n  and p ro p e r tie s
o f  m o lecu la r w e i ^ t  v a r ia n ts  o f  hunan p la o e n ta l a lk a lin e  phos­
p h a ta se . Biochem . J .  108:779.

21. Jacx h y , B ., and K. D. Bagshawe. 1972. P la c e n ta l- ty p e  a lk a lin e
p h osphatase from  hunan tu n o r t i s s u e .  C lin . Chim. A cta 35:473.

22. Nakayama, T ., M. Y oshida and M. K itam ura. 1970. L - le u d n e  s e n s i­
t i v e ,  h e a t- s ta b le  a lk a lin e  p h o sp h atase  isoenzym e d e te c te d  in  
a  p a t ie n t  w ith  p le u rL tis  ca rc in cm ato sa . C lin . (h im . A cta 30 : 
546.

23. Fishm an, W. H ., N. R. I n g l i s ,  L . L . S to lb a d i and M. J .  K ran t. 1968.
A se ru n  a lk a lin e  p h o sp h atase  isoenzym e o f  hunan n e o p la s tic  c e l l  
o r ig in . C anoer R es. 28:150.

24. G r if f in , M. J . ,  and  R. P . Cbx. 1966. S tu d ie s  on th e  mechanism o f



66

honnone in d u c tio n  o f  a lk a lin e  phosphatase in  human c e l l  c u l­
tu r e s ,  I I ,  R ate o f  en^m e s y n th e s is  and p ro p e r tie s  o f  b ase  
le v e l  and in d u ced  enzym es. P ro c . N at. Acad. S d .  U .S.A . 56:
946.

25. Cox, R. P . ,  and M. J .  G r if f in . 1967. A lk a lin e  p h o sp h a ta se . I .
C onparison o f  th e  p h y s ic a l and  c h a n ic a l p ro p e r tie s  o f  e n z ^  
p r^ > a ra tio n s  from  mammalian œ i l  c u ltu re s , v a rio u s  anim al t i s ­
s u e s , and E sc fae ric ia  c o l l .  A rch . Biochem. B iophys. 122:552.

26 . F e m le y , H. N ., and  P . G. W alker. 1970. I ih ib i t io n  o f  a lk a lin e
p h o sp h atase  by  Ir-p h en y la lan in e . Biochem. J .  116:543.

27. Agus, S . G ., R. P . Cox and M. J .  G r if f in . 1966. I n h ib it io n  o f  a lk a r
l in e  phosphatuse by  c y s te in e  and  i t s  an alo g u es. B iochim . B io r 
p h y s. A cta 118:363.

28. N eale , F . C ., J .  S . C lrh b , D. H o tch k is and S . P osen . 1965. H eat
s t a b i l i t y  o f  human p la o e n ta l a lk a lin e  p h o sp h a ta se . J .  C lin . 
P a th . 18:359.

29. Fishm an, W. H ., e t  a l .  1968. Immunology and b io ch em istry  o f  Regan
isoenzym e o f  a lk a lin e  p h o sp h a tase  in  hunan c a n c e r. N atu re  (Lonr- 
don) 219:697.

30. P osen , S . ,  F . C. N eale  and J .  S . C lih b . 1965. H eat in a c tiv a tio n  in
th e  s tu d y  o f  human a lk a lin e  p h o sp h a tase . Ann. I n te rn . Med. 62: 
1234.

31. R osenberg, I .  N. 1959. Zone e le c tro p h o re tic  s tu d ie s  o f  se ru n  a lk a ­
l in e  p h o sp h a ta se . J .  C lin . In v e s t. 38:630.

32. O iosh , N. K ., S . S . Goldman and W. H. Fishm an. 1967. Hunan p lao en ­
t a l  a lk a lin e  p h o sp h a ta se : a  s ia lo p ro te in . Enzym ologia 33:113.

33. B u tte rw o rth , P . J . , and D. W. M oss. 1966. A ctio n  o f  neuram in idase
on hunan k idney  a lk a lin e  p h o sp h a ta se . N ature(Londoi^ 209:805.

34. S p en cer, T . 1967. A ctio n  o f  S en d ai v iru s  and n eu ram in idase on th e
a lk a lin e  p h o sp h atase  isoenzym es o f  HeLa c e l l s .  N ature(london) 
215:985.

