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w a t e r  (65:35 : 3, b y  volume)  on  silica gel G p la t e s  5 (Merck, 
D a r m s t a d t ,  Fede ra l  R e p u b l i c  of G e r m a n y ) .  A p i g m e n t  
w i t h  chemica l  cha rac t e r i s t i c s  unl ike  b i l i rub in  a n d  re- 
s embl ing  our  p i g m e n t  (d iazo-negai ive)  w i t h  a b s o r p t i o n  
p e a k  a t  410 n m  has  been  isola ted f rom t h e  i n t e s t i n a l  wal l  
a n d  ur ine  of fe ta l  dogs and  m o n k e y  ur ine  a n d  bile6. 
The  presence  of a b r o w n i s h  p i g m e n t  in i n t e s t i n a l  mucosa l  
ceils, l a m i n a  p rop r i a  a n d  mesen te r i c  l y m p h  nodes  of new- 
b o r n  m o n k e y s  m a y  ind ica te  a b s o r p t i o n  of th i s  p i g m e n t  
f rom the  i n t e s t i na l  lumen .  T he  p r e s e n t  i n v e s t i g a t i o n  was 
u n d e r t a k e n  to isolate  a n d  iden l i fy  t he  b r o w n  p i g m e n t  
f rom h u m a n  a n d  m o n k e y  m e c o n i u m s  and  c o m p a r e  i t  w i t h  
t he  p i g m e n t s  in t h e  i n t e s t i n a l  m u c o s a  and  l y m p h  nodes  of 
n e w b o r n  monkeys .  Tile b r o w n  p i g m e n t  was  e x t r a c t e d  
f rom h u m a n  m e c o n i u m  w i t h  acidif ied p e n t a n - 2 - o n e - n -  
b u t y l  a ce t a t e  (17:3,  v /v) .  T h i n  layer  c h r o m a t o g r a p h y  on  
silica gel G glass p la tes  v a n d  p o l y a m i d e  mic ro l aye r  p la t e s  s 
(Analy t .  Tech.  Inc.)  was  used for t he  pu r i f i ca t i on  of t h e  
p igmen t .  The  e lec t ronic  s p e c t r u m  of t he  pur i f ied  p i g m e n t  
was  recorded  w i t h  a Cary  17 s p e c t r o p h o t o m e t e r .  Ab-  
so rp t ion  m a x i m a  and  m i n i m a  are g iven  w i t h  re la t ive  ab-  
so rp t ion  ca lcu la ted  as ba sed  on  a b a n d  a t  396 n m :  
~nlax 595 (0.11) a n d  396 (1.00), Xm~n 545 (0.10) a n d  300 n m  
(0.61). Th i s  s p e c t r u m  was cha rac t e r i s t i c  of a meta l lo -  
p o r p h y r i n  a n d  we a s s u m e d  i t  to  be  p r o b a b l y  a fer ropor-  
phy r in .  The  e lec t ronic  s pec t r a  of p y r i d i n e  complexes  of 
f e r r o p o r p h y r i n s  are cha rac t e r i s t i c  of t h e  va r ious  por-  
phyr insg ,  10. Therefore ,  t he  e lec t ronic  a b s o r p t i o n  spec- 
t r u m  of p r o t o h e m e - p y r i d i n e  h e m o c h r o m e  was c o m p a r e d  
w i t h  t h a t  of r educed  p i g m e n t  py r id ine  h e m o c h r o m e .  
S o d i u m  d i th ion i t e  was  used to  reduce  Fe ( I I I )  to  Fe( I I )  
i m m e d i a t e l y  p r io r  to  record ing  t he  s p e c t r u m  9 (figures 
1 a n d  2). The  abso r p t i ons  of b o t h  complexes  were cal- 
cu la ted ,  based  on  t he  418 n m  bands .  P r o t o h e m e p y r i d i n e  
h e m o c h r o m e  gave  t he  fol lowing s p e c t r u m :  ,~m~x 550 
(0.16), 532 (0.09), 447 (0.07) a n d  418 n m  (1.00), ,~min 537 
(0.06), 500 (0.06), 455 (0.07) a n d  384 n m  (0.19). R e d u c e d  
p i g m e n t - p y r i d i n e  h e m o c h r o m e  gave  t he  fol lowing spec- 
t r u m :  2max 550 (0.20), 523 (0.10), 477 (0.07) a n d  418 n m  
(1.00), ~Lmin 537 (0.06), 500 (0.05), 455 (0.05) a n d  384 n m  
(0.25). These  d a t a  s t r o n g l y  suggested  t h a t  • b r o w n  
p i g m e n t  was  p r o t o h e m i n .  
P a r a m a g n e t i c a l l y  sh i f t ed  p r o t o n  m a g n e t i c  r e sonance  
spec t ra  of p o r p h y r i n  i ron ( I I I )  cyan ide  complexes  are 
p a r t i c u l a r l y  useful  in t he  i den t i f i ca t ion  a n d  loca t ion  of t he  
p o r p h y r i n  f l -subst i tue l l t s  11, x2. Consequent ly ,  t h e  m e t h y l -  
a t ed  p i g m e n t  10 in a so lu t ion  of N a C N  in m e t h a n o l - d  ~, was  
sub j ec t ed  to  F T N M R  ana lys i s  on a 100 MH z  i n s t r u m e n t  
( J E O L  PS-100 H R  N M R  Spec t romete r ) .  T he  r e su l t i ng  
s p e c t r u m  was iden t ica l  w i t h  t h a t  o b t a i n e d  f rom a k n o w n  

