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Detection of 7-Crystallins in the Developing Amphibian Lens by Peroxidase-Labelled Antibodies 
F l u o r e s c e n t  a n t i b o d i e s  a re  w ide ly  used  to  t r ace  the  

a p p e a r a n c e  of  specif ic  p ro t e in s  d u r i n g  cell  d i f f e ren t i a t ion .  
I n  t h i s  r e p o r t  a n  a l t e r n a t i v e  m e t h o d  of l abe l l ing  a n t i -  
bodies ,  i.e., c o n j u g a t i o n  t o  h o r s e r a d i s h  p e r o x i d a s e  was  
t e s t e d  for  such  a pu rpose .  I n  c o n t r a s t  t o  t h e  f luo rescen t  
label ,  w h i c h  can  b e  v i sua l i zed  on ly  b y  a f luorescence  
microscope,  pe rox idase  r eac t s  w i t h  HeO2 a n d  d i a m i n o -  
b e n z i d i n e  1 to  p roduce  dense  m a t e r i a l  w h i c h  is d e t e c t e d  
in  t he  t r a n s m i t t e d  l i gh t  a n d  in e l ec t ron  microscopes .  W e  
h a v e  c o m p a r e d  t h e  ab i l i t y  of f luoresce in  i s o t h i o c y a n a t e -  
l abe l led  a n d  pe rox idase - l abe l l ed  an t i -  7 c rys ta l l ins  to  
d e t e c t  y -c rys ta l l ins  in  deve lop ing  a n d  r e g e n e r a t i n g  a m-  
p h i b i a n  lenses.  

Material and methods. T h e  n o r m a l  lens  r u d i m e n t s  of 
Rana pipiens a t  lens  s tages  V I I I  t o  X *  a n d  lens  r egene ra t e s  
of a d u l t  Notophthalmus (Triturus) viridescens a t  s t ages  
V I I I  t o  X *  se rved  as  a s say  sys tems .  Specif ic  a n t i b o d i e s  
a g a i n s t  ~-crys tMl ins  of Rana pipiens were  p r e p a r e d  as  
descr ibed  b y  McDEvlTT e t  al. *. G o a t  a n t i r a b b i t  7 -g lobul ins  
(GAR) were  p u r c h a s e d  f rom c o m m e r c i a l  sources  (Ant i -  
bodies ,  Inc.  a n d  I m m u n o l o g y ,  Inc.). Most  of t h e  fol lowing 
p rocedure s  were  ca r r i ed  o u t  in  a cold r o o m  a t  3-4°C.  
C o n j u g a t i o n  of a n t i b o d i e s  to  ho r se r ad i sh  pe rox idase  was  
done  b y  t h e  p rocedu re  of NAKANE a n d  PIERCE 4 w i t h  
some  modi f i ca t ions .  C o m m e r c i a l  G A R  was  d ia lyzed  
a g a i n s t  4 changes  of 200 v o l u m e  of 0 . 5 M  c a r b o n a t e  
bu f f e r  ( N a , C O J N a H C O 3 ,  p H  10.0) for  16-24  h. A so lu t ion  

of 300 m g  of G A R  a n d  300 m g  of pe rox idase  (Type  II, 
S i g m a  Chemica l  Co) in 12 ml  of c a r b o n a t e  buf fe r  was  
made .  C o n j u g a t i o n  was  ach i eved  b y  s lowly  a d d i n g  to  
t h i s  so lu t ion  7.5 m g  of  t h e  coup l ing  agen t ,  p , p ' - d i f l uo ro -  
m , m ' - d i n i t r o - d i p h e n y l  su l fone  (Genera l  Biochemica ls ) ,  
d i sso lved  in 1.5 m l  of cold ace t o n e  w i t h  c o n s t a n t  s t i r r ing .  
A s l igh t  p r ec ip i t a t e  formed.  T h e  r eac t i on  m i x t u r e  was  
gen t ly  s t i r red  for 4.5 h, d i a lyzed  ag a i n s t  100 v o l u m e s  of 
p h o s p h a t e  buffered  sa l ine  (PBS)  for  1 2 h ,  a n d  cen- 
t r i fuged  a t  12,100g (Sorval l ,  R o t o r  SS-34) for  15-20 rain.  
T h e  s u p e r n a t a n t  now c o n t a i n e d  ' d e n a t u r e d '  p ro te ins ,  
c o n j u g a t e d  globul ins ,  u n c o n j u g a t e d  globul ins ,  a n d  free 
peroxidase .  T h e  l a t t e r  was  r e m o v e d  b y  p r e c i p i t a t i n g  t h e  
g lobu l ins  w i t h  50% sat .  (NH4)~SO 4. T h e  p r e c i p i t a t e d  
g lobu l ins  were  redissolved  in 5 -6  m l  of P B S  a n d  passec] 
t h r o u g h  a Bio-Gel  P-300 c o l u m n  (100-200  mesh ,  B i o - R a d  
Corpora t ion) ,  e q u i l i b r a t e d  w i t h  P B S .  T h e  f r ac t i ons  were  
co l lec ted  as  2.8 ml  a l i quo t s  a n d  r ead  on  a s p e c t r o p h o t o -  
m e t e r  a t  280 n m  a n d  a t  403 nm,  t h e  a b s o r p t i o n  m a x i m u m  
for p e r o x i d a s e  (F igure  1). 

