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from t h a t  of Oryzaephilus 9 which can  do welt wi thout  
leucine, lysine, th reonine  or phenyla lan ine  bu t  requires 
cystine and glycine. 
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Rdsumd 

On d6crit  un  milieu de composi t ion  ch imique  d6finie, se 
pratant  k l ' ana lyse  qua l i t a t ive  des acides amin6s n6ces- 
saires au d6ve loppement  des larves de Trogoderma. A cet  
effet, d ix  acides amin6s sont  indispensables:  l 'arginine,  
l 'histidine, l ' isoleucine,  ta leucine, la lysine, la m6thionine,  
la ph6nylalanine,  la thr6onine,  la t r y p t o p h a n e  e t  la valine.  
Le lard e t  l ' ac ide  nucl6ique sont  6galement  n6cessaires 
l ' a l imenta t ion  de ces larves. 

G. R. F. DAvis, Canad. J.  Zool. 34, 82 (t956). 

S t u d i e s  o n  t h e  D y e - B i n d i n g  F r a c t i o n  o f  S o l u b l e  

L i v e r  P r o t e i n s  f r o m  R a t s  F e d  A m i n o a z o  D y e s  z 

~E. C. MILLER and J .  A. MILLER 2 observed,  when car- 
cinogenic azo dyes  are  fed to rats,  the  dye  is bound by  
covalence to  cer ta in  proteins  in the  liver, prior  to the  
appearance of tumors .  Two- th i rd  to three-four th  of the  
cytoplasmic bound  dye is a t t ached  to a par t icu lar  electro- 
phoretic fract ion,  which has been called the  'h '  proteins  b y  
SOROF et al. 3. Since this 'h '  f ract ion is considerably  lowered 
in hepa tomas  induced wi th  azo dyes 3, the  idea was ad- 
vanced by  E.  C. MILLER and J .  A. MILLER 4 tha t  the  'h '  
protein m a y  p lay  a role in the  carcinogenic process. A 
brief account  is g iven  of var ious  studies on this  'h '  frac- 
tion, isolated in mg  amoun t s  by  electrophoresis  on starch, 
and of a compara t i ve  s tudy  of the  e lectrophoret ic  pat-  
terns of ra t  l iver  and h e p a t o m a  supe rna tan t  fluids. 

The F igure  shows the  typ ica l  d is t r ibut ion  pa t t e rn  of 
the supe rna tan t  fluid f rom the  l iver  of rats  fed for 2 weeks 
3 ' -Methyl -p-d imethylaminoazobenzene  (3'-Me DAB).  A- 
bout two- th i rd  of the  dye  is associated wi th  the  first 
shoulder f rom the  lef t  on  the  prote in  pa t te rn ,  the  ' h '  
fraction. I t  is interest ing,  t h a t  the  e lect rophoret ic  pat-  
terns of the  soluble prote in  and of the  bound dye, ob- 
tained wi th  the  re la t ive ly  non-carcinogenic isomer 
2-Me DAB,  (2 weeks),  h a v e  shown an overal l  s imilar i ty  
to those of t he  carcinogenic 3"-Me D A B  (Figure). The  
supernatant  fluid, ob ta ined  f rom rats  fed the  same semi- 
synthetic diet ,  bu t  con ta in ing  no dye, gave  also essential ly 
the same pa t te rn .  However ,  the  'h' fract ion and the  bound 

z This investigation was supported by the Institutional Grant 71 
from the American Cancer Society and the Grant C-355 of the 
National Cancer Institute, Public Health Service to Drs. J. A. MIL- 
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2 E. C. MILLER and J. A. MILLER, Cancer Res. 7, 468 (1947); 9, 
336 (1949). 

S. SOROF and P. P. COHES, Cancer Res. 11, 376, 383 (1951). 
4 E. C. MILLER and J. A. MILLER, Cancer Res. 12, 547 (1952}. 

dye were absent  in the  supe rna t an t  fluid of h e p a t o m a  in- 
duced wi th  3"-Me D A B  (Figure).  The  isolat ion of mg 
amount s  of 'h '  f ract ion was carr ied o u t  in s imilar  condi-  
tions, bu t  2 ×  5 ×  31 cm blocks were used and  1500 mg  
samples of lyophi l iza te ;  t ime  21-24 h. Af t e r  dialysis  and  
lyophil izat ion of the  ex t rac t s  of t he  cor responding  seg- 
ments,  the  yield was 5-10 mg  'h '  pro te in  per  block.  
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Origin 
Electrophoretic patterns on starch block of liver and hepatoma 
supernatant fluid of rats fed 0-06% 3'-Me DAB in a riboflavin low 
semi-synthetic diet. 150 mg samples of lyophilizate in sucrose were 
used, containing 20% protein. The parallel, horizontal blocks were 
1 × 2 × 31 era. The electrophoresis was carried out in a 0.02 3I pH 
7-4 barbital buffer, containing also 0.055 KCI/1, at ~25 V, with 
10-I'2 mA per block, during 12-16 h. The protein distribution has 
been followed by a modified Folin reaction and the bonnd dye pat- 
tern by measuring the optical densities at 525 m# in forznie acid, 

on the extracts  of the segments of the blocks. 