sample  of Fe ( I I I )  p r o t o p o r p h y r i n - I X  d i m e t h y l e s t e r  di-  
cyan ide  (Dr G. N. L a  Mar  a n d  D. Viscio, unpub l i shed) ,  
b u t  di f fered s ign i f i can t ly  f rom spec t ra  o b t a i n e d  for a 
large  n u m b e r  of o the r  r e l a t ed  Fe ( I I I )  p o r p h y r i n  d i cyan ide  
complexes .  The  4 m e t h y l  g roups  showed  r e sonances  a t  
1658.2, 1620.1, 1425.8 and  1361.3 Hz  dowllf ield f rom 
i n t e r n a l  t e t r a m e t h y l s i l a n e .  
E x t r a c t s  of b r o w n  p i g m e n t  were p r e p a r e d  f rom the  fol- 
lowing:  ]3iles, m e c o n i u m s  a n d  f rom h u m a n  fe tuses  of 
10-11 weeks up  to 33 weeks, bi les  and  m e c o n i u m s  of pre-  
m a t u r e  babies ,  sma l l  i n t e s t ine  a n d  m e s e n t e r i c  l y m p h  
nodes  f rom h u m a n  a n d  m o n k e y  t e r m  newborns .  The  
b r o w n  p i g m e n t  f rom all  t hese  e x t r a c t s  was  s e p a r a t e d  on  
t ic  p la tes  us ing  d i f fe ren t  so lven t  sys tems .  R~-values of 
t he  b r o w n  p i g m e n t  f rom all these  sources  a n d  of com- 
merc ia l  b o v i n e  h e m i n  were:  0.04 in c h l o r o f o r m - e t h a n o l  
(94:6,  v /v) ,  0 .38-0.40 in c h l o r o f o r m - m e t h a n o l - w a t e r  
(65 : 35 : 3, b y  vol.), 0.54 in m e t h a n o l - g l y c i n e  buffer -  
pH2.7  (95 : 5, v /v)  a n d  0.77 in m e t h a n o l - a c e t i c  acid 
(95 : 5, v / v ) .  
W e  also found  p r o t o h e m i n  in t h e  sera  of p r i m a t e  fetuses.  
I t  occurs  in biles of n o r m a l  fe tuses  to  a b o u t  32 weeks.  
Th i s  suggests  t h a t  up  to t he  age of 32 weeks p r o t o h e m e  is 
exc re ted  u n c h a n g e d  b y  t h e  l iver  in to  t he  bi le  and  is ab-  
so rbed  b y  t he  smal l  i n t e s t i n a l  m u c o s a  in to  t he  b lood  
s l r e a m s  a n d  lympha t i c s .  
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Summary. I n  our  s t u d y  we are able  to  d e m o n s t r a t e  t h a i  w i t h  T S H  boos te r  a n d  b leed ing  an ima l s  10-20 days  pos t  
i m m u n i z a t i o n ,  w h e n  r a b b i t s  h a v e  increased  in a n t i b o d y  t i le r ,  t h e r e  is a n  increase  in choles terol  and  t r ig lycer ide .  These  
f ind ings  are sugges t ive  t h a t  m o s t  p r o b a b l y  we are r ende r ing  these  r a b b i t s  h y p o t h y r o i d .  

