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t o r  superf ic ial is  muscle  of t he  pec to ra l  f in were f ixed in 
Bou in  fluid. Pa ra f f i n  sect ions  were s t a ined  b y  h e m a t o x -  
yl in-eosine.  Disco lora t ion  b y  H 2 0  2 ha s  been  used as a 
specific h i s t ochemica i  t e s t  for melan ine .  

Results. The  a m p l i t u d e s  of t he  ESIR signals,  expressed 
in a r b i t r a r y  uni ts ,  are g iven  in t h e  Table .  The  i n t e n s i t y  
obse rved  in t h e  wh i t e  muscle  is too  low to  be  s ignif icant .  
B u t  t he  card iac  a n d  t he  red  ske le ta l  musc les  show 
signals  wh ich  are easi ly  d i s t ingu i shed  f rom t he  back-  
g round  f luc tua t ions .  I n  t he  case of t he  a d d u c t o r  a n d  
a b d u c t o r  muscles  of t he  pec to ra l  fin, few d e t e r m i n a t i o n s  
(not  r epo r t ed  in t he  Table)  h a v e  also been  m a d e  on  t he  
i n t e r n a l  p a r t s  wh ich  do no t  a p p e a r  to  con t a i n  m y o g l o b i n  ; 
t he  spec t ra  d id  n o t  differ  f rom t h a t  of t he  wh i t e  muscle.  
The  a m p l i t u d e  of t h e  E S R  signals  paral lels ,  therefore ,  
t he  i n t e n s i t y  of t h e  colour  of t h e  muscle  and,  accord ing  to 
a cross sec t ion  e x a m i n a t i o n  of t he  a b d u c t o r  muscle  of t h e  
pec to ra l  fin, t he  decrease  in t he  f ibre  size. T he  f igure 
o b t a i n e d  in  the  case of t he  red  muscle  of t h e  l a te ra l  l ine  
is, however ,  m u c h  h igher  t h a n  t h a t  co r re spond ing  to t he  
o the r  red muscles.  

His to logica l  sect ions  of t he  red muscle  of t h e  la te ra l  
l ine  a n d  of t he  a b d u c t o r  superf ic ial is  musc le  of t he  pec to ra l  
f in  h a v e  been  compared .  As shown in t h e  Figure,  t h e  
fo rmer  c o n t a i n s  p i g m e n t e d  cells. T h e y  are  usua l ly  
s i t u a t e d  a long  b lood capi l lar ies  b u t  also occur  a long  
c o n j u n c t i v e  t rac t s .  These  cells con t a i n  me lan ine  granules  
which  are discolored b y  H 2 0  ~. On t he  o the r  h a n d ,  we d id  
no t  observe  a n y  me lanocy te s  in  t he  a b d u c t o r  superf ic ia l is  
muscle.  The  h i g h  a m p l i t u d e  s ignal  o b t a i n e d  for t he  red  
muscle  of t he  l a te ra l  l lne is t h u s  due  to t he  fac t  t h a t  i t  
con ta ins  me lan ine  granules .  I t  is i n t e r e s t i ng  to no te  t h a t  
in  a m p h i b i a n s  t he  presence  of th i s  p i g m e n t  ha s  been  
obse rved  in t he  h e a r t  a n d  va r ious  ske le ta l  muscles  ~ I n  
f ish muscle,  i ts  loca l iza t ion  t h u s  seems to be  m u c h  more  
res t r ic ted .  

