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A l k a l i n e  P h o s p h a t a s e  in  S y n c h r o n i z e d  
H u m a n  Ce l l s  

The  m a r k e d  a lka l ine  p h o s p h a t a s e  (AP) a c t i v i t y  of 
c e r t a i n  es tab l i shed  h u m a n  cell l ines z ha s  been  the  sub jec t  
of  cons iderab le  in te res tZ-L  In  2 h u m a n  cell tines ma in -  
ra ined  in  th i s  l abo ra to ry ,  H e L l 6  a n d  1RA~, A P  ac t i v i t y  
has  been  s tud ied  in cell sonica tes  us ing  p - n i t r o p h e n y l  
p h o s p h a t e  as t h e  s u b s t r a t e  and  in  h i s tochemica l  p r epa ra -  
t ions  us ing  ~ - n a p h t h o l  p h o s p h a t e  as t he  s u b s t r a t e  a n d  
blue  I~R as t he  coupler .  

B y  a m e t h o d  p rev ious ly  descr ibed 8, a h igh  degree of 
s y n c h r o n o u s  D N A  syn thes i s  a n d  s u b s e q u e n t  mi to t i c  ac- 
t i v i t y  c an  be induced  in H e L l  ceils in  suspens ion  cul ture .  
W e  h a v e  emp loyed  t h i s  m e t h o d  to  s t u d y  AP a c t i v i t y  
d u r i n g  these  po r t i ons  of the  cell cycle. 

H e L l  cells were g r o w n  in  suspens ion  in 1 1 screw-cap 
flasks c o n t a i n i n g  200 ml  of med ium.  The  f lasks were 
p laced  on  a r o t a r y  shake  t ab l e  wh ich  pe r fo rmed  100 ex- 
curs ions /min .  S y n c h r o n i z a t i o n  was induced  iu expe r imen-  
t a l  cu l tu res  b y  inc lud ing  5-aminourac i l  (5-AU) a t  a con- 
c e n t r a t i o n  of 3 .  1 0 - 3 M  in t h e  m e d i u m  for 24 h, Af te r  
t h i s  period,  b o t h  con t ro l  a n d  e x p e r i m e n t a l  cu l tu res  were 
cen t r i fuged  a n d  t h e  cells were r e suspended  in f resh  
medium.  The  t i m e  of  5-AU r e m o v a l  was referred to as 
t ime  zero. D N A  syn thes i s  was  followed by  measur ing  t he  
a m o u n t  of t r i t i a t e d  t h y m i d i n e  i nco rpo ra t ed  in to  a t r i -  
ch lorace t ic  ac id- inso luble  f r ac t ion  in a 30 rain  pulse 
label.  Cell n u m b e r  was  d e t e r m i n e d  w i t h  a n  e lectronic  
counter .  The  deta i l s  of th i s  me thod ,  inc lud ing  m e d i u m  
composi t ion ,  etc., h a v e  been  descr ibed  elsewhere 8. All 
A P  e x p e r i m e n t s  emp loyed  m e d i u m  con ta in ing  inact i -  
v a t e d  calf se rum (30 m i n  a t  56~ and  w i t h o u t  p h e n o l  
red. Fo r  m e a s u r e m e n t  of  A F  ac t iv i ty ,  2.0 mi of cu l tu re  
were removed ,  p laced  in a n  ice ba th ,  a n d  sonica ted  for 
30 see; 0.5 ml  of son ica te  was added  to the  s u b s t r a t e  mix-  
t u r e  cons is t ing  of 0 . 0 1 6 M  d i sod ium p - n i t r o p h e n y l  phos-  
p h a t e  p /us  1 M 2 - a m m o - 2 - m e t h y l - l - p r o p a n o l - H C l  a t  p H  
10.69. Af te r  20 m i n  of i n c u b a t i o n  a t  37~ 2 ml  of 0 .25N 
N a O H  were added  to s top  t he  react ion.  The  a m o u n t  of 
p - n i t r o p h e n o l  l i be r a t ed  was measu red  a t  410 n m  us ing  a 
Bausch  a n d  L o m b  Spec t rou ic  20 pho toe lec t r i c  colori-  
meter .  Va ry ing  son ica t ing  t ime  f rom 15 sec to  4 ra in  
a n d / o r  lys ing cells w i th  1% desoxycho la t e  did  no t  signi- 
f i can t ly  a l t e r  A P  a c t i v i t y  in  con t ro l  or synchron ized  cells. 

