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Fig. 2. Section from the same 
region of the stomach wall as 
in Figure 1, rat pretreated 
with L-DOPA. Formaldehyde- 
induced green fluorescence 
(left) in the enterochromaffin- 
like cells which have been 
induced to store dopainine. 
The argyrophil cells appearing 
after silver-staining are identi- 
cal with dopamine-containing 
ent erochromaffin-like cells. 
• 140. 

affin-l ike) cells of the  m u r i n e  gast r ic  m u c o s a  are  2 dif- 
f e r en t  cell s y s t e m s  can  be  s u m m a r i z e d  as fol lows:  
(1) T h e r e  is no  ev idence  t h a t  a rgy roph i l  cells in  t h i s  p a r t  
of t h e  g a s t r o i n t e s t i n a l  t r a c t  are ever  t r a n s f o r m e d  in to  
a r g e n t a f f i n  ones ;  t he  l a t t e r  cell t y p e  is e x t r e m e l y  ra re  
in  t h e  o x y n t i c  g l a n d  area,  wh ich  on  t h e  o t h e r  h a n d  is 
v e r y  r ich  in a rgy roph i l  cells. (2) Argyrophi l ,  n o n - a r g e n t -  
af f in  ceils c o n t a i n  h i s t a m i n e  a n d  h i s t id ine  deca rboxy la se ;  
a rgen t a f f i n  cells do  not .  (3) Argen ta f f i n  cells are  r ich  in 
D O P A  deca rboxy la se ;  t h i s  e n z y m e  is p r e s e n t  also in  t h e  
a rgyrophi l ,  n o n - a r g e n t a f f i n  cells b u t  in  cons ide rab ly  lower  
concen t r a t i ons .  
-" Never the less ,  t h e  2 s y s t e m s  of e n t e r o c h r o m a f f i n  a n d  
en t e roch romaf f in - l i ke  cells h a v e  severa l  p roper t i e s  in  
c o m m o n  - genera l  morpho logy ,  all t h e  cha rac t e r i s t i c  fea- 
t u r e s  of p ro t e in - sec re t i ng  cells, t he  c a p a c i t y  to  p roduce  
a n d  s tore  a m i n e s  - wh ich  m a y  i m p l y  a s imi la r  f unc t i on  
of these  cells. I t  h a s  been  sugges ted  t h a t  b o t h  t h e  ar-  
gen t a f f i n  a n d  t h e  a rgy roph i l  (non-argenta f f in )  cells of 
t h e  d iges t ive  t r a c t  are  endoc r ine  in n a t u r e  14-~s a n d  t h a t  
t h e y  m a y  be  ac t ive  in p r o d u c i n g  p o l y p e p t i d e  h o r m o n e s  
such  as gas t r in ,  secret in,  p a n c r e o z y m i n - c h o l e c y s t o k i n i n  
a n d  poss ib ly  also glucagon.  

I t  shou ld  be  po in t ed  ou t  t h a t  a l t h o u g h  t he  2 endocr ine  
cell sy s t ems  of gas t r ic  m u c o s a  are cy tochemica l ly  dif ferent ,  
t h e  a rgy roph i l  b u t  n o n - a r g e n t a f f i n  ceils obse rved  else- 
where  in  t he  d iges t ive  t r a c t  m a y  p e r h a p s  st i l l  be  refer red  
to  as p r e - a rgen t a f f i n  or as a rgen t a f f i n  cells t e m p o r a r i l y  
devo id  of t h e i r  r educ ing  cy top la smic  ma te r i a l  19. 

