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mine A manque  d'antiggn6cit6, elle poss~de donc une 
ad juvant ic i t6  extr ins~que en pr6sence de la globue line 
don t  elle intensifie la r6ponse immuni ta i re .  

Summary. In  this work, we have  s tudied the  role 
of different  ac t ive  forms of v i t a m i n  A considered as 
a d j u v a n t  of the  immune  mechanism in the  rat.  We  also 
poin ted  out  the  a d j u v a n t  effect of re t inol  and re t inal  in 
comparison wi th  the  o ther  act ive  components  of t ha t  
v i t amin  wi th  the  bovine  y-globulin which is no t  an immu-  
nogenic ant igen in itself in the  control  rat.  Despi te  the  
fact  t h a t  v i t amin  A has no ant igeneci ty,  i t  still possess an 

extr insic ad juvan t i c i ty  irt presence of bovine T-globulin. 
The  degree of the  immune  response is increased. 
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I m m u n o c h e m i c a l  Characterizat ion of the Mult imolecular  F o r m s  of Squid Ink Gland Tyros inase  

The p r imary  funct ion of the  ink gland of squid (Loligo 
pealii) is the  cont inuous  product ion  of the  enzyme 
tyrosinase (E.C. 1.10.3.1) which mediates  the  conversion 
of tyrosine and L-Dopa (3 ,4-dihydroxyphenylalanine)  
to melanin.  SZABO 1 repor ted  t h a t  the  squid ink gland 
contains  folds of connect ive  tissue which are lined wi th  
simple co lumnar  epi thel ial  cells, and these cells secrete 
melanin  which is the  major  component  of the  squid ink. 
Numerous  small  vacuoles  which m a y  be filled wi th  mela-  
nin (ink) granules are found at  the  apical regions of these 
cellsL The melanin  granules are secreted into the  lumen 
of the  ink gland and then  t ransferred to the  ink sac unt i l  
the  ink  is expelled f rom the  organism as a defense mecha-  
nism. The present  communica t ion  is concerned wi th  the  
immunochemica l  character iza t ion of the  molecular  forms 
of squid ink gland tyrosinase.  

Methods and materials. I n k  glands employed in this 
s tudy  were excised f rom squid collected off the  coast  of 
Fa lmouth ,  Mass. Tyrosinase ext rac ts  were prepared by  
homogeniza t ion  of washed ink glands in a 0.25 M sucrose 
solution. The  homogena te  was then  centr i fuged at  
600 •  for 10 min  to r emove  cellular debris. This was 

followed by fur ther  sed imenta t ion  at  105,000•  for 
60 min  and the  resul t ing superna tan t  was used in all 
invest igat ions  cited. Hardy-Passey  mouse me lanoma  and 
h u m a n  m e l a n o m a - t y r o s i n a s e  were ex t rac ted  by  the  
methods  of BURNETT 2, ~. 

R a b b i t  ant i serum to squid tyrosinase was obta ined by  
the  me thod  repor ted  by  CAMPBELL ~. Immunodi f fus ion  
plates were prepared  by  a modif ica t ion  of the  technique 
of CLAUSEN 5. Immunelec t rophores i s  was per formed on 
Agarose Universa l  Elec t rophore t ic  Fi lms (Anaylt ical  
Chemists, Inc., Palo  Alto, Calif.) which were manufac tu red  
according to the  formulat ions  of EL~VITCt~ 6. After  the  
format ion  of precipi t in  lines in the  immunodi f fus ion  and 
immunoelect rophores is  plates,  the  presence of specific 
tyros inase-ant ibody complexes was de tec ted  by  the  me thod  
of BURNETT 7. 

Results. It can be seen in Figure  1 t h a t  only squid 
tyrosinase combined wi th  the  ant i serum to squid %yrosi- 
nase. Two precipi t in  lines were detectable  by the  L-Dopa 
detect ion technique,  however,  the  sens i t iv i ty  of this  
technique  was no t  of the  same s tandard  as immuno-  
electrophoresis described below. No L-Dopa-posi t ive lines 
tnere discerned wi th  the  me lanoma  Hardy-Passey  mouse 

d the  human  me lanoma  tyrosinase contained in wells 
and 6 and wells 2 and 5 respect ively.  
Upon  immunoelectrophoresis ,  3 Dopa-posi t ive  precipi t in 

lines were resolved for the  squid tyrosinase.  Two of these 
lines, designated T1 and T 2 ,  possessed similar  electro- 
phoret ic  mobil i t ies  bu t  differed immunochemica l ly  
(Figure 2). The  slowest migra t ing  precipi t in  line, which 
was t e rmed  T 3; displayed ant igenic s imi lar i ty  to T 2. The 
immunochemica l  re la t ionship of T1 and T 2 and T 3 could 
not  be e lucidated because of the  dis tance be tween the  
precipi ted lines in the  immunoelec t rophores is  plates. 

