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Gelfiitration des Schltipf-Sekretes (s. Text). Sephadex G-75 in 0,1M NHaHC03-Puffer , pH 8.0. S~ute: 2.8 • 74 cm. Jede Fraktion enth~tlt 
3 ml, Durchflussrate 15 ml/h. I, I I I =  inaktives Material, II = Schliipf-Protease. Linke Ordinate --, Durehl/issigkeit im Eluat bei 
280 rim; reehte Ordinate .. . . . .  , proteolytisehe Aktivit~it Init Casein als Substrat in O.D. bei 280 rim. 

A u f g r u n d  yon  l a u f e n d e n  U n t e r s u c h u n g e n  fiber die 
S t r u k t u r  u n d  die chemische  Z u s a m m e n s e t z u n g  de r  Ei-  
hiille sol l te  m a n  b ~ s t i m m t e  E n z y m e ,  wah r sche in l i ch  
Glycos idasen  u n d  Pro teasen ,  i m  Schl t ip fsekre t  e rwar ten .  
Da  fiir e n t s p r e c h e n d e  e n z y m a t i s c h e  Tes ts  der  R o h e x t r a k t  
he rangezogen  w e r d e n  muss,  d i i r fen pos i t i ve  Be f unde  
abe r  ers t  d a n n  d e m  Schl i ip fsekre t  zuge rechne t  werden,  
wenn  s ich eine enge S u b s t r a t b e z o g e n h e i t  zur  Eiht i l le  auf-  
zeigen lgss t  bzw.  w e n n  die Stoffe  in  i so l ier ter  u n d  ge- 
re in ig te r  F o r m  ihre  W i r k s a m k e i t  auf  die Eiht i l le  als 
na t i i r l i ches  S u b s t r a t  beweisen.  E n t s p r e c h e n d e  Versuche  
in dieser  R i c h t u n g  weisen das  V o r h a n d e n s e i n  e iner  
~ -Amylase  auf, die m i t  Amylose  als S u b s t r a t  (0.02 M 
P h o s p h a t - P u f f e r ,  p H  7,1; 0.008 N Jod l6sung ,  bei  623 nm,  
d = 1 cm) zu 6 S t ree t -C lose -E inhe i t en /100  ml  bzw. 34,2 
m U / m l  b e s t i m m t  w e r d e n  konn te .  

Bei  der  v o r g e n o m m e n e n  P r t i fung  auf  H e x o s a m i n i d a s e n  
b e d i e n t e n  wir  uns  der  e n t s p r e c h e n d e n  N i t r o p h e n y l s u b -  
s t r a t e  u n d  b e s t i m m t e n  das  f re igese tz te  N i t r o p h e n o l  i m  
S p e k t r a l p h o t o m e t e r  bei  430 n m  ~. Nachwe i sen  l iessen s ich 
h i e rbe i  die ace ty l i e r t en  F o r m e n  der  f l -D-glucosaminidase 
u n d  der /~- I ) -ga lac tosaminidase .  

D a  s ich die E inh i i l l en  besonders  d u r c h  e inen  r e l a t i v  
h o h e n  P r o t e i n g e h a l t  ausze ichnen ,  vor  a l l em die Zona  
r ad i a t a ,  e r sch ien  uns  das  V o r h a n d e n s e i n  e iner  P ro t ease  
als sehr  wahrsche in l i ch .  Ti ipfe l  Versuche  m i t  d e m  Roh-  

e x t r a k t  auf  e ine G e l a n t i n e - S c h i c h t  u n d  de ren  T r a n s p a -  
rent-~vVerden a n  diesen S te l len  e rh / i r t e t en  die R i c h t i g k e i t  
der  V e r m u t u n g .  Bei  der  Suche  n a c h  we i t e r en  S u b s t r a t e n  
erwiesen s ich  n e b e n  de r  G e l a n t i n e  das  Casein u n d  die 
B - K e t t e  des InsuI ins  als posi t iv .  E ine  ers te  iReinigung des 

R o h e x t r a k t e s  mi t t e l s  e iner  Ge l f i l t r a t ion  t iber  S e p h a d e x  
G-75 in A m m o n i u m b i c a r b o n a t - P u f f e r  (0,1 ?dr; p H  8,0) 
e r b r a c h t e  eine einzige p ro teo ly t i s che  F rak t i on ,  die Casein 
u n d  die B - K e t t e  als S u b s t r a t e  spa l t e t e  u n d  d a m i t  die 
E i n o r d n u n g  als E n d o p e p t i d a s e  e r laub t .  