35. M oss, D. W. 1963. H e te ro g en e ity  o f  hunan a lk a lin e  p h o sp h a tase .
N atu re  (London) 200:1203.

36. B im elo t, P . ,  and C. J .  B os. 1966. On th e ^ > a r tic ip a tio n  o f  neuram i­
n id a se  s e n s i t iv e  s i a l i c  acdd i n  th e  K dependent phosphchydro- 
ly s i s  o f  p -n itro p h e n y l p h o sp h a te  by is o la te d  r a t  l i v e r  p lasm a 
membrane. B iochim . B iophys. A cta  115:244.

37. E ls c n , N. A ., and R. P . Cok. 1969. P ro d u ctio n  o f  f e t a l - l i k e



6 7

a lk a lin e  p h o ^ d ia ta se  b y  HëLa œ l l s .  B iochan. G en et. 3 :549 .

38. G hosh, N. K., and W. H. Fishm an. 1966. On th e  medhanism o f  in h ib i­
t io n  o f  i n t e s t in a l  a lk a lin e  p h o sp h atase  b y  L -p h e n y la la n in e . I .  
K in e tic  s tu d ie s . J .  B io l. Chan. 241:2516.

39. N a ito , Y. 1972. A lk a lin e  p h o sp h a tase  o f  ch ick en  l i v e r  ndciosonies
I .  P u r if ic a tio n  and a s s o c ia te d  5 '-n u c le o tid a s e  a c t iv i ty .  
P t ^ i o l .  Chan. Phys. 4 :2 7 .

40. Ccoc, R. P . ,  and C. M. MacLeod. 1964. R egulaticxi o f  a lk a lin e  phos­
p h a ta se  in  hunan c e l l  c u l tu r e s . C old S p r. H azb. Synp. Q uant. 
B io l. 29:233.

41. T an, K. K. , and S . E . lia , 1971. The p u r ifL c a tic n  and  p ro p e r tie s
o f  h e a t- s ta b le  a lk a lin e  p h o sp h a tase  isoenzym es from  HeLa c e l l s .  
B iochim . B iophys. A cta 235:119.

42. P o sen , S . 1967. A lk a lin e  p h o sp h a ta se . Ann. I n te r n .  Med. 67 :183 .

43. Cox, R. p . , and M. J .  G r if f in . 1965. py ro p h o sp h atase  a c t iv i ty  o f
m aim alian a lk a lin e  p h o sp h a ta se . The L an cet 2 :1018 .

44. H a u ss ie r, M. R ., L . A; Nagode and H. Rasm ussen. 1970. In d u c tio n  o f
in te s t in a l  b ru sh  b o rd e r a lk a lin e  p h o sp h atase  b y  v ita m in  D and 
id e n t i ty  w ith  CaATPase. N atu re  (London) 228:1199.

45. G hosh, N. K ., and  L . K otow itz. 1969. On th e  in t r a c e l lu l a r  d i s t r i ­
b u tio n  o f  a lk a lin e  p h o sp h a tase  in  hunan l i v e r  and  in te s t in e .  
Enzym ologia 36 :54 .

46. L a n sin g , A. I . ,  M. L . B elkode, W. E . ly n ch  and I .  L ieberm an. 1967.
Enzymes o f  plasm a membranes o f  l i v e r .  J .  B io l. Chem. 242:1772.

47. Ccac, R. P . ,  N. A. E lso n , S . H. Tu and M. J .  G r if f in . 1971. Hormonal
in d u c tio n  o f  a lk a lin e  p h o sp h a ta se  a c t iv i ty  b y  an  in c re a se  in  
c a ta ly t ic  e f f ic ie n c y  o f  th e  enzyme. J .  M ol. B io l . 58:197.

48. Gey, G. W ., W. D. C offnan and M. T . K rb ichdc. 1952. T issu e  c u ltu re
s tu d ie s  o f  th e  p r o l i f e r a t iv e  o p a c i ty  o f c e r v ic a l  ca rd n cm a and 
norm al ^ i t h e l i u n .  C ancer R es. 12:264.

49. G r if f in ,  M. J . ,  and R. H. B o ttc m l^ . 1969. R e g u la tio n  o f  a lk a lin e
p h o sp h atase  in  HeLa c lrm es o f  d if f e r in g  m odal chromosome n u ib e r . 
Ann. N. Y. Acad. S d .  166:417.

