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Influence of Agents  that act on D N A  and R N A  Synthes i s  on the Act iv i ty  of P o l y ( A D P - R i b )  
P o l y m e r a s e  

Poly(adenosine  diphosphate-r ibose)  [poly(ADP-Rib)]  
is syn thes ized  f rom NAD by  the  po ly(ADP-Rib)  poly-  
merase,  an enzyme which  is located in ch roma t in  of 
eukaryot ic  organisms 1-a. 

The funct ion  of th is  enzyme is no t  ye t  fully unders tood ,  
a l though  several  repor t s  on in v i t ro  (review 2, ~) and  in 
vivo 4 sys tems  indicate  its impor tance .  The enzyme reac- 
t ion seems to be D N A - d e p e n d e n t  1-s. I t  is sugges ted  t h a t  
po ly (ADP-Rib)  synthes is  is no t  involved in regula t ion of 
D N A  synthes i s  5 b u t  r a the r  in gene express ion 4 and/or  in 
organizat ion of ch roma t in  5 and  acidic pro te ins  6. In  the  
p resen t  paper ,  the  influence of agents  which act  on DNA 
and  R N A  synthes is  in isolated enzyme sys tems  or in 
in v i t ro  sys tems,  on the  ac t iv i ty  of tile po ly(ADP-Rib)  
polymerase  is de te rmined ,  in order  to shed fu r the r  l ight  on 
the  funct ion  of th is  enzyme.  

The po ly(ADP-Rib)  polymerase  is isolated f rom nuclei  
of oviducts  of egg-laying japanese  quails (Coturnix 
japonica). The incorpora t ion  is l inear for 10 rain;  dur ing 
th is  per iod an incorpora t ion  ra te  of 4.5 nmoles /min  is 
observed.  

The d i f ferent  agents  descr ibed here can be classified 
into 4 groups:  1. Po lyamines ;  2. t empla t e  inac t iva tors ;  
3. subs t r a t e  analogues and  4. enzyme poisons. Unless 
o therwise  noted,  the  subs t ra te  concen t ra t ion  in the  poly  
(ADP-Rib)  polymerase  assays amoun t s  to 70 ~zM ( =  46 
ag/ml) NAD, the  concent ra t ion  of the  different  compounds  
was 220 ~zg/ml. The react ion mix tu re  was composed  as 
descr ibed in legend to the  Figure and  incuba ted  for 10 min.  

Two po lyamines  have  been  tes ted,  spermine  (Serve) 
and  spermidine  (Serva). Bo th  s t imula te  t he  ac t iv i ty  of 
po ly (ADP-Rib)  polymerase .  U n d e r  op t imal  concent ra-  
t ions  of the  po lyamines  (5.3 m M  spermine  and  8.1 m M  
spermidine) ,  the  ac t iv i ty  of the  enzyme increases to 156 % 
in the  case of spermine  and  to 147% in the  case of sper- 
midine.  U n d e r  op t imal  s t imula t ion  condit ions,  a rat io 
be tween  the  molar  concen t ra t ion  of the  po lyamine  

(mole/ml) and  the  molar  concen t ra t ion  of D N A  (mole 
nucleot ide/ml)  in t he  enzyme  assays amo u n t s  to  1.9 for 
spermine  and  to  2.8 for spermidine.  

Two groups  of t e m p l a t e  inac t iva tors  have  been  t e s t ed  
for the i r  p o t en cy  in the  po ly(ADP-Rib)  po lymerase  
assay;  first, a lkyla t ing  agents  : Bleomycin  (Mack), 
c amp to thec in  (National  Cancer Ins t i tu te ,  Bethesda)  and  
mi tomyc in  C (Serva), and  second, in te rca la t ing  agents :  
Daunomyc in  (Mann), d i s t amyc in  (Farmital ia) ,  acr idine 
orange (Merck), o l ivomycin  (Mann), ch romomyc in  (Aa; 
Mann), a c t i n o m y c i n  D (Serve) and e th id ium bromide  
(Serve). All these  agents  do no t  affect  the  ac t iv i ty  of the  
enzyme,  wi th  the  except ion  of e th id ium bromide.  This  
agent  inhibi ts  po ly (ADP-Rib)  po lymerase  compe t i t ive ly  
to  NAD (Table). The re la t ive  af f in i ty  of an inhibi tor  can  
be expressed in t he  case of a compet i t ive  inhibi t ion b y  
the  ra t io  K i / K m  7. The h igher  the  value of the  ratio,  t he  
lower t he  inh ib i to ry  p o t en cy  of a compound .  Due to t he  
high value of the  ratio,  the  ac t iv i ty  of e th id ium bromide  
to inh ib i t  po ly (ADP-Rib)  polymerase  is re la t ively  low. 