L/isst  m a n  n u n  diese isol ier te  P r o t e i n a s e  auf  E ie r scha len  
e inwirken,  so erfolgt  wie b e i m  na t i i r l i chen  Schl t ipfen eine 
Auf l6sung  der  t l t i l le ,  die den  G e d a n k e n  nahe leg t ,  dass  
diese P r o t e i n a s e  m6gl icherweise  a l le in  die einzige, wirk-  
same  K o m p o n e n t e  des Schl i ipfsekre tes  da r s t e l l en  k6nn te .  
I n  d e m  Fa l l  w~tre die B e z e i c h n u n g  <~Schliipfsekret~> in 
<~Schltipfenzym, zu gndern .  

Summary. A m e t h o d  is descr ibed  to  get  t he  secrete  of 
t he  h a t c h i n g  g lands  t o g e t h e r  w i t h  t he  per iv i t e l l ine  f luid 
b y  s t i m u l a t i n g  t he  eggs of Salmo gairdne~i w i t h  dissolved 
gaseous n i t rogen  in va r ious  buffers .  Cha rac t e r i z ing  t h i s  
f luid b y  va r ious  m e t h o d s  t h e r e  could be  s h o w n  some 
enzymes  of those  a p ro t e inase  a lone  seems to  be  t h e  rea l ly  
' h a t c h i n g  enzyme ' .  

H. E. HAGENMAIER5 

Zoologisches [nstitut der Technischen Hochschule Aachen, 
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Sequential Appearance of a, fl, and 7-Crystallins 

The  r epo r t ed  t i m e s  of f i r s t  a p p e a r a n c e  of t h e  lens-  
specific p ro te ins ,  t he  crys ta l l ins ,  in  v e r t e b r a t e  deve lop-  
m e n t  h a v e  h a d  a con t rove r s i a l  h i s t o r y  (for reviews see 1, 2). 
I t  is c u r r e n t l y  accep ted  t h a t  in  birds3,  ~, ~ c rys ta l t ins  are 
t he  f i rs t  to  appear ,  whi le  ill m a m m a l s  t h e  f i rs t  c rys ta l l in  
class to  be  d e t e c t a b l e  is ~ crystal l ins~,~;  however ,  
c rys ta l l ins  are p r e d o m i n a n t  in  t he  m a m m a l i a n  em- 
b ryon i c  lens 5, ~. 

The  s i t u a t i o n  w i t h  a m p h i b i a n s  is less clear.  X~rAMADA8 
has  sugges ted  w i t h  r e se rva t ions  t h a t  ~-andf l -c rys ta l l ins  
a p p e a r  before  7-crys ta l l ins  in  t he  r egene r a t i ng  n e w t  lens. 
I n  t he  n o r m a l  deve lop ing  n e w t  lens, OGAWA 9 found  c~ and  
f l -crystal l ins  f i r s t  to  appear ,  a l t h o u g h  t he  an t i s e r a  and  

in Embryonic and Metamorphic Rana pipiens 

t e s t  an t igens  ut i l ized were no t  specific (discussed in 10). 
I m m u n o f l u o r e s c e n c e  resul t s  o b t a i n e d  wit t l  t h e  deve lop ing  
lens of t h e  a n u r a n  Rana pipiens, t h e  A m e r i c a n  grass  
frog 1~ suggested,  however ,  t h a t  7-crys ta l l ins  are  a m o n g  
t he  first ,  if n o t  t he  f i rs t  c rys ta l l ins  to  a p p e a r  in  n o r m a l  
a m p h i b i a n  lens d e v e l o p m e n t .  To b e t t e r  def ine  t h e  
o n t o g e n y  of t he  c rys ta l l ins  in  t h i s  a m p h i b i a n ,  classical 
d i r ec t  i m m u n o l o g i c a l  t e chn iques  h a v e  been  emp loyed  in  
t he  p re sen t  s t u d y  to  co r robo ra t e  a n d  e luc ida te  t he  im- 
munof luorescence  profi les  p rev ious ly  o b t a i n e d  10. 

Materials and methods. A d u l t  R. pipiens were k e p t  in  
t a p  w a t e r  a t  5~ u n t i l  used. R. pipiens eggs were ob- 
t a i n e d  b y  t he  m e t h o d  of i nduced  o v u l a t i o n  11, a r t i f ica l ly  
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insemina ted  by  a sperm suspension in 1/10 Hol t f re te r ' s  
solution,  and  ma in ta ined  in th is  same m e d i u m  at  18~ 
unti l  SHUMWAY Stage 25 (feeding stage) ~. E m b r y o s  were 
then  t ransfer red  to an aqua r ium wi th  aera t ion  and fi l tra-  
t ion and  reared at  22 =L 1 ~ in pond  wa te r  to  ob ta in  
me t amorphos ing  specimens.  

