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A B l u e - G r e e n  P i g m e n t  I s o l a t e d  f r o m  B l o o d  P l a s m a  of  the  A r c t i c  S c u l p i n  (Myoxocephalus scorpioides) 
Blue-green p igmen t s  in the  blood serum and  p l a sma  of 

several  fish were f irs t  r epor ted  by  Noz~ ~ in 1907. Since 
then,  several  inves t iga tors  have  repor ted  s imilar  f indings 
in the  se rum 2,3, skin ~, and  bones  5 of a n u m b e r  of species 
of fish. The physico-chenl ical  proper t ies  of a blue-green 
pro te in  isolated f rom the  se rum of an eel, Angu i l l a  
]aponica, have  recen t ly  been repor ted  6, 7. 

Whi le  collecting blood p lasma  samples  f rom several  
species of Arctic fish dur ing  the  1968 Ber ing Sea Exped i -  
t ion of the  R /V  A l p h a  Helix ,  I not iced t h a t  the  p lasma of 
Myoxocephalus  scorpioides, a sculpin found in the  Bering 
Sea and  Arctic Ocean f rom Alaska to Labrador ,  was blue- 
green. This repor t  describes t he  pur i f ica t ion and par t ia l  
charac te r iza t ion  of th is  b lue-green p lasma p igment .  

Mater ials  and methods. The sculpin were caught  by  
hook and  line a t  Nun ivak  Is land  (Alaska) dur ing the  
m o n t h s  of March and June .  Blood samples  were ob ta ined  
e i ther  by  cardiac punc ture ,  or f rom the  severed caudal  
vein. The blue-green p l a sma  was ob ta ined  by  centr i fuga-  
t ion of the  hepar in ized  blood. The p lasma  s was frac- 
t i ona t ed  wi th  a m m o n i u m  sulfate,  and  the  blue-green 
p i g m e n t  p rec ip i t a t ed  be tween  70 and 80% sa tura t ion .  
The prec ip i ta te  was collected, dissolved in wa te r  and 
dia lyzed;  the  blue-green p i g m e n t  was no t  dialyzable.  
Al though  the  p i g m e n t  could be fu r ther  pur i f ied by  poly-  
ac ry lamide  disc gel electrophoresis ,  it  was found t h a t  i t  
could be more  h ighly  purif ied by  the  m e t h o d  of isoelectric 
focusing ". Using a p H  grad ien t  ~~ of 3 to 6, a sharp  blue- 
green b a n d  formed near  the  anode af ter  a p p r o x i m a t e l y  
48 h. This  band  was collected f rom the  isoelectric focusing 
column, and  the  isoelectric po in t  of the  p i g m e n t  deter-  
mined  by  measur ing  the  p H  of the  solution.  The value 
de t e rmined  for the  isoelectric po in t  was 3.1. The blue- 
green solut ion was nex t  dia lyzed and lyophil ized.  A very  
small  a m o u n t  ( < 0 . 5  rag) of blue-green mater ia l  was 
isolated f rom abou t  6 ml of plasma.  The purif ied p i g m e n t  
was found  to be homogeneous  when it was subjec ted  
to po lyac ry lamide  disc gel e lect rophoresis  ~t a t  p H  8.6 
and s ta ined wi th  amido black 10B. 

The absorp t ion  spec t rum of the  Iyophil ized p i g men t  
dissolved in a small  volume of water  is shown in the  
Figure. The absorp t ion  spec t rum of the  crude p lasma  was 
found to  have  absorp t ion  m a x i m a  at  ~ 4 1 2  n m  and 658- 
660 nm.  The purif ied p igmen t  has only the  one m a x i m u m  
at  658-660 nm in the  visible region. The 412 nm m a x i m u m  
in the  spec t rum of the  crude p lasma  is due to the  Soret  
band  of oxyhemoglob in  ~2 and is the  resul t  of a small  
a m o u n t  of hemolysis  in the  p l a sma  samples.  

Pieces of skin f rom the  sculpin, af ter  be ing freed f rom 
adher ing  flesh, were homogen ized  in a War ing  Blendor.  
The pur i f ica t ion  procedure  descr ibed above  was carried 
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Absorption spectrum of purified blue-green pigment from blood 
plasma of the Arctic sculpin, Myoxocephalus scorpioides. 

out  on the  homogenized  solution.  A blue-green p i g m e n t  
which  had  an isoelectric po in t  and absorp t ion  spec t rum 
ident ical  to t h a t  purif ied f rom the  p l a sma  was isolated.  

