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a c t i v i t y  in  s e r u m  a n d  T H  a c t i v i t y  in  h y p o t h a l a m u s  
s u p p o r t s  th i s  view. L a m p r e c h t  e t  al. z2 also r epo r t ed  t h a t ,  
a f t e r  4 weeks of i m m o b i l i z a t i o n  s t ress  to  ra ts ,  t h e r e  was 
a s ign i f ican t  increase  in t he  a c t i v i t y  of h y p o t h a l a m u s  T H  
a n d  in t he  a c t i v i t y  of s e rum D B H .  I n t e r e s t i n g  p h e n o m e -  
n o n  in t he  p r e s e n t  s t u d y  is t h a t  T H  a c t i v i t y  in  h y p o t h a l -  
a m u s  ha s  a pos i t ive  co r re l a t ion  w i t h  s e rum D B H  a c t i v i t y  
on ly  in y o u n g  ra ts ,  b u t  n o t  in  a d u l t  rats .  
I t  m a y  be  conc luded  f rom t h e  p r e s e n t  resu l t s  t h a t  s e r u m  
D B H  a c t i v i t y  can  be  an  i ndex  of p e r i p h e r a l  s y m p a t h e t i c  
n e u r o n s  d u r i n g  a l o n g - t e r m  per iod  a n d  m a y  be  ind i r ec t ly  

r egu la t ed  b y  t h e  cen t r a l  no rad rene rg i c  neu rons  t h r o u g h  
changes  of p e r i p h e r a l  s y m p a t h e t i c  nerves ,  especial ly  in  
b lood  vessels.  H u m a n  s e r u m  D B H  a c t i v i t y  is d e t e r m i n e d  
b y  gene t ic  factors ,  a n d  the re fo re  a g rea t  v a r i a t i o n  exis ts  
in  m e n L  However ,  t he  p r e s e n t  resu l t s  ind ica te  t h a t  a 
fol low-up s t u d y  of s e r u m  DI3H a c t i v i t y  w i t h  a n  i n d i v i d u a l  
p a t i e n t  m a y  revea l  t h e  changes  in t he  pe r iphe ra l  and  
cen t r a l  no rad rene rg i c  a c t i v i t y  a n d  m a y  give a n  useful  
i n f o r m a t i o n  as a d iagnos t ic  i ndex  in diseases such  as 
essent ia l  h y p e r t e n s i o n  in wh ich  t he  imp l i ca t ion  of t he  
s y m p a t h e t i c  ne rves  are suspected .  
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Summary. On the  basis  of t h e  amino  acid compos i t i on  of t he  c h r o m o p h o r e  pept ides ,  i t  c an  be  a s sumed  t h a t  Asp, 
Se t  a n d  1/2 Cys are loca ted  nea r  t he  b i l i ve rd in  ch r omophore .  E x p e r i m e n t s  for sp l i t t i ng  of t h e  c h r o m o p h o r e  lead us to  
e x p e c t  a t h i o e t h e r  b o n d  in t h e  l inkages  b e t w e e n  b i l i ve rd in  a n d  apopro te in .  

