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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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Calcite g r o w t h  under  control led diffusion 1 
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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 .  

1 Presented at the 22nd Canadian Conference on Pharmaceutical 
Research, Montreal (Quebec), Canada, 16 May 1975. 

2 Present address: College of Pharmacy, University of Oklahoma, 
644 Northeast 14th, Oklahoma City, Oklahoma 73190, USA. 

3 Acknowledgments. This work was supported by the Medical 
Research Council of Canada. - The authors are indebted to Dr 
J. M. Dorlot, Department of Metallurgy, Ecole Polytechnique, 
Montreal, for the use of the scanning electron microscope and 
thanks are due to Mr J. Claudinon for his technical.assistance. 

4 K.M. Towe, in: Biomineralisation, Forschungsberichte, vol. 4. 
Ed. H. K. Erbin. F. K. Schattauer Verlag, New York 1972. 

5 M.S. Srinivasan and I. P. Kennett, Science 186, 630 (1974). 

6 G.R. Clark, Science J83, 968 (1974). 
7 R. Tawashi, S. Bisaillon and IK. Wolter :Experientia 30, 1153 

(1974). 



Scanning electron micrographs of calcite grown in gelatin-gel under different environmental conditious. A Single crystal grown in a U-tube 
at  25 ~ B Single crystals with a different morphology grown in a cylindrical tube at  45 ~ C Mechanically interlocked aggregate grown 
in a cylindrical tube with or without  formaldehyde at  25~ D Polycrystatline aggregates grown in a cylindrical tube with formaldehyde 
at 25~ E and F Highly structured concretions grown in a cylindrical tube without formaldehyde at  25~ (See the text.) 
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Growth experiments were conducted in U-shaped and 
cylindrical tubes with a Iritted disk as reported earlierL 
2 different temperatures (25 and 45~ and 2 ionic con- 
centrations (1% ammonium carbonate, 0.65% calcium 
chloride, and a 5fold of these concentrations) were tested. 
The effect of 0.037% formaldehyde solution in the gel 
medium on the growth of calcite was also evaluated. 
All experiments were conducted in the dark, some at 
25~ for 3 weeks and others at 45~ for 3 days. The 
crystal deposits were separated from the growth medium 
and washed with anhydrous ethylenediamine, dried, and 
prepared for electron microscopic scanning. The figure 
shows the remarkable variation in the crystal habit  and 
their packing characteristics under various growth con- 
ditions. The crystals were identified as calcite by infrared 
spectroscopy and differential thermal analysis. 
With  the U-tube method in which the calcium and 
carbonate ions diffuse against each other across a 5.5% 
gelatin-gel, calcium carbonate crystals grew in a well- 
defined zone as trigonal single crystals of calcite but only 
at high ionic concentrations at 25~ (figure, A). How- 
ever, with the cylindrical tube method involving a 20% 
gelatin-gel, single calcite crystals with a completely dif- 
ferent morphology were produced using low ionic con- 
centrations at 45 ~ (figure, B). No polymorphic transi- 
t ion to the less stable aragonite or vateri te  was noticed. 
When a 5.5% gelatin-gel at 25~ was employed in the 
cylindrical tubes, the growth behavior of crystals was 
different from tha t  observed in the U-tubes. For example, 
the crystals occurred in the upper portion of the gelatin- 
gel, at  the interface between the gelatinrgel and the 
calcium chloride solution, and also within the calcium 
chloride solution. Unlike in the U-tube experiments, 
there was no well-defined crystallization zone. The ap- 
pearance of different crystallization zones in the cylin- 
drical tubes may be at tr ibuted particularly to the dif- 
fusion rate of the carbonate ions during the growth pro- 
cess. Obviously, different equilibrium positions with dif- 
ferent growth rates are established. 
At either low or high ionic concentrations, with or with- 
out  formaldehyde, calcium carbonate precipitated as 
mechanically interlocking single crystals, closely packed 

in a repeated pattern at the gel-solution interface and 
inside the solution itself (figure, C). However, at high 
ionic concentrations, in the presence of formaldehyde, 
additional crystals were observed which were polycrystal- 
line aggregates. These aggregates consisted of sharply 
terminated single crystals, packed together in a specific 
orientation (figure, D). At high ionic concentrations, but  
in absence of formaldehyde, highly organized structures 
were formed similar to natural  concretions and with 
distinct morphological characteristics of circular ridges 
and reticulated surfaces, rather than sharp angles (figure, 
E and F). 
These observations are consistent with our previous re- 
sults 7 and imply that  the organic gel and the environ- 
mental conditions control the evolution of the crystal 
habit  and the pat tern of aggregates. 
The nucleation of calcite appears to be determined en- 
tirely by the nature of the gel substrate which provides 
limited sites for nucleation. Other variables, such as dif- 
fusion fluctuation depending on ionic concentrations and 
additives, exert a fine kinetic control on the geometry of 
the packing, the morphology of the building units and 
the macroscopic surface characteristics of the crystallites. 
Formaldehyde not only modifies the gel structure, but  i t  
also appears to influence the macroscopic surface of 
individual crystallites. By selective interfacial absorption 
on particular crystallographic faces, it produces poly- 
crystalline aggregates with well-defined faces and sharp 
edges. On the other hand, the absence of formaldehyde 
apparently provides favorable conditions for tile solute- 
solvent reaction on the crystal surface. The 2 opposite 
processes of dissolution and precipitation change the 
topography of the surface and produce structures with 
more rounded edges and ridged surfaces which resemble 
certain chambered tests of foraminifera. 
The in vitro growth of organized calcite concretions 
simulating natural  concretions may prove to be impor- 
tant  in helping elucidate the problem of shell formation 
irt nature. With further information on marine environ- 
ment and through specially designed model experiments 
approximating natural  conditions, distinct progress can 
be made in the understanding of biomineralization. 

Effect of adrena lec tomy and d e x a m e t h a s o n e  t rea tment  on the m o n o a m i n e  ox idase  activity 
in the thyroid gland of the rat 
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Summary. Adrenalectomy increased MAO activi ty in the thyroid gland of rats. The administration (200 ~g/100 g 
daily for 7 days} to adrenalectomized rats decreased MAO act ivi ty  below levels of intact  controls. 

Monoamine oxidase (MAO, E.C. 1.4.3.4) has been found 
in thyroid gland I. This enzyme may participate in the 
synthesis of thyroid hormones, because one of the pro- 
ducts of the reaction catalyzed by MAO is hydrogen 
peroxide, Yet  H~O 2 together with an unknown enzymatic 
system in the thyroid gland is needed for oxidation of 
iodide to a more reactive state (I+)2. Parvez et al. a and 
others a, 5 have found tha t  corticosteroids play an impor- 
t an t  role in the regulation of the act ivi ty of MAO. This 
effect of corticosteroids has been studied in various 
tissues of several animal species, and different responses 
to the hormone were found depending On the organs 

studied. In this paper the MAO activi ty in the thyroid 
gland of adult adrenalectomized rats and the effect of 
dexamethasone administration on this act ivi ty  is re- 
ported. 
Materials and methods. Wistar albino male rats weighing 
approximately 250 g were used. Adrenalectomy was 
performed under ether anesthesia, and, to these animals, 
drinking water was replaced by 0.9% saline. One group 
of adrenalectomized rats was injected with 200 Izg of 
dexamethasone i.p. per 100 g b.wt. during the last 7 days. 
Completeness of adrenalectomy was verified by inspection 
of the abdominal cavity. Thyroids were removed, placed 