Results  and discussion. The UV-abso rp t i on  s p e c t r m n  
and  the  physical  proper t ies  of the  blue-green p i g men t  are 
character is t ic  of a chromopro te in .  The a p p r o x i m a t e  
amino  acid composi t ion  and molecular  weight  of t he  
ch romopro te in  were de te rmined .  A small  a m o u n t  of 
purif ied blood p lasma  ch romopro te in  was hydro lyzed  in a 
sealed ampule  w i th  6 N  HC1 under  v a c u u m  for 48 h a t  
100~ The hydro lysa t e  was analyzed on a modif ied  
Beckman-Sp inco  amino  acid analyzer  is. A p p r o x i m a t e l y  
50% of the  recoverable  amino acids 14 af ter  the  acid hy-  
drolysis were aspar t ic  acid ( ~ 1 5 % ) ,  g lu tamic  acid 
( ~ 1 2 % ) ,  serine ( ~ 1 1 % ) ,  and glycine ( ~ 8 % ) .  Analysis  15 
of a solut ion which  had  been hydro lyzed  in 6 N  HC1 for 
2 h a t  100~ ind ica ted  the  presence  of c a r b o h y d r a t e  
moiet ies  associated wi th  the  chromopro te in .  The molecu-  
lar weight  es t imate  was de t e rmined  f rom sed imen ta t ion  
equi l ibr ium exper imen t s  pe r fo rmed  in a Beck man  Model E 
analy t ica l  ul t racentr i fuge.  A weight -average-molecular  
weight  of ~4 6 ,0 0 0  was calcula ted based on an assumed 
par t ia l  specific vo lume of 0.725. 

The pros the t ic  group of the  ch romopro te in  isolated 
f rom eel blood serum was found to  be b i l iverdinL The 
eel serum chromopro te in  has absorp t ion  m a x i m a  6 a t  
702 704 nm and 383-384 n m  which  differs cons iderably  
f rom the  absorp t ion  spec t rum of the  purif ied Arct ic  
sculpin p lasma  chromopro te in .  This  difference suggests  
t h a t  the  pros the t ic  group of the  sculpin ch romopro te in  is 
no t  bil iverdin.  Since only a very  small  a m o u n t  of mater ia l  
was isolated, no a t t e m p t s  were made  to spli t  the  pros- 
the t ic  group f rom the  purif ied sculpin chromoprote in .  In  
expe r imen t s  wi th  the  crude plasma,  however ,  it  was found 
t h a t  the  pros the t ic  group could be ex t r ac t ed  into chloro- 
form following t r e a t m e n t  of the  p lasma  wi th  10 vol. of 
HCl -methano l  (1 : 9) and removal  of the  dena tu red  pro te in  
by  centr i fugat ion,  The color and failure of the  p ros the t i c  

1 p. NOI.F, Archs int. Physiol. 4, 98 (1907). 
2 M. FONTAINE, Bull. Inst. oc6anogr. Monaco 792, 1 (1941). - L. 

ABOLIN~, Ark. Zool. 13, 541 (1961}. 
3 K. B. AUGUSTINSSON, Acta chem. stand. 13, 1081, 1097 (1959). 

- H. M. Fox and G. VEVERS, The Nature o/Animal Colors (Sidg o 
wick and Jackson Ltd., London 1960), p. 121. 

4 T. K. WITH, */~i~g P[~l~elgts (Academic Press, New Y o r k  1968), 
p. 633. L. ABOLINg and W. RI~DIGER, Experientia 22, 298 (1966). 

5 H. WILLSTAEDT, Enzymologia 9, 260 (1941). - D. L. Fox and N. 
MILLOTT, Expericntia 10, 185 (1954). 

6 y .  KOCHIYAMA~ K. YAMAGUCHI~ K. I~AStlIMOTO~ and F. MATSUURA~ 
Bull. Jap. Soc. scient. Fish. 32, 867 (1966}. 