T i ssues  were  f ixed in 4 %  f o r m a l d e h y d e ,  d e h y d r a t e d  
a n d  e m b e d d e d  in  T i s s u e m a t  (Fisher  Scient if ic)  acco rd ing  
to  N 6 T m~E R et  al. 5. F luo re scen t  a n t i b o d i e s  ( G A R  con-  
j u g a t e d  to  f luorescein  i so th iocyana te ,  F ITC)  were  app l ied  
as  desc r ibed  b y  N~THIGER et  al .  ~, u s ing  t h e  ' i n d i r e c t  
m e t h o d '  of WELLER a n d  Cooi~s s With specif ic  a n t i b o d i e s  
a g a i n s t  Rana pipiens ~-crys ta l l ins  as  t h e  i n t e r m e d i a t e  
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Fig. 1. Separation of conjugated antibodies: chromatographic pat- 
tern of the reaction mixture after conjugation of GAR to peroxidase. 
Bio-Gel P-300, column length 53 em, diameter 3 em, flow rate 
2-5 ml per h, fractions collected as 2.8 ml aliquots. --,  280nm; 

,403 nm. 'Denatured proteins': globulin-globulin complexes, 
overlabelled globulins, etc. 
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Fig. 2. Lens regenerate of N. viridescens, treated with R. pipiens 
anti-~, crystallin, and stained with FITC-GAR (a), or peroxidase- 
GAR (b). Labelling in both eases was restricted to the lens fiber 
area. In (a) the label is bright, the background dark; in (b) the 
label is dark, the background bright. The lens epithelium to the 
right is negative in both (a) and (b). 
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layer .  T h e  pe rox idase - l abe l l ed  G A R  was  app l i ed  for  
60-90  m i n  t o  t h e  sec t ions  p r e t r e a t e d  w i t h  t h e  a b o v e  
an t ibod ie s .  Af t e r  t h r e e  20 m i n  washes  w i t h  P B S ,  t h e  
sec t ions  were  r eac t ed  w i t h  d i a m i n o b e n z i d i n e  ( D A B  D for  
20-30  min .  T h e  r eac t i on  a n d  t h e  l a s t  w a s h  w i t h  P B S  
occu r red  a t  r o o m  t e m p e r a t u r e .  The  sec t ions  were  t h e n  
r in sed  a n d  w a s h e d  in  3 changes  of d i s t i l l ed  w a t e r  for  
3 -5  m i n  each  a n d  m o u n t e d  in  E l v a n o l  s. Con t ro l s  con-  
s i s t ed  of sec t ions  t r e a t e d  w i t h  n o n - i m m u n e  r a b b i t  
y -g lobul ins  as  a n  i n t e r m e d i a t e  layer .  

Results and conclusions. T h e  c h r o m a t o g r a p h i c  p a t t e r n  
s h o w n  in  F igu re  1 h a s  b e e n  r e p r o d u c e d  4 t imes .  T h e  
p rocedu re  resu l t s  in  a s a t i s f a c t o r y  s e p a r a t i o n  of con-  
j u g a t e d  g lobul ins  f r o m  t h e  r e s t  of t h e  r e a c t i o n  m i x t u r e .  
Th i s  was  d e m o n s t r a t e d  b y  t h e  fo l lowing t e s t s :  1. Aga r  
i m m u n o d i f f u s i o n  r evea l ed  cross  r e a c t i o n  w i t h  r a b b i t  

(a) 

(b) 
Fig. 3. Embryonic lens of R. p/piens (stage IX/X) treated with 
R. p/piens anti- 7 crystallin e and stained with FITC-GAR (a), or 
peroxidase-GAR (b). Labelling in both cases was restricted to the 
lens fiber area. In (a) the label is bright, the background dark; 
in (b) the label is dark, the background bright. The black area in 
(b) is the pigmented layer of the optic cup. 