50. N ito w sl^ , H ., and F . H erz. 1963. Hormonal r e g u la tio n  o f  a lk a lin e
p h o sp h atase  i n  d isp e rse d  c e l l  c u ltu re s . Biochem . B iophys. R es. 
Commun. 11 :261 .

51. M eliykovydi, G. 1962. E f f e c t  o f  c o r tic o s te ro id s  on th e  fo rm atio n



68

o f  a lk a lin e  p h o sp h a tase  in  HeLa c e l l s .  Biochem . B iophys. B es. 
Ccfcnun. 8 :8 1 .

52. Ja o c b , R ., and J .  Monod. 1961. G en e tic  re g u la to ry  mechanisms in
th e  sy n th e s is  o f  p ro te in s . J .  M ol. B io l. 3 :318 .

53. G r if f in , M. J . , and R. P . Cok .  1966. S tu d ie s  on  th e  mechanism o f
horm onal in d u c tio n  o f  a lk a lin e  phoqphatase i n  human c e l l  c u l­
tu r e s  I .  E f fe c ts  o f  p u rcn y c in  and ac± inonycin  D. J .  C e ll 
B io l. 29 :1 .

54. G r if f in , M. J . ,  and R. B e r. 1969. C e ll c y c le  e v e n ts  in  th e  hyd ro -
c o r tis c n e  re g u la tio n  o f  a lk a lin e  p h o sp h atase  i n  HeLa c e l l s .
J .  O e ll B io l. 40 :2 9 7 .

55. G r if f in , M. J . , and H. R . Cama. 1970. V itandn  A in h ib itic sn  o f  c o r­
t i s o l  in d u c tio n  o f  HeLa a lk a lin e  phcssphatase. N atu re (London) 
228:762.

56. M eln^ovych , G ., and C . C . C ostlcw . 1971. R e la tio n sh ip  betw een
g lu o o san in e  q p tak e  and a lk a lin e  p h o sp h atase  i n  HeLa c e l l s :  
e f f e c ts  o f  glucx3s e  and p re d n iso lo n e . J .  N a t. Canoer I n s t .  47: 
527.

57. B ek e si, J .  G .,  Z. M olnar and J .  W in z le r. 1969. In h ib ito ry  e f f e c t
o f  D-glu«3osam ine and o th e r  su g a r analogs on  th e  v i a b i l i ty  and
tr a n s p la n ta b i l i ty  o f  a s c i te s  tu n o r  c e l l s .  Canoer  R es. 29:353.

58. T o r r ia n i, A. 1960. In flu e n c e  o f  in o rg a n ic  p hosphate  in  th e  fo m e -
t io n  o f  p h o sp h a tases by  E . c jo li. B iochim . B icphys A cta  38:460.

59. Co k ,  R. P . ,  and C. M. MacLeod. 1961. Hoxmonal in d u c tio n  o f  a lk a lin e
p h o sp h atase  i n  human ce l l s  i n  t i s s u e  c n iltu re . N atu re (London) 
190:85 .

60. MoCuaig, L . W., M. I .  D avies and I .  M olzok. 1972. I n te s t in a l  a lk a ­
l in e  p h o sp h atase  and  p h y ta se  o f  c h ic k s : e f f e c t  o f  d ie ta ry  mag­
nésium , c a ld u n , p h o ^ h o ru s  and th y ro a c tiv e  c a s e in . P o u ltiy  
S c i. 51:526.

61 . M o r r ill , G. A ., and E . R cbbins. 1967. The r o le  o f  c a ld u m  i n  th e
re g u la tio n  o f  th e  s t e a ^  s t a t e  le v e ls  o f  sodium  and p>ctassiun
in  th e  IfeLa c e l l .  J .  Gen. K y s io l .  50 :781.

62. K oyana, H ., R. K ato and T . Qno. 1972. In d u c tio n  o f  a lk a lin e  phos-
p ^ t a s e  by c y c lic  AW o r  i t s  d ib u ty ry l d e r iv a tiv e  in  a  h ^ r i d  
l i n e  betw een mouse and C hinese h am ster in  c u l tu r e . Biochem. 
B iophys. R es. Commun. 46:305.

63. Thompson, E . B ., G. M. T onkins and J .  F . C ioxan. 1966. In d u c tio n
o f  ty ro s in e -a lp h c H c e to g lu ta ra te  tran sam in ase  b y  s te r o id  hormones



69

in  a  newly e s ta b lis h e d  t is s u e  c u ltu re  c e l l  l in e .  P ro c . N at. 
A cad. S d .  U .S.A . 56 :296 .