7 K.YAMAGUCHI, Y. KOCHIYAMA, K. HASHIMOTO and F. MATSUURA, 
Bnll. Jap. Soc. scient. Fish. 32, 873 (1966). 

s All purification steps were carried out in a cold room at 4 ~ 
9 H. SVENSSON, Aeta chenl, scand. /6, 456 (1962); Arch. Biochem. 

Biophys., Suppl. /, 132 (196/}. O. VESTERBERG and H. SVENS- 
SON, Acta chem. scand. 20, 820 (1966). 

10 Ampholine Carrier Ampholyte LKB8142, obtained froln LKB 
Instruments Ltd., was used for this pH range. 

11 B. J. DAvis, Ann. N.Y. Acad. Sci. 121,404 (1964). 
12 The Soret band of human oxyhemoglobin occurs at 415 nm. A. E. 

SIDWELL, R. H.  MUNCII, E. S. GUZMAN BARRON a n d  T. R. HOGNESS, 
J. biol. Chem. 123, 335 (1938). 

i3 K. Dus, S. LINI)ROTH, R. PABST and R. M. SMITH, Analyt. Biochem. 
78, 532 (1967). 

14 The percentage figures are the immber of moles of an individiml 
amino acid recovered relative to the total number of moles re- 
covered for all arnino acids. 

la Z. DISCHE, Meth. biochem. Analysis 2, 313 (1955). 



252 Specialia EXPERIENTIA 26/3 

group to ex t r ac t  into hexane  when  th is  so lvent  was  used 
ins tead  of chloroform indicates  it is no t  a carotenoid.  The 
ex t rac t ion  into chloroform af ter  p ro te in  dena tu ra t i on  
wi th  acidic me thano l  is s imilar  to t h a t  of ch romopro te ins  
hav ing  bilin p ros the t i c  groups 4, 7,1% However ,  a t t e m p t s  
to isolate the  pros the t ic  group f rom the  chloroform solu- 
t ion  were no t  successful. The  solut ion gradual ly  changed  
f rom blue-green to  yellow and  finally the  color dis- 
appeared  complete ly .  

Two t e m p e r a t e - w a t e r  fishes, Clinocottus analis (wooly 
sculpin) collected in t ida l  pools along the  Sou thern  Cali- 
fornia coas t  and  Scorpaenichthys marmoratus (cabezon), 
which  was collected ~7 off the  coast  of Sou the rn  California 
on the  ocean b o t t o m  at  a d e p t h  of abou t  20 m, were also 
found  to have  blue or blue-green blood plasma.  Pre-  
l iminary  expe r imen t s  indicate  t h a t  a blue-green protein ,  
w i th  proper t ies  s imilar  to  those  of the  ch romopro te in  
found  in the  blood p lasma  and  skin of t he  Arct ic  sculpin, 
could be isolated f rom the  p l a sma  of b o t h  species is. The 
blue-green pro te in  therefore  appears  to occur in the  blood 
p lasma  of 3 d i f fe rent  species of fish. The  3 species belong 
to the  fami ly  Cottidae and  fur ther  s tudies  of the  blood 
p lasma and skin of fishes in th is  fami ly  m a y  reveal  o the r  
examples  of the  occurence of t he  chromopro te in .  The bio- 
syn the t i c  p a t h w a y  and the  physiological  funct ion,  if any, 
of the  blue-green pro te in  are no t  known19. 

Zusammen/assung. Aus dem Blu tp l a sma  und der  H a u t  
des a rk t i schen  Spinnenf isches  Myoxocephalus scorpioides 
wurde  ein blaugri ines Chromopro te in  isoliert. 
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Hydro lys i s  of A m i n o  A c i d / 5 - N a p h t h y l a m i d e s  by  

h i  a previous  paper  1, we repor ted  the  enzymic  hy-  
drolysis  of amino-acid  f l -napthylamides  by  aminopep t i -  
dases in h u m a n  paro t id  saliva. The hydrolys is  of glycyl- 
L=prolyl f i -naphthy lamide  in paro t id  saliva was re la t ively  
higher  t h a n  those  of o ther  amino-ac id  f l -napthylamides ,  
indica t ing  the  presence  of a newly descr ibed k idney  
enzyme  by  H o p s u - H A v u  and  GLENNER 2 in pa ro t id  
sal ivary fluid. 