To ob ta in  an t igen  for p roduc t ion  of an t ibody ,  adul t  
R. pipiens lenses were removed,  cleaned of any  ex t raneous  
eye tissue, and processed at  5 ~ as previous ly  descr ibed ~8. 
The to ta l - lens-pro te in  an t igen  sample  thus  ob ta ined  was 
f rac t iona ted  by  successive DEAE-ce l lu lose  and Seph- 
adex  G-100 chromatograph ies  ~~ to provide  a purif ied 
y-crystal l in  t e s t  ant igen.  E m b r y o n i c  and  m e t a m o r p h i c  
lens ant igens  were ob ta ined  by  microsurgical  removal  and  
cleaning of the  lenses f rom SHUMWAY E m b r y o n i c  Stage 
25 and TAYLOR-KOLLROS Stages I, VI,  and X X I V  1~. The 
lenses were then  pooled, homogenized  by  hand  in a 
chilled micro-homogenizer ,  and cent r i fuged at  12,000 g 
for 30 rain. The supe rna t an t s  were used as reac t ing  ant i -  
gens in the  immunologica l  invest igat ions .  P ro te in  con- 
centra t ions ,  de te rmined  by  the  me thod  of WARBURG and  
CI~RIS~IAN ~s, were ad jus ted  to 6 mg/ml .  

Ant ibodies  d i rec ted  against  to ta l  lens pro te in  were 
p repa red  by  immuniza t ion  of virgin female  r abb i t s  wi th  
a 1:1 (v/v) mix tu re  of comple te  F r e u n d ' s  a d j u v a n t  and 
to ta l  lens protein .  The y-globulin f rac t ion of the  i m m u n e  
sere was ob ta ined  by  dialysis agains t  40% sa tu ra t ed  
a m m o n i u m  sulfate a t  5 ~ The ant ibodies  were absorbed  
before use ~6. Micro- immunoelec t rophores is  ~7 was per- 
fo rmed in 1% agar (Difco Special  Agar-Noble) followed 
by  incuba t ion  of the  slides w i th  an t ibody  at  18~ for 
24 h. Immunod i f fus ion  analyses ~s were carried out  w i th  
1% agar  in phospha te -buf fe red  saline, p H  7.0. 

Results and conclusions. Immunoe lec t rophore t i c  analy-  
sis of adul t  to ta l  lens pro te ins  employ ing  absorbed  anti-  
bodies  d i rec ted  against  adul t  to ta l  lens p ro te in  results  in 
a complex  of precpi i t in  arcs. These can be ident i f ied as 

0~-, fl-. and y-crystal l in  arcs by  analogy wi th  agar and  
immunoe lec t rophores i s  p a t t e r n s  ob ta ined  wi th  isolated 
lens p ro te in  fractions~~ Tota l  lens p ro te in  samples  f rom 
SHU~aWA,Z Stage 25 and TAYLOR-KOLLROS Stages I, VI,  and 
X X I V  were therefore  t e s t ed  in immunoe lec t rophores i s  
and Ouchte r lony  immunodi f fus ion  analyses  against  the  
absorbed  an t ibodies  p repa red  f rom adul t  lenses. The 
results  of the  immunoe lec t rophores i s  indica ted  t h a t  only  
a single small  arc, wi th  y-crystal l in  mobil i ty ,  is visible in 
t he  Stage 25 pa t t e rn .  Addi t iona l  componen t s  w i th  mobi-  
lities grea ter  t h a n  y-crysta l l in  begin to  appear  in the  
TAYLOR-KOLLROS stages, unt i l  a t  Stage X X I V  the  lens has  
a p p a r e n t l y  t he  same ant igenic  compos i t ion  as the  adul t  
lens, as seen by  the  ident ical  immunoe lec t rophore t i c  
p a t t e rn s  ob ta ined  (Figure 1, A-E) .  

