
1214 Specialia EXPERIENTIA 29/10 

was adde  d, a p a r t  of t he  h i s tone  was spl i t  u n d e r  t he  
inf luence  of p ro t eo ly t i c  enzymes  in t he  m y o c a r d i u m  a n d  
t he  add i t i on  of A T P  to t h e  b a t h  al lowed A T P  dephospho-  
r y l a t i o n  outs ide  t i le ceils w i t h  l i be ra t ion  of inorgan ic  
p h o s p h a t e  a n d  adenosine .  Adenos ine  passes  in to  t he  cell 
where  A T P  resyn the t izes .  A t  t he  same  t i m e  t he  l i b e r a t e d  
inorganic  p h o s p h a t e  passes  s lowly in to  t h e  cell a n d  A T P  
is fo rmed  in t r ace l lu l a r ly  3. Therefore ,  t h e  c o n t r a c t i o n s  
wh ich  were s topped  u n d e r  t he  inf luence  of h i s tone  F 1, 
r e s t a r t e d  a f t e r  a d d i t i o n  of A T P  to t he  b a t h .  T he  a m o u n t  
of A T P  r e s y n t h e t i z e d  in th i s  w ay  is less, on  ti le one h a n d  
because  of increased  a c t i v i t y  of A T P - a s e  s t i m u l a t e d  b y  
h i s tones  7, a n d  on  t h e  o t h e r  ha l ld  w i t h  smal le r  p resence  of 
ATP .  If, on  t he  con t r a ry ,  A T P  is added  before  h i s t one  F 1, 
c o n t r a c t i o n s  on ly  decrease,  b u t  pers i s t  t i l l  t h e  end  of 
e x p e r i m e n t a l  per iod  (120 min) .  Th i s  can  be  exp la ined  as a 
resu l t  of more  A T P  wh ich  p roduces  a s l ight  increase  in 
t he  a m p l i t u d e  of con t rac t ions ,  and  l a t e r  add i t i on  of 
h i s tone  F 1 on ly  decreases  t he  a m p l i t u d e  w i t h o u t  comple te  
inh ib i t ion .  The  m e n t i o n e d  surp lus  of A T P  in t he  cell 
c a n n o t  be  comple te ly  decomposed  w i t h  A T P- as e  s t i m u l a t -  
ed b y  h is tones .  B u t  if h i s tone  F 1 a n d  A T P  were added  
s imu l t aneous ly  t h e r e  is a d i rec t  i n t e r a c t i o n  b e t w e e n  t h e m ,  
so t h a t  t i le effect  of A T P  is blocked,  and,  once inh ib i ted ,  
c o n t r a c t i o n s  c a n n o t  be  res tored.  

Rdsumd. L ' a c t i o n  de la f r ac t ion  F 1 des h i s tones  et  de  
I ' A T P  sur l ' a m p l i t u d e  des c o n t r a c t i o n s  a 6t6 examin6e  sur  
le ven t r i cu le  d ro i t  des r a t s  b lancs .  On a cons t a t6  que  
I ' A T P  app l iqu6  apr6s l ' a r r4 t  des c o n t r a c t i o n s  dfi 5. 
l ' h i s tone  F 1 p r o v o q u a i t  la reprise  de celles-ci. L a  pr6sence 
de I ' A T P  a v a n t  l ' app l i ca t i on  des h i s tones  F 1 abaisse  
s eu l emen t  l ' ampl i tude ,  mats  les c o n t r a c t i o n s  pe r s i s t en t  
jusqu'5,  la f i n  de l 'exp6rience.  L ' a p p l i c a t i o n  s imu l t an6e  
de I ' A T P  et  des h i s tones  F 1 p r o v o q u e  une  i n h i b i t i o n  
i r r6vers ible  des c o n t r a c t i o n s  vent r icu lMres .  
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Alka l ine  P h o s p h a t a s e  Act iv i ty  in Re la t ion  to D N A  