64. G ran n er, D. K ., S . H ey ash i, E . B . Ihcnpson  and G. M. T onk ins. 1968.
S tim u la tio n  o f  ty ro s in e  a m in o tra n sfe ra se  sy n th e s is  b y  dexam eth- 
a scn e  p hosphate  i n  c e l l  c u ltu re . J .  M ol. B io l. 35 :291 .

65 . M endelscn» D ., A. Grossm an and A. B o c to r i. 1969. In d u c tio n  o f  ty ro ­
s in e  a m in o tra n sfe ra se  by  D -gluoosandne in  r a t  hepatom a c e l l  c u l­
tu r e .  Biochem. B iophys. R es. Ocmnun. 36:721.

6 6 . K em ey, F . T ., and R. M. F lo ra . 1961. In d u c tio n  o f  ty ro s in e  a lp h a -
k e to g lu ta ra te  tra n sa m in a se  i n  r a t  l i v e r .  J .  B io l. Qiero. 236: 
2699.

67. V a le n tin e , W. N ., J .  H. F o l le t t e ,  E . B . H ard in , W. S . Beck and J .  S .
L aw renœ . 1954. S tu d ie s  on le u c o c y te  a lk a lin e  p h o s p ^ ta s e  ac­
t i v i t y :  r e la t io n  t o  s t r e s s  and p i tu i ta iy - a d r e n a l  a c t iv i ty .  J .  
L ab. C lin . Med. 44 :219 .

6 8 . tf f l l le r , E . , A. 6 . E . P e a rse  and D. W. M oss. 1971. The in d u c ib le
a lk a lin e  p h o sp h a ta se  o f  r a t  h e a r t .  Seme p ro p e r tie s  o f  th e  en ­
zyme and f a c to r s  in flu e n c in g  i t s  a c t iv i ty .  Biochem . J .  123:895.

69 . K aunann, A. J .  1972. P o te n tia tio n  o f  th e  e f f e c ts  o f  iso p re n a lin e
and n o ra d re n a lin e  b y  ty d ro o o rtlso n e  i n  c a t  h e a r t  m u scle . A rch. 
fO r Fharm akol. 273:134.

70. C lau sen , J . ,  and B . Fozidby. 1967. E f f e c t  o f  n o ra d re n a lin e  o f  phos­
p h a ta se  a c t iv i ty  i n  s y n ^ r tlc  men$»rane o f  th e  r a t  b r a in . N atu re 
(London) 213:389.

71. MoCcy, E . E . , M. M badi and  J .  E ngland. 1966. S te ro id  m ed ia ted
changes o f  le u c o c y te  a lk a lin e  phosphat:ase a c t iv i ty  i n  Down's 
syndrom e. P e d ia tr ic s  38:996.

72. d v e n , M ., and W. E . Knox. 1959. The in d q p en d aice  o f  h y d ro c o rtiso n e
and try p to p h an  in d u c tio n s  o f  try p to phan  p y rro la s e . J .  B io l. 
Chem. 234:1787.

73. N itow sky, II. M ., F . H erz and S . Gel 1 e r. 1963. In d u c tio n  o f  a lk a lin e
ph o sp h atase  in  d is p e rs e d  o e l l  c u ltu re s  by changes i n  osmo la r i t y .  
Biochem . B iophys. R es. G onnui. 12 :2 9 3 .

74. H o lz e r, H ., and W. D untze. 1971. M eta b o lic  re g u la tio n  b y  chem ical
m o d ific a tio n  o f  enzym es. Ann. Rev. Biochem. 40 :345 .

75. T u, S . H .,  and M. J .  G r if f in .  U npublished  o b se rv a tio n .

76. D oenecke, D ., M. B e a to , L . F . Congote an d  C. E . S e k e r is . 1972.
E ffec±  o f  c o r t i s o l  o n  th e  th io l  c o n te n t o f  r a t  l i v e r  n u c le a r



70

p ro te in s . Biochem . J .  126:1171.

77. Cox, R. P . 1971. E a rly  ev en ts  in  h o n n m al in d u c tica i o f  a lk a lin e
phosphatase in  hunan o e l l  c u ltu re :  haxm one-oell in te r a c t io n  
and i t s  dependenœ  on CNA s y n th e s is . Ann. N. Y. A cad. S d .  
179:596.