Zusammenfassung. D u r c h  f luoreszenzmikroskopische  
U n t e r s u c h u n g  u n d  nachfo lgende  Si lber f i i rbung a n  ein u n d  
demse lben  S c h n i t t  k o n n t e  gezeigt  werden,  dass  das  
S y s t e m  argyrophi le r ,  n i c h t  a rgen t a f f i ne r  Zellen in der  
M a g e n s c h l e i m h a u t  de r  R a t t e  m i t  d e m j e n i g e n  h i s t a m i n -  
spe iche rnde r  Ep i the l ze l l en  iden t i s ch  ist. Die h i s t a m i n -  
spe i che rnden  Zellen, die a rgy roph i l  (aber  n i c h t  a rgentaf f in)  
sind,  b i lden  e in  Zel lsystem,  das  v o n  d e m  der  entero-  
chromaf f inen ,  s e r o t o n i n h a l t i g e n  Zellen g e t r e n n t  ist. Diese 
e n t e r o c h r o m a f f i n e n  Epi the lze l l en  s ind im Gegensa tz  zu 
d en  h i s t a m i n h a l t i g e n  Zellen sowohl  a rgy roph i l  als auch  
a rgen ta f f in .  
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The Investigation of Xenopus laevis Hemoglobins During Development by a Fluorescent Antibody 

Analys i s  of h e m o g l o b i n  so lu t ions  p r e p a r e d  f rom t h e  
b lood of y o u n g  t adpo le s  a n d  m a t u r e  adu l t s  of the  S o u t h  
Af r i can  Clawed Toad,  Xenopus laevis, show t h a t  t he re  are  
s epa ra t e  t ypes  of h e m o g l o b i n  p r e sen t  in  t h e  t adpo le s  a n d  
a d u l t  a n i m a l s  respect ive ly .  Solu t ions  of h e m o g l o b i n  
p r e p a r e d  f rom e r y t h r o c y t e s  b y  osmot ic  shock  were sub-  
j ec t ed  to  c o l u m n  c h r o m a t o g r a p h y  on  W h a t m a n  Chro- 
m e d i a  CM52 c a r b o x y m e t h y l  cellulose. The  samples  were 
e lu ted  in a 0 . 0 1 M  s o d i u m  p h o s p h a t e  p H  g r a d i e n t  a n d  
e luen t  f r ac t ions  were a s sayed  for  p H  a n d  op t ica l  absorp -  
t i o n  a t  410 n m  wave l eng th .  H e m o g l o b i n  f rom Xenopus 
t adpo le s  emerges  f rom t h e  co lumn  in 2 e lu t ion  peaks ,  

a t  p H  6.50 a n d  p H  6,82 respec t ive ly .  The  hemog lob in  
f rom adu l t s  emerges  in  2 m a j o r  a n d  1 m i n o r  peak  a t  
p H  7.41, p H  7.53, a n d  p H  7.81 respect ive ly .  I f  an  ar t i f ic ial  
m i x t u r e  of h e m o g l o b i n  solut ions  f rom a d u l t  a n d  tadpole  
Xenopus is c h r o m a t o g r a p h e d ,  5 e lu t ion  peaks  are seen, 
co inc iden t  w i t h  t h e  2 t adpo le  a n d  t h e  3 a d u l t  peaks  
respec t ive ly .  

H e m o g l o b i n  so lu t ions  f rom t ad p o l e  a n d  a d u l t  Xenopus 
were  also sub j ec t ed  to  p o l y a c r y l a m i d e  gel disc electro- 
phores i s  in a Tris-Borate-EDTA buf fe r  sys t em a t  p H  7.8. 
T h e  t ad p o l e  h e m o g l o b i n  s e p a r a t e d  in to  2 bands ,  one 
m o v i n g  t o w a r d s  t h e  anode  more  qu ick ly  t h a n  t h e  other ,  
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and hemoglob in  f rom adul t  toads  r ema ined  in one band,  
migra t ing  a t  a speed in t e rmed ia t e  be tween  those  of the  
2 t adpo le  bands .  

