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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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Mater ia l  and method. E n z y m e  e x t r a c t i o n  was pe r fo rmed  
f rom horse  r ad i sh  ace ton ic  powder ,  a t  t he  t e m p e r a t u r e  of 
4~ for 24 h, w i t h  a K~HPO~, 1• b / s o l u t i o n  
(1 g/20 ml). The  re su l t ing  h o m o g e n a t e  was cen t r i fuged  a t  
12,000 r p m  for  15 m i n  a n d  t he  s u p e r n a t a n t  was  used for 
t i le  pe rox idase  i soenzymes  pur i f ica t ion .  Fo r  t h i s  purpose ,  
t o t a l  p ro te in ic  e x t r a c t  was  abso rbed  on  a S e p h a d e x  G-50 
m e d i u m  c o l u m n  ( 2 , 8 •  cm), equ i l i b r a t ed  in a acet ic  
ac id -ace ta t e  buf fer  solut ion,  5 •  -~ M,  p H  4.4. The  
c o l u m n  e lu t ion  was ach ieved  w i t h  t h e  same  buffer  
solut ion,  a t  a r a t e  of 13 m l / h  a n d  5 ml  f r ac t ions  were 
collected.  The  ac t ive  e lua tes  o b t a i n e d  on  t h i s  co lumn  
were r e u n i t e d  a n d  passed  on  a CM-cellulose c o l u m n  
(1.8 • 19 cm), equ i l i b r a t ed  in a n  acet ic  ac id -ace ta t e  buf fer  
solut ion,  5 • 10 -~ M,  p H  4.4. P r o t e i n  e lu t ion  was effected 
b y  t he  successive i n t r o d u c t i o n  of t he  fol lowing so lu t ions :  
20 ml  acet ic  ac id -ace ta t e  buf fe r  solut ion,  5 • 10 -* M,  
p H  4.4; 20 ml  acet ic  ac id -ace ta t e  buf fe r  solut ion,  5 • 10 -~M, 
p H  4.4; 20 ml  acet ic  ac id -ace t a t e  buf fe r  solut ion,  6 x 10-  ~ M,  
p H  4.4; 20 ml  acet ic  ac id -ace t a t e  buf fe r  solut ion,  1 • 10 -~ M 
and  40 ml  acet ic  ac id -ace ta t e  buf fe r  solut ion,  25 • 10 -" M ,  
p H  4.9. E l u t i o n  r a t e  was  of 20 m l / h  a t  7 ~ 2 ml  f r ac t ions  
be ing  collected.  

E l u t e d  p ro te in ic  f r ac t ions  f rom t h e  S e p h a d e x  G-50 
m e d i u m  c o l u m n  were ana ly sed  b y  e lec t rophores is  in  aga r  
gel 1 ,25% (250 V, 3 m A  per  plate ,  4 m i g r a t i o n  h). P r o t e i n  
dos ing  was pe r fo rmed  according  to t he  m e t h o d  descr ibed  
b y  LOWRY et  al. ~0. E n z y m a t i c  a c t i v i t y  m e a s u r e m e n t  was  
real ized b y  BRAD'S e t  al. n m e t h o d .  Specific e n z y m a t i c  
a c t i v i t y  was expressed  in  c o n f o r m i t y  w i t h  EC of I .U .B.  : 
t~moles ascorbic  ac id /mg  p r o t e i n / m i n u t e / 2 5  ~ 

All  t he  r eagen t s  used in  t he  p re sen t  work  were fu rn i shed  
b y  t he  fol lowing concerns :  Merck,  B D H ,  Chemapol ,  
R e a c t i v u l  Bucure~t i .  