The  biological  role of a lka l ine  p h o s p h a t a s e  ill t h e  cell is 
no t  y e t  u n d e r s t o o d  a n d  i ts  subs t ra te (s )  in  v ivo  are n o t  
ye t  defined.  I n  v i t ro  e x p e r i m e n t s  w i t h  m a m m a l i a n  cell 
e x t r a c t s  show t h a t  t he  e n z y m e  is a nonspeci f ic  phospho -  
monoes te rase ,  able  to  c leave a wide v a r i e t y  of phos pho ry l -  
ated substrates i-3. The facts that it can dephosphorylate 
nucleotides (nucleotidase activity) 2 and transferphosphate 
groups from nucleotides to nucleosides (transphosphoryl- 
ase ac t iv i ty )  1,4 p r o m p t e d  GEORGATSOS 2 a n d  MELNY- 
KOVYCH et  al. 3 to  sugges t  t h a t  a lka l ine  p h o s p h a t a s e  m i g h t  
be  i nvo lved  in nucleic acid b iosyn thes i s  b y  r egu la t ing  t he  
levels  of free nuc leo t ides  in  t he  cell. 

I n  a d d i t i o n  to  t h e  t r a n s p h o s p h o r y l a s e  a c t i v i t y  asso- 
c i a t ed  w i t h  a lka l ine  phos pha t a s e ,  pur i f ied  p r e p a r a t i o n s  
of t he  e n z y m e  f rom var ious  sources, inc lud ing  m a m m a l i a n  
cells, possess inorgan ic  p y r o p h o s p h a t a s e  ac t iv i ty .  I t  has  
b e e n  sugges ted  5-~~ t h a t  al l  these  ac t iv i t i es  are assoc ia ted  
w i t h  a single e n z y m e  pro te in .  

Since inorganic  p y r o p h o s p h a t e  is a b y - p r o d u c t  of 
severa l  b i o s y n t h e t i c  reac t ions ,  inc lud ing  D N A  a n d  R N A  
synthes i s ,  i t  has  been  sugges ted  t h a t  i t  m i g h t  be  t he  
n a t u r a l  s u b s t r a t e  of a lka l ine  p h o s p h a t a s e  a c t i n g  as a 
p y r o p h o s p h a t a s e  5-9. Th i s  would  p r ov i de  a m e c h a n i s m  b y  
wh ich  t i le  p o l y m e r i z a t i o n  Of nucleic  acids would  be  irre- 
versible .  

I f  a lka l ine  p h o s p h a t a s e  is indeed  i nvo lved  in t h e  regula-  
t i on  of t i le level  of free nuc leo t ides  in  t h e  cell (as a 
t r ansphosphory l a se ) ,  or if i t  is i nvo lved  in t he  con t ro l  
of t he  p o l y m e r i z a t i o n  of nucleic  acids (as a p y r o p h o s p h a -  
tase),  t h e n  i ts  a c t i v i t y  in  t he  cell shou ld  h a v e  some pred ic t -  
able  r e l a t ionsh ip  to  D N A  synthes is .  

Materials and methods. H e L a  $3 cells (P 1287) were 
g rown as mono laye r s  in  a m e d i u m  cons i s t ing  of equa l  
p a r t s  of Eag le ' s  modi f ied  m e d i u m  a n d  m e d i u m  M199 
w i t h  10% calf se rum,  5 ml/1 of 3% g lu tamine ,  200 U / m l  
penic i l l in  G, a n d  20 U / m l  d i h y d r o s t r e p t o m y c i n .  Cells 
were synch ron i zed  b y  t h e  doub le  t h y m i d i n e  b lock ing  
t r e a t m e n t  as p rev ious ly  descr ibed  3, xx. A t  g iven  t i m e s  a f te r  
release f rom t h e  second t h y m i d i n e  block,  11.6 C i / m M  

S y n t h e s i s  in  S y n c h r o n i z e d  HeLa  $3 Cells  

3H(methyl) thymidine (3H TdR) was added to cell 
cultures to a final concentration of 0.8 ~Ci/ml. After 
60 rain at 37~ the radioactive medium was removed 
and cells were washed 3 times with Earle's balanced salt 
solution (BSS) containing 2 mM unlabeled thymidine. 
Cells were then collected by trypsine-versene, washed 
with BSS, counted,, and sonicated (MSE sonicator, 
9 microns between peaks) in 3 ml distilled water for 30 sec 
(2 x 15). The sonicate was centrifuged at i0,000 xg for 
60 rain at 4~ Next 0.2 ml sonicate was pipetted into 2 ml 
of cold 6% solution of trichloroacetic acid (TCA) and the 
acid insoluble fraction was collected by suction on 
milipore filters which had been prewashed with unlabeled 
2 mM thymidine to prevent nonspecific binding of the 
isotope to the filter. Tilters were then dried and counted 
in l0 ml of scintillation fluid (5 g PPO, 200 mg POPOP, 
1 l toluene) in a Packard Tri-Carb Spectrometer. 