Recen t ly ,  Abolin~ e t  a l ) ,  4 d e m o n s t r a t e d  t h a t  a b lue  
c h r o m o p r o t e i n  i so la ted  f rom t h e  f ins of Cren i labrus  p a v o  
C.V. was a b i l ive rd in -p ro te in .  S u b s e q u e n t l y  i t  was  s h o w n  
b y  t h e  p r e s e n t  a u t h o r s  t h a t  t he  scale p i g m e n t s  of severa l  
species 5 of pa r ro t f i sh ,  inc lud ing  S. g ibbus  a n d  t h e  sk in  
p i g m e n t  of t h e  sculpin,  P s e u d o b l e n n i u s  percoides  Grin- 
t h e r  e, were also b i l ive rd in -p ro te ins ,  t h e  f ac t  sugges t ing  a 
fa i r ly  wide occur rence  of such  c h r o m o p r o t e i n s  in  t h e  epi-  
de rmis  of b lue-co loured  fishes. Th i s  i n v e s t i g a t i o n  a t t e m p t s  
to  cha rac t e r i ze  t he  m o d e  of l inkages  a n d  t he  amino  acids 
i n v o l v e d  in t h e  b i l i ve r d i n - p r o t e i n  of S. g i b b u s  7. 
The  t h i n  f i lm in wh ich  t he  b lue  p i g m e n t  is f ound  was 
s t r i pped  off t he  scales, cu t  in to  smal l  pieces a n d  c rushed  
w i t h  sea  s a n d  in a m or t a r .  T he  p i g m e n t  was  e x t r a c t e d  
w i t h  0 .9% NaC1 a n d  f r a c t i o n a t e d  w i t h  (NHi) ISO 4 be-  
tween  0.2 a n d  0.4 s a t u r a t i o n  a t  p H  7.0 to  col lect  t h e  b lue  
c h r o m o p r o t e i n .  F u r t h e r  pu r i f i ca t i on  b y  s t a r c h  b lock  
e lec t rophores i s  s in  0.04 M p h o s p h a t e  buf fe r  p H  6.8 af- 
fo rded  a n  e l ec t rophore t i ca l ly  h o m o g e n e o u s  b i l ive rd in -  
p ro te in .  
I n  o rder  to  f ind  o u t  w h i c h  a m i n o  acid res idues  are  in-  
vo lved  in t h e  l inkage  w i t h  b i l iverd in ,  t h e  fol lowing proce-  
dure  was appl ied .  A p p r o x i m a t e l y  50 m g  of t h e  lyophi l ized  
b i l i ve rd in -p ro t e in  (P0), of w h i c h  a m i n o  acid com pos i t i on  
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was  a n a l y z e d  b e f o r e h a n d  9, were d iges ted  w i t h  1 m g  of 
peps in  1~ a t  p H  2.0 and  37~ for 16 h. The  diges t  o b t a i n e d  
was  s u b m i t t e d  to  S e p h a d e x  G-100 gel f i l t r a t i on  (co lumn 
2.6 • 32 cm) w i t h  0.1 N CH3COOH as e luent .  F r a c t i o n s  
of 5 m l  were col lec ted  a n d  assayed  for a b s o r b a n c e  a t  280 
a n d  650 nm.  The  e lu t ion  p a t t e r n  gave  1 green  a n d  8 co- 
lourless peaks .  The  green  f rac t ions  were  col lected a n d  
lyophi l ized  to  o b t a i n  t he  b i l i ve rd in -pep t ide  m i x t u r e  (P1), 
a p a r t  of wh ich  was  s u b s e q u e n t l y  a n a l y z e d  for a m i n o  acid 
compos i t ion .  Pz was  t h e n  d iges ted  w i t h  t h e r m o l y s i n  zz 
(enzyme to  s u b s t r a t e  ra t io ,  1 : 25) a t  p H  6.8 and  45 ~ for  
2 h. The  diges t  was  p laced  on a S e p h a d e x  G-10 c o l u m n  
(1.6 • 70 cm) a n d  e lu ted  w i t h  0.5 N CH3COOH. The  
e lu t ion  p a t t e r n  gave  one green  and  5 colourless  peaks .  
Green-co loured  b i l i ve rd in -pep t ide  m i x t u r e  (P2) was  col- 
lec ted  as above .  A smal l  p o r t i o n  of P~ was assayed  for 
a m i n o  acid compos i t ion .  The  r e m a i n i n g  Pz was f u r t h e r  
h y d r o l y z e d  w i t h  2 N HC1 a t  100~ for 2 h. The  h y d r o -  
lysa te  was  sub j ec t ed  to  p a p e r  c h r o m a t o g r a p h y  w i t h  n-  
B u O H / C H 3 C O O H / w a t e r  (4 : 1 : 5, b y  vol.) as so lvent ,  
r e su l t ing  in  t he  a p p e a r a n c e  of a g reen  spot  of b i l ive rd in -  
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Amino acid compositions of the 4 biliverdin compounds 

