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The relativel3; high alanine,  glycine, prol ine and to ta l  
apolar  amino  acid con ten t s  suggests the  possible presence 
of a ma jo r  a m o u n t  of  a f ibrous t y p e  of pro te in  wi th  
perhaps  a /3-pleated s t ructure .  Non  polar  amino  acids 
usual ly  achieve  greater  q u a n t i t a t i v e  significance in 
s t ruc tu ra l  proteins,  pa r t i cu la r ly  those of t he  silk fibroin,  
collagen, elastin, resi l in group. This  is pa r t ly  because of 
the  smal l  size of the  side chains of glycine and a lanine  
and pa r t ly  because of the  in terac t ion  proper t ies  of the  
apolar  side chains. Globular  proteins  or  x kerat in  type  
s t ruc tura l  proteins  in general  have  lower apolar  amino  
acid conten ts  t h a n  the  group of s t ruc tura l  prote ins  
a l ready ment ioned.  A high con ten t  of prol ine will  also 
l imi t  t he  degree of e hel ix  format ion  possible in a pro-  
tein.  The  apolar  amino  acids are usual ly  held to be 
glycine, alanine,  proline,  val ine,  leucine, isoleucine and 
phenyla lanine .  Thus  wing scales, t h o r a x  hairs and ta i l  
hairs  had to t a l  apolar  conten ts  of 635, 639 and  601 
residues per  1000 t o t a l  residues, respect ively .  These 
migh t  be compared  wi th  values  of 750, 660, 572, 547, 
413 and 385 for l ep idopte ran  /3-silk f ibroins  (average 
vMue), resilin, inver t eb ra te  collagens (average value),  
fea ther  (if-keratin), wool (e-keratin) and  f ibr inogen 
(globular and fibrous e-hel ical  regions)x0,n. 

A high a lanine  con ten t  found in t he  cut ic le  of the  
cr icket  A nabrus simple~v has been suggested to be re- 
sponsible for the  hardness  of the  cut ic le  12, High  levels  
of glycine and alanine have  been no ted  in the  eut icu lar  
proteins  of Calliophora erylhrocephala 9 while  high con- 
cent ra t ions  of prol ine were de tec ted  in the  wate r  and 
urea  soluble f ract ions of Agrianome spinicollis cuticle  s. 
/%alanine is now recognized as f requen t ly  occurr ing in 
cu t icu lar  pro te in  where i t  seems of ten to  be present  as 
the  p reponde ran t  N- t e rmina l  amino  acid  of pupar ia l  
prote ins  xL 

The  glucosamine contents  of the  scales and o ther  
s t ruc tures  are  also g iven  in the  Table.  H the  g lucosamine  
is assumed to  be to t a l ly  der ived f rom chi t in  then  these  
va lues  would  agree in general  wi th  figures quo ted  else- 
where for cut ic le  ch i t in-pro te in  rat ios  e s t ima ted  by  o the r  
me thods  lL The  ta i l  hairs  gave  a typica l  ~-chit in X - r a y  
di f f rac t ion pa t t e rn .  

Thus  the  scales and  hairs f rom this  species of m o t h  
are composed of chi t in  and prote in  the  l a t t e r  cons t i tuen t  
having  a compos i t ion  suggest ive of a fibrous s t ructure .  
The amino  acid and hexosamine  composi t ion of t he  
scales and hairs  seems to be  essent ial ly s imilar  to t he  
rest of the  cut ic le  of the  wings and body,  

Rdsumd. Les 6cailles du papi l lon Xylophasia mono- 
glypha sont  const i tu6es par  de la prot6ine accompagn6e 
de chitine.  La  prot6ine a une composi t ion  ressemblant  

celle des p ro tNnes  ~dibreuses,. 
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Persis tent  Circadian Rhythmici ty  of Protein Synthesis  in the Liver of Starved Rats ~ 

The r h y t h m i c  behav ior  of hepat ic  tyrosine t ransaminase  
ac t i v i t y  2 and polysome profiles a is abolished upon prote in  
or  food depr ivat ion .  Yet,  f luc tua t ions  in p i t u i t a r y  gland 
con ten t  of g rowth  hormone  4, ra t  se rum urea and sodium 
levels  ~ and hepa t ic  con ten t  of glycogen ~ are unaffec ted  by  
lack of food. W e  have  prev ious ly  observed  an increased 
up take  of 3H-leucine into  l iver  pro te in  m i d w a y  th rough  the  
da rk  per iod 7, and considered this  was due to  t he  cylic  
pos tprandia l  inf lux of amino  acids in to  t he  l iver  z. Conse- 
quent ly ,  t he  present  s tudy  was done to  see whe the r  re- 
m o v a l  of  food wouId abolish the  expec ted  r h y t h m i c  incor- 
pora t ion  of 3H-leucine into r a t  l iver  protein.  

