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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 t he  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 l ogene t i c  d i s t ance  be t w een  t he  
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 he  
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 he  
i m m u n o c h e m i c a l  reac t ion .  This  same  f ind ing  was po i n t ed  

ou t  b y  OHTAKI 9 for t he  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 he  use of immunoe lec t rophores i s .  T 2  and  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 he  
two forms of t he  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 sen 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  on 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 he  
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  how eve 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 .  The  
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 i m a 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 s pec t i ve ly  
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 he  regress ion  l ine in  t he  oppos i te  d i r ec t ion  
to  t h a t  expec ted  on  t he  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  

2.0 //---- 

E 
14 

:154- 0.01- 0.0001 x 0.0  ~o 1.2 

,0 
. m  ~  

-~ 0.8 

o 0.6 ~-+ISD 
i i i~r 

5 1'0 1'5 2'0 2'5 30 40 
Days 

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. 
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e r y t h r o c y t e  life span  were ob ta ined ,  in  good a g r e e m e n t  
w i t h  p u b l i s h e d  d a t a  5, a. 

I t  is i m p o r t a n t  to  no te  t h a t  t he  assay  a n i m a l s  were in  a 
haema to log ica l ly  s t ab le  s t a t e  be t w een  week  10 a n d  18 as 
e v i d e n t  f rom c o n s t a n t  E V ' s  : 1 . 0 2 : 6  0.11 (SD), 0.98 • 0.10, 
1.00 :h 0.15, 0.96 :i: 0.13, a n d  0.98 • 0.09 ml  a t  t he  age of 
10, 12, 14, 16 and  18 weeks respec t ive ly .  

D u r i n g  30 days  of c o n t i n u e d  m a r r o w  suppress ion,  t he  
m e a n  e r y t h r o c y t e  age b a c a m e  more  un i f o r m  a n d  sh i f t ed  
f rom 23 to  38 days.  A t  t he  same t i m e  t he  MCV dropped  
f rom 58.8 ~m a b y  15%, a n d  t h e  m e a n  corpuscu la r  h a e m o -  
g lobin  f rom 19.5 ~g b y  12~ whi le  t h e  m e a n  corpuscu la r  
h a e m o g l o b i n  c o n c e n t r a t i o n  increased  b y  5% f rom a n  
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in i t i a l  va lue  of 33.4 g/100 ml.  Loss of cell m a t e r i a l  p e r m i t s  
us  to  reconci le  our  f ind ing  of a c o n s t a n t  red  cell life span  
w i t h  t h e  seeming ly  r a n d o m  des t ruc t i on  suggested  b y  
single age p o p u l a t i o n  l abe l ing  t echn iques .  Red  cell 
f r a g m e n t a t i o n  r ep resen t s  a we l l -known  p h e n o m e n o n  in 
s t a t e s  of acce le ra ted  haemoysis~,  s. I t  m i g h t  also be  a 
m e c h a n i s m  ope ra t i ng  u n d e r  phys io log ica l  c i rcumstances ,  
poss ib ly  c o n t r i b u t i n g  to  f ina l  r e m o v a l  of aged a n d  r igid 
cells f rom ci rcula t ion .  

Zusammen/assung. In Act inomyc in -} )ehande l t en  M~iu- 
sen n a h m  die Zah l  de r  z i rku l i e renden  E r y t h r o z y t e n  
l inear  ab. Zellul&rer H~imoglobinver lus t  e r k l a r t  die 
s che inba r  a l t e r sunabh&ngige  K o m p o n e n t e  der  E r y t h r o -  
z y t e n d e s t r u k t i o n  welche  I s o t o p e n s t u d i e n  v e r m u t e n  lassen. 
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Pyrrolidone Carboxylic Acid (Pyroglutamic Acid) in Normal Plasma 