Po P1 P2 P.~ 

Asp 9.1 15.1 14.8 18.1 
Thr 7.0 9.3 11.6 8.3 
Ser 6.8 13.8 19.3 19.1 
Glu 10.9 7.2 7.3 7.9 
Pro 3.3 4.3 3.7 6.4 
Gly 6.3 6.2 11.6 4.9 
Ala 5.1 5.8 6.3 5.9 
Val 5.6 4.0 0 0 
Cys/2 3.0 7.9 6.9 20.9 
M~t 5.8 0 0 0 
Ile 4.8 2.6 0 0 
Leu 7.6 8.3 0 0 
Tyr 2.3 0 0 0 
Phe 4.7 4.0 4.1 0 
Lys 8.5 5.6 4.8 3.1 
His 4.5 3.5 6.9 5.4 
Arg 4.7 2.4 2.7 0 

Values are given as moles-% of amino acids found. 

p e p t i d e  m i x t u r e  (P3) t o g e t h e r  w i t h  3 spots  w h i c h  were  
pos i t ive  to  G r e i g - L e a b a c k  r e a g e n t  for  p e p t i d e  1~. P3 was  
e x t r a c t e d  w i t h  6 N HC1 for  a m i n o  acid analys is .  
The  a m i n o  acid compos i t i ons  of t h e  4 b i l ive rd in  f r ac t ions  
were c o m p a r e d  in m o l a r  p e r c e n t a g e  to  t o t a l  a m o u n t  of 
a m i n o  acids found  (see table) .  W i t h  t he  progress ive  
s h o r t e n i n g  of t h e  p r o t e i n  m o i e t y  of t h e  p i g m e n t  in  t he  
o rder  P0, P1, P~ a n d  P3, r e m a r k a b l e  increases  in  mo la r  
p e r c e n t a g e  were f o u n d  in a spa r t i c  acid,  ser ine a n d  ha l f  
cys t ine .  The  res t  of t he  a m i n o  acids showed  no inc reas ing  
tendenc ies ,  sugges t ing  t h a t  t h e  a b o v e  3 a m i n o  acid resi-  
dues  were b o u n d  to  or loca ted  v e r y  nea r  to  t h e  b i l iverd in .  
The  second a p p r o a c h  to t h e  e luc ida t ion  of l inkages  was  
app l i ca t i on  of some specific sp l i t t i ng  reac t ions .  Ne i t he r  
acid ace tone  13 n o r  bo i l ing  p o t a s s i u m  h y d r o x i d e - m e t h a n o l  3 
could l ibe ra te  t he  c h r o m o p h o r e  f rom t he  pur i f ied  bili-  

