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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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Table I. In vitro inhibition of cattle tick monoalnine oxidase by chlorodimeform and other compounds 

]~XPERIENTIA 31/9 

Compound Structure I50 (M) 
(Mean of 4 experiments) 

Chlorodimeform (I) 

N-Desmethylchlorodimefornl (II) 
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A l t h o u g h  c h l o r o d i m e f o r m  is used p r inc ipa l ly  as an  
acar icide,  t he  m a j o r i t y  of s tud ies  on  i ts  b iochemica l  m o d e  
of ac t ion  h a v e  used  r a t s  6 or insec ts  such  as t he  cockroach  
Periplaneta americana ~. Our  own s tudies  h a v e  been  w i t h  
t he  ca t t l e  t i ck  Boophilus rnicroplus, a n d  in p a r t i c u l a r  we 
looked to see if MAO i n h i b i t i o n  could be  r e l a t ed  to  t he  
t o x i c i t y  of t h e  c o m p o u n d  to  t h e  t ick.  

Suscept ib le  s t r a in s  of t he  l a rvae  of t he  ca t t l e  t ick,  
Boophilus microplus, were k i n d l y  d o n a t e d  b y  Dr  F. S. 
DOWNING (ICI P h a r m a c e u t i c a l s  Division) .  Af te r  f reezing 
for 30 ra in  t he  l a rvae  were weighed  and  a 10 % h o m o g e n a t e  
p r e p a r e d  in 0.25 M sucrose/0.002 M ca lc ium chloride,  
c o n t a i n i n g  d i t h i o t h r e i t o l  (100 mg/1). T he  h o m o g e n a t e  was 
f i l te red  t h r o u g h  cheese c lo th  a n d  used i m m e d i a t e l y  for 
a s say  of MAO a c t i v i t y  us ing  t he  r ad ioac t ive  m e t h o d  
descr ibed  b y  WURTMAN a n d  AXELROD s. T r y p t a m i n e  
b i succ ina te  (side chain-2-14C; specific a c t i v i t y  2 mCi/  
m m o l  a n d  10 -6 M) was  used  as subs t ra t e .  T he  s t a n d a r d  
i n c u b a t i o n  m i x t u r e  cons is ted  of 100 [~1 10% e n z y m e  
h o m o g e n a t e  200 ~1 of 0.3 M p o t a s s i u m  p h o s p h a t e  buffer ,  
p H  7.4 a n d  100 ~1 subs t ra t e .  I n h i b i t o r s  were added  to  t he  
r eac t ion  m i x t u r e  in  10 ~1 of e t h a n o l  a n d  p r e - i n c u b a t e d  
w i t h  t h e  e n z y m e  for 30 min .  T h e  r eac t ion  was  s t a r t e d  b y  
a d d i t i o n  of subs t r a t e .  Fo l lowing  i n c u b a t i o n  a t  33~ for  
60 min,  t he  r eac t i on  was  s t o p p e d  b y  add i t i on  of 400 ~1 
3 N h y d r o c h l o r i c  acid. T he  non-bas ic  p roduc t s  were 
e x t r a c t e d  i n to  4 m l  of to luene  b y  s hak i ng  (b lanks  con- 
t a i n i n g  boi led e n z y m e  were used to  cor rec t  for t h e  smal l  
a m o u n t  of s u b s t r a t e  e x t r a c t e d  b y  t he  toluene) .  Af te r  
cen t r i fuga t ion ,  t h e  r a d i o a c t i v i t y  in  1 ml  of t he  organic  
l ayer  was  m e a s u r e d  b y  l iquid sc in t i l l a t ion  coun t ing  us ing  
a P a c k a r d  Tr i -Ca rb  Sc in t i l l a t ion  coun te r  f i t t ed  w i t h  a n  
abso lu t e  a c t i v i t y  ana lyzer ,  Resu l t s  are expressed  as t he  
c o n c e n t r a t i o n  of i n h i b i t o r  in  reel/1 g iv ing  50% inh ib i t i on  

of MAO a c t i v i t y  (I~0) and  are  t he  m e a n  of 4 exper imen t s .  
To s t u d y  t h e  effect  of c h l o r o d i m e l o r m  and  i ts  metabo l i t e ,  

