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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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Table I. 

Enzymes Catalysis [I~55 (M) 

1. Apotyrosine transaminase from rat liver Inactive 1 • 10 -5 
2. Apoaspartate transaminase from pig 

heart Inactive 5.5 • 10 .5 
3. Apoaspartate transaminase from 

wheat germ Inactive 3.8 • 10 -5  
4. Apotyrosine deearboxylase from 

Streptococcus/aecalis Inactive >~1 • 10 -a 

1. Pyridoxal-P concentration in the assay = 1.5 • 10 -s M; 2. = 
1• - ~ M ; 3 .  = 1• - ~ M ; 4 .  = 1.5• - s M .  
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Absorption spectra of the pyridoxal-P apoaspartate transaminase 
complex (--) and of the c~5-pyridoxalacetic acid aspartate trans- 
aminase complex ( . . . . .  ) from pig heart in presence of 0.02 M fi- 
erythrohydroxyaspar tate. 

Table II. 

Enzymes 

~5- Pyridoxyl-L-phenyl- P-pyridoxyl-L- 
alanine acetic acid phenylalanine 
EI]so (M) [I].o (M) 

1. Apotyrosine tran- 
saminase from rat 
liver 2.25 • 10 .5 3.8 • 10 -~ 

2. Apotyrosine deear- 
boxylase from 
Streptococcus/aecalis >~ 1 • 10 -4 3 x 10 -6 

1. Pyridoxal-P concentration in the assay = 1.5 • 10 -s M; 2. = 
1,5 • 10  . 8  M .  

12 C.  B O R R I  VOLTATTORNI,  A. ORLACCHIO, A .  GIARTOSIO,  F .  CONTI 

andC. TURANO, Eur. J. Biochem. 53, 151 (1975). 
la F. S. FURBISH, M. L. FONDA and D. E. METZLER, Biochemistry 8, 

5169 (1969). 

b y  m e a n s  of c o l u m n  c h r o m a t o g r a p h y  t h r o u g h  an  A m -  
berl i te  CG-50 (130 X 1.5) (H +) f i r s t  in  w a t e r  a n d  t h e n  in  
acet ic  acid 5% w i t h  a flow r a t e  of 8 ml /h .  F r a c t i ons  wh ich  
c o n t a i n  t he  p r o d u c t  were col lected a n d  l iophylized.  T h e  
U V  a n d  I R  spec t ra l  p roper t i e s  a n d  t h e  t~f va lue  on t h i n  
l ayer  c h r o m a t o g r a p h y  were in acco rdance  w i t h  those  of 
IWATA a n d  1V~ETZLER 11. 

T h e  s y n t h e s i s  of t he  = L p y r i d o x y l - L - p h e n y l a l a n i n e  
acet ic  acid w a s  car r ied  ou t  as  fol lows: 0.05 m m o l e s  each  
of ~Lpyr idoxa lace t i c  acid a n d  L-pheny la l an ine  were 
a dde d  to 10 ml  m e t h a n o l  a n d  b r o u g h t  in to  so lu t ion  w i t h  
0.15 m m o l e s  of 50% K O H .  N a B H  4 was  a dde d  to t he  
clear  yel low so lu t ion  un t i l  t h e  l a t t e r  was  t u r n e d  colorless. 

T h e  so lu t ion  w a s  f i l tered off a n d  t he  f i l t ra te  c onc e n t r a t -  
ed in va c uo  to  d ryness .  T h e  res idue  d issolved in 1 m l  of 
w a t e r  was  c h r o m a t o g r a p h e d  on  A m b e r l i t e  CG-50 (13 • 1) 
(H+). The  c o l u m n  was  deve loped  w i t h  w a t e r  a nd  2 ml  
f rac t ions  were collected.  T h o s e  f rac t ions  t h a t  showed  a 
m a x i m u m  a t  325 nm,  w h ic h  carac te r izes  B 6 de r iva t i ve s  
l ack ing  a doub le  b o n d  a t  4'  C, were col lected a nd  lio- 
phyl ized .  

Results. T h e  ~Lpyr idoxa l ace t i c  acid does no t  replace 
p y r i d o x a l - P  as  c o e n z y m e  for a n y  of t h e  a p o e n z y m e s  t e s t ed  
w h e n  t he  c a t a ly t i c  a c t i v i t y  was  m e a s u r e d  a t  low e n z y m e  
c onc e n t r a t i on .  