Alkaline phosphatase was assayed in 2.5 ml reaction 
mixture of 0.i M Tris-HCl, pH 9, 2 mM disodium p- 
n i t r o p h e n y l  p h o s p h a t e  (Fluka),  a n d  50 tA cell sonicate .  
Af te r  i n c u b a t i o n  for 30 ra in  a t  37 ~ 0.5 ml  of 2 N N H 4 O H  
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was added  a n d  t he  yel low color of t h e  p - n i t r o p h e n o l  
re leased f rom the  s u b s t r a t e  b y  t h e  e n z y m e  was  r ead  a t  
400 nm.  A u n i t  of e n z y m e  was def ined  as t he  a m o u n t  
r equ i red  tO hydro l i ze  1 txmole s u b s t r a t e  pe r  min .  e 400 of 
p - n i t r o p h e n o l  is 12,000 :~. 

Acid p h o s p h a t a s e  was a s sayed  as p rev ious ly  descr ibed  1s 
e x c e p t  t h a t  t h e  buf fe r  in  t h e  r eac t i on  m i x t u r e  was  0.1 M 
sod ium ace ta te ,  p H  5. 

Results and discussion. Alka l ine  p h o s p h a t a s e  a c t i v i t y  
was h ighes t  w h e n  D N A  syn thes i s  was  lowest  a n d  vice 
versa  (Figure).  Acid  p h o s p h a t a s e  ac t iv i ty ,  however ,  
r e m a i n e d  a l m o s t  c o n s t a n t  t h r o u g h o u t  severa l  cell cycles 
as p rev ious ly  desc r ibed  1~-1a. 

The  inverse  r e l a t i ons h i p  b e t w e e n  D N A  syn thes i s  a n d  
a lka l ine  p h o s p h a t a s e  m i g h t  i nd i ca t e  a w ay  in wh ich  t he  
e n z y m e  is i n v o l v e d  in D N A  m e t abo l i s m .  If  t h e  n a t u r a l  
s u b s t r a t e  in  t he  cell for  a lka l ine  p h o s p h a t a s e  is ino rgan ic  
p y r o p h o s p h a t e  a n d  t h i s  p y r o p h o s p h a t a s e  a c t i v i t y  is 
needed  to  r ende r  nucle ic  acid b io syn thes i s  i r revers ib le  b y  
c leav ing  t h e  p y r o p h o s p h a t e s ,  w h i c h  are b y - p r o d u c t s  of 
nucle ic  acid syn thes i s  5-1~ t h e n  i ts  a c t i v i t y  in  t h e  cell 
shou ld  be  h i g h e s t  du r ing  t he  S-phase.  Our  resu l t s  do no t  

s u p p o r t  t h i s  hypo thes i s .  I t  is possible  t h a t  a lka l ine  phos-  
p h a t a s e  a n d  p y r o p h o s p h a t a s e ,  w h i c h  are  t h o u g h t  to  be  
assoc ia ted  w i t h  a single e n z y m e  5-:0, are  ac tua l l y  s epa ra t e  
ent i t ies .  T h i  s idea h a  s r ecen t ly  ga ined  s u p p o r t  f rom a work  
b y  HERz a n d  I{APLAN 16 w h i c h  shows t h a t  in  c o n t r a s t  to  
i ts  s t r i k ing  effect  on  a lka l ine  p h o s p h a t a s e  a c t i v i t y  in  
severa l  cell l ines, h u m a n  se rum does no t  m o d u l a t e  t he  
a c t i v i t y  of inorgan ic  p y r o p h o s p h a t a s e  to  a s ign i f ican t  
ex ten t .  