I n  conclusion,  d e t e r m i n a t i o n s  of E S R  signals  t o g e t h e r  
w i t h  his to logical  obs e r va t i ons  h a v e  led us to  no te  a 
pecu l i a r i t y  of t he  f ish red  muscle  of t he  l a te ra l  line. This  
muscle  differs  f rom th e  o the r  f ish red  muscles  in  t he  pres-  
ence of some me lanocy te s  loca ted  a long  i ts  b lood capi l lar ies  
and  c o n j u n c t i v e  t rac t s .  T he  o the r  red  ske le ta l  muscles  

and t h e  card iac  muscle  give s ignals  of a b o u t  t he  same  
i n t e n s i t y  wh ich  are def in i te ly  h ighe r  t h a n  t he  ve ry  low 
s ignal  o b t a i n e d  for t h e  w h i t e  muscle .  The  pa ra l l e l i sm 
usua l ly  obse rved  b e t w e e n  m i t o c h o n d r i a l  c o n t e n t  a n d  
E S R  s ignal  i n t e n s i t y  in va r ious  t i ssues  appea r s  va l id  also 
in t h e  case of t he  two types  of ske le ta l  muscle~~ 

Rdsumd. Les mesures  de r6sonance  p a r a m a g n 6 t i q u e  
61ectronique effectu6es j u s q u ' k  p r6sen t  sur  le muscle  n ' o n t  
pas  t enu  c o m p t e  de la d i f f6 ren t i a t ion  de ce t i ssu  en  
muscles  b lancs  e t  rouges.  Nous  avons  compa r6  les 
s ignaux  du  muscle  blanc,  du  muscle  ca rd i aque  e t  de d ivers  
muscles  rouges de carpe.  Le muscle  b lanc  pr6sen te  une  
t r~s  Ia ible  intensi tY; le m y o c a r d e  e t  d i f f~rents  muscles  
rouges  d o n n e n t  des va leurs  p lus  61ev6es en  accord  avec  
leur  p lus  g rande  t e n e u r  en mi tochondr ie s .  Le muscle  rouge  
de la l igne la t6rale  se d i s t ingue  tou te fo i s  des au t r e s  muscles  
rouges p a r  u n  s ignal  env i ron  2 • p lus  i n t ense  dfi, c o m m e  
le m o n t r e n t  des exmnens  his to logiques ,  k la pr6sence dans  
ce cas de m61anocytes  s i tu6s le long de fa i sceaux  conjonc-  
t i fs  e t  de capi l la i res  sanguins .  

G. HAMOIR 11, ~c~. ~/[ARECHAL12 a n d  
R .  ]~ASSLEER 13 

Laboratory of Biology, Faculty o/Sciences, 
University of Liege, B-4000 Liege (Belgium); 
Department of Atomic and Molecular Physics, 
Sart-Tilman, University of Li@e; and 
Institute of Histology, Faculty of Medicine, 
University o/Li@e (Belgium), 28 June 7972. 

9 N. MILLOTT and W. G. LYNN, Nature, Lond. 209, 99 (1966). 
i0 The authors wish to thank Dr. Q. BONE who drew their attention 

to the occurrence of melanine in amphibian muscles and Prof. 
A. VAN DE VORST for advice on BSR spectroscopy. 

11 Laboratory of Biology, Faculty of Sciences, University of Liege, 
Belgium. 

12 Department of Atomic and Moleeulal: Physics, Sart-Tilman, Uni- 
versity of Liege, Belgium. 

13 Institute of Histology, Faculty of Medicine, University of Ligge, 
Belgium. 

Enzymat ic  Hydroxylat ion of Anthrani lamide  in Rat Liver 

A new me tabo l i c  p a t h w a y  f rom a n t h r a n i l i c  acid,  one 
of t he  t r y p t o p h a n  metabo l i t e s ,  to  c o n j u g a t e s  of 5-OH- 
a n t h r a n i l a m i d e  a n d  3 - O H - a n t h r a n i l a m i d e  was sugges ted  
to  be  p r e sen t  b y  t h e  au tho r s .  