Male Sprague-Dawley  rats  Were kep t  in a control led  
l ight ing reg imen of 12 h l ight  and 12 h dark  for 7 days pr ior  
to the  exper iments .  L ights  were on a t  06.00 h and off a t  
18.00 h, wi th  Pu r ina  R a t  Chow and wate r  given ad libi- 
turn dur ing the  week  of adapta t ion .  Beginning  a t  06.00 h, 
and a t  subsequent  2 h intervals ,  each ra t  was given an i.v. 
in ject ion of 5 aC/g body  weight  of L-ZH-4,5-1eucine 
(58.0 C / r a M  speciact iv i ty ,  Schwarz  BioResearch) .  W h e n  
06.00 h arr ived,  all  food was r emoved  f rom the  cages. 
E a c h  r a t  was d i spa tched  20 rain af ter  the  radioisotope  in- 
ject ion,  and pos t -mi tochondr ia l  supe rna t an t  f ract ions 
were prepared  f rom sucrose homogena tes  of thei r  l iver  as 
described p rev ious ly  s, ,. Only the  lef t  med ian  lobe was ana-  
lyzed since i t  is known this lobe receives its por ta l  blood 
pr imar i ly  f rom the  smal l  in tes t ine  8. The  supe rna t an t  f luid 

was f ract ioned into  por t ions  soluble and insoluble in 10% 
tr ichloroacet ic  ac id-0 .5% sodium tungs ta te  (TCA-T) s. 
Blood serum was also recovered and t rea ted  wi th  TCA-T.  
Rad ioac t iv i ty  in the  l iver  and serum samples was es t imated  
wi th  l iquid sc int i l la t ion spec t romet ry  ~0. In  order  to revea l  
general  trends,  t he  d a t a  were p lo t t ed  as 6-hour m o v i n g  
averages  n. Calculated s tandard  errors of t r ip l ica te  de ter -  
minat ions  were small  (5 to  7%) and are o m i t t e d  f rom t h e  
h is togram for clar i ty .  

1 This investigation was supported by Grant No. GB 8306 from the 
United States National Science Foundation. 

2 R. J. WUETMAS, in Mammalian Protein Metabolism (Ed. H.N. 
MUNRO; Academic Press, New York 1970), vol. 4, p. 445. 

s B. FISHMAN, R. J. WURTM~,N and H. N. M'JNRO, Proc. natn. Acad. 
Sei. USA 64, 677 (1969). 

4 M. S. B•HORSKY and L. L. B~RNARDXS, Expertentia 25, 755 (1969). 
5 M. S. BaHORSKY and L. L. B~RNARDIS, Experientia 23, 634 (1967). 
n E. HAUS and F. HALB'~RO, Experientia 22, 113 (1966). 
r A. V. LeBOUTON and S.D. HA~OLER, Fedn. Europ. Biochem. 

Soe. Letters 10, 78 (1970). 
s A. V. L~BOuTON and T. E. HOFFMXN, Proc. Soe. exp. Biol. Med. 

132, 15 (1969). 
s A. V. LEBouTON, Analyt. Biochem. 20, 550 {1967). 

l0 A. V. LEBoUTON, Biochem. J. 106, 503 (1968). 
11 j .  p. GUILFORD, Fundamental Statistics (McGraw-Hill, New York 

1956). 