I f  a lka l ine  p h o s p h a t a s e  is i nvo lved  as t r a n s p h o s p h o -  
ry lase  ill con t ro l l ing  t he  level  of nuc leo t ides  in  t he  cell as 
sugges ted  ~, a, t.hen i t s  a c t i v i t y  in  t h e  cell shou ld  be  h ighes t  
a f t e r  comple t i on  of t he  S phase .  A t  t h i s  s tage  t he  cell 
shou ld  s t a r t  bu i ld ing  up  i ts  free nuc leo t ide  pool, wh ich  is 
e x h a u s t e d  d u r i n g  D N A  synthes is ,  in  p r e p a r a t i o n  for t he  
n e x t  cycle of D N A  synthe is .  Our  resu l t s  s u p p o r t  t h i s  
hypo thes i s  b u t  do no t  exc lude  t h e  poss ib i l i ty  t h a t  a lka l ine  
p h o s p h a t a s e  also ha s  o t h e r  biological  du t ies  ill t h e  cell. 

Our  resu l t s  d isagree  w i t h  REGAN'S s t u d y  ~7 wh ich  fai led 
to f ind  such  r e l a t i onsh ip  b e t w e e n  a lka l ine  p h o s p h a t s a e  
and  D N A  syn thes i s  in  H e L A  cells t h a t  were synch ron ized  
w i t h  5-aminouraci l .  
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Acid phosphatase and alkaline phosphatase activities in relation to 
DNA synthesis in synchronized HeLa $3 cells. 3 synchronized cul- 
tures were pulse labelled at various time intervals with sH TdR; cells 
were harvested, sonicated, and assayed in triplicate for acid and al- 
kaline phosphatase and for acid-insoluble SH TdR incorporation into 
DNA. The detailed procedure is described in Materials and Methods. 
&, acid phosphatase; [], alkaline phosphatase; �9 acid-insoluble epm 
3H TdR incorporated into DNA. 

Zusammen/assung. I n  s y n c h r o n i s i e r t e n  H e L a  S3-Zel len 
wurde  die Ak t iv i t / i t  de r  a lka l i schen  P h o s p h a t a s e  in  
Bezug  auf  den  Ze l l te i lungszyklus  u n t e r s u c h t .  Die  ger ings te  
A k t i v i t / i t  wurde  w~ihrend der  S -Phase  ul ld die h d c h s t e  
b e i m  M i n i m u m  der  D N S - S y n t h e s e a k t i v i t / i t  fes tgestel l t ,  
u n d  es wi rd  a n g e n o m m e n ,  dass  die a lka l i sche  P h o s p h a t a s e  
als T r a n s p h o s p h o r y l a s e  zur  R e g u l a t i o n  der  Polgrdsse  v o n  
Nuc leo t iden  d ient .  
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Substratum Specificity of Purified Peroxidase Isoenzymes of Horse Radish Root 

Perox idase  is a n  e n z y m e  p r e s en t  in  a l m o s t  all h ighe r  
p l a n t s  1, in  h u m a n  sa l iva  2, in  t h e  m e d u l a r  p a r t  of t.he 
s u p r a r e n a l  g l and  a, in  l iver  ~, k idneys  ~, l eukocy tes  e. The  
pe rox idase  i so la ted  f rom horse  r a d i s h  roo t  was  m u c h  
s tudied,  be ing  a l m o s t  comple t e ly  cha rac t e r i zed  ~-9. Th i s  
e n z y m e  be ing  h i g h l y  specific for h y d r o g e n  peroxide ,  in  
whose  presence  i t  ca ta lyses  t he  o x i d a t i o n  of ce r t a in  
subs t ances  such  as:  phenols ,  a r o m a t i c  amines ,  t r i p to fan ,  
b i l i rub in ,  pyrogalol ,  benzid ine ,  etc. 

The  pu rpose  of t he  p r e s en t  work  cons is t s  in  s e p a r a t i n g  
horse  r a d i s h  pe rox idase  i soenzymes  b y  t.he c h r o m a t o -  
g r a p h y  on  c o l u m n  me th od ,  a n d  in a n a l y z i n g  t h e  specif ic i ty  
of different, pe rox idase  f r ac t ions  for  peroxid ic  g roup ings  
c o n t a i n e d  in t h e  H 2 0  ~ R O O H ,  1ROOR t y p e  c o m p o u n d s  
(in wh ich  R is t h e  c u m y l  radical) .  
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