T h e  a na logue  b e h a v e s  as a c o m p e t i t i v e  inh ib i to r  w i t h  
r e s p e c t  to  p y r i d o x a l - P  for T A T  a t  37~ a nd  30~ b u t  
g ives  a n o n - c o m p e t i t i v e  inh ib i t ion  a t  20~ for T A T  a n d  
also for b o t h  t he  A A T  t e s t e d  a t  37~ The  d issoc ia t ion  
c o n s t a n t s  for T A T  a t  37~  a n d  30~ are 6.27 •  -~ a n d  
3.4 x 10 -7 M, respec t ive ly .  No inh ib i t i on  has  been  obse rved  
in TD C a t  a c o n c e n t r a t i o n  of 1 • 10 -3 M of th i s  ana logue ,  
w h ic h  is t he  h i g h e r  so lubi l i ty  in our  e x p e r i m e n t a l  condi-  
t ions .  

For  a l l  t h e  t r a n s a m i n a s e s  t e s t e d  t he  c o n c e n t r a t i o n  of 
t he  ana logue  w h i c h  causes  a 50% inh ib i t ion  of t he  a s s ayed  
reac t ion  is a b o u t  10 -e M, a t  l eas t  1000 t i m e s  lower t h a n  
for t y ro s ine  deca rboxy lase ,  as  s h o w n  in Tab le  I. Some 
spec t ra l  s tud ie s  h a v e  been  carr ied  o u t  on A A T  f rom pig 
h e a r t  to  cha rac t e r i ze  t he  f u n c t i o n a l  p roper t i es  of t he  
a L p y r i d o x a l a c e t i c  a c i d - a p o e n z y m e  complex .  The  reac-  
t i on  of t he  b o u n d  a na logue  w i t h  DL-alanine was  observed  
s p e c t r o p h o t o m e t r i c a l l y  m e a s u r i n g  t he  abso rp t ion  de- 
crease  a t  360 n m ;  in  p resence  of 0.0166 M DL-alanine a t  
p H  7.8 t he  n a t i v e  h o l o e n z y m e  t r a n s a m i n a t e s  w i th  a 
tl/2 --  9.4 min ,  while  t he  eS-pyr idoxalacet ic  ac id-apo-  
e n z y m e  w i t h  a tl/2 = 300 min .  

W e  h a v e  also t e s t e d  t h e  effect  of e ry t ro  /%hydroxy-  
a s p a r t a t e  on t he  c o m p l e x  e L p y r i d o x a l a c e t i c  acid apo-  
A A T  f rom pig hea r t .  The  F igu re  shows  t h a t  t he  c omplex  
~Lpyr idoxa l ace t i c  a c i d - a p o e n z y m e  in  p resence  of 0.02 M 
f l - e r y t h r o h y d r o x y a s p a r t a t e  h a s  a p e a k  a t  490 n m  signi-  
f i can t ly  lower t h a n  t h a t  of t h e  co r r e spond ing  holo- 
e nz yme .  

The  in t e r ac t i on  of a L p y r i d o x y l - L - p h e n y l a l a n i n e  acet ic  
acid, wh ich  is a na logue  of P - p y r i d o x y l - L - p h e n y l a l a n i n e  
( p y r i d o x y l - 5 ' - p h o s p h a t e  L-phenyla lan ine) ,  h a s  been  in-  
v e s t i g a t e d  for T A T  a n d  for T D C :  t h e  i nh ib i t i on  is of t h e  
n o n - c o m p e t i t i v e  t y p e  for T A T  a t  37 ~ a nd  no inh ib i t ion  
is obse rved  for T D C  a t  a c o n c e n t r a t i o n  1 • 10 .4 M (the 
l imi t  of i ts  solubi l i ty) .  

The  [I~50 of t he  e5 -pyr idoxy l -L-pheny la lan ine  acet ic  
acid is a b o u t  100 t i m e s  lower t h a n  of P-pyr idoxyl -L-  
p h e n y l a l a n i n e  for b o t h  t he  a p o e n z y m e s ,  as show n  in 
Tab le  II .  