D u r i n g  t h e  course  of i m m u n i z a t i o n  of r a b b i t s  w i t h  h u m a n  
t h y r o i d  s t i m u l a t i n g  h o r m o n e  (H-TSH)  to  p roduce  a T S H  
an t i se ra ,  we m e a s u r e d  t h e  choles te ro l  a n d  t r ig lycer ide  
levels a n d  found  t h e m  to  be e leva ted .  To d o c u m e n t  t he  
effects  of boos te r  in jec t ions  of r a b b i t  p l a s m a  l ipids  in  
relation to the titer of antibodies, we did a time course 
study. 

Materials and methods. 2 New Zea land  a lb ino  female  r ab -  
b i t s  weighing  a p p r o x i m a t e l y  2.5 kg  were housed  ill 
e n v i r o n m e n t a l l y  con t ro l led  a n i m a l  facil i t ies u n d e r  s t a n d -  

1 Acknowledgments. The authors are indebted to Miss J. Meister 
for her skillful technical help. We are also indebted to the 
National Institute of Arthritis, Metabolism, and Digestive Dis- 
eases for Human Thyroid Stimulating Hormone for iodination. 
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ard l ight ing schedule, fed and watered  ad i ibi tum.  H igh ly  
purif ied H - T S H  sui table  for iodinat ion purposes,  was used 
for immuniza t ion  procedure.  The  ant igen  was thorough ly  
mixed  wi th  F reund ' s  A d j u v a n t  in a s t andard  fashion and 
in jec ted  into the  r abb i t ' s  popl i teal  l y m p h  node ~ and 
in t r ade rma l ly  a t  mul t ip le  sites ~. The  schedule of injec- 
tion, a m o u n t  of ant igen  and t ime  of bleeding are shown 
in the  figure. The  animals  were fasted overn igh t  (14 h) 
for blood drawing for the  de te rmina t ions  of cholesterol,  
t r ig lycer ide  and percen t  b inding of the  an t ibody  to 
H u m a n  TSHI~sI.  
To measure  the  binding of an t ibody  to H-TIRH z~I in a 
s t andard  fashion for compar i son  purposes,  all the  ant i -  
sera were di lu ted to 1:1000 using phosphosal ine  buffer  
conta in ing  bovine  se rum a lbumin  and all the  samples 
were incuba ted  wi th  H - T S H ~ a I  a t  4~ for 4 days and 
then  sui table  concent ra t ions  of goa t -an t i - rabb i t  se rum 
globulin was added and  an addi t ional  48-h-incubat ion 
was done. A t  the  end of the  incubat ion  period, the  tubes  
were centr i fuged a t  2500 • g for 20 rain. The  superna ten t  
was sucked ou t  and the  prec ip i ta te  counted,  using a 
Packa rd  Auto  G a m m a  Scint i l la t ion Counter,  percent  
b ind ing  was calcula ted and used as a cr i ter ia  for com- 
par ing  the  2 rabb i t ' s  an t ibody  producing  abil i ty.  The 
se rum lipids were ex t rac ted  wi th  isopropanol,  phospho-  
lipids r emoved  wi th  ac t iva ted  zeolite, and cholesterol  and 
t r iglycer ides  de te rmined  according to the  Manual  of 
Labo ra to ry  Operat ions  of the  Lipid  Research Clinics 
P rog ram ~. 
Res~l~s. The first  in ject ion of 25 ~g H - T S H  per  rabb i t  
was given as described in the  me thodo logy  section. The  
second inject ion of 50 ~g/ rabbi t  was given af ter  72 days  
(from the  first  injection),  and the  rabbi ts  were bled 20 
days  la ter  for cholesterol,  t r ig lycer ide and percent  b inding 
to H-TSHt~aI.  R a b b i t  No. S-543 had a cholesterol  con- 
cen t ra t ion  of 240 mg/dl ,  t r ig lycer ide  of 122 mg/d l  and 
binding of 57.8%. R a b b i t  No. S-544 had  a cholesterol  
concen t ra t ion  of 76 mg/dl ,  t r iglycer ides  of 90 mg/d l  and 
b inding of 7.1%. Another  blood sample was d rawn  76 
days  af ter  the  last  in jec t ion  (day 148). R a b b i t  No. S-543 
had  a cholesterol  concent ra t ion  of 58 mg/dl ,  t r iglycer ides  
of 30 mg/dl ,  and rabb i t  No. S-544 had cholesterol  con- 
cen t ra t ion  of 49 mg/dl ,  t r iglycerides of 53 mg/dl .  