N - d e s m e t h y l c h l o r o d i m e f o r m  9 on  t he  in v ivo  levels of 
MAO, ca t t l e  t i ck  l a rvae  were enclosed in vials  c o n t a i n i n g  
f i l ter  p a p e r  i m p r e g n a t e d  w i t h  500 [xg of t h e  chemicals .  
To s t u d y  t h e  effect  of p ipe rony l  bu toxide ,  t he  f i l ter  p a p e r  
was i m p r e g n a t e d  w i t h  a m i x t u r e  of t o x i c a n t  (500 ~g) 
and  synerg i s t  (1,000 ~g). A t  va r ious  t imes  a f te r  exposure  
l a rvae  were r e m o v e d  a n d  t h e i r  MAO levels de t e rmined .  
The  pe rcen t age  m o r t a l i t y  was also assessed b y  v i sua l  
e x a m i n a t i o n  a t  t imes  up  to 48 h a f te r  the  in i t ia l  exposure .  

Tab le  I shows t he  in v i t ro  i nh ib i t i on  of MAO f rom 
suscept ib le  s t r a in s  of ca t t l e  t i ck  l a rvae  b y  ch lorodime-  
fo rm (I), N - d e s m e t h y l c h l o r o d i m e f o r m  (II), and  some 
classical MAO inh ib i to rs .  B o t h  amid ines  are p o t e n t  
i nh ib i to r s  of ca t t l e  t i ck  MAO. The  effect  of p ipe rony l  
b u t o x i d e  on  t he  t ox i c i t y  of t h e  c o m p o u n d s  to t he  t i ck  
was examined .  The  resu l t s  p re sen ted  in Tab le  I I  show 
t h a t  t he  t o x i c i t y  of ch lo rod imefo rm was an t agon i zed  b y  
t he  p ipe rony l  bu tox ide ,  t h e  t icks  showing  no  s y m p t o m s  
of po i son ing  up  to  72 h a f t e r  t r e a t m e n t .  I n  c o n t r a s t  
ch lorod imeform,  in  t he  absence  of p ipe rony l  b u t o x i d e  
caused  100% m o r t a l i t y  24 h a f t e r  t r e a t m e n t .  N-Des-  
m e t h y l c h l o r o d i m e f o r m  caused  100% m o r t a l i t y  w h e t h e r  
t he  chemica l  modi f ie r  was  p r e sen t  or no t  and  no syner-  
g ism was observed .  Cont ro l  e x p e r i m e n t s  were carr ied ou t  
us ing  t he  s t a n d a r d  MAO inh ib i to r s  iproniazid,  n i a l a m i d e  
a n d  pa rgy l ine  a t  a c o n c e n t r a t i o n  of 1000 ~g. H o w e v e r  
such  c o m p o u n d s  failed to p roduce  a n y  inh ib i t i on  of MAO 
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Table II. In vivo inhibition of MAO from cattle tick larvae alter treatment with ehlorodimeform and N-desmethylehlorodimeform 

Time (h) Treatment (% inhibition) 
.a 

Chlorodimeforrn Chlorodimeform N- desmethylchlorodimeform N- desmethylchlorodimeform 
and piperonyl butoxide and piperonyl butoxide 

0 0 0 0 0 
5 74 65 60 54 

24 81 81 68 65 
48 82 81 75 74 

Mortality (%) 
5h 0 0 0 0 
24 h 100 0 I00 i00 

Results are the mean of up to 5 separate experiments. 

in v i t ro  nor  was there  any  de tec tab le  mor t a l i t y  using such 
compounds .  This  can p r o b a b l y  be a t t r i bu t ed  to the i r  
lack of pene t r a t i on  of the  cat t le  t ick  larvae. 

These resul ts  suggest  t h a t  inhib i t ion  of MAO canno t  
be the  p r i m a r y  mode of ac t ion of ch lorod imeform in 
cat t le  ticks. Chlorodimeform and  its metabol i t e  N-des-  
me thy lch lo rod imefo rm are equal ly  good inhibi tors  of 
MAO in vivo, and ye t  t icks survive wi th  low MAO 
act ivi t ies  when me tabo l i sm of ch lorodimeform is inhibi t -  
ed by  the  presence of p iperonyl  butoxide .  Our results  also 
suppor t  the  view t h a t  in the  t ick  N-desmethy lch lo rod ime-  
form ra the r  t h a n  ch lo rod imeform m a y  be the  actual  
t ox i can t  1. 