Amino acid composition. Pape r  c h r o m a t o g r a p h y  of the  
hydrolyzates  of bo th  the  normal  and 3'-Me D A B  conta in-  
ing 'h '  fractions,  by  the  concur ren t  use of the  me thods  of 
MCFARREN 5 and CLAYTON a n d  STRONG 6, h a s  shown no 
qua l i t a t ive  differences in amino  acid composi t ion.  The  
chromatograms  showed for bo th  high propor t ion  of leu- 
cin, alanine, valine,  lysine, and probab ly  arginine. Cyst ine  
and cysteine were de te rmined  q u a n t i t a t i v e l y  af ter  NAKA- 
MURA and BINKLEY 7. The  percentage  of tyros/t ie and  
t ryp tophane  was measured by  U.V. absorp t ion  af ter  
BEAVEN and HOLIDA~ s. The following amino  acids have  
been ident if ied:  aspar t ic  and g lu tamic  acids;  serine;  
glycine;  threonine  (traces);  a lan ine ;  cyste ine (normal :  
0.18%, dye  conta in ing:  0 .22%);  cyst ine  (normal :  0 .21%, 
dye conta ining:  0.15 %) ; arginine:  lysine ; proline ; his t id-  
ine; t r y p t o p h a n  (normal:  0.95%, dye conta in ing  : 0.94%) ; 
tyros ine  (normal :  3-24%, dye  conta in ing :  4%) ;  meth io-  
nine;  va l ine ;  leucine;  phenyla lanine .  The  cyst ine  + cys t -  

5 E. F. McFARREN, Analyt. Chem. 23, 168 (1951). 
R. A. CLAYTOn and F. M. STRONG, Analyt.  Chem. 26, 1362 

(I954). 
7 K. NAKA~IURA and F. BINKLEV, J. biol. Chem. 173, 407 (1948). 
s G. H. BEnVEN and E. R. HOLIDAY, Adv. Proteiu Chem. 7, 319 

(1952). 
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eine c o n t e n t  of t he  'h igh  peak '  (corresponding to  6 - 8 t h  cm 
on t h e  F igure  was  also d e t e r m i n e d  (normal :  0.13%, 
dye  con ta in ing :  0-11%). 

Vitamin  content. Only t race  a m o u n t  of v i t amins  h a v e  
been  found  in the  normal  ' h '  p ro te in  by  microbiological  
assay.  The r ibof lavin  c o n t e n t  of t he  'h igh peak '  was  
d e t e r m i n e d  b y  f l uo rome t ry  a f te r  BURCH et at2. There  is 
poss ib ly  a compe t i t i on  for b ind ing  in th is  s e g m e n t  be t -  
ween 3'-Me D A B  and  r iboflavin,  since only  abou t  one-  
fou r th  of the  no rma l  level of v i t a m i n  was  found  in th is  
fract ion,  w h e n  it was isolated f rom dye  con ta in ing  super-  
n a t a n t  fluid. The following Table  gives the  v i t amins  in 
pg/g of prote in .  

Nucleic Acids. The s tepwise  analysis  of the  perchlor ic  
ex t r ac t s  of t he  'h '  f rac t ion has  shown the  comple te  ab-  
sence of pur ine  and  pyr imid ine  bases.  Thus,  th is  f rac t ion  
is devoid  of nucleic acids and  the i r  acid soluble compo-  
nents ,  in good ag reemen t  w i th  the  resul ts  of SOROF et al. TM. 

Molecular weight and bound dye. The molecular  we igh t  
d i s t r ibu t ion  of t he  'h '  f rac t ion  was  s tud ied  in an ana ly t i ca l  
u l t racen t r i fuge  n. Two, near ly  equal  f rac t ions  have  been  
observed,  one rap id ly  m o v ing  (M.\¥.  ~ 45,000), an o the r  
s lowly mov ing  (M,W. --~ 90,000). 