Results  and discussions. The  o p t i m u m  t o t a l  p r o t e i n  
e x t r a c t i o n  condi t ions ,  in  general ,  a n d  of p ro t e in  w i t h  
perox idas ic  ac t iv i ty ,  especially,  were tes ted .  Of t h e  3 
e x t r a c t i o n  med ia :  d is t i l led  water ,  acet ic  ac id -ace ta t e  
buf fe r  solut ion,  5 • 10 -~ M,  p H  4.4 a n d  K2HPO~ solut ion,  
1 X l 0  -I  M ;  t he  l a t t e r  p r o v e d  t h e  mos t  efficient .  B y  
inc reas ing  t he  e x t r a c t i o n  t ime,  i t  was  recorded  t h a t  in  
24 h t i le g rea tes t  q u a n t i t y  of p r o t e i n  w i t h  peroxidas ic  
a c t i v i t y  is ex t rac ted .  

A t t e m p t s  to  pu r i fy  t he  e n z y m e  b y  f r ac t ioned  a m m o -  
n i u m  su lpha t e  p rec ip i t a t i ons  were unsuccessful ,  a pur i f ica-  
t i on  fac to r  of less t h a n  2 be ing  ob ta ined .  

B y  c h r o m a t o g r a p h y  on  a S e p h a d e x  G-50 m e d i u m  
column,  a n  e n z y m e  pur i f i ca t ion  of 4.2; 3.2 a n d  5.5 t imes  is 
ach ieved  as aga in s t  t i le t o t a l  p ro te in ic  ex t rac t ,  if a c t i v i t y  
is d e t e r m i n e d  in t he  presence  of h y d r o g e n  peroxide,  of 
c u m e n e  h y d r o x i p e r o x i d e  a n d  respec t ive ly  of pe rox ide  
d icumene.  

I n  F igure  1, t he  p ro t e in  e lu t ion  cu rve  is s h o w n  on t he  
CM-cellulose column.  I n  each  sample ,  t h e  perox idas ic  
a c t i v i t y  was  d e t e r m i n e d  b y  us ing  h y d r o g e n  peroxide,  
c u m e n e  hyd rox ipe rox ide  a n d  perox ide  d i c u m e n e  as 
ox id iz ing  s u b s t r a t u m .  As s h o w n  in  F igure  1,in t he  presence  
of h y d r o g e n  perox ide  7 i soenzymes  are  ev idenced ,  
n u m b e r e d  f rom I - V I I ,  in  t he  order  of e lu t ion  on  t h e  
column,  W h e n  e n z y m a t i c  r eac t ion  is pe r fo rmed  in t h e  
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Fig. 1. Separation by chromatography on a CM- 
cellulose column (1.8 • cm) of a partially purified 
horse radish peroxidase preparation. Reaction mix- 
ture contains: 1 ml 1% peroxidic compound, 0.1 ml 
1% ascorbic acid, 2 ml 5 • 10 .3 M benzidine and 1 ml 
enzymatic preparation (0.01-0.5 mg/ml) 
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presence of cumene hydroxiperoxide, only peaks I, II  and 
I I I  are active, while in the case of peroxide dicumene, 
only peak I I I  is. 

The results obtained with chromatographically separ- 
�9 ated isoenzymes were confirmed with electrophoretic 

data. As shown in Figure 2, the development of isoenzymes 

+ 
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Fig. 2. Variation of the spectrum of horse radish isoperoxidases 
depending on the oxidating substratum used: a) HeO~; b) culnene 
hydroxiperoxide (ROOH); c) dicumene peroxide (ROOR). 

with benzidine and hydrogene peroxide leads to the appear- 
ance of 7 electrophoretic bands: 5 cathodic and 2 anodic 
ones, while in the presence of benzidine, as donor of 
hydrogen, and of cumene hydroxiperoxide or of peroxide 
dicumene, 3 and respectively 1 band are evidenced. 

From these experimental results it ensues that  the real 
peroxidase oxidating substratum is generally the peroxidic 
grouping and not only H202. The 7 chromatographically 
and electrophoretically separated isoenzymes have differ- 
ent specificities for the 3 oxidating substrata tested. 
Isoenzyme I I I  decomposes all used peroxidic compounds, 
evincing maximum activi ty in the presence of peroxide 
dicumene (ROOR). 