These observa t ions  indicate  t h a t  separa te  hemoglobins  
exis t  in adul t  and  tadpole  Xenopus individuals .  I t  is 
p roposed  to  call t he  hemoglob in  or hemoglob ins  found 
in adul t  Xenopus 'Xenopus-HbA', and t h a t  which  is found 
in tadpoles  'Xenopus-HbF'. The presence  of differ ing 
adul t  and  tadpole  hemoglobins  has been  descr ibed in 
the  bullfrog, Rana catesbiana ~-1~ 

Hemoglob in  solut ions were also p repa red  f rom Xenopus 
individuals  in var ious  s tages of me tamorphos i s .  The 
solut ions were each c h r o m a t o g r a p h e d  separa te ly  on 
c a r b o x y m e t h y l  cellulose as descr ibed above.  In  animals  
in early s tages of me t amorphos i s  only Xenopus-HbF was 
found to  be p resen t ;  in la ter  s tages Xenopus-HbA could 
be detec ted ,  and  the  a m o u n t  of Xenopus-HbA progres-  
sively increased as me tamorphos i s  p roceeded  unt i l  it  
compr ised  all the  hemoglobin  eluted.  By s u m m a t i n g  the  
opt ical  dens i ty  values  a t  wave leng th  410 n m  for each of 
the  2 t adpo le  and  3 adul t  e lut ion peaks,  a q u a n t i t a t i v e  
m e a s u r e m e n t  of the  re la t ive  amoun t s  of Xenopus-HbF 
and  Xenopus-HbA presen t  a t  any  one s tage  could be  
made.  These results,  expressed as percentages ,  are shown 
as crosses in Figure  1. I t  will be seen t h a t  dur ing  meta-  
morphos i s  there  is a progressive deple t ion  in the  a m o u n t  
of Xenopus-HbF presen t  f rom 100% at  t he  stage when  
the  tai l  is f inal ly lost  to less t h a n  2% a t  the  24 m m  
mou th -anus  length.  The re la t ive p ropor t ion  of Xenopus- 
H b A  correspondingly  increases dur ing  th is  period. 

I t  would be of great  in teres t  to  know if all, or ahnos t  
all, the  e ry th rocy te s  in circulat ion s t a r t ed  to  manufac tu r e  
Xenopus-HbA during metamorphos i s ,  or w h e t h e r  the  
Xenopus-HbA represen ted  in t he  c h r o m a t o g r a p h s  is 
exclusively conf ined to a separa te  popu la t ion  of cells 
d i s t inc t  f rom those  which  conta in  only Xenopus-HbF 
and  which  are p r e sumab ly  older. To inves t iga te  this  
p rob lem a f luorescent  an t i body  agains t  Xenopus-HbA 
was prepared .  

F luorescen t  an t ibodies  have  been  successfully p repa red  
against  h u m a n  foetal  h e m o g l o b i n n  ~2 and agains t  h u m a n  
adul t  and  foetal  hemoglobins  ~a. The t echn ique  of DAN 
and HAGIWARA 13 has been adopted ,  wi th  some modif ica-  
t ions, by  the  p resen t  authors .  

E r y t h r o c y t e s  f rom ma tu re  adul t  Xenopus were lysed 
by  osmotic  shock in disti l led water .  The resul t ing hemo-  
globin solut ion was  used as the  ant igen,  i ts  concen t ra t ion  
hav ing  previous ly  been de te rmined  by  compar i son  wi th  
cyanm e them og lob in  s tandards .  A solut ion conta in ing  
40 mg of th is  Xenopus-HbA in 2 ml  of wa te r  was emul-  
sified wi th  an equal  volume of F r eund ' s  a d j u v a n t  and 
was in jec ted  s.c. into a female New Zealand W h i t e  rabbi t .  
After  10 days  20 mg of Xenopus-HbA, prec ip i t a t ed  wi th  
po tas s ium a lumin ium sulphate  af ter  the  me th o d  of 
PROOM ~4, and resuspended  in 1 ml 0.85% saline, was 
in jec ted  i.m. This dose of a lum-prec ip i t a t ed  hemoglobin  
was r epea t ed  11 t imes  a t  t h ree -day  intervals ,  followed 
by  one 100 mg i.p. inject ion of a lum-prec ip i t a t ed  hemo-  
globin 14 days  af ter  the  final i.m. injection.  On each of 
the  2 succeeding days  10 mg of Xenopus-t-IbA in aqueous 
solution, concen t ra t ion  20 mg/ml ,  was given i.v., and  
the  r abb i t  was bled by  superficial  venesec t ion  of the  ear 
7 days  later.  