Pyr ro l idone  ca rboxyl ic  acid (PCA) is a m a j o r  soluble  
n i t rogen  c o m p o u n d  of m a m m a l i a n  ep idermis  ~,2. The  
presence  of free PCA in t i ssues  a n d  b o d y  fluids, o t h e r  t h a n  
ur ine  s, has  on ly  v e r y  r ecen t ly  been  r epo r t ed  4,5. Th i s  
' n i n h y d r i n  n e g a t i v e '  l a c t a m  of g lu t amic  acid is no t  
r e t a ined  on  nega t i ve ly - cha rged  ion exchange  res ins  and  
t h u s  is no t  de t ec t ed  b y  t h e  usua l  m e t h o d s  of amino  acid 
analysis .  PCA is q u a n t i t a t i v e l y  h y d r o l y z e d  to  g lu t amic  
acid b y  h e a t i n g  in 1 M ttC1. ST~IIq and  MOORE 6 r epo r t ed  
a n  8-fold increase  in g lu t amic  acid c o n c e n t r a t i o n  fol lowing 
acid hydro lys i s  of pro te in- f ree  p l a s m a  f rom n o r m a l  males,  
b u t  t h e y  a t t r i b u t e d  th i s  to  d e a m i n a t i o n  of g lu tamine .  
Us ing  gas c h r o m a t o g r a p h y  J~LI.UM et  al. ~ r epo r t ed  f ind ing  
45 ~mole PCA/100 ml  s e rum f rom a p a t i e n t  w i th  pyro -  
g lu t amic  acidur ia ,  b u t  t h e y  s t a t e d  t h a t  th i s  c o m p o u n d  
is n o t  p r e s e n t  in  n o r m a l  sera. W e  here  r e p o r t  t h e  f ind ing  
of PCA in n o r m a l  h u m a n  a n d  guinea-p ig  p lasma.  

F i f t y  m l  po r t i ons  of pooled  gu inea-p ig  or n o r m a l  ma le  
h u m a n  p l a s m a  were deprote in ized .  U l t r a f i l t r a t i o n  was 
found  to be  m o s t  c o n v e n i e n t  m e t h o d  of dep r o t e i n i za t i on  
since no  p r e c i p i t a n t  need  be  a d d e d  to  t h e  p lasma.  
Perch lor ic  acid p r ec ip i t a t i on  was a sa t i s fac to ry  m e t h o d  of 
dep ro t e in i za t i on  since t h e  m a j o r  po r t i on  of t he  pe r ch l o r a t e  
can  be  r e m o v e d  before  s u b s e q u e n t  p rocedures  b y  t r e a t -  
m e n t  w i t h  K O t t .  Tr ich loroace t ic  acid p r ec ip i t a t i on  was 

Total free pyrrolidone carboxylic acid (PCA) and amino acids of 
human and guinea-pig plasma 

Amino acids PCA 
(Fmole/100 ml plasma) (Fmole/100 ml plasma) 

Human 282.2 ~ -t- 25.8 21.6 ~ ~ 4.4 

Guinea-pig 223.6 b :t= 41.8 32.6 b :~ 11.1 

Mean ~: S.E. for duplicate determinations on samples from 1 normal 
33-year-old male and 1 normal 44-year-old male. b Mean :h S.E. for 
6 samples of pooled guinea-pig plasma. 

unsa t i s f ac to ry  because  of the di f f icu l ty  in  e x t r a c t i n g  t h e  
p r e c i p i t a n t  w i t h o u t  serious loss of PCA. The  pro te in- f ree  
p l a s m a  so lu t ions  were  c o n c e n t r a t e d  5-fold b y  freeze- 
drying.  Al iquo t s  of these  c o n c e n t r a t e d  p l a s m a  ex t r ac t s  
were ana lyzed  for  t o t a l  free a m i n o  acids~ (Table).  The  
r e m a i n d e r  of these  so lu t ions  were appl ied  to  2.5 • 32 cm 
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Chromatography of PCA and glutamic acid. An ascending chromato- 
gram was developed for 16 h with 1-butanol:water:acetic acid 
(40 : 25 : 15). After air drying, the portion containing PCA was sprayed 
with chlorine-starch-iodine and the other portion with ninhydrin. 