1 T. YANs Biology end Medicine A Series o/ [nEerdiscipli~ry 
Topics (S. Karger, Basel 1967), p. 77. 

2 j .  ZWAAN and A. IKEDA, Expl. Eye Res. 7, 301 (1968). 
a ]3/f. R~.BAEY, Expl. Eye Res. 1, 310 (1962). 
4 j.  ZWAAN and A. IK~DA, The Structure o/theEye (Ed. J.W. ROHEN; 

F. K. Schattauer, Stutgart 1965), vol. 2, p. 419. 
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10 D. S. McDEVlTT, I. IVfEZA and T. YA.~IADA, Devel. Biol. 79, 581 
(1969). 
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14 A. C. TAYLOR and J. KOLLROS, Anat. Rec. 9d, 7 (1946). 
A50. WARBURG and W. CHriSTIAN, Biochero.. Z. 370, 384 (1942). 
16 A. H. COONS, B. H. LEDUC and J. M. CON~OLLY, J. exp. Med. 

702, 49 (1955). 
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Fig. 1. Immunoelectrophoresis of embryonic and larval (metamorphic) R. pipiens total lens proteins vs. absorbed antibodies directed against 
total lens protein. Electrophoresis in 0.05 M Tris-glycine buffer, pH 8.3, carried out at 22~ for 60 min (320 V, 2.5 mA). A) Adult 
R. pipiens total lens proteins; B) SKUMWAY Stage 25 total lens proteins; C) TAVLOR-KOLLROS Stage I total lens proteins; D) TAYLOR- 
KOLLROS Stage VI total lens proteins ; E) TAYLOR-I~OLLROS Stage X XIV total lens proteins. 
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Tests  iden t i ca l  to  those  pe r fo rmed  in immunoe l ec t ro -  
phores is  were car r ied  ou t  in  O u c h t e r l o n y  i m m u n o d i f f u -  
sion, in  wh ich  t h e  an t i gen  d i lu t ion  effect  p r e sen t  in  im- 
munoe l ec t ropho re s i s  is no t  a factor .  I m m u n o d i f f u s i o n  
ana lys i s  has  revea led  t h e  presence  of two  d i s t i nc t  an t igen ic  
c o m p o n e n t s  in  lenses a t  SHUMWAY Stage  25 (weakly 
visible) a n d  TAYLOR-KOLLROS Stages  I and  VI,  cor respond-  
ing to  Y- and  fi-crystall ins,  a n d  t he  presence  of t h r e e  dis- 
t i n c t  an t igen ic  sy s t ems  in lenses a t  TAYLOR-t~OLLROS Sta-  
ge X X I V ,  t h e  a d d i t i o n a l  c o m p o n e n t  b e i n g  iden t i ca l  w i t h  
adu l t  a -c rys ta l l ins  (Figure 2). 

To d e t e r m i n e  t h e  degree of t i s sue  specif ic i ty  of t h e  
abso rbed  an t ibod ies ,  t h e y  were t e s t ed  in O u c h t e r l o n y  
i m m u n o d i f f u s i o n  aga ins t  e x t r a c t s  of a d u l t  R. pipiens 
t i ssues  o t h e r  t h a n  lens;  no  r eac t ion  could be  noted.  Th i s  

ind ica tes  t h a t  t h e  an t ibod ie s  used in th i s  s t u d y  are d i rec ted  
s o l e l y  aga ins t  c o m p o n e n t s  p r e s en t  in lens b u t  a b s e n t  in 
o the r  t issues.  

I n  conclusion,  t h e  resul t s  of t h i s  i nves t i ga t i on  ind ica te  
t h a t  t h e  lens of R. pipiens con ta ins  d e t e c t a b l e  a m o u n t s  
of b o t h  y- a n d  f l-crystal l ins b y  SmJMwAY Stage  25 and,  
t o g e t h e r  w i t h  p rev ious  i mmu n o f l u o re s cen ce  d a t a  l~ sug- 
gest  t h a t  t h e y  a p p e a r  s imul t aneous ly .  Since y-crys ta l l ins  
are n o t  p r e s e n t  in t h e  lens e p i t h e l i u m  a t  SI~UMWAV 
Stage  25, t i le  i mmu n o f l u o re s cen ce  obse rved  the re  a t  t h a t  
t i m e  us ing  a n  a b s o r b e d  an t i - t o t a l - l en s -p ro t e i n  a n t i b o d y  10 
can  n o w  be  ascr ibed  to  t h e  presence  of f i-crystall ins.  
e -c rys ta l l ins  are t h e  las t  of t h e  lens-specif ic  p ro t e in s  to  be  
de tec ted  d u r i n g  n o r m a l  d e v e l o p m e n t  of t h e  a n u r a n  
a m p h i b i a n  lells ~9, s0. 