F igure  1A shows DINA syn thes i s  in  con t ro l  a n d  5-AU- 
t r e a t e d  cells. I m m e d i a t e l y  a f te r  r em ova l  o f  t he  ana log  
the re  was a b u r s t  of D N A  syn thes i s  which  peaked  a t  
a b o u t  3-4  h, t h e n  d r o p p e d  below cont ro l  level a t  a b o u t  8 h 
a n d  r e m a i n e d  m i n i m a l  d u r i n g  the  res t  of t he  expe r imen t .  
F igure  1B shows the  n u m b e r  of cells pe r  ml in  b o t h  cul- 
tures .  Cont ro l  and  e x p e r i m e n t a l  cell n u m b e r s  increased 

a t  t he  s ame  g r a d u a l  r a t e  be tween  1 and  9 h. However ,  
f rom 9-12 h t he re  was a m a r k e d  increase  in cell d iv is ion  
in t h e  5 -AU- t r ea t ed  ceils. F r o m  these  d a t a  i t  would 
a p p e a r  t h a t  in  the  5 - A U - t r e a t e d  cu l tu re  a large n u m b e r  
of cells were syn thes i z ing  D N A  s y n c h r o n o u s l y  and,  sub-  
sequent ly ,  d iv id ing  synchronous ly .  A P  ac t iv i ty ,  how-  
ever,  shown  in F igure  1C, r ema ined  a t  essent ia l ly  t he  
same  level  t h r o u g h o u t  in  b o t h  con t ro l  and  t r e a t e d  cells. 
F igure  1B shows t h a t  t h e  cell n u m b e r  in t he  5-AU- 
t r e a t e d  cells increased b y  a f ac to r  of a b o u t  1.5 d u r i n g  t he  
i n t e rva l  f rom 9-12  h, i n  o t h e r  words,  a b o u t  ha l f  the  cells 
d iv ided  d u r i n g  th i s  in t e rva l .  Mitosis in  these  cells requi res  
a b o u t  8/4 h for comple t ion .  Therefore  a b o u t  10% of t h e  
cells m u s t  h a v e  been  in  mi tos is  a t  a n y  one m o m e n t .  I n  
th i s  same  period,  t he re  could  h a v e  been  v e r y  few mi toses  
in  the  controls .  F igure  1C shows t h a t  even  th i s  difference 
jn  the  n u m b e r  of mi to t i c  cells h a d  ~9 ~ffect on  t he  a m o u n t  

of a lka l ine  p h o s p h a t a s e  de t ec t ed  in t he  cul ture .  I t  can 
be ca lcu la ted  t h a t  a four-fold increase  in t he  A P  c o n t e n t  
of mi to t i c  cells could ce r t a in ly  be  de tec ted  b y  th i s  m e t h o d  
a n d  qu i te  p r o b a b l y  a three- fo ld  one. 

A l t h o u g h  f rom 0-9  h the  n u m b e r  of cells in  b o t h  cont ro l  
a n d  e x p e r i m e n t a l  cu l tu res  was essent ia l ly  the  same, t h e  
A P  a c t i v i t y  in  the  5 -AU- t r ea t ed  cells appea red  con- 
s i s t en t ly  s o m e w h a t  h igher .  In  a n u m b e r  of exper iments .  
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Fig. 1. (A) DNA synthesis. (B) Cell number. (C) AP activity in con- 
trol and 5-AU-treated cells. 1 enzyme unit = AP activity in 0,5 ml 
of sonicate sufficient to hydrolyze 1 mM/ml of p-nitropheno] in 20 

rain at 37 ~ o--o control, � 9 1 4 9  5-AU-treated, 
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l'J~. 2. 3]it/)l]c and post mitotic cells stained for alkaline pho>phatase. (A) i)arMy-staining dividil*~ cell>. {13) [,~nl~lr,~l)iil(,llt ill dividing ccfl~. 
(C) l)arkly staining po~t ntitotic ccil~ (arrows). 

5 -AU- t rea t ed  cells have  ahvays  appea red  to h a v e  a 
s l ight ly  larger  vo lume  t h a n  con t ro l  cells; if cells are left  
for 60 h in 5-AU, g ian t  cells up  to 20 t imes  n o r m a l  size 
resu l t  1~ Thus ,  one would expec t  5 -AU- t r ea t ed  cells to 
possess g rea te r  a m o u n t s  of such  cy top lasmic  c o n s t i t u e n t s  
as AP.  5-AU s y n c h r o n i z a t i o n  seems to induce  an  e x t e n d e d  
G~. Effec ts  of th i s  on cell m e t a b o l i s m  no t  de tec ted  b y  the  
m e t h o d s  used here  canno t ,  of course, be excluded.  

In  cells assayed  h i s tochemica l ly  for A P  wi th  ~ - n a p h t h o l  
p h o s p h a t e  (Figure 2), d iv id ing  cells appea red  to h a v e  an  
increased  A P  a c t i v i t y  (Figure  2, A and  B). However ,  t he  
d a t a  p re sen ted  above  seem to  ind ica te  t h a t  A P  a c t i v i t y  
does no t  increase  a t  division.  Therefore  i t  is possible  t h a t  
the  a p p a r e n t  increase  seen h i s tochemica l ly  in d iv id ing  
cells is mere ly  an  effect  p roduced  b y  t he  r o u n d i n g - u p  
of t he  cells a t  division.  More diff icul t  to  expla in ,  however ,  
is t he  a p p a r e n t  increased A P  ac t i v i t y  a r o u n d  the  nuc lea r  
m e m b r a n e  in pos t -mi to t i c  cells (Figure 2C). 