The se rum was  separa ted  f rom the  blood cells by  allow- 
ing it to  s t and  overn igh t  a t  2~ and the  yG-globulin 
c o m p o n e n t  was separa ted  by  adsorbing  u n w a n t e d  p lasma  
prote ins  onto  W h a t m a n  DE52 d i e thy l - aminoe thy l  cel- 
lulose equi l ibra ted  at  p H  7.5 x~. 

The 7G-globulin was used for prec ip i t in - r ing  tes ts  wi th  
the  Xenopus-HbA ant igen:  prec ip i ta tes  were formed 

wi th in  2 min  wi th  the  an t igen  a t  a di lut ion of 1/256 i ts  
original  concen t r a t ion  of 20 mg/ml.  No prec ip i ta tes  were  
formed when  Xenopus-HbF was used ins tead  of Xenopus- 
HbA.  Ouch te r lony  pla tes  conf i rmed this  specif ic i ty  of 
the  an t ibody .  Two prec ip i t in  lines appeared  be tween  the  
yG-globulin and  the  Xenopus-HbA in all t he  p la tes  made,  
b u t  no lines could be de tec ted  be tween  the  globulin and  
the  Xenopus-HbF. 

The ~a-globulin a n t i b o d y  pro te in  was con iuga ted  w i t h  
f luoresce in- i so th iocyanate  (FITC) af ter  the  m e t h o d  of 
NAIRN ~6. In  an a t t e m p t  to  r emove  any  non-specif ic  
f luorescent  pro te in  t he  p repa ra t ion  was t r ea t ed  wi th  pig- 
l iver powder  17. Smears  of blood cells f rom Xenopus 
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Fig. 1. Relative proportions of Xenopus-HbA and Xenopus-HbF in 
animals of various sizes as revealed by eolunm chromatography. 
Relative numbers of cells fluorescing when blood smears taken from 
aniinals of various sizes are treated with anti-Xenopus-HbA-FITC. 
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Fig. 2. Blood cells from a mature adult Xenopus treated with anti- Fig. 4. Blood cells taken from a recently metamorphosed toad, 
Xenopus-HbA-FITC. 14 mm tail-anus, and treated with anti-Xenopus-HbA-FITC. 

Fig. 3. Blood cells from a young Xenopus tadpole treated with anti- 
Xenopus-HbA-FITC. 

adul t s  and tadpoles  were  made,  the  cells hav ing  been 
f i rs t  washed  in RUGH'S Ringer  solut ion is. W h e n  the  
smears  were  d ry  t h e y  were  soaked in 0.85% saline, buf- 
fered wi th  0 .01M sodium p h o s p h a t e  a t  p H  7.1, for 1 h. 
A drop  of the  f luorescent  a n t i b o d y  was  placed on the  
cells and allowed to  in te rac t  wi th  t h e m  and  the i r  con ten t s  
for 30 min.  The smears  were  then  tho rough ly  washed  in 
t he  buffered saline to  r emove  surplus an t i body  before 
m o u n t i n g  in buffered  glycerol.  