The  a m o u n t  of b o u n d  3'-Me D A B  per  uni t  weigh t  of ' h '  
f rac t ion  was  d e t e r m i n e d  b y  co lor imet ry  in 88% formic 
acid. 8 mg  of th is  p ro te in  con ta ined  2.15 y of b o u n d  dye.  
Thus ,  a ssuming  for t he  'h '  f rac t ion  an . ave rage  molecular  
we igh t  of 67,000 and  an even  d i s t r ibu t ion  of t he  dye,  only  
27.2% of t h e  p ro te in  molecules  con ta in  b o u n d  dye.  

A full accoun t  of these  and  re la ted  inves t iga t ions  will 
be g iven elsewhere,  

G. H. \VIRTZ TM and  J. C. ARcos  TM 

McArdle  Memorial  Laboratory, University o/ l¥isconsin, 
Medical  School, Madison, Wis. ,  December 24, 1957. 

Rdsumd 

Les au teurs  on t  6tudi6 le profil  61ectrophor6tique du 
s u r n a g e a n t  de roles de rats ,  nourr is  aux  co loran ts  azoi- 
ques  cancdrog&nes. La  fract ion,  d i te  prot6ine  <~h~>, a dt6 
isolde e t  on  a dd te rmin6  son poids  mol6culaire,  sa  t eneur  
en co lo ran t  lid, en v i t amines  e t  en acides  nucldiques e t  sa 
compos i t ion  en acides aminds.  

9 H. B. BURCH, O. A. BESSEY et al., J. biol. Chem. 175, 457 (1948); 
lso, 755 (1949). 

10 S. SOROF, M. G. OTT et al., Fed. Proc. 15, 358 (1956). 
n The molecular weight determinations were carried out by Dr. 

HAROLD F. DEUTSCH, to whom otlr thanks are due.. 
12 Present address: Division of Immunology, WRAIR, VCalter 

Reed AMC, VCashington 12, D.C., U.S.A. 
13 Present address: Cancer Research Laboratory, University of 

Florida, Gainesvillc, U.S.A. 

S e r o t o n i n  S t o r a g e  M e c h a n i s m  
a n d  i t s  I n t e r a c t i o n  w i t h  R e s e r p i n e  

Sero ton in  ( 5 - h y d r o x y t r y p t a mi n e ,  HT),  aposs ib leneuro-  
h u m o r a l  agent ,  is said to  be ' b o u n d '  s ince t issue cells 
con ta in  t he  amine  in a form no t  i m m e d i a t e l y  available 
to  exe r t  a biologic act ion.  In  s t u d y i n g  H T  storage, 
HUMPHREY and  TOH 1 were the  f i rs t  to  r epo r t  t h a t  platelets  
can  take  up H T  aga ins t  a concen t r a t ion  gradient .  The 
m e c h a n i s m  for H T  u p t a k e  is no t  k n o w n ;  i t  could involve 
complex ing  of H T  wi th  an in t racel lu lar  c o n s t i t u e n t  or its 
passage  across the  cell b o u n d a r y  by  act ive  t ransfer .  The 
p re sen t  s tudies  are  concerned  wi th  t he  n a t u r e  of the 
concen t r a t i ng  m e c h a n i s m  and  how it is af fec ted  by 
reserpine.  
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% DESTRUCTION SYNTHETIC HT 

Action of Monoamine Oxidase on Serotonin (HT) from Lysed Plate- 
lets. 0.1 to 2 ml of nmnoamine oxidase preparation was incubated 
with suspensions of disrupted platelets and with solutions of syn- 
thetic HT at pH 7.4 in air for 15 or 30 rain at 37°C. Residual }IT 
was measured as described previously 4. Fraction of I-IT destroyed 
in lysed platelets is plotted against that destroyed in solutions of 
synthetic HT. The line represents the theoretical slope if the fraction 
of HT destroyed in lysed suspensions and in synthetic HT solutions 

were identical. 

E v i d e n c e  for a H T  complex  was  sough t  in rabbi t  
p la te le t s  which  con ta in  H T  a t  a concen t r a t i on  thousands  
of t imes  t h a t  in p lasma.  P la t e l e t s  were  isolated 2 a t  4°C, 
w a s h e d  twice  wi th  cold 0.1 M p h o s p h a t e  buffer ,  p H  7,4, 
su spended  in 1 ml  of buffer ,  lysed wi th  9 ml  ice-cold water, 
and  the  suspens ion  was sub jec t ed  to  u l t ra f i l t r a t ion  3. HT 

1 j .  H. HU.~IPHREY and C. C. Toll, J. Physiol. 1°~4, 300 (1954). 
2 G. H. L. DILLARD, G. BRECHER, and E. P. CRONKITE, Proc. Soc. 

exp. Biol. Med., N. Y. 78, 796 (1951). 
s p. F. REHBERG, Acta physiol, scand. 5, 305 (1943). 