A n t h r a n i l a m i d e  ha s  been  i so la ted  a n d  iden t i f i ed  as a 
new m e t a b o l i t e  of a n t h r a n i l i c  acid in  our  l a b o r a t o r y  1, ~ 
and  w h e n  a n t h r a n i l a m i d e  was in j ec t ed  to  t h e  ra t ,  two  
m a i n  m e t a b o l i t e s  supposed  to  be  con juga t e s  of 5-OH- 
a n t h r a n i l a m i d e  a n d  3 - O H - a n t h r a n i l a m i d e  3, could be  also 
obse rved  in o rgans  such  as l iver  a n d  k i d n e y  as well  as in  
ur ine.  Cons ider ing  t he  a b o v e  discoveries,  i t  is of i n t e r e s t  
to  s t u d y  t he  h y d r o x y l a t i o n  and  t he  c o n j u g a t e  f o r m a t i o n  
of t he  a n t h r a n i l a m i d e .  

I t  h a s  been  r epo r t ed  b y  I(ASI-IIWAMATA et  al. * t h a t  a n  
e n z y m e  w h i c h  is capab le  of h y d r o x y l a t i n g  a n t h r a n i l i c  
acid to  5 - O H - a n t h r a n i l i c  acid is p r e s e n t  in  t h e  mic rosome  
of r a b b i t  l iver,  b u t  t h e  h y d r o x y l a t i o n  a c t i v i t y  in  t h a t  of 
r a t  l iver  was found  to  be  negl ig ible  5. 

A n  Achromobacler sp. ha s  b e e n  shown  be  able  to  
oxidize a n t h r a n i l i c  acid v ia  5 - O H - a n t h r a n i l i c  acid b y  
LADD ~, a n d  CAIN ~ also r epo r t ed  t h a t  in  Nocardia opaca, 

5 -OH-an th r an i l i c  acid was an  m e t a b o l i t e  of a n t h r a n i l i c  
acid.  

The  h y d r o x y l - d e r i v a t i v e s  of a n t h r a n i l a m i d e  ha s  been  
observed  in t he  u r ine  of r a b b i t  b y  BRAY et  al  s a n d  in 
b o t h  l iver  a n d  ur ine  of r a t  b y  SUTAMIHARDJA et  al. 8, b u t  
t h e  e n z y m a t i c  h y d r o x y l a t i o n  in v i t r o  could no t  be  
d e m o n s t r a t e d  u n t i l  now. 
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Table I. Intracellular localization of anthranilamide-5-hydroxylase activity 

Fraction 5-OH-anthranilamide formed Protein 
(calculated as 5-OH-anthranilic acid; nmole) (mg/ml) 

Homogenate 
Nuclear and mitochondrial fraction 
Supernatant I (at 10,000 • g) 
Microsomal fraction 
Supernatant II (at 109,000 • g) 

14.29 22.34 
1.49 13.73 

21.43 13.73 
0.01 4.14 
0.00 9.22 

Table II. Activity of the recombined preparation of the microsomal and supernatant II fraction which hydroxylate anthranilamide to 5-OH- 
anthranilamide 

Fraction 5-OH-anthranilamide formed (calculated as 5-OH-anthranilic acid; nmole) 

Supernatant I 38.69 
Microsomal fraction 0.01 
Supernatant II 0.00 
Microsomal fraction + Supernatant II 30.04 

In  th is  communica t ion ,  subcellular  local izat ion of an 
enzym e  which  ca ta lyzes  the  hyd roxy l a t i on  of an thran i l -  
amide  to  5 -OH-an th ran i l amide  in the  r a t  l iver is discus- 
sed. F r o m  the  resul ts  descr ibed  as follows, t he  enzyme is 
localized in t he  microsomal  fraction,  and it requires  NAD P H  
and  some o ther  factors  in t he  soluble f rac t ion  for t he  
ac t iv i ty .  

Mater ia l  and methods. The enzyme  p repa ra t ion  was 
ob ta ined  f rom the  l iver of a lbino ra ts  of Wis t a r  s t rain,  
weighing 200-250 g. An e ther  anes thes ized  r a t  u n d e r w e n t  
l apa ro tomy,  and  af ter  por ta l  perfus ion witt l  physiological  
saline solution,  the  l iver was immed ia t e ly  r emoved  and  
s to red  a t  -20~ The frozen l iver  was homogen ized  for 
2 min  wi th  9 volumes  of 0.14 M KC1 b y  using a homo-  
genizer. Subcellular  f rac t iona t ion  of the  l iver homogena t e  
was p repa red  according to  the  m e t h o d  of SoNs and  
HAGIHARA 9. 