93 days  af ter  the  last  immuniza t ion  (day 169) ano ther  
booster  of 50 Fg H - T S H  was given and blood was col- 
lected 13 days la ter  for lipid profile and percent  b inding 
to H-TSH125I. R a b b i t  No. S-543 had e levated cholesterol  
va lue  of 190 mg/d l  and t r ig lycer ide  of 108 mg/d l  and 
binding of 57.4%. R a b b i t  No. S-544 had an increase in 
cholesterol  to 81 mg/dl ,  bu t  no signif icant  change was 
noted in t r ig lycer ide  concent ra t ion  (45 mg/dl) or in 
b inding (12.4%). 
10 days  later,  i.e., 23 days f rom the  day  of the  last  booster  
(day 192) another  sample  was drawn. The  cholesterol of 
rabbi t  No. S-543 fell to 80 mg/d l  and t r iglycer ide to 
53 mg/dl  and binding to 54.3%. The same t rend  was 
found in rabb i t  No. S-544, cholesterol  of 64 mg/dl ,  tri-  
glycerides of 45 mg/dl  and b inding 10%. A final  sample 
was d rawn on these rabbi ts  31 days (day 200) f rom the  
last  booster.  In  rabb i t  No. S-543 there  was a fur ther  drop 
in cholesterol  va lue  to 48 mg/d l  and t r iglycer ides  to 
36 mg/d l  and T S I t  b inding to 50~o. I n  rabb i t  No. S-544 
the  cholesterol  levels fell to 49 mg/dl ,  bu t  the  t r ig lycer ide  
concent ra t ion  remained  a t  59 mg/dl ,  and the  binding 
was 8.00%. 
10 normal  rabbi ts  of the  same age and weight  were 
housed and fed under  s imilar  condi t ions  as the  experi-  
men ta l  animals.  These animals  were also bled under  
similar  conditions.  The p lasma cholesterol  concent ra t ion  
was 79.12 • 38.67 mg/d l  (~ =E SD) and tr iglycerides 
38.87 zL 15.76 mg/d l  (~ • SD). Percen t  b inding of normal  
rabb i t  se rum to TSHI~SI var ied  1-3~o. 
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Discussion. I m m u n i z a t i o n  of t h e  r a b b i t s  w i t h  h u m a n  
T S H  is assoc ia ted  w i t h  t r a n s i e n t  e l eva t ions  of s e r u m  
lipids. The  e x a c t  m e c h a n i s m  for t h i s  o b s e r v a t i o n  is n o t  
answered  b y  t h i s  s tudy .  T he  a p p a r e n t  co r re l a t ion  of t h e  
l ipid levels w i t h  t he  H - T S H  a n t i b o d y  t i t e r s  sugges t  t h a t  
H - T S H  an t ibod ie s  m a y  be  cross r eac t i ng  w i t h  t he  r a b b i t  
T S H ,  t h u s  l ead ing  to h y p o t h y r o i d i s m  s e c o n d a r y  to  T S H  
insuff ic iency.  H y p o t h y r o i d i s m  is we l l -known  to  r e su l t  in  
h y p e r c h o l e s t e r o l e m i a  5 a n d  hype r t r ig lyce r idemia6 ,  L The  
m e c h a n i s m  sugges ted  b y  our  d a t a  m a y  not ,  however ,  
en t i r e ly  exp la in  t he  hype r l i p idemia .  I t  has  b e e n  s t a t e d  