78. E ag le , H. 1959. Amino a d d  m etabolism  i n  m anm alian c e l l  c u ltu re s .
S d e n o e  130:432.

79. B ottcm ley , R. H ., A. L . T ra in e r  and M. J .  G r if f in . 1969. Enzym atic
and chranoscm al c h a ra c te r iz a tio n  o f  H e L a .v a ria n ts . J .  C e ll B io l. 
41 :806.

80. Tu, S . H. 1972. M snbrane changes in  HeLa c e l l s  grown w ith  o o r t is o l .
Ph.D . O h esis. L h iv e rs ity  o f  Oklahoma. 86  p .

81. D avis, B. J .  1964. D isc e le c tro p h o re s is  I I :  ffethod and a p p lic a tio n
to  human se ru n  p ro te in s . Ann. N. Y. Acad. S d .  121:404.

82. O m ste in , L . 1964. D isc e le c tro p h o re s is  I :  Background and  th e o ry .
Ann. N. Y. Acad. S d .  121:349.

83. Lowry, O. H ., in  M e ^ o ^  i n  Enzymology , S . P . C dow ick  and N. O. Kap­
la n , e d s .. Academic P re s s , p . 3 /1 . 1957.

84. Lowry, O. H ., N. J .  R o sen b ro u ^ , A. L . F a r r  and F . J .  R a n d a ll. 1951.
P ro te in  m easurem ent w ith  th e  P o lin  p heno l re a g e n t. J .  B io l.
Chem. 193:265.

85. G a tt, R ., and E . R. Berman. 1966. A r a p id  p ro ced u re  f o r  th e  e s t i -
matdon o f amino su g a rs  on a  m icro  s c a le .  A nal. Biochem . 15:167.

8 6 . D eakin, H ., M. G. O rd and L . A. S to ck en . 1963. G luoose-6 ^ h o s p h a te -
d d ^ d ro g en ase  a c t iv i ty  and t h i o l  c o n te n t o f  thymus n u c le i frcm  
cx x itro l and g a im ar-irrad ia ted  r a t a .  Biochem. J .  89 :296.

87. C le lan d , W. W. 1964. D L th io th re ito l, a  new p ro te c tiv e  re a g e n t f o r
SH g ro u p s. B iochem istxy 3 :480 .

8 8 . K ing, E . J .  1932. The c o lo r im e tr ic  d e te rm in a tio n  o f  phosphorous.
Biochem. J .  26 :292 .

89. K e lle r , N. 1970. E f f e c t  o f  c o r t i s o l  on HeLa c e l l  m etcbolism  and
m orphology. Ph.D . T h e s is . U n iv e rs ity  o f  Cklahoma. 83 p .

90 . L i, Y. T .,  and S . C. L i. 1968. S tu d ie s  on th e  g ly o o sid a se s  i n  ja c k
bean  m eal I I .  S e p a ra tio n  o f  v a rio u s  g ly o o sid ases  by  is o e le c ­
t r i c  fo c u sin g . J .  B io l. Chem. 2 4 3 :^ 9 4 .

91 . B u tch er, R. W., and E . W. S u th e rla n d . 1962. A denosine 3* ,5 '



71

pho sp h ate  in  b io lo g ic a l m a te r ia ls . J .  B io l. Chan. 237:1244.

92 . 0 y e , I . ,  and E . W. S u th e rla n d . 1966. The e f f e c t  o f  e p in e p h rin e  and
o th e r  ag en ts  on adeny l c y c la se  in  th e  c e l l  m enbrane o f  av ia n  
e ry th ro c y te s . B iochim . B io p l^ .  A cta  127:347.

93 . A m bach, G. D ., J .  T . P o t ts ,  L . R. Chase and  G. L. M els o n . 1969.
P o ly p ep tid e  honnones and calcxcm  m etabolism . Ann. I n te rn . Med. 
70:1243.

94 . Bosmann, H. B. 1971. I n h ib it io n  o f  p r o te in , g ly o c p ro te in , rib o n u c ­
l e i c  a d d  and d e c sy rib o n u c le ic  a d d  s y n th e s is  by  I>-gl\xx)sanine 
and o th e r  su g a rs  i n  mouse le u k a n ic  c e l l s  L5178Ï and s e le c t iv e  
in h ib i t io n  in  SV3T3 conpared  w ith  3T3 c e l l s .  B iochim . B io p i^ .  
A cta  240:74.