The enzyme  reac t ion  mi x t u r e  con ta ined  100 ~• of 
po ta s s ium p h o s p h a t e  buffer  (pH 7.5), 0.3 ml  of e n z y m e  
solution, 45 ~moles of an thran i lamide ,  8 ~moles of 
n icot inamide ,  2.5 ~zmoles of MgC12, 0.5 ~mole N A D P H ,  
4 ~zlnoles of g lucose-6-phosphate ,  0.4 un i t  of glucose-6- 
p h o s p h a t e  dehydrogenase ,  and af ter  add i t ion  of water ,  
the  final  vo lume was  2.0 ml. The reac t ion  mi x t u r e  was 
incuba ted  for 1 h a t  37~ in air, and the  product ,  5-OH- 
an thran i lamide ,  was measured.  

The 5 -OH-an th ran i l amide  was  de t e rmined  by  the  
indopheno l  react ion,  which  was modif ied  for t he  assay of 
5-OH-anthrani l ic  acid by  KASHIWAMATA ~. 

Results  and discussion. The ident i f ica t ion  of the  reac t ion  
p roduc t s  were carr ied ou t  by  pape r  c h r o m a t o g r a p h y  

N. SONE and B. HAGII~ARA, J. Biochem., Tokyo 56, 151 (1961). 

Table III. Effect of heat and dialyzed treatment on the enzyme activity 

Fraction 5-OH-anthranilamide formed (calculated as 5-OH-anthranilic acid; nmole 

Supernatarlt I 
Microsomal fraction 
Supernatant II (sup. II) 
Heated microsomal fraction (10 min) -9 sup. II 
Microsomal fraction -9 dialyzed sup. II 

10.71 
0.01 
0.00 
0.01 

13.26 

Table IV. Specificity of the enzyme to various substrates 

Substrate Enzyme activity (calculated as 5-OH-anthranilic acid; nmole product formed) 

Anthranilamide 35.46 
Kynurenine 0.00 
o-Aminoacetophenone 1.35 
Anthranilic acid 0.00 
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us ing  t he  Toyo- rosh i  No. 51 f i l ter  p a p e r  and  a so lven t  of 
n - b u t a n o l :  acet ic  acid:  w a t e r  (4:1:1). T he  f luorescen t  
spots  were iden t i f i ed  b y  compar i son  w i t h  t he  a u t h e n t i c  
c o m p o u n d  of 5 - O H - a n t h r a n i l a m i d e  isola ted f rom a n t h r a -  
n i l amide - in j ec t ed  r a t  u r ine  in our  l abora to ry .  In  t h e  
e n z y m e  as descr ibed  in t he  m e t hod ,  bes ide  t he  u n m e t a b o -  
l ized a n t h r a n i l a m i d e  (B), a spo t  of Rf  0.50 (A) could be  
de tec ted ,  wh ich  co r responded  to  5 - O H - a n t h r a n i l a m i d e  
(Figure) .  I n  t he  absence  of N A D P H ,  5 - O H - a n t h r a n i l -  
amide  could n o t  be  observed.  

As shown  in Tab le  I, i t  is obv ious  t h a t  t he  e n z y m e  
a c t i v i t y  is m a i n l y  p r e s en t  in  t he  s u p e r n a t a n t  I f r ac t ion  
which  consis ts  of the  mic rosomal  a n d  soluble  f rac t ions  of 
t he  r a t  l iver.  Ne i t he r  t he  m i t o r c h o n d r i a l  no r  mic rosomal  
f rac t ions  could h y d r 0 x y l a t e  a n t h r a n i l a m i d e  to  5-OH- 
a n t h r a n i l a m i d e .  

