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counter. The radioactivi ty was measured with an auto- 
matic Nuclear Chicago gas flow counter. Proteins were 
determined by the method of LOWRY 10. 

Results and discussion. From the Figure it is seen tha t  
there are significant differences in the incorporation of 
radioactive leucine at  several of the developmental  
stages of the insect. Thus, in the early larval stage Lz~, 
the uptake by total  animal is greater than in the late 
larval stage Lls. This finding parallels results of 
PRICE s, ?,xz, who reported that  in blowfly larvae cultured 
at  25°C the high rate of protein synthesis in the fat body 
decreases rapidly in the late larvae (aged from 4 to 6 
days). Further, CHIPPENDALE and KILB¥ 9 found that  
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Incorporation of C*4-1eucine into protein of different developmental 
stages of Plodia interpunctella, Ct~-leucine was injected (a) 2 h and 
(b) 4 h before the animals were sacrificed. 

the relative in vivo protein synthesis in mid-fifth instar 
Pieris brassicae larvae is high in the fat body and midgut,  
which may be considered active sites of protein synthesis. 
In the pupal stage we found 2 other smaller peaks of 
increasing rate of protein synthesis. These appeared in 
the stages of pre-pupa and 6-day-old pupa. This observa- 
tion can be correlated with the changes occurring in the 
fat body. BUTTERWORTH et al. 1~ observed changes in the 
fat body in the late pre-pupal stage when proteinaceous 
granules, which were stained with fast green, began to 
appear. On the other hand, WALKER 13 reported that  
during the pharate pupal stage, each fat body cell becomes 
packed with many granules and fat vacuoles. CHIPPEN- 
DALE and KILBY s suggested tha t  fat body stores haemo- 
lymph proteins during the pharate pupal stage. 

A significant increase of protein synthesis was observed 
in the adults. This finding supports the suggestion of 
CHIPPENDALE and KILBY 9 tha t  some other tissues may 
also participate in haemolymph protein synthesis. Thus, 
except for the fat body, other cells or differentiated tissues 
like midgut become possible active sites for haemolymph 
protein synthesis. I t  is of interest tha t  the males showed 
a rate of protein synthesis twice as high than the females. 
No ready explanation is available for this finding. 

Zusammen/assung, Die Einbaurate  fiir Leucin-14C in 
die K6rperproteine ist in 15tAgigen Larven und Adult- 
insekten yon Plodia interpunctella bedeutend h6her als 
in den Zwischenstadien. Bei letzteren zeichnen sich Vor- 
puppen und 6ttLgige Puppen durch eine h6here Einbau- 
rate aus. Miinnliche Fal ter  inkorporieren mehr Leucin 
als weibliche. 
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Dissociation of Avidin-Biotin Complex in vivo 

Avidin, a toxic glycoprotein, which renders biotin 
unavailable for animal and microbial growth combines 
firmly with biotin to yield an avidin-biotin complex 
with a dissociation constant of 10-ZSMZ. The avidin- 
biotin complex was found to be extremely stable. I t  is 
stable over a wide pH range 2, 3 and towards heat, even 
steaming at 100°C for a short period*, 5. Furthermore,  
biotin, when combined with avidin, cannot be liberated 
from the avidin-biotin complex by ordinary proteolytic 
enzymes 6. 

In contrast to the effectiveness of avidin to cause egg 
white injury upon oral administration, GY6RGY and ROSE 7 
found that  its injection was shown to have a curat ive 
effect on the same deficiency disease. This was explained 
by FRAENKEL-CoNRAT and FRAENKEL-CoNRAT s that 

biotin in the avidin-biotin complex presumably is re- 
leased under physiological conditions and then fellows 
a path  similar to that  of free biotin. In the present 
investigation tracer techniques have been used to further 
confirm this problem. 

Pure avidin used in this study was prepared by the 
method of MELAMED and GREEN 9 with an act ivi ty  of 
13.4 U]mg. 

Avidin-radiobiotin complex (A-B*) was prepared from 
appropriate amount  of avidin saturated with excess 
amount  of D-biotin-carbonyl-14C. The excess free radio- 
biotin was removed from the solution by dialysis against 
0 .2M ammonium carbonate. The undialyzed material, 
A-B*,  was lyophilized and dissolved with appropriate 
amount  of normal saline. 4 male rats (Sprague-Dawley 
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Table I. Daily urinary excretion of radioactivity in rats after i.p. 
injection of avidin-radiobiotin complex (1.28 ~c) 

Day No. of animals % of adminis- 
trated dose 
(mean q- S.E.) 