y -g lobul ins  for  f r a c t i o n s  31-52  of F i g u r e  1; 2. XVhen t h e  
s a m e  f r ac t i ons  w e r e  app l i ed  to  sec t ions  of Rana pipiens 
e m b r y o n i c  lenses,  p r e t r e a t e d  w i t h  specif ic  a n t i b o d i e s  
a g a i n s t  7 -crys ta l l ins ,  specific s t a i n i n g  in  t h e  lens  f iber  
a rea  was  f o u n d  o n l y  for  f r ac t ions  31-43,  b e i n g  m o s t  
p r o n o u n c e d  for  f r ac t ions  35-41.  The re fo re  f r ac t i ons  S1-41 
were  poo led  a n d  a b s o r b e d  S t i m e s  w i t h  m o u s e  t i s sue  
p o w d e r  (20 mg,  each  t ime) .  A f t e r  c e n t r i f u g a t i o n  a t  
12,100g for  1 h t h e  r e s u l t i n g  25 m l  of s u p e r n a t a n t  were  
d i a lyzed  a g a i n s t  4 ch an g es  of  50 v o l u m e s  of  d i s t i l l ed  w a t e r  
for  8 h a n d  t h e n  lyophi l ized .  T h e  ye l low p o w d e r  o b t a i n e d  
c a n  be  k e p t  i nde f in i t e ly  u n d e r  v a c u u m  in  t h e  cold. F o r  
use, i t  is d i sso lved  in  P B S  (6-8 mg/ml ) .  Th i s  so lu t ion  
shows s t r o n g  cross r e a c t i o n  w i t h  r a b b i t  n o n - i m m u n e  7 S 
7-g lobul ins  (0.5 mg /ml )  in  OUCHTERLONY t e s t s ' .  

Sec t ions  t h r o u g h  lenses  of R. pipiens or N. viridescens 
r eg en e ra t e s  s t a i n e d  w i t h  pe rox idase - l abe l l ed  a n t i b o d i e s  
show t h a t  7 -c rys t a l l i n s  a re  p r e s e n t  in  t h e  f i be r  cells, 
b u t  a b s e n t  in  t h e  lens  ep i the l i a l  cells. T h i s  f i n d i n g  con-  
f i rms  p rev ious ly  p u b l i s h e d  resu l t s  ~,1°. Thus ,  pe rox idase  
as a l abe l  for  a n t i b o d i e s  gives  t h e  s a m e  resu l t s  as  does  
a n  F I T C  labe l  (F igures  2 a n d  3 )n .  

Zusammen/assung. A n t i k 6 r p e r ,  d ie  e n t w e d e r  m i t  F luo -  
r e s c e i n i s o t h i o c y a n a t  ode r  m i t  P e r o x i d a s e  m a r k i e r t  waren ,  
w u r d e n  au f  ih re  Spez i f i t~ t  i m  E r k e n n e n  y o n  L i n s en -  
A n t i g e n e n  u n t e r s u c h t .  Be ide  M a r k i e r e r  e r g e b e n  g le iche  
R e s u l t a t e :  die 7 -Kr i s t a l l i ne  k 6 n n e n  in d e n  L insenfase r -  
zel len loka l i s ie r t  werden ,  n i c h t  a b e r  in  d e n  L insen -  
ep i the lze l len .  

R .  NOTHIGER l i ' l s ,  D. S. McDEVITT 14 
a n d  T. YAMADAlS 

Biology Division, Oak Ridge National Laboratory, 
Oak Ridge (Tennessee 37830, USA), 16 October 1970. 

? 3, 3'-diaminobenzidine (Sigma Chemical Company) : 50 mg of DAB 
in 100 ml of 0.05M Tris-HC1 buffer, pH 7.6, 0.001% HIOl were 
used as reagent for pcroxidase. 
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Triturus marmoratus (Latrei l le ,  1800) is a n  E u r o p e a n  
n e w t  species conf ined  t o  t h e  I b e r i a n  P e n i n s u l a  a n d  sou th -  
w e s t e r n  F rance .  I t  c a n  b e  g rouped  w i t h  T. cristatus as a 
superspec ies  or  Ar tenkre i sZ :  in  f a c t  t h e y  a re  2 r e l a t e d  
species s t h a t  g ive  r i se  t o  t h e  n a t u r a l  h y b r i d  T. blasii de 
l ' I s l e  (1862) in  t h e  reg ion  in  F r a n c e  in  w h i c h  t h e i r  r a n g e s  
over lap .  Such  a r ea  is r a t h e r  s m a l l  c o m p a r e d  w i t h  t h e  
r a n g e s  of b o t h  species :  T. marmoratus a n d  T. cristatus 
c a n  the re fo re  be  r e g a r d e d  as a l l opa t r i c  in  t h e  sense  of 
MAYR 4, a p a r t  f r om t h e  zone of ove r l ap  a n d  h y b r i d i z a t i o n .  

T h e  p h e n o t y p i c a l  a n d  a n a t o m i c a l  c h a r a c t e r s  of T. mar- 
moratus, T. cristatus a n d  T. blasii h a v e  b e e n  wide ly  d e a l t  
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