KASItlWAMATA et  al.4 h a v e  r epo r t ed  t h a t  t he  micro-  
somal  f r ac t ion  of r a b b i t  l iver  could h y d r o x y l a t e  a n t h r a -  
ni l ic  acid to  5 - O H - a n t h r a n i l i c a c i d ;  however ,  in our  
expe r imen t s ,  t he  m i c r o s o m a l  f r ac t ion  of t he  r a t  l iver  
a lone  could n o t  h y d r o x y l a t e  a n t h r a n i l a m i d e  to  5-OH- 
a n t h r a n i l a m i d e  (Table  I I ) .  I f  t he  s u p e r n a t a n t  I I  and  t h e  
mic rosomal  f r ac t ion  were r ecombined ,  t h e  h y d r o x y l a t i n g  
a c t i v i t y  was recovered  b y  90% of t he  s u p e r n a t a n t  I 
c o n t a i n i n g  mic rosoma l  a n d  soluble  f rac t ion.  

As shown  in Tab le  I I I ,  t h e  r e c o m b i n e d  p r e p a r a t i o n  of 
t he  h e a t e d  mic rosomal  f r ac t ion  and  t he  s u p e r n a t a n t  I I  

could  no t  h y d r o x y l a t e  a n t h r a n i l a m i d e ,  b u t  if on ly  t h e  
s u p e r n a t a n t  I I  was hea ted ,  t he  r ecombines  p r e p a r a t i o n  
w i t h  t he  mic rosoma l  f r ac t ion  could s t i l l  h y d r o x y l a t e  
a n t h r a n i l a m i d e .  I t  suggests  t h a t  some o the r  fac tors  in  
t he  soluble  f r ac t ion  are necessary  for  t he  h y d r o x y l a t i o n  
of a n t h r a n i l a m i d e  to  5 - O H - a n t h r a n i l a m i d e  b y  microso-  
ma l  f ract ion.  The  r e c o m b i n e d  mic rosomal  f r ac t ion  w i t h  
t he  d ia lyzed  s u p e r n a t a n t  I I ,  as shown in Tab le  I I I ,  t he re  
could be  found  no  decreas ing  in t he  e n z y m e  ac t iv i ty .  

Since L-kynurenine ,  a n t h r a n i l i c  acid, and  o-amino-  
a c e t o p h e n o n e  were no t  h y d r o x y l a t e d  (Table  IV), t he  
hyd roxy la t i o I  was  specific for a n t h r a n i l a m i d e .  I n  t h e  
m i t o c h o n d r i a l  f ract ion,  as r epo r t ed  b y  OKA.MOTO et  al. ~0, 
i t  could  h y d r o x y l a t e  k y n u r e n i n e  to  O - 3 H - k y n u r e n i n e ,  
b u t  t h i s  m i t o c h o n d r i a l  s y s t e m  could no t  h y d r o x y l a t e  
a n t h r a n i l a m i d e  to  3 - O H - a n t h r a n i l a m i d e  or 5 - O H - a n t h r a -  
n i lamide .  

The  deta i l s  of t he  k ine t i c  s tud ies  on  t h e  h y d r o x y l a t i o n  
of a n t h r a n i l a m i d e  to  5 - O H - a n t h r a n i l a m i d e  b y  t h e  
a n t h r a n i l a m i d e - 5 - h y d r o x y l a s e  found  in t he  mic rosomal  
f rac t ion  will  be  r epo r t ed  f u r t h e r  elsewhere.  

Zusammen/assung. Das als A n t h r a n i l a m i d - 5 - H y d r o x y -  
lase beze ichne te  E n z y m ,  das  v o n  A n t h r a n i l a m i d  zu 5-OH- 
A n t h r a n i l a m i d  h y d r o x y l i e r t  wird,  wurde  in den  Mikro-  
somen  von  R a t t e n l e b e r z e l l e n  lokal is ier t .  