1 y.  NISHIZUKA, K. UEDA, K. YOSHIItARA, H. YAMURA, M. TAKIDA 
and O. HAYAISHI, Cold Spring Harb. Syrup. quant. Biol. 3d, 781 
(1969). 

2 T. SUGIMURA, in Progress in Nucleic Acid Research and Molecular 
Biology (Eds. J. N. DAVIDSON and W. E. COHN; Academic Press, 
New York and London 1973), vol. 13, p. 127. 

3 T. SUGIMURA, I~. YAMADA, M. MIWA, M. NAGAO, T. MATSUSHIMA, 
IV[. TANAKA and K. NAKATSUGA'vVA, International Symposium, 
Fogarty Int. Center Proe. 26, 161 (1973). 

4 W. E. G. 1V[(~LLER, A. TOTSUKA, I. NUSSER, J. OBERMEIER, H. J. 
ROrtDE and R. K. ZAHN, Nucleic Acid Res. I, 1317 (1974). 

5 H. HILZ and M. KITTLER, Hoppe-Seyler's Z. physiol. Chem. ,352, 
1693 (1971). 

6 L. S. DIETRICH and G. SIEBERT, Biochem. biophys. Res. Commun. 
56, 283 (1974). 

7 j .  L. WEBB, Enzymes and Metabolic Inhibitors (Academic Press, 
New York 1963), vol. 1, p. 104. 

0.2 

"2c~ 

~_.~ 0.1 
=E 

0 

/ a) 
/ 

i ~ 
I 

/ 
I 

! 
! 

~ ~ , / "  
/ 

, .z" 
/ 

t ~ 

/ / o ~ " ~  �9 

i T 

2o 40 6b a; loo 

0.1 

s" 

lb sb 3b 
1NAD [m-~?~ Formycin B(IN/m[ ) 

I ~'I ~ I 

,':'J I 

Inhibition of poly(ADP-Rib) polynlerase by formycin B. Preparation of the poly(ADP-Rib) polymerase: Quail oviduct nuclei were isolated 
according to McGuire et al. 12 and washed with 0.7 M KC1 by centrifugation (12,000 • g, 2 inin, 2 ~ The nuclear preparation is characterized 
by a DNA: RNA ratio of 1.28 and a DNA: protein ratio of 0.15. The poly(ADP-Rib) polymerase was assayed in a reaction mixture containing 
in a total volume of 70 ~zl: 100 mM Tris-HC1, pH 8.5, 6 mM MgC12, 60 mM KC1, 4 mM dithiothreitol and different concentrations of [z4C] 
NAD+ (0.4 mCi/mmole; Radioehemieal Centre Amersham) and 20 ~zl of the nuclear preparation. The mixture was incubated at 25 ~ for 10 
rain. The reaction was stopped by the addition of 1 ml of 5% trichloroaeetic acid. After 30 rain at 0~ the mixture was transfered onto 
GF/C filters and counted 4. a) Plot according to LINEWEAVER et al. s. Q--Q, control; A-- �9 inhibitor concentration 35 ~zg/ml; �9 - -  �9 
75 ~zg/inl. Ki = 68.9 ~ 6.5 tzM; Km ~ 43.7 ~ 4.1 ~zM. b) Plot according to Dixon et al. 9. Two different substrate concentrations have 
been used: 0 - -0 ,  30 ~zg NAD/ml; �9 - -  �9 10/~g/iilI. K, = 63.7 :~ 6.9 ~zM; K m =  48.2 ~ 4.1 ~zM. 
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Inhibition of poly(ADP-Rib) polymerase by different agents 
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Inhibitor Vm,~ (nmoles/mg protein) Km (p.M) K, (~xM) K,/ Km 

Ethidium bromide 98.4 42.2 143.8 3.4 
Formycin B 96.0 43.7 68.9 1.6 
Showdomyein 96.3 43.0 107.8 2.5 
1-Methyl adenine 95.9 41.9 226.6 5.4 

The standard enzyme mixture (see in legend to the Figure) with different NAD concentrations (in the range between 9 and 83 ~zM) has been 
used; the mixture was incubated for 10 min. K m and K.z were determined according to LINEVCEAVER et al. 8. 