Zusammen/assung. An sieben aus Meerrettichwurzeln 
isolierten Isoenzymen der Peroxydase konnte substrat- 
spezifisches Verhalten nachgewiesen werden. 
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Inhibition of Cyclic 3', 5'-Nucleotide Phosphodiesterase Activity by Diuretics and 
Other Agents 

Adequate intracellular levels of adenosine 3', 5'- 
monophosphate (c-AMP) are essential for the maintenance 
of cardiac function 1 but  drugs which cause inordinately 
elevated cardiac c-AMP levels 2 produce necrotic lesions in 
cardiac tissue 3 and can cause tachyarrhythmias or fibrilla- 
t ion 4, s. Because cardiac arrhythmias have been reported 
to result from diuretic therapy and the i.v. administration 
of mercurial diuretics have been shown to cause ventricular 
fibrillation s the effect of various diuretic agents on 
cardiac c-AMP phosphodiesterase was investigated. 

Methods. Ventricles of female Syrian guinea-pigs were 
homogenized at  0-4 ~ in 0.01 M Tris-HC1 buffer pH 7.4 
containing 0.25 M sucrose. The homogenate was centri- 
fuged at 10,000 •  for 10 rain at 4~ tile supernatant 
decanted, lyophilized and used as the source of c-AMP 
phosphodiesterase. The preparation was stored at --10 ~ 
and did not lose act ivi ty  over a period of 6 months. 
c-AMP phosphodiesterase of rat  heart was similarly 
prepared but not lyophylized. Purified beef heart c-AMP 
phosphodiesterase was obtained from Sigma Chemical Co. 

Platelet phosphodiesterase was prepared according 
to WOLFE and SHULMAN 7 and the rat brain enzyme 
according to BROOKER et al. s. 

Enzyme activity was assayed as described in Table I 
legend and contained sufficient enzyme to degrade 25 to 
30 % of the substrate and a [H 3] c-AMP concentration equal 
to the Michaelis constant of~ctie edzyme being tested. 

Following incubation at 37 ~ for 13 min the enzyme 
was inactivated by heat t reatment  and the denatured 
protein was separated by centrifugation. A 10 ~1 aliquot 
from each incubation mixture was then applied to cellulose 
thin layer chromatography sheets and developed in 
ethanol (95 %)-ammonium acetate (1 M pH 5.0 containing 
0.01 M Na 2 EDTA) (70/30). This solvent system separated 
c-AMP from AMP, adenosine, inosine and hypoxanth ine .  
These purines were produced from AMP due to con- 

taminating enzymes present in some of the enzyme 
preparations. The c-AMP, AMP and nucleoside areas 
were cut into small pieces and placed into counting vials 
containing 15 ml of toluene phosphor solution ~. 

Results. The effects of several diuretics, organomercurial 
compounds and sulfhydryl reagents on guinea pig phospho- 
diesterase act ivi ty were investigated and the results are 
shown in Table I. Of the compounds tested, mersalyl, 
meralluride, phenylmercuric acetate, methyl  mercuric 
chloride and PCMB were the most potent  inhibitors of the 
enzyme. Ethacrynic acid, a non-mercuriM diuretic was 
found to be the least effective inhibitor. 

Preineubation of the enzyme preparation in the 
presence of some of the test drugs resulted in greater 
enzyme inhibition than with no preincubation. Combina- 
tions of several concentrations of the 2 mercurial diuretic 
drugs with theophyl-line resulted in greater inhibition of 
the enzyme act ivi ty than with the diuretics alone. This 
observation may be of clinical importance because com- 
merciaI preparations of both mersalyl and meralluride 
are formulated with large amounts of theophylline to 
prevent breakdown of the organo-mercurial complex. 
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