Rf value 0 012 0;4 O~B Or8 
I Enzymatic 
product @ 

AuthentiCni amide 5-OH-anthra-] 0 / 

Fig. 1. Paper chromatography of enzymatic product and authentic 
5-OH-anthranilamide. 
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A b n o r m a l  R N A  M e t a b o l i s m  in M a l e  G e n i t a l  T r a c t  of  T a i l l e s s  M o u s e  ( T / t )  

I n  p rev ious  expe r imen t s ,  secre t ion  a n d  exc re t ion  of epi- 
d idymis  a n d  d u c t u s  deferens  were i nves t i ga t ed  in C57BL 
mouse  us ing  H3-ur id ine  or H3-orot ic  acid. B y  m e a n  of 
h i s tochemica l  and  chemica l  t echn iques ,  i t  was  p r o v e d  t h a t  
one of t he  c o m p o n e n t s  of t he  secre t ion  consis ts  of R N P  
a n d  more  specif ical ly RNA.  T he  t u r n - o v e r  of these  mole-  
cules was  i n v e s t i g a t e d  1. 

R e c e n t  e x p e r i m e n t s  showed s t r i k ing  differences  of uri-  
d ine  t u r n - o v e r  be tween  mouse  s t ra ins ,  especial ly  in  
tai l less T/t. These  s t ra ins  well  k n o w n  to  be  a ba l anced  
l e tha l  s y s t e m  ~ were deve loped  as a n  i n b r e d  s tock  in  our  
l a b o r a t o r y  3. A n  a b n o r m a l  r - R N A  m e t a b o l i s m  was pre-  
v ious ly  r epo r t ed  in mouse  spleen of l ines he te rozygous  for 
t124 a n d  t h o u g h t  to  be  r e l a t ed  to  a n  a n o m a l y  of t h e  nu-  
c leolar  organizer ,  f r om wh ich  i t  was  in fe r red  t h a t  t he  
c h r o m o s o m e  wh ich  con ta ins  t he  t loci is also nucleolus  
organizing.  Cytological  obse rva t ions  fai led to  conf i rm th i s  
inference  (unpub l i shed  pe r sona l  da ta) .  

However ,  owing to deep v a r i a t i o n s  of fe r t i l i ty  f rom l ine 
to  l ine  in  ta i l less  mice, we decided to  i nves t i ga t e  some 
pa r t i cu la r i t i e s  of R N A  m e t a b o l i s m  in  t h e  gen i ta l  sys tem.  

Materialand methods. Two s t r a in s  of 6 -mon th -o ld  tai l less  
mice  T/t 6 (from Harwel l )  a n d  T/tl~ (from Columbia  I are 
ut i l ized in t he  p re sen t  expe r imen t s .  C o m p a r a t i v e  experi-  
m e n t s  were real ized w i t h  6 - 7 - m o n t h - o l d  C57BIR mice  as 
controls .  Mice were in jec ted  i.p. w i t h  0.5 ml  5-3H-uridine 
(25 ~xCi pe r  an ima l ;  specific a c t i v i t y :  6 Ci /mM) or 3H-oro- 
t ic-acid  (25 ~Ci pe r  an ima l ;  specific a c t i v i t y :  17 Ci /mM).  

The  an ima l s  were sacrif iced a t  d i f fe rent  t imes  a f te r  in- 
ject ion.  Fo r  m e a s u r i n g  t h e  r ad ioac t iv i ty ,  ep id idymides  
were i so la ted  a f t e r  sec t ion ing  a t  t he  end  of t he  duc tus  ef- 
ferens  a n d  a t  t h e  b e g i n n i n g  of t h e  d u c t u s  deferens.  Two 
e x p e r i m e n t s  were successively  pe r fo rmed .  I n  t he  f i rs t  
expe r imen t ,  des igned to  measure  t h e  u p t a k e  of t h e  whole 
organ,  one ep id idymis  was g r inded  in 0.5 ml  h y a m i n e -  
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