t h a t  h y p o t h y r o i d i s m  s e c o n d a r y  to  p i t u i t a r y  insuf f ic iency  
does n o t  lead to hype rcho l e s t e ro l emia  8. F u r t h e r  work  is 
the re fo re  necessa ry  to u n d e r s t a n d  t h e  pa thogenes i s  of 
th i s  s o m e w h a t  u n u s u a l  f o rm  of e x p e r i m e n t a l  h y p e r -  
l ip idemia .  

5 J .P .  Peters and E. B. Man, J. clin. Invest. 22, 715 (1943). 
6 E.A. Nikkila and M. Kekki, J. olin. Invest. 51, 2103 (1972). 
7 B. R. Tulloch, B. Lewis and T. R. Fraser, Lancet 7, 391 (1973). 
8 D.S. Fredrickson, R. E. Levy and R. S. Lees, New Engl. J. Med. 

276, 34 (1967). 

I n d u c t i o n  of p h y c o e r y t h r i n  in  A n a b a e n a  a m b i g u a  R a o  a n d  i t s  s t r a i n s  
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Summary. P h y c o e r y t h r i n  was n o t  p r e s e n t  in  A n a b a e n a  a m b i g u a  Rao,  and  in i ts  s t ra ins ,  Lh-  and  H a - f o r m s  u n d e r  
n o r m a l  cu l tu re  condi t ions ,  b u t  i t  deve loped  in p a r e n t  a n d  L h - f o r m  w h e n  t r e a t e d  w i t h  green  l igh t  a n d  n i t r a t e .  How-  
ever,  H a - f o r m  a p p e a r e d  to  be  u n a b l e  to  fo rm p h y c o e r y t h r i n .  

I n  m a n y  of t h e  b lue -green  algae, t h e  red  p i g m e n t  p h y c o e r y -  
t h r i n  m a y  n o t  be  p r e s e n t  u n d e r  genera l  g r o w t h  condi t ions ,  
b u t  i ts  f o r m a t i o n  can  be  induced  b y  a special  t r e a t m e n t .  
However ,  some algae m a y  n o t  h a v e  t h e  ab i l i ty  a t  all  to  

+ 
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Fig. 1. Polyacrylamide gel electrophoresis of the phycobilin extracts 
of untreated strains, parent strain (1); Lh-form (3); Ha-form (5), 
and treated parent strain (2) ; Lh-form (4) ; and Ha-form (6) for the 
formation of phycoerythrin; --> phycoerythrin band. 
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Fig. 2. The pigment bands obtained on gels (after the induction of 
phycoerythrin in A. ambigua) were cut separately and were eluted. 
The absorption spectra for individual fractions were determined; 
A--A band No. 1; O--O band No. 2; o- -e  band No. 3; and []--D 
band No. 4. 