1032 Specialia EXPERIENTIA 2719 

As expec ted ,  t h e  TCA-T  inso luble  r a d i o a c t i v i t y  in t he  
l iver  b e g a n  to  decrease  in t he  d a r k  per iod.  T h e n  sur-  
pr is ingly ,  i t  rose to  a h igh  v a l u e  a t  14.00 h a n d  t h e n  re- 
ve r sed  b y  decreas ing  to  a m o u n t s  n e a r l y  equa l  to  those  seen 
d u r i n g  t he  l igh t  per iod,  p r io r  to  food r emova l .  H e p a t i c  
so luble  r a d i o a c t i v i t y  was in p h a s e  w i t h  t h e  inso lub le  va lues ,  
e x c e p t  a f t e r  t h e  l igh t s  w e n t  b a c k  on, w h e n  i t  s eemed  to  
e x h i b i t  a s l igh t  r ec ip roca l  r e l a t ionsh ip .  Soluble  rad ioac-  
t i v i t y  in  s e r u m  was  cons ide r ab l y  o u t  of p h a s e  w i t h  t he  
h e p a t i c  inso lubIe  f rac t ion ,  whi le  s e r u m  inso lub le  rad io-  
a c t i v i t y  was  gene ra l ly  in  p h a s e  w i t h  t h a t  of l iver .  

T h e  increase  in  i n c o r p o r a t i o n  of 3H-leucine i n to  h e p a t i c  
p r o t e i n  seen here  c a n n o t  s i m p l y  b e  exp l a ined  as  t h e  r e su l t  
of a n  increased  specif ic  r a d i o a c t i v i t y  of t h e  i n t r ace l l u l a r  
leuc ine  pool.. I f  t h i s  were  so, t h e  TCA-T  inso luble  rad io-  
a c t i v i t y  shou ld  h a v e  c o n t i n u e d  to  increase  a l m o s t  inde-  
f ini te ly ,  i n s t e ad  of a b r u p t l y  decreas ing  as i t  d id  a t  04.00 h. 
I n  add i t ion ,  i t  is wel l  k n o w n  t h a t  essen t ia l  a m i n o  acids  
such  as leucine are  conse rved  d u r i n g  per iods  of s t a r v a t i o n ,  
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Radioac t iv i ty  in rat  serum and liver during a 24-h period. Values are 
20 min after 3H-leucine injection: Open block is the trichloroacetic 
acid-sodium tungstate (TCA-T) insoluble fraction, solid block is the 
TCA-T soluble fraction. IRadioaetivity was-estimated by liquid scin- 
tillation spectrometry. Dimensions of the abeissa for the left median 
lobe start above the baseline to conserve space. Lights were off from 
18.00 h to 06.00 h. 

w h i c h  would  h a v e  a d i l u t i ng  effect  on  r ad ioac t i v i t y .  Such  
a d i l u t i n g  effect  was  n o t  obse rved  here.  E v e n  so, t h i s  in- 
t e r p r e t a t i o n  is s u b j e c t  to  r ev i s ion  s ince we do n o t  h a v e  
d a t a  on  t h e  a c t u a l  specific r a d i o a c t i v i t y  of t h e  h e p a t i c  
i n t r ace l l u l a r  leucine pool. 

Ti le  s l igh t  increase  in inso luble  h e p a t i c  r a d i o a c t i v i t y  
seen a t  t he  end  of t h e  l igh t  phase  a n d  c o n t i n u i n g  ea r ly  in  
t he  d a r k  p h a s e  could  be a re f lec t ion  of t h e  syn thes i s  of 
p r o t e i n s  s u c h  as t y r o s i n e  t r a n s a m i n a s e ,  w h i c h  is h ighes t  
in  a c t i v i t y  a t  20.00 h 2, I f  so, a n d  w i t h  r e spec t  to  t h e  se- 
cond  a n d  l a rges t  r i se  in  r a d i o a c t i v i t y  of p r o t e i n  seen here ,  
a n  u n c o u p l i n g  of b iphas i c  or  even  m u l t i p h a s i c  h e p a t i c  pro-  
t e i n  s y n t h e s i s  as a r e su l t  of food d e p r i v a t i o n  is ind ica ted .  
I n  o t h e r  words ,  feed ing  m i g h t  e n t r a i n  d i f f e ren t  cycl ic  as-  
pec t s  of h e p a t i c  p r o t e i n  syn thes i s ,  w i t h  t h e  r e su l t  t h a t  one  
m a y  a p p e a r  to  a c t  as  a p r i m a r y  synch ron i ze r  for t h e  o the r .  
I n  fact ,  if t h e  s t ressful  effects  of s t a r v a t i o n  were  n o t  so 
adve r se ly  d i rec ted  t o w a r d s  p r o t e i n  syn thes i s  ~, i t  wou ld  be  
i n t e r e s t i ng  to  see w h e t h e r  h e p a t i c  p r o t e i n  s y n t h e s i s  would  
as i nd i ca t ed  above ,  con t inue  to  be  b iphas i c  w i t h  s o m e t h i n g  
o t h e r  t h a n  a 24 h cycle. U n d e r  these  condi t ions ,  l i v e r p r o -  
t e i n  syn thes i s  wou ld  t r u l y  be  ' c i r c ad i an '  in  n a t u r e  a n d  t h e  
inges t ion  of food could  be  cons ide red  t h e  p r i m a r y  syn-  
ch ron ize r  or 'Ze i tgebe r ' .  