1 4 20.24 q- 2.07 
2 4 19.49 -i- 3.49 
3 4 5.10 -{- 0.59 
4 3 2.16 q- 0.33 
5 4 1.52 -I- 0.39 
6 4 1.41 4- 0.14 

10 2 1.19 4- 0.03 
20 4 0.42 :J:: 0.03 

Table II .  Dialysis experiments 

Composition dpm per ml 
Inside Outside 

24 ml diluted urine 2773 2671 
24 ml diluted urine + 2 mg avidin (excess} 2800 60 

The urine collected from the first day period after the i.p. injection 
of avidin-radiobiotin complex (1.28 ~tc) was diluted with water to 
25 mL An aliquot of 24 ml was then dialyzed, with or without 
addition of avidin, against 76 ml of 0.2M ammonium carbonate 
for 48 h. 

s t r a i n )  of  a p p r o x i m a t e l y  300 g were  i n j ec t ed  i.p. w i t h  
4 m l  of  t h e  A - B *  s o l u t i o n  (1.28 ~tc) a n d  i m m e d i a t e l y  
p l aced  s e p a r a t e l y  in m e t a b o l i c  cages.  T h e  u r ine  w a s  
co l lec ted  e a c h  d a y  a n d  t h e  r a d i o a c t i v i t y  w a s  m e a s u r e d  
b y  t h e  m e t h o d  o f  BLOOM a n d  NELP ~° in a l i qu id  sc in t i l l a -  
t i on  c o u n t e r .  T h e  r e s u l t  is s h o w n  in T a b l e  I.  T h e  exc re -  
t i o n  of  r a d i o a c t i v i t y  d u r i n g  t h e  f i r s t  a n d  t h e  s e c o n d  
d a y s  c o r r e s p o n d e d  t o  20 .24% a n d  19 .49% of  t h e  t o t a l  
dose  r e spec t i ve ly .  T h e  e x c r e t i o n  w a s  g r a d u a t e l y  de-  
c r eased  p r o b a b l y  b e c a u s e  t h e  r a d i o b i o t i n  is g e t t i n g  i n t o  
t h e  m e t a b o l i c  poo l  o f  b i o t i n  a n d  t h e n  fo l lows  t h e  s a m e  
p a t h  of  free b io t in .  I n  o r d e r  to  k n o w  w h e t h e r  o r  n o t  t h e  
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Fig. 1. Serial scans of a rat after i.p. injection 
of 42 btc of radioavidin-biotin complex, show- 
ing the xazI was concentrated in the liver and 
urinary bladder at 40 min. Disappearance of 
the radioactivity from the liver into the 
thyroid proceeded graduately. Most of the 
radioactivity was found in the thyroid at 24 h. 

40 min 2h 5h 8h 24h 

Fig. 2. Serial scans of a rat after i.v. injection 
into tail of 42 [zc of radioavidin-biotin com- 
plex, showing the rapid concentration of latI 
in the liver, urinary bladder and even in the 
thyroid, at 40 min. Disappearance of the 
radioactivity from the liver into the thyroid 
proceeded graduately. Most of the radio- 
activity was found in the thyroid at 24 h. 
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e x c r e a t e d  r a d i o a c t i v i t y  was de r ived  f r o m  t h e  d e g r a d a t i o n  
of A - B * ,  t h e  u r ine  co l lec ted  f r o m  t h e  f i r s t  d a y  pe r iod  
was  d ia lyzed  a g a i n s t  0 . 2 M  a m m o n i u m  c a r b o n a t e .  D a t a  
a re  g iven  in  T a b l e  I I .  T h e  specif ic  r a d i o a c t i v i t y  of t h e  
so lu t ion  in  t h e  m e m b r a n e  was e q u a l  to  t he  d ia lysa te .  
Th i s  r evea l s  t h a t  a d e c o m p o s i t i o n  was occu r red  in t he  
A - B * .  To a s c e r t a i n  h o w  m u c h  of t h e  e x c r e a t e d  r ad i oac t i ve  
m a t e r i a l  was  u n c h a n g e d  b i o t i n  or  processed  b i o t i n  act i -  
v i ty ,  excess  a v i d i n  was  a d d e d  to  a n  a l i q u o t  of t he  u r ine  
wh ich  was  t h e n  dia lyzed.  T h i s  e x p e r i m e n t  i n d i c a t e d  
t h a t  92% of t he  t o t a l  r a d i o a c t i v i t y  c o n t a i n e d  in t he  
u r ine  was  in t he  fo rm of a v i d i n - c o m b i n a b l e .  