The a n t i b o d y - t r e a t e d  b lood smears  were viewed under  
UV-l ight .  Cells t a k e n  f rom adul t  Xenopus were seen to  
fluoresce br igh t ly :  the  dye  was t aken  into the  cy top lasm,  
and  the  nucleus was  visible as a da rk  region su r rounded  
by  a ve ry  b r igh t ly  f luorescing r ing of cy top la sm (Figure 2). 
Cells t aken  f rom young  tadpoles  showed only  a ve ry  d im 
fluorescence over  the i r  whole  surfaces;  it  was a lmos t  
impossible  to  dis t inguish any  nuclei  in these cells (Figure 3). 
Artif icial  mix tu res  were p repa red  conta in ing  known  pro-  
por t ions  of adul t  and  t adpo le  e ry throcy tes .  In  smears  
made  f rom such mix tu re s  and  t r ea t ed  wi th  the  an t i b o d y  
i t  was found t h a t  the  p ropor t ion  of the  cells f luorescing 
cor responded  wi th  t he  k n o w n  p ropor t ion  of adul t  cells 
present .  

A second r abb i t  was  immunized  as above agains t  
Xenopus-HbA, and  the  yG-globulin p repared  f rom it  was  
con juga ted  wi th  the  su lphonyl  chloride of l issamine 
rhodamine  B (RB200SC) is. Orange f luorescence was  

observed in adul t  Xenopus e ry th rocy te s  t r ea ted  wi th  th is  
conjugate ,  b u t  no t  in t adpole  cells. 

F r o m  these  resul ts  it  was concluded t h a t  an an t ibody  
specific agains t  Xenopus-HbA had  been prepared.  This 
was called anti-Xenopus-HbA-FITC or allti-Xenopus- 
HbA-RB200SC according to w h e t h e r  it  was conjugated  
wi th  FITC or ~B200SC respect ively .  

Smears  f rom e ry th rocy tes  were made  f rom the  blood 
of toads  in various stages of metanlorphos is .  These smears  
were t r ea t ed  wi th  anti-Xenopus-HbA-FITC and the  pro- 
por t ion  of cells f luorescing was no ted  on each smear.  
One such snlear  of blood cells f rom a me tamorphos ing  
toad  is shown in Figure 4. The circular  poin ts  on the  
g raph  in Figure  1 show the  p ropor t ion  of blood cells 
which  fluoresce in smears  made  f rom toads  in a n u mber  
of d i f ferent  s tages of metamorphos i s .  I t  will be seen t h a t  
the  percen tage  of cells conta in ing  Xenopus-HbA as 
indica ted  by  f luorescence is s l ight ly greater  t h a n  the  
percen tage  of Xenopus-HbA presen t  a t  the  same stage 
in me tamorphos i s  as indica ted  by  column chromato-  
graphy.  We hope to  discover, by  the  p repa ra t ion  and 
use of a f luorescent  an t i b o d y  aga ins t  Xenopus-HbF 
whe the r  th is  d i sc repancy  is caused by  some of the  cells 
conta in ing  b o t h  hemoglobins .  

If  smears  f rom me t amo rp h o s i n g  animals  are t rea ted  
wi th  anti-Xenopus-HbA-RB200SC, t he  propor t ions  of 
f luorescing ceils are identical ,  4- 3%, wi th  those ob ta ined  
using anti-Xenopus-HbA-FITC ~9. 

Zusammen/assung. Bei Xenopus laevis f inder  m a n  im 
K a u l q u a p p e n s t a d i u m  2 f6tale HAmoglobine (HbF) und 
nach  der  Me tamorphose  3 neue Hi~moglobine (HbA) 
yore  E rwachsenen typus .  Immunof luoreszenz -Unte r su -  
chungen  lassen erkennen,  dass  wXhrend der  Metamor-  
phose  keine oder  nur  wenige E r y t h r o z y t e n  gleichzeitig 
H b F  und  H b A  en tha l ten .  

t~. D. JURD and N. MACLEAN 

Department o/Zoology, The University, 
Southampton, S09-5NH (England), 27 January 7969. 

18 R. RUGtI, in Experimental Embryology (Burgess Publishing Co., 
Minneapolis 1962)o 

19 This work was financed by the Medical Research Council and the 
Wellcome Trust. The interest of Dr. A. E. WILl), and the technical 
assistance of Miss MARY ROUTLEDGE and Miss BEVERLEY ROBERTS 
is gratefully acknowledged. 