O b v i o u s l y  o t h e r  i n t e r r e l a t e d  f ac to r s  such  as u n c o u p l i n g  
of p r i m a r y  a n d  s e c o n d a r y  synchron ize r s  1~, endoc r ine  
effects  ~s, a n d  v a r i a b l e  half- l i fe  of m R N A  species 14 are  
conce rned  w i t h  th i s  p h e n o m e n o n .  I n  a n y  case, t h e  fac t  
t h a t  a cycl ic  i n c o r p o r a t i o n  of ~H-leucine in to  hepa t i c  pro-  
t e i n  s t i l l  occurs  in f a s t ed  a n i m a l s  does  sugges t  t h a t  genera l  
hepa t i c  p r o t e i n  s y n t h e s i s  m a y  be  s u b j e c t  to  t he  in f luence  
of t h e  'Bio logica l  Clock '  1~. 

Zusammen[assung. Die A u f n a h m e  y o n  3H-Leuc in  in  
das  Lebere iweiss  w u r d e  w~thrend de r  D u n k e l p h a s e  ihres  
T a g - N a c h t z y k l u s  be i  f a s t e n d e n  R a t t e n  u n t e r s u c h t .  Die  
i ib l iche  r h y t h m i s c h e  A u f n a h m e  v o n  ~H-Leucin  w u r d e  
d u r c h  die F a s t e n p e r i o d e  n i c h t  v e r h i n d e r t ,  o b w o h l  die 
Menge  des  a u f g e n o m m e n e n  aH-Leuc in  zwei ze i t l ich  ve r -  
sch iedene  M a x i m a  aufwies.  
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Angiotensin Tachyphylaxis and Vascular Angiotensinase Activity 

I t  h a s  long  been  k n o w n  t h a t  s m o o t h  musc le  p r e p a r a -  
t i ons  f r e q u e n t l y  b e c o m e  r e f r a c t o r y  to  r e p e t i t i v e  s t i m u l a -  
t i on  1. W h e n  t h e  loss of r e spons iveness  is nonspecif ic ,  in  
t h e  sense  t h a t  responses  a re  lost  to  all  s t imul i ,  i t  seems  
l ike ly  t h a t  t h i s  ref lects  a n  a b n o r m a l i t y  of e i t he r  t h e  
con t r ac t i l e  process  i tself  or in  t h e  m e t a b o l i c  p a t h w a y s  
w h i c h  s u p p o r t  con t r ac t i on :  More  puzz l ing  is a p h e n o m e n o n  
w h i c h  ha s  been  cal led specif ic  desens i t i za t ion ,  or  t a c h y -  

p h y l a x i s  z. I n  t h i s  s i t u a t i o n  t h e  con t r ac t i l e  process  is 
i n t ac t ,  a n d  t h e  loss of r e sponse  invo lves  o n l y  t h e  a g e n t  
to  w h i c h  t h e  t i ssue  h a s  been  exposed.  W h i l e  t h i s  poor ly  
u n d e r s t o o d  p h e n o m e n o n  ha s  b e e n  desc r ibed  for  a large  
n u m b e r  of agen t s  a n d  sys tems ,  m u c h  of t h e  r e c e n t  in-  
t e r e s t  h a s  focused on  a n g i o t e n s i n  t a c h y p h y l a x i s ,  p re -  
s u m a b l y  because  of t h e  p o t e n t i a l  phys io logica l  i m p o r t a n c e  
of r e a c t i v i t y  of t h e  r ena l  v a s c u l a t u r e  to  a n g i o t e n s i n  2,3 