The  fact  t h a t  the  Dopa-pos i t ive  precipi t in  lines 
represented the  presence of tyrosinase and not  a non 
enzymat ic  darkening was acer ta ined by  hea t  inac t iva t ion  
studies. Squid tyrosinase is complete ly  inac t iva t ive  by  

Fig. 1. Immunodi f fus ion  pla te  conta in ing  5 [xl squ id  tyros inase  
(peripheral wells 1 and 4), 5 ~zl human melanoma tyrosinase (wells 2 
and 5), and 5 [zl Hardy-Passey mouse melanoma tyrosinase (wells 3 
and 6). The central we11 is filled with 5 [zl anti-squid tyrosinase 
serum. 
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h e a t i n g  a t  60~ for 10 m i n  s. In  all  e x p e r i m e n t s  para l le l  
s tud ies  were pe r fo rmed  d u r i n g  wh ich  t he  i m m u n o d i f f u s i o n  
a n d  i m m u n o e l e c t r o p h o r e s i s  p la tes  were h e a t e d  ~or 10 ra in  
a t  60 ~ a f t e r  t he  f o r m a t i o n  of p rec ip i t i n  l ines b u t  before  
t he  a d m i n i s t r a t i o n  of t h e  L-Dopa de tec t ion  assay.  Th i s  
t r e a t m e n t  comple t e ly  i n h i b i t e d  t he  f o r m a t i o n  of Dopa-  
pos i t ive  lines. 

Discussion. I t  can  be  seen f rom the  i m m u n o d i f f u s i o n  
s tud ies  t h a t  t he  a n t i s e r u m  to t he  squ id  ty ros inase  pos- 
sessed a comple te  lack of i m m u n o c h e m i c a l  r e a c t i v i t y  
w i t h  t h e  e n z y m e  found  in mouse  H a r d y - P a s s e y  mela -  
n o m a  and  H u m a n  m e l a n o m a  ty ros inase .  Th i s  is no t  sur-  
p r i z ing  in v iew of the  phy logene t i c  d i s t ance  be tween  t h e  
squid  ty ros inase  and  t h a t  of t he  mouse  a n d  h u m a n  mela-  
nomas .  

I t  was  also obv ious  t h a t  t he  ty ros inase  c o m b i n i n g  w i t h  
i t s  a n t i b o d y  r e t a i n e d  i ts  e n z y m a t i c  ac t iv i ty .  Thus  t h e  
e n z y m a t i c  ac t ive  s i te  of t y ros inase  is no t  a f fec ted  b y  t h e  
i m m u n o c h e m i c a l  reac t ion .  This  same  f ind ing  was po in t ed  

ou t  b y  OHTAKI 9 for t h e  t y r o s i n a s e - a n t i s e r u m  complex  of 
H a r d y - P a s s e y  mouse  m e l a n o m a .  

A l t h o u g h  2 forms of squ id  t y ros inase  could be d i scerned  
b y  m e a n s  of aga r  gel diffusion,  3 forms were obse rved  b y  
t h e  use of immunoe lec t rophores i s .  T 2  an d  T 3 were seen 
to  be  i m m u n o c h e m i c a l l y  r e l a t ed  wh ich  suggest  t h a t  t h e  
two forms of t h e  e n z y m e  c o n t a i n  s imi la r  an t igen ic  groups.  
The  i m m u n o c h e m i c a l  r e l a t ionsh ip  of T1 w i t h  T 2  a n d  T 3  
could n o t  be e luc ida ted  b y  t h e  p r e s en t  t e c h n i q u e s  
ut i l ized.  An  inves t i ga t i on  in to  th i s  r e l a t ionsh ip  is p r e s e n t l y  
u n d e r  way.  