The mode  of act ion Of ch lorod imeform could still 
involve an interference wi th  neuroact ive  amines,  e i ther  
by  inhib i t ion  of o ther  regu la tory  enzyme sys tems  or by  

in ter ference  wi th  the  up take  processes for monoamines .  
We are cont inuing  our inves t iga t ions  along these  lines. 

Summary .  The act ion of the  acaricide, ch lorodimeform 
and  its metabol i te ,  N-desn le thy lch lorod imeform,  on 
the  ac t iv i ty  monoamine  oxidase  (MAO) f rom the  cat t le  
t ick, Boophilus microplus,  were s tudied,  B o t h  compounds  
were found  to be p o t en t  in vi t ro  and  in vivo inhibi tors  
of the  enzyme.  However  the  inhib i t ion  of MAO does no t  
seem to be related to the  toxic act ion of the  acaricide. 

J.  s .  HOLDEN a n d  J. R. HADFIELD 

[ C I  P lan t  Protection .Division, Jealolt 's  H i l l  
Research Station, Bracknel l  RG12 6 E Y  (Berkshire, 
England),  16 A p r i l  1975. 

a ~ P y r i d o x a l a c e t i c  A c i d  a n d  a 5 P y r i d o x y l - L - P h e n y l a l a n i n e  A c e t i c  A c i d :  T h e i r  A c t i o n  o n  
s o m e  B 6 - D e p e n d e n t  E n z y m e s  

The in terac t ion  be tween  pyr idoxa l -P  and apoenzymes  
pyr idoxa l -P  d e p e n d e n t  has been s tudied  using a va r i e ty  
of analogues of py r idoxa l -P  in an a t t e m p t  to inves t iga te  
the  role of funct ional  groups of the  coenzyme in b inding  
and in catalysis  1. 

The results  of GROMAN et al. 2 on coenzymat ic  ac t iv i ty  
of 6 analogues wi th  the  posi t ion Y-modif ied on 3 bacter ia l  
enzymes  t ryp tofanase ,  D-serine dehydra tase ,  arginine 
deearboxylase ,  suppor t  the  view t h a t  Y-phospha te  
group, in addi t ion  to con t r ibu t ing  i m p o r t a n t l y  to binding,  
is also i m p o r t a n t  for precise posi t ioning of the  coenzyme 
on the  enzyme surface and  t h a t  the  r equ i r emen t  for 
achieving th is  precise posi t ioning also mus t  va ry  f rom 
one enzyme to another .  

In  t he  p resen t  paper  we describe the  in te rac t ion  bet -  
ween 4 apoenzymes  p y r i d o x a l - P  dependen t ,  tyros ine  
t r ansaminase  f rom ra t  l iver (TAT), tyros ine  decarboxylase  
f rom Streptococcus /aecalis (TDC), a spa r t a t e  t r ansami -  
nase f rom pig hea r t  and  a spa r t a t e  t r ansaminase  f rom 
w h e a t  germ (AAT) and an analogue of pyr idoxa l -P ,  
the  eS-pyridoxalacetic  acid, and  a pyr idoxalace t ic  acid 
der ivat ive,  the  eS-pyridoxyl-L-phenylalanine acetic acid, 
compound  wi th  s t ruc ture  similar to t h a t  general ly pos tu-  
la ted for the  ini t ial  subs t ra t e -coenzyme complex  formed 
dur ing the  enzymic  reac t ion  ca ta lyzed by  B6-dependent  
enzymes  a. 

Mater ials  and methods. The pur i f ica t ion of TAT 4,5, 
AAT from whea t  germ6, 7 and f rom pig heartS, 9 and  
TDC 10, the i r  convers ion to the i r  respec t ive  apoprote ins ,  
and  assay of the i r  enzymat i c  act ivi t ies  were pe r fo rmed  as 
descr ibed in the  ci ted references.  The p y r i d o x a l - P  
analogue which conta ins  the  subs t i t uen t  CH~CH2COOH 
in the  Y-posi t ion has  been syn thes ized  according to 
IWATA and METZLER 111 fur ther  pur i f ica t ion was achieved 
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