I n  a n o t h e r  w a y  of a p p r o a c h ,  r a d i o a v i d i n - b i o t i n  
c o m p l e x  (A*-B)  was  p r e p a r e d  b y  t h e  l abe l l ing  of a v i d i n  
p a r t  of a v i d i n - b i o t i n  c o m p l e x  w i t h  13~IC1 fol lowed t h e  
t e c h n i q u e  of BALE e t  al. it. T h e - f r e e  r ad io iod ide  was  
r e m o v e d  b y  D E A E  S e p h a d e x  a n d  t h e  p u r e  A * - B  so lu t ion  
(42 tzc) was  in j ec t ed  i.p. or  i .v. i n to  ma le  ra ts .  T h e  r a t s  
were  t h e n  s c a n n e d  w i t h  M a g n a s c a n n e r  I I I  (P icker  X - R a y  
Corp.,  Cleveland ,  Ohio) a t  40 min ,  2 h ,  8 h, a n d  2 4 h  
a f t e r  t h e  in jec t ions .  F igure  1 shows  t h a t  A * - B  was  
d e c o m p o s e d  a n d  t h e  r ad io iod ine  was s t a r t e d  to  be  
depos i t ed  in  t h y r o i d  g l a n d  a t  40 m i n  a f t e r  t he  i.p. in jec-  
t ion .  A t  t he  end  of 24 h a l m o s t  all  of t he  r a d i o a c t i v i t y  
was  u p t a k e n  b y  t h e  g land.  T he  e x p e r i m e n t  of i .v. in jec-  
t i on  gave  s imi l a r  resul t ,  as  s h o w n  in F igu re  2, e x c e p t  
t h a t  t h e  r a d i o a c t i v i t y  u p t a k e n  b y  t h e  t h y r o i d  was  f a s t e r  
t h a n  t h e  e x p e r i m e n t  of i,p. in jec t ion .  

F u r t h e r  s tud ies  on  t h e  in  v i t r o  d i s soc ia t ion  of av id in -  
b i o t i n  c o m p l e x  in  m i n c e d  or  s l iced t i s sues  are  now u n d e r  
inves t iga t ion .  T h e  p r e l i m i n a r y  resu l t s  showed  t h a t  
m a r k e d  d e g r a d a t i o n  of t h e  c o m p l e x  occur red  in t h e  
p resence  of  l iver  t i s sue  a n d  less w i t h  k idney ,  w h e n  t h e y  
were  i n c u b a t e d  w i t h  m e d i u m  199 (NIH)  a t  37°C u n d e r  
a n  a t m o s p h e r e  of 95% O 2 - 5% CO21~. 

Zusammen/assung. E s  wurde  m i t t e l s  des m i t  14C m a r -  
k i e r t en  B io t ins  und  m i t  la l j  m a r k i e r t e n  Av id in s  gezeigt ,  
dass  de r  A v i d i n - B i o t i n - K o m p l e x ,  i.p. odor  i.v. in  R a t t e n  
inj iz ier t ,  d issozier t  war .  
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T h e  in v ivo  and in v i t ro  F o r m a t i o n  of 2 - A m i n o - 3 - H y d r o x y a c e t o p h e n o n e  f r o m  2 - A m i n o a c e t o p h e n o n e  

I t  was  r epo r t ed  b y  DALGLIESH 1 t h a t  2 -amino-3-  
h y d r o x y a c e t o p h e n o n e - 0 - s u l f a t e  was  exc re t ed  in smal l  
a m o u n t s  in  some n o r m a l  h u m a n  ur ines ,  a n d  in  apprec i -  
a b l y  l a rger  a m o u n t s  in  c e r t a i n  pa t ho l og i ca l  ur ines .  ALLEN 
e t  al. 2 d e m o n s t r a t e d  t i le  poss ib i l i ty  of 2 -amino-3 -hy-  
d r o x y a c e t o p h e n o n e  (AHA) be ing  t h e  cause  of c a n c e r  of 
t he  b l a d d e r  in  m a n .  Recen t ly ,  we h a v e  i so la ted  a n d  
iden t i f i ed  A H A  f rom t h e  t lr ine of ra ts ,  a n d  2-aminq-  
a c e t o p h e n o n e  (AA) a n d  A I I A  f rom t he  u r ine  of hens ,  
fo l lowing inges t ion  of t r y p t o p h a n  3. l i oweve r ,  t h e  bio-  
s y n t h e t i c  p a t h w a y  of t he se  c o m p o u n d s  r e m a i n s  obscure .  
I t  is a s s u m e d  t h a t  A H A  is p r o d u c e d  e i the r  b y  t h e  
d e g r a d a t i o n  of 3 - h y d r o x y k y n u r e n i n e  or  b y  t h e  d i rec t  
h y d r o x y l a t i o n  of AA, w h i c h  m a y  be  f o r m e d  f rom k y n u -  
ren ine .  