Rdsumd. Sur  le p l an  i m m u n o c h i m i q u e ,  la t y ros inase  de 
la poche  & encre  du Ca lmar  Loligo pealii n ' e s t  pas  appa -  
ren t6e  & la  tyros i l lase  isol6e des m61anomes h u m a i n s  ou 
des m61anomes de la souris.  Trois  formes  mol6cula i res  de 
cet  e n z y m e  o n t  6t6 s@ar6es  p a r  immuno616ct rophor~se .  
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Fig. 2. Immunoelectrophoresis plate of squid tyrosinase isozymes. 
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Red Cell Survival:  Finite Life Span versus  R a n d o m  Destruct ion  

E r y t h r o c y t e  life s p a n  m e a s u r e m e n t s ,  us ing  cohor t  
l abe l l ing  t echn iques ,  i nd i ca t e  two  ways  of cell d isap-  
p e a r a n c e :  A f rac t ion  of cells is a p p a r e n t l y  r a n d o m l y  
r e m o v e d  f rom c i rcu la t ion  i r respec t ive  of age, whi le  t h e  
r e s t  reaches  a c o n s t a n t  life span  l imi t ed  b y  senescence.  
R a n d o m  d e s t r u c t i o n  does n o t  af fec t  more  t h a n  1 0 - 2 0 %  
of cells in  m a n  b u t  is cons ide rab ly  g rea t e r  in  ce r t a in  
m a m m a l s ,  e.g. in  pigs, r abb i t s ,  r a t s  a n d  mice  ~,2. The  
c o m m o n l y  used i so tope  t e c h n i q u e s  howeve r  to  n o t  
d i s c r i m i n a t e  be tween  loss of ceils a n d  cell ma te r ia l .  T h e  
search  for  a m e t h o d  to  s epa ra t e  these  processes  was  
s t i m u l a t e d  b y  t he  f i nd ing  t h a t  r a t  e r y t h r o c y t e s  age ing  
in  v ivo  undergo  b o t h  a r e d u c t i o n  in cell v o l u m e  a n d  
h a e m o g l o b i n  c o n t e n t  3. Fo r  t h i s  purpose  e ry th ropo ies i s  
was  suppressed  in  150 18-week-old I C R  male  mice  b y  
da i ly  i.p. in jec t ions  of a c t i n o m y c i n  D 4. C i rcu la t ing  
re t i cu locy tes  d ropped  f rom 4.3 % in n o r m a l  an ima l s  to  
2.6 and  0.3% a l t e r  2 and  4 days  of t r e a t m e n t  r e spec t i v e l y  
a n d  were comple t e ly  a b s e n t  t he rea f t e r .  A t  sho r t  i n t e rva l s  
t he  e r y t h r o c y t e  vo lume  (EV) and  t he  m e a n  corpuscu la r  
v o l u m e  (MCV) were d e t e r m i n e d  in groups  of 5-7  an imals ,  
so as to  ca lcu la te  t h e  n u m b e r  of red  cells r e m a i n i n g  in. 
c i rcu la t ion  (Figure).  Cell d i s a p p e a r a n c e  in presence  of 
u n e q u a l  su rv iva l  e x p e c t a n c y  would  be cha rac t e r i zed  b y  a 
c h a n g i n g  slope w i t h  an  in i t i a l  r ap id  phase .  I n  con t ras t ,  
cell loss p r o v e d  to  be  l inea re ly  cor re la ted  w i t h  t i m e ;  
q u a d r a t i c  regress ion  ana lys i s  in  fac t  r evea led  s l ight  
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c u r v a t u r e  of t h e  regress ion  l ine in  t h e  oppos i te  d i r ec t ion  
to  t h a t  expec ted  on  t h e  bas is  of d i f fe ren t  life e x p e c t a n c y  
popula t ions .  B y  e x t r a p o l a t i o n  46 days  of m e a n  mouse  
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Rate of removal of red cells from the circulation of mice during daily 
i.p. injections of aetinomyein D, 0.06 ~zg/g. The number of circulating 
erythrocytes was obtained by dividing the erythrocyte volume 
(EV, ml) by the mean corpuscular volume (FmS). The EV was 
measured by means of weighed amounts of 5OFe-labelled red cells 
injected i.v. (0.002 ml approximately, diluted with human albumin, 
1 : 30). Ceil donor mice received 50 [xC agFe-citrate 3 10 days prior to 
the studies. Reticuloeytes dissappeared linearly with time over 
4.5 days, creating a quadratic term in the decrease of circulating 
cells; for this reason the first 3 points had to be excluded from mathe- 
matical analysis. The dotted line stands for the untreated control 
animals. 