Since i t  was possible t h a t  t he  2 d i f fe rent  s u b s t r a t e s  
invo lved  were assay ing  d i f fe ren t  ent i t ies ,  e x p e r i m e n t s  
were pe r fo rmed  ut i l iz ing ~ - n a p h t h o l  p h o s p h a t e  quan t i -  
t a t ive ly .  

Cont ro l  and  5 -AU- t r ea t ed  s ta t ic  H e L a  cu l tures  were 
h a r v e s t e d  11 h a f t e r  5-AU r emova l  b y  sc rap ing  t he  cells 
f rom the  cu l tu re  surface w i t h  a r u b b e r  pol iceman.  A t  th i s  
t ime  the  mi to t i c  index  of t he  con t ro l  cells was 1.3~ ; t h a t  
of the  e x p e r i m e n t a l  cells, 10.8%. The  cells were cent r i -  
fuged, r e suspended  in H a n k s '  ba l anced  sa l t  so lu t ion  
(wi thou t  p h e n o l  red), and  cell n u m b e r  was ad ju s t ed  to 
106 cel ls /ml in b o t h  suspensions .  The  cells were sonicated,  
and  0.5 ml  of sonica te  was added  to 2 ml  of a - n a p h t h o l  
p h o s p h a t e - b l u e  I~R s u b s t r a t e  m i x t u r e n .  Af te r  20 m i n  of 
i n c u b a t i o n  a t  37 ~ 3 ml  of c o n c e n t r a t e d  HC1 were added  
and  opt ica l  dens i t y  a t  600 n m  was d e t e r m i n e d  (Table).  
P r e l i m i n a r y  e x p e r i m e n t s  w i t h  th i s  m e t h o d  us ing  hog 

AP activity with r phosphate as substrate 

Sample (0.5 ml) Optical 
density 
600 nm 

Hanks' BSS 0.240 
Medium 0.201 
Control cell sonicate 1.005 
5-AU-treated cell sonicate 0.995 

mucosa  A P  (Sigma) showed t h a t  the  opt ica l  dens i ty  
deve loped  was d e p e n d e n t  on  enzyme  concen t r a t i on .  

The  resul t s  w i t h  a - n a p h t h o l  p h o s p h a t e  used in th i s  
fash ion  also ind ica te  t h a t  the re  is n o t  a n  increased  A P  
a c t i v i t y  in  d iv id ing  an d  p o s t -mi t o t i c  cells. T h u s  the  
a p p a r e n t  increased  a c t i v i t y  seen h i s tochemica l ly  in d iv id-  
ing ceils would  seem to be an  effect  p r o d u c e d  b y  the  
r o u n d i n g - u p  of mi to t i c  cells. The  h igh  a c t i v i t y  f r e q u e n t l y  
seen a r o u n d  the  nuc lea r  m e m b r a n e  of pos t -mi to t i c  cells 
m a y  well ref lect  subce l lu la r  m o v e m e n t  of A P  to  th i s  s i te  
a t  t h i s  t ime,  r a t h e r  t h a n  a n  increase  in t o t a l  AP. Th i s  
p rov ides  some basis  for specu la t ion  as to  t h e  role of AP,  
t h e  funct ion(s)  of which  are u n k n o w n  2,12. 

Zusammen/assung. Die Ak t iv i t / i t  der  a lka l i schen  Phos -  
p h a t a s e  lAP) wurde  in m i t  5 -Aminourac i l  synchron i s ie r -  
t en  Suspens ionsku l tu r en  mensch l i che r  Zellen h is to-  
chemisch  u n t e r  t 3enu tzung  yon  ~ - N a p h t h o l p h o s p h a t  als 
S u b s t r a t  u n d  chemisch  u n t e r  B e n u t z u n g  v o n  p -Ni t ro -  
p h e n y l p h o s p h a t  als S u b s t r a t  u n t e r s u c h t .  Die h i s tochemi -  
schen  U n t e r s u c h u n g e n  weisen au f  eine ges te iger te  
A P - A k t i v i t i i t  in m i t o t i s c h e n  u n d  p o s t m i t o t i s c h e n  Zellen, 
in sbesondere  im Bere ich  der  K e r n m e m b r a n  bin.  I m  
Gegensa tz  dazu  zeigen die E x p e r i m e n t e  m i t  synchron i -  
s i e r ten  Zellen eine we i tgehend  k o n s t a n t e  A P - A k t i v i t / i t  
w g h r e n d  der  g e s a m t e n  D N S - S y n t h e s e ,  Mitose u n d  un-  
m i t t e l b a r e n  p o s t m i t o t i s c h e n  Phase .  Die Ergebn i s se  der  
h i s t o c h e m i s c h e n  U n t e r s u c h u n g e n  sp rechen  d a h e r  ehe r  
Iiir eine intrazellul~ire Ve r l age rung  des E n z y m s  m i t  
spezif ischer  Loka l i sa t ion  u n d  n i c h t  ftir eine S te ige rung  
der  A P - A k t i v i t g t .  
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