ve rd in -p ro t e in .  However ,  on  app l i ca t i on  of t he  acet ic  
acid-s i lver  s u l p h a t e  m e t h o d  1~ emp loyed  in t he  sp l i t t i ng  of 
h a e m a t o h a e m e  f rom c y t o c h r o m e  c, t h e  c h r o m o p h o r e  was 
re leased in a ch loroform-so lub le  form.  Th i s  was  ev idence  
t h a t  a t  l eas t  one of v i n y l  s ide-chains  of b i l ive rd in  IX~ is 
l inked  to t h e  s u l f h y d r y l  g roup  of cys te ine  of t h e  p r o t e i n  
m o i e t y  t h r o u g h  a t h i o e t h e r  bond .  I n  t h i s  connec t ion ,  
K 6 s t - R e y e s  et  al. ~5 p r o v e d  r e c e n t l y  t he  occurrence  of a 
t h i o e t h e r  l inkage  in B - p h y c o e r y t h r i n  m a i n l y  b y  t he  
E d m a n  d e g r a d a t i o n  fol lowing peps in  digest ion.  
F ina l ly ,  t h e  n a t u r e  of t h e  l inkages  of t he  4 pyr ro le  r ings  
in  t h e  c h r o m o p h o r e  was  e x a m i n e d  b y  t he  ch romic  acid- 
d i c h r o m a t e  d e g r a d a t i o n  t e c h n i q u e  deve loped  b y  Rii-  
diger  1~. On ch romic  acid ox ida t i on  a t  20 ~ t he  b i l iverd in-  
p ro t e in  y ie lded on ly  ha l f  as m u c h  h a e m a t i n i c  acid imide  
as t h a t  o b t a i n e d  a t  100~ i n d i c a t i n g  t h a t  r ing  B or C is 
also l inked  to  t h e  p ro t e in  m o i e t y  (see figure). Since t he  
m o s t  p r o b a b l e  p a r t n e r  is seryI res idue  on  t he  basis  of 
a m i n o  acid analys is ,  i t  m a y  r e a s o n a b l y  be  deduced  t h a t  
t he  l inkage  should  be  a n  es ter  b o n d  17. F u r t h e r m o r e ,  t he  
fac t  t h a t  ox ida t i on  a t  20~ also y ie lded m e t h y l  v i n y l  
ma le imide  ind ica tes  t h a t  a t  l eas t  one of t h e  r ings  A a n d  
D is in a free s ta te ,  a n d  t h a t  even  if an  N-acy l  b o n d  i~ w i t h  
a s p a r t y l  residue,  t h e  las t  possible  p a r t n e r ,  m i g h t  exist ,  i t  
shou ld  be  loca ted  in t h e  same  pyr ro le  r ing  t h a t  is l inked  
b y  t he  t h i o e t h e r  bond .  I n  add i t ion ,  t h e  d i c h r o m a t e  de- 
g r a d a t i o n  of t he  b i l i ve rd in -p ro t e in  y ie lded pyr ro le -  
d ia ldehyde ,  r evea l ing  t h a t  r ing  13 is in a n  u n b o u n d  s ta te ,  
so t h a t  t h e  es ter  b o n d  w i t h  seryl  residue,  if any,  lies in  
r ing  C. I n  conclusion,  a p r e s u m e d  mode  of l inkages  be-  
t w e e n  c h r o m o p h o r e  a n d  a p o p r o t e i n  in  t h e  b i l ive rd in -  
p r o t e i n  is g iven  in t h e  figure.  
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Summary. The  g r o w t h  of calci te  was  s tud ied  in a gela t in-gel  m e d i u m  u n d e r  va r i ab l e  e n v i r o n m e n t a l  cond i t ions  b y  2 
d i f fe ren t  me thods .  T h e  resu l t s  sugges t  t h a t  t he  organic  ma t r i x ,  t he  t e m p e r a t u r e ,  t h e  d i f fus ion f l u c t u a t i o n  d e p e n d i n g  
on  ionic c o n c e n t r a t i o n s ,  a n d  t h e  presence  of add i t i ve s  exe r t  a f ine con t ro l  on  t he  evo lu t i on  of single crystals ,  poly-  
c rys ta l l ine  aggregates ,  a n d  h i g h l y  s t r u c t u r e d  concre t ions  of calcite.  

T h e  e n v i r o n m e n t a l  cond i t ions  t h a t  t r igge r  biological  cal-  
c i f i ca t ion  h a v e  b e e n  of cons iderab le  in te res t .  I n  bio-  
mine ra l i za t ion ,  t he  organic  m a t r i x  is cons idered  as t h e  
p r i m e  s u b s t r a t e  on  w h i c h  t h e  m i n e r a l  p h a s e  deve lops  4-6. 
Recen t ly ,  we r e p o r t e d  t h e  in v i t ro  g r o w t h  of o rgan ized  
calc i te  conc re t ions  in  a ge la t in-ge l  m e d i u m  b y  slow dif- 
fus ion of ions ~. I n  v iew of these  f indings ,  t h e  f o r m a t i o n  
of these  concre t ions  in  n a t u r e  could  be  r ega rded  as a 
chemica l  even t ,  i nduced  b y  some f ibrous  e l e m e n t  a n d  
f u r t h e r  d i c t a t e d  b y  di f fus ion k ine t ics  a n d  e n v i r o n m e n t a l  
condi t ions .  Th i s  r e p o r t  descr ibes  t he  effect  of t h e  t e m -  
pe ra tu r e ,  t h e  ionic concen t r a t i ons ,  a n d  t h e  p resence  of 
f o r m a l d e h y d e  on  t h e  g r o w t h  b e h a v i o r  of calc i te  c rys ta l s  
as s t ud i ed  b y  2 d i f fe ren t  l a b o r a t o r y  m e t h o d s  of c rys t a l  
g r o w t h  in gelat in-gel .  
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