Discussion. T h e  e L p y r i d o x a l a c e f i c  acid b inds  to apo-  
T A T  a t  37~ a n d  30~ w i t h  a N a b o u t  100 t i m e s  h ighe r  
t h a n  for t h e  real  c o e n z y m e  12. 

The  n o n - c o m p e t i t i v e  inh ib i t i on  obse rved  in T A T  a t  
20~ a nd  in b o t h  a p o A A T  a t  37 ~ is u n e x p e c t e d  a nd  diffi- 
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cul t  to  explain  because the  a~-pyridoxalacetic  acid has  a 
chemical  s t ruc tu re  ve ry  similar  to t h a t  of py r idoxa l -P  
and  also shows a high af f in i ty  for the  apo t r ansaminases  
tes ted .  These da t a  suggest  t h a t  the  analogue b inds  a t  the  
py r idoxa l -P  b ind ing  site. 

FURBISH et  al. ~a have  observed t h a t  the  ~5-pyridoxal- 
acet ic  ac id -apoAAT f rom pig hea r t  complex  undergoes  
reversible  t r an samina t i on  by  L-glutamate :  th is  observa-  
t ion is cons i s ten t  wi th  the  above suggestion.  

The  aS-pyridoxalacetic  ac id-apoAAT f rom pig hea r t  
complex  shows an efficient bu t  reduced ca ta ly t ic  act ivi ty ,  
evidenced as using, no t  the  g lu t ama te  which  has an 
ex t r eme ly  h igh  ra te  of t r a n s a m i n a t i o n  ~4, bu t  a more  
sui table subs t ra te ,  the  DL-alanine, as well as the  possibi l i ty  
to form the  in t e rmed ia t e  complex  enzyme-subs t ra t e ,  
p roposed  by  JENKINS la in the  t r an samina t i on  reaction.  

Fu r the rmore ,  if we compare  the  rat io be tween  [I]50 of 
the  eS-pyridoxalacet ic  acid and its py r idoxy l  der iva t ive  
and  the  ra t io  be tween  the  dissociat ion cons t an t s  for 
py r idoxa l -P  and P-pyr idoxyl -L-phenyla lan ine  x2 we found 
a similar  value. This observa t ion  suggests  t h a t  the  sub- 
s t i tu t ion  of the  p h o s p h a t e  wi th  a carboxyl  group does 
no t  h inder  the  fo rmat ion  of the  enzyme-subs t r a t e  com- 
plex, bu t  affects  the  ca ta ly t ic  act ivi ty .  

I t  is possible t h a t  the  b inding  of the  aS-pyridoxalacetic  
acid to  the  act ive si te has  some peculiar  character is t ics  
which could resul t  in an imper fec t  f i t  a t  the  act ive  cen te r  
so as no t  to  allow an eff icent  in te rac t ion  and catalysis  to 
take  place. The e x t e n t  of the  b inding  is much  more  lower 
in apoTDC, as compared  to  apot ransaminases ,  according 
to  the  evidence repor ted  by  GROMAN et al, 2. 

Riassunto. I r i su l ta t i  o t t enu t i  da l l ' in terazione dell '~ 5- 
pir idossal  acido acetico e dall '~5-piridossil-L-fenilalanina 
acido acetico su alcuni enzimi  B 6 d ipenden t i  suggeriscono 
che la sost i tuzione del fosfato con un gruppo carbossilico 
nel pi r idossal-5 ' - fosfato  non impedisce  la formazione del 
complesso enz ima-subs t ra to ,  ma  influenza l ' a t t i v i tg  
catali t ica.  

C. BORRI VOLTATTORNI and A. ORLACCHIO 

Istituto di Chimica Biologica, 
Facolt& di Farmacia dell'Universit&, 
1-06100 Perugia (Italy), 11 April 1975. 
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Molecular Heterogeneity of Human Placental Aminopeptidase Isozymes 

An aminopep t idase  (AP) t h a t  hydro lyzes  L-leucyl-fl- 
n a p h t h y l a m i d e  (leucine aminopept idase ,  LAP) or L- 
cys t ine-d i - f l -naphthy lamide  (cystine aminopept idase ,  CAP 
or oxytocinase)  appears  in ma te rna l  sera dur ing preg- 
nancy~-a.  GOEBELSMANN and  BELLER4 successfully 
used c h r o m a t o g r a p h y  on Sephadex  for separa t ing  this  
p regnancy  serum AP from an L A P  which is p resen t  in all 
h u m a n  sera. In  an earlier repor t  we p resen ted  evidence 
for the  exis tence of 2 A P  isozymes in h u m a n  p lacen ta :  
the  lysosomal  and microsomal  isozymes,  which were 
d is t inc t  f rom normal  serum L A P  5. In  th is  paper  we pre- 
sent  new da t a  on the  molecular  he te rogene i ty  of p lacenta l  
A P  isozymes ob ta ined  from a gel f i l t ra t ion s tudy.  