T h i s  c o m m u n i c a t i o n  descr ibes  t he  i so la t ion  a n d  iden-  
t i f i c a t i on  of A H A  f r o m  t h e  u r ine  of r a t s  fo l lowing 
inges t ion  of AA, a n d  t h e  f o r m a t i o n  of A H A  f rom AA 
b y  mie rosomes  i so la ted  f rom r a t  l iver.  

Isolation and identification o[ A HA.  Male W i s t e r  a lb ino  
ra ts ,  we igh ing  100-150 g, rece ived  da i ly  for  4 days  15 m g  
of A A  pe r  kg of b o d y  wt .  b y  i.p. in jec t ion .  T h r e e  24-h- 
u r ine  col lec t ions  (200 ml)  were  poo led  a n d  t i l te red .  T h e  
f i l t r a t e  was  a d j u s t e d  to  p H  3 w i t h  ace t ic  acid a n d  s h a k e n  
w i t h  e t h e r - e t h a n o l  (3:1) .  T h e  organic  p h a s e  was  eva-  
p o r a t e d  to  d r y n e s s  u n d e r  n i t rogen .  T h e  res idue  was  dis-  
so lved  in  2 0 m i  of 1 N  HCI a n d  h y d r o l y z e d  a t  80°C 
for  1 h u n d e r  n i t rogen ,  T h e  so lu t ion  was  a d j u s t e d  to  
p H  3 w i t h  N a O t I  a n d  t r e a t e d  w i t h  e t h y l  e ther .  T h e  
e t h e r  e x t r a c t  was  w a s h e d  w i t h  0 .1% Na2CO s so lu t ion ,  
d r ied  ove r  s o d i u m  sulfa te ,  a n h y d r o u s  a n d  c o n c e n t r a t e d  
u n d e r  a s t r e a m  of n i t r o g e n  gas. T he  s t i cky  d a r k  b r o w n  
res idue  was  d isso lved  in a sma l l  v o l u m e  of dr ied  e t h e r  
a n d  appl ied  to  a c o l u m n  (1 × 9 cm) of silicic acid, w h i c h  
was t h e n  e lu ted  b y  30 ml  of dr ied  perox ide- f ree  e ther .  

T h e  e lua te  was  e v a p o r a t e d  to  d rynes s  u n d e r  n i t rogen .  
The  res idue  was d isso lved  in a sma l l  v o l u m e  of e t h a n o l  
a n d  p a r t i a l l y  pur i f i ed  b y  p a p e r  c h r o m a t o g r a p h y .  W h a t -  
m a n  No.  3 MM p a p e r s  were  used  w i t h  t h e  so lven t  s y s t e m  
of MASON a n d  BERG 4 c o n t a i n i n g  1 mI  of glacial  acet ic  
acid pe r  100 m l  of t h e  so lven t ,  n - B u t a n o l - a c e t i c  acid-  
w a t e r  (4: 1:1)  was  also used. T h e  f luo rescen t  a rea  cor-  
r e s p o n d i n g  to  A l i A  on t h e  c h r o m a t o g r a m s  was  cu t  o u t  
a n d  t r e a t e d  w i t h  m e t h a n o l - e t h e r  (1:2)  to  e x t r a c t  t he  
f luorescen t  ma te r i a l .  T h e  e x t r a c t  f ronl  pa" ~r s t r ips  was  

Chromatographic properties of a reaction - .oduct with authentic 
2-amino-3-hydroxyaeetophenone 

Product Synthesized 

Paper chromatography * 
Mason-Berg with 1% acetic acid, Rf 
n-Butanol-acetic acid-water 
(4:1:1 by volunle), Rf 

Thin layer chromatography 
Ethylacetate-isopropanol-28 % am- 
monia water (9:6:4 by volume), RI 
Chloroform-ethytacetate-formie acid 
(60:40:1 by volume), Rf 

Fluorescence at 3650 A 
DSA b 
Ekman's reagent 
Ehrlich's reagent 
Absorption maxima at pH 7.0 (nm) 

0.91 0.91 
0.88 0.88 

0.88 0.88 

0.72 0.72 

Greenish blue Greenish blue 
Pink orange Pink orange 
Purple Purple 
Pink orange Pink orange 
233, 270, 378 233, 270, 378 

Whatman No. 3 MM filter paper, b Diazotized sulfanilic acid. 