syn thes i ze  t he  red  p igmen t ,  due  to  t h e  absence  or loss of 
genes conce rned  w i t h  i t s  fo rma t ion .  The  p r e s e n t  work  
descr ibes  for  t h e  f i rs t  t i m e  i n d u c t i o n  of p h y c o e r y t h r i n  in 
s t r a ins  of b lue -green  alga A n a b a e n a  ambigua .  
B o t h  p h y c o e r y t h r i n  a n d  p h y c o c y a n i n  are syn thes i zed  
f rom a c o m m o n  p recu r so r  a n d  t h i s  process  is d e p e n d e n t  
on  l igh t  in t he  p resence  of ava i l ab le  n i t r o g e n  (ni t ra te)  as 
s h o w n  in t he  case of T o l y p o t h r i x  t enu i s  3. P h y c o e r y t h r i n  
syn thes i s  was  s t rong ly  induced  b y  b lue-green  l igh t  
(541 nm) ,  whereas  syn thes i s  of p h y c o c y a n i n  b y  red  l igh t  
(641 ilm). These  s tud ies  i nd i ca t ed  t h a t  t h e  c o m m o n  pre-  
cursor  c an  be  swi t ched  t o w a r d s  t h e  syn thes i s  of e i t he r  
p i g m e n t  b y  i l l u m i n a t i o n  w i t h  a w a v e l e n g t h  close to i ts  
a b s o r p t i o n  m a x i m u m .  
T h e  ab i l i t y  to  syn thes i ze  p h y c o e r y t h r i n  was  t e s t e d  b y  
g iv ing  a t r e a t m e n t  as descr ibed  b y  F u j i t a  a n d  H a t t o r i ~  
in A. a m b i g u a  s t ra ins ,  p a r e n t  form,  L h - f o r m  a n d  Ha -  
form, w h i c h  do no t  c o n t a i n  p h y c o e r y t h r i n  (Lh- form was 
or ig ina l ly  o b t a i n e d  as n a t u r a l  m u t a n t  of A. a m b i g u a ,  a n d  
H a - f o r m  was o b t a i n e d  b y  t r e a t i n g  t h e  p a r e n t  s t r a i n  w i t h  
h y d r o x y l a m i n e  h y d r o c h l o r i d e  3.) 
The  e x p o n e n t i a l l y  growing  a lgal  mate r ia l ,  washed  w i t h  
s ter i le  double-d is t i l l ed  water ,  was  p r e i n c u b a t e d  in Al len  
a n d  A r n o n  4 m e d i u m  (wi thou t  c o m b i n e d  n i t rogen)  for 20 h 
in f luorescen t  t u b e  l ight ,  a n d  t h e n  i t  was  t r e a t e d  w i t h  
g reen  l igh t  (541 nm)  for  60 ra in  a n d  s u b s e q u e n t l y  in-  
c u b a t e d  in da rknes s  for  24 h in t h e  p resence  of p o t a s s i u m  
n i t r a t e  (0.4 m g  pe r  ml). I n  t h e  p a r e n t  a n d  as well  as in  
Lh- fo rm,  p h y c o e r y t h r i n  f o r m a t i o n  was  i n d u c e d  w h i c h  
can  be  seen as a d i s t i nc t  b a n d  on  t h e  p o l y a c r y l a m i d e  gels 
d u r i n g  t h e  s e p a r a t i o n  b y  e lec t rophores i s  (figure 1). How-  
ever,  H a - s t r a i n  did  n o t  show p h y c o e r y t h r i n  fo rmat ion .  
E v i d e n t l y ,  t h e  H a - s t r a i n  is a b iochemica l  m u t a n t  t h a t  
ha s  los t  t h e  ab i l i t y  to  syn thes i ze  t h e  red  p i g m e n t .  T h e  red  
b a n d  p h y c o e r y t h r i n  was  f u r t h e r  cha rac t e r i zed  b y  de te r -  
m i n i n g  i ts  a b s o r p t i o n  spec t rum,  and  s t lowing t he  ab-  
so rp t i on  p e a k  a t  570 n m  (figure 2), w h i c h  is c o n s i s t e n t  
w i t h  a b s o r p t i o n  p e a k  of d i lu t ed  p h y c o e r y t h r i n  5. 
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