95 . Engstrom , L . 1964. S tu d ie s  on b o v in e - liv e r  a lk a lin e  p h o sp h a ta se ,
p u r if ic a t io n , phosphate  in c o rp o ra td o n . Biochim . B iophys. A cta 
9 2 :7 1 .

96 . M end id n o , J . ,  C. B eaudreau and R. N. B hattachaxyya. 1966. R ever­
s ib le  in a c tiv a tio n  o f  D -fru c to se  1 ,6 -d ip h o sp h a ta se  by  adenosine 
trip h o s p h a te  and c y c lic  3* ,5 '-a d e n o s in e  m onophosphate. A rch. 
Biochem. B io p t^ .  116:436.

97 . T o rre s , H. N ., and C. A. C h e la la . 1970. In te rc o n v e r tib le  form s o f
m uscle phosphoxylase p h o sp h a ta se . B iochim . B iophys. A cta  178: 
423.

9 8 . Logsdon, P . J . , E . M iddleton  and R. G. C o ffey . 1972. S tim u la tio n
o f  leu o o cy te  ad en y l c y c la se  by h y d ro c o rtiso n e  and iso p ro te re n o l 
in  a s th m a tic  and n o n asth m atic  s u b je c ts . J .  A lle rg y  d i n .  Dnr 
m unol. 50 :45 .

9 9 . P e te rso n , R. D. 1967. E f fe c ts  o f  c y c lic  3 ',5 '-A W  on in c o rp o ra tio n
o f  g ly c in e  1 -  C in to  p ro te in  o f  m uscle f ib e rs  from  a d u lt and 
young r a t s .  F ed . P ro c . 26:821.

100. BSr, H. P . ,  and 0 . H ech te r. 1969. A denyl c y c la se  and hormone ac ­
t io n ,  I .  E f fe c ts  o f  a d re n o c o rtic o tro p ic  hcucmone, g lu cag o n , 
and  ^ in e p h r in e  on th e  p lasm a m enbrane o f  r a t  f a t  c e l l s .  P ro c . 
N a t. Acad. S c i. U .S.A . 63 :350 .

101. K aplan, M. M. 1972. O rrre n t co n cep ts : A lk a lin e  p h o sp h a ta se .
New E1 9 . J .  Msd. 286:200.

102. M orton, R. K. 1958. The p h o sp h o tra n sfe ra se  a c t iv i ty  o f  phosphat­
a s e s . Biochem. J .  70:139.

103. R cb iscn , R. 1923. The p o s s ib le  s ig n if ic a n c e  o f  hexose p h o sp h o ric
e s te r s  in  o s s i f ic a t io n . Biochem. J .  17:286.



72

104. MacManus, J .  P . ,  and J .  F . W h itf ie ld . 1971. C y c lic  A W -m ediated
s tim u la tio n  by ca lc iu m  o f  th y ia x y te  p r o l i f e r a t io n . Ej ç . O e ll 
B es. 69 :281 . «

105. C hif Y. Y ., and D. F ra n c is . 1971. C y c lic  AMP and c a ld i in  exchange
in  a  c e l lu la r  s lim e  m old. J .  C e ll. M iy sio l. 77:169.

106. B orys, H. K ., and R. K a r le r . 1971. E ffe c ts  o f  c a f fe in e  on th e  in ­
t r a c e l lu la r  d is t r ib u t io n  o f  c a lc iim  in  fro g  s a r to r iu s  m uscle .
J .  C e ll . P h y s io l. 78 :387 .

107. Rasm ussen, H. 1972. The c e l lu la r  b a s is  o f  m anm alian ca lc iix n  home­
o s ta s i s .  In  " C lin ic s  i n  E ndocrinology and M etabolism " ,  I .  
M acIn ty re , e d . , v o l. 1 , n o . 1 (C a ld u n  m etabolism  and bone 
d is e a s e ) . W. B . Saunders C o ., L td ., London.

108. B ird , P . C ., G. M. A. P aM L eri and L . P . E l i e l .  1971. M o d ific a tio n
by  c o r tis o n e  o f th e  p lasm a Ca and P resp o n ses to  im id azo le  and 
th e o p h y llin e . E ndocrino logy  88:1267.