Lysosomal  and microsomal  ex t rac t s  were p repa red  
f rom homogena te s  of h u m a n  p lacentae  as previously  
p repared  ~. Sepharose  6B colunm (2.5 • 100 cm )was pre-  
pared  and equi l ibra ted  wi th  0.1 M sodium phospha t e  
buffer  (pH 7.0). E lu t ion  was carried out  wi th  the  same 
buffer  and the  eff luent  was collected in 4-ml-fractions.  
L A P  and CAP activi t ies were de te rmined  by  the  me t h o d  
of TAK~NAKA 6 wi th  sl ight modif icat ions.  Techniques  for 
disc e lectrophoresis  and the  enzyme s ta in ing  were also 
descr ibed previously  5. 

Figure 1 represents  a typica l  elut ion p a t t e r n  of A P  
isozymes by  c h r o m a t o g r a p h y  on Sepharose 6B column.  
Non-p regnancy  sera and fetal  sera exh ib i t ed  only 1 
peak  of L A P  act ivi ty .  P r egnancy  sera a t  t e r m  showed in 
addi t ion  ano the r  tall  L A P  peak  (Peak I) which  was 
separa ted  f rom the  L A P  peak in non -p regnancy  sera 
(Peak II). Corresponding  to Peak  I, a peak  of CAP 
ac t iv i ty  was found in p regnancy  sera, whereas  non- 
p regnancy  sera and fetal  sera had  no CAP ac t iv i ty  in any  
fraction.  Lysosomal  L A P  and CAP were e luted in the  
same posi t ion as Peak  I;  microsomal  L A P  and  CAP as 
Peak  II .  

Since only p regnancy  sera exhib i ted  biphasic  L A P  
peaks, these 2 separa ted  peaks were sub jec ted  to disc 
electrophoresis .  As is p resen ted  in Figure 1, Peak  I 
showed 2 CAP bands  (CAP 1 and CAP~) ~ as the  lysosomal  
enzyme did;  Peak  II  one L A P  band.  

These results  suppor t  our view t h a t  the  origin of 
p regnancy  serum A P  is the  lysosomes of placenta ,  f rom 
which  the  enzyme is released into ma te rna l  circulat ion 
dur ing pregnancyS,  a. Fur the rmore ,  it  was shown t h a t  
the  p regnancy  serum A P  of lysosomal  origin displayL~g 
2 CAP bands  can be separa ted  f rom the  L A P  in all h u m a n  
sera by gel f i l t rat ion.  This is in ag reemen t  wi th  the  re- 
sults  of GOEBELSMANN and  BELLER 4. 

As is shown in Figure 2, according to the  m e t h o d  of 
ANDREWS 9, the molecular  weight  of the lysosomal enzyme  
was e s t ima ted  to be app rox ima te ly  320,000; t h a t  of the  
microsomal  enzyme and normal  serum L A P  to be approx-  
x ima te ly  145,000. The former  is near ly  equal  to the  
molecular  weight  of re t rop lacen ta l  CAP as e s t ima ted  to 
be 325,000 by  YMAN and SJOHOLM 1~ F r o m  the  p resen t  
gel f i l t ra t ion exper iment ,  the  lysosomal  and microsomal  
isozymes are a p p a r e n t l y  mult iple  molecular  forms differ- 
ing in their  molecular  sizes. 

Absence of Peak  I (2 CAP bands) in fetal  serum suggests  
t h a t  this  enzyme does no t  leak into fetal  circulation.  I t  
is likely t h a t  the  high molecular  weight  of p regnancy  
serum AP is also responsible  for i ts  failure to pass  f rom 
the  blood of p r e g n a n t  women  t h ro u g h  the  p lacenta l  
barr ier  into fetal  circulat ion.  
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