We  have  recent ly  found t h a t  an aminopep t idase  which 
hydro lyzes  glycyl-L-prolyl f l -naphthy lamide  was pre- 
d o m i n a n t l y  p resen t  in bovine  paro t id  gland 3. This  com- 
munica t ion  describes the  compar ison  of t he  subs t r a t e  
specificit ies wi th  aminopep t idases  in bovine pa ro t id  
g land and  the  intracel lular  d i s t r ibu t ion  of the  enzymes.  

Bovine  paro t id  gland was ob ta ined  fresh, packed  in 
ice, f rom the  s laughterhouse.  The t issue was homogen ized  
b y  the  use of an Ul t r a -Tur rax  homogenizer  w i th  9 vol. of 
0.25 M sucrose. After  r emoving  cell debris  and  nucleus by  
low-speed centr i fugat ion,  mi tochondr ia l  and  microsomal  
f ract ions  and  soluble s u p e r n a t a n t  were sepa ra ted  by  
different ia l  centr i fugat ion.  The subs t r a t e  amino-ac id  /3- 
naph thy l am ides ,  which  were syn the t i zed  as descr ibed by  
GLENNER et al. 4, were k ind ly  supplied f rom Dr. G. G. 
GLENNER. Glycyl-L-prolyl  f l -naphthy lamide  hydrobro -  
mide  was k ind ly  syn the t i zed  by  Drs. S. SAKAKIBARA and  
K. TAKADA by the  m e t h o d  of GLENNER et  al. 2, The incu- 
ba t ion  mix tu r e  con ta ined  90 txmoles Tris-maleate buffer,  
pI-I 7.0, 0.45 ~mole amino-ac id  f l -naphthy lamide  and 
wa te r  to 0.90 ml. The ac t iv i ty  for the  hydro lys i s  of a-L- 
g lu tamyl  f l -naph thy lamide  and  a-L-aspartyl  f l -naphthyl-  
amide  was measured  in the  presence  of 1 m M  of Ca 2+ 5. 
I n c u b a t i o n  was carried out  a t  37 ~ for 60 min.  Increase  
of f luorescence in t ens i ty  of 410 nm of f l -naph thy lamine  
released by  enzymic  hydro lys is  of amino-ac id  f l -naphthyl-  
amide  was measured  wi th  t he  exc i ta t ion  l ight  a t  335 n m  
using an A m i n c o - B o w m a n  spec t ropho to f luo romete r  ", 

A m i n o p e p t i d a s e s  in the Parot id  Gland 

Resul ts  are shown in the  Table.  Aminopep t idases  
hydro lyz ing  amino-ac id  f l -naphthy lamides  were dis t r ib-  
u ted  main ly  in the  microsomal  fract ion,  as well as in the  
soluble fraction.  The enzyme act ivi t ies  in mi tochrondr ia l  
and nuclear  f ract ions  were low and p robab ly  due to  con- 
t a m i n a t i o n  of the  microsomal  fract ion.  Among  21 amino-  
acid f l -naphthylamides ,  n a p h t h y l a m i d e s  of glycyl-proline,  
alanine,  leucine, methionine ,  arginine,  norleucine, and 
norval ine  were good subs t ra tes  for aminopep t idases  in 
the  paro t id  gland.  These amino-ac id  f l -naphthylamides  
were also good subs t ra tes  for sal ivary aminopep t idases  1. 

The enzyme which hydrolyzes  glycyl-prolyl  fl-naph- 
t h y l a m i d e  was the  mos t  ac t ive  aminopep t idase  in the  
paro t id  gland, as well as in paro t id  sal iva 1. This enzyme 
was main ly  localized in the  microsomal  f rac t ion  as shown 
in t he  Table.  Analysis  of the  reac t ion  p roduc t  in the  
hydrolys is  of glycyl-prolyl  f l -naphthy lamide  b y  paper  
c h r o m a t o g r a p h y  d e m o n s t r a t e d  t h a t  N- t e rmina l  glycyl- 
prol ine  was  l ibera ted  f rom the  subs t ra te .  This resul t  indi- 
ca ted  t h a t  t he  aminopep t idase  in t he  sal ivary gland is 
s imilar  to the  enzyme in the  k idney  newly  descr ibed by  
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