The subs t ra te  analogues re la ted  to the  adenosine  moie ty  
of NAD exer t  a different  inh ib i to ry  ac t iv i ty  in the  po ly  
(ADP-Rib)  polymerase  assay. The na tu ra l  analogues 
Ade, Ado, dAdo,  AMP, ADP,  ATP, dAMP,  d A D P  and 
d A T P  are w i thou t  influence on the  react ion.  The effects 
of some unusual  analogues have  been t e s t ed ;  w i t h o u t  
influence were:  9-f i-D-arabinofuranosyladenine (Mack), 
9-f l-D-arabinofuranosyladenine-  5 ' -monophospha te ,  -di- 
p h o s p h a t e  and  - t r iphospha te  (Terra Marine), a-fi-ATP- 
methy lene  d iphosphona te  (Terra Marine), f i-y-ATP- 
me thy lene  d iphosphona t e  (Terra Marine), adenosine-5 ' -  
O-(3- thiot r iphosphate)  (Boehringer,  Mannheim),  cordy-  
cepin (Sigma), coformycin  and tuberc id in  (Sigma). Three  
analogues have  been found to affect  the  ac t iv i ty  of 
po ly (ADP-Rib)  polymerase  in different  s t r eng ths  (Table) : 
Formyc in  B (Calbiochem), showdomyc in  (Calbiochem) 
and 1-methyl -adenine  (Sigma). These 3 compounds  in- 
h ib i t  the  enzyme compet i t ive ly  to the  NAD subst ra te .  
The inhibi t ion kinetics ob ta ined  are perfec t ly  linear, b o t h  
in LINEWEAVER and BURK plot  s and in l ) txoN plot".  One 
example  is shown for formycin  B in the  Figure.  The h ighes t  
aff ini ty among the  three  inhibi tors  to the  enzyme is found 
in the  case of formycin B; showdomyc in  and 1-methyl  
adenine are less effective. 

The three  different  enzyme poisons tes ted  are w i t h o u t  
influence on the  ac t iv i ty  of po ly(ADP-Rib)  po lymerase :  
Ri famycin  (Calbiochem; final concent ra t ion  in the  assay 
0.2 mg/ml),  a-a lnani t in  (Boehringer Inge lhe im;  final 
concent ra t ion  0.1 mg/ml) and 2-phenyle thanol  (Mack; 
final concen t ra t ion  I mg/ml}. To rule out  the  possibi l i ty  
t h a t  these compounds  which are capable  of inhibi t ing 
po ly(ADP-Rib)  polymerase  are c o n t a m i n a t e d  wi th  NMN 

adenyly l t ransferase ,  the  co mp o u n d  solutions were assayed 
for th is  enzyme;  no enzyme ac t iv i ty  could be de t ec t ed~~  
NMN adenyly l t rans fe rase  could conver t  NAD into NMN, 
a p o t e n t  inhib i tor  of po ly (ADP-Rib)  polymerase  n 

Summary.  The ac t iv i ty  of po ly (ADP-Rib)  po lymerase  is 
enhanced  in the  presence  of spermine  and spermidine .  
Among  the  adenosine-l ike ant ib iot ics  tes ted ,  only formy-  
cin B and showdomyc in  cause an inhib i t ion  of the  enzyme,  
which is compet i t ive  to NAD. The ac t iv i ty  of po ly (ADP-  
Rib) po lymerase  is no t  reduced by  r i famycin,  e - aman i t i n  
and 2-phenyle thanol .  
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~Chlorodimeform and its Effect on~onoamind, Oxidase~Activity in th~kCattle T i c ~  
B o o p h i l u s  m i c r o p l u s  / - �9 

Galecron (active ingredient  chlorodimeform) is a 
re la t ively  new acaricide which  is par t icu lar ly  effective 
agains t  ca t t le  ticks, including res is tan t  s t ra ins  x. I t s  mode 
of act ion is uncer ta in  bu t  it  is known no t  to involve  
inhib i t ion  of acetylchol ines terase  2, the  mode of act ion 
of o rganophosphorus  and ca rbama te  acaricides. Two 
di f ferent  modes  of act ion for ch lorodimeform have  been  
proposed.  ABo-KHATWA and  HOLLINGWOP, TH a'4 using 
mi tochondr ia  f rom ra t  liver and f rom cockroach thoracic  
muscle found t h a t  ch lorodimeform uncoupled  respira-  
to ry-cha in  phosphory la t ion  and  s t imula ted  ATP-ase.  
However ,  as po in ted  out  by  BEEMAN and MATSUMURA 5 
th is  uncoupl ing act ion would no t  give rise to chlorodime-  
form's  known act ion on the  centra l  nervous  system.  
Azlz and KNOWL~S" and BEEMAN and MATSUMURA 5'7 
have  shown ch lorodimeform to be a po t en t  in v i t ro  

inhibi tor  of monoamine  oxidase (MAO) from b o t h  ra t  
l iver and cockroach thoracic  muscle  and th is  led t h e m  to 
suggest  t h a t  inh ib i t ion  of MAO m a y  be the  mode  of 
acaricidal  act ion.  
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