Fig. 2. Ouchterlony analysis of embryonic, larva1 (metamorphic), 
and adult R. pipiens lens proteins vs. absorbed antibody directed 
against total lens protein. Well I, adult total-lens-proteins; Well 
2, DEAE-G-100 y crystallins; Well 3, SHUMWAY Stage 25 total lens 
proteins; Well 4, TAYLoR-KOLLROS Stage 1 total lens proteins; Well 
5, TAYLoa-KoLLROS Stage VI totaI lens proteins; Well 6, TAYLO~- 
KOLLROS Stage XXIV total lens proteins; Well 7, anti-adult-total- 
lens protein antibody (absorbed). Incubation was for 48 h at 37 ~ 

Zusammenfassung. I m m u n e l e k t r o p h o r e t i s c h e  u n d  Im-  
m u n d i f f u s i o n s - S t u d i e n  zeigen, dass  die Linse  v o n  Rata 
pipiens w~Lhrend de r  E n t w i c k l u n g  ( E m b r y o n M - S t a d i u m  
25 n a c h  SHUMWAY) ~.- u n d  f i-kris ta] l ine S u b s t a n z e n  en t -  
ha l t en .  Diese u n d  fr i ihere Ergebn i s se  ~0 sp rechen  dafiir,  
dass  be ide  S u b s t a n z e n  gleichzei t ig  au i t r e t en ,  u n d  bewei-  
sen, dass  f l -kr is tal l ine S u b s t a n z e n  in d iesem E n t w i c k -  
l u n g s s t a d i u m  al le ine im L insenep i the l  v o r k o m m e n ,  wXh- 
r end  die Kr i s t a l l ine  die a m  spg te s t en  n a c h w e i s b a r e n  
l insenspez i f i schen  P ro t e ine  (TAYLOR-KOLLROS-Metamor- 
p h o s e s t a d i u m  VI)  in  der  L i u s e n e n t w i c k l u n g  y o n  R. 
pipiens stud. 
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Alterat ion of the Prospec t ive  Fate and the Induct ive  P o w e r  of the Definit ive Streak  Node  in the Chick 

Whi le  t h e  y o u n g  node  m a y  induce  e i the r  a p r i m i t i v e  
s t r e a k  or a neu ra l  s t r u c t u r e  , i t  is wel l  e s t ab l i shed  t h a t  t h e  
node  of t he  de f in i t ive  s t r e a k  a lways  elicits neu ra l  induc-  
t i on  (for review, see GALLERA1). Th i s  change  in i ts  in- 
duc t ive  power  is cor re la ted  w i t h  some mod i f i ca t ions  of i ts  
p rospec t ive  f a t e :  a t  s tage  2, i t  gives r ise essen t ia l ly  to  
e m b r y o n i c  e n d o b l a s t  ; l a t e r  i ts  i n h e r e n t  t endenc ies  to  give 
ax ia l  a n d  p a r a x i a l  mesob la s t  iiacrease, so t h a t  no  more  
t h a n  50% of t he  node  cells t a k e  p a r t  in  t he  e n d o b l a s t  
f o r m a t i o n  a t  t he  de f in i t ive  s t r eak  s tage  (NICOLET~). Ac- 
cordingly ,  i t  h a s  been  revea led  t h a t  t he  node,  w h a t e v e r  
i ts  age m a y  be, does n o t  p roduce  a s t r eak  induc t ion ,  if i t  
d i f f e ren t i a t e s  p a r t i a l l y  in to  ax ia l  a n d  pa rax iM mesob la s t  
(GALLERA and  NICOLET3). H e n c e  we h a d  suspec ted  t h a t  
th i s  mesob la s t  m a y  suppress  t he  ab i l i t y  to  induce  a 
s t reak.  P r e s e n t l y  we see t h a t  t h e  s i t u a t i o n  is more  com- 
p lex  t h a n  p rev ious ly  t h o u g h t ,  because,  in a v e r y  pecul ia r  
e n v i r o n m e n t ,  t he  def in i t ive  s t r eak  node  was en t i r e ly  
c o n v e r t e d  in to  e m b r y o n i c  e n d o b l a s t  a n d  induced  a s t reak .  

T h e  e x p e r i m e n t s  were pe r fo rmed  on ch ick  e m b r y o s  
cu l tu red  in v i t ro  (GALLERA et  NICOLET 4) a n d  s t aged  a f t e r  
t h e  t ab les  of HAMBURGER an d  HAMILTON 5. I n  t h e  f i rs t  set  
of expe r imen t s ,  24 nodes  of de f in i t ive  s t r eaks  were t r ans -  
p l a n t e d  on  t h e  pos t e r io r  end  of t h e  hos t  s t reak .  The  
s tages  of t h e  hos t s  w e n t  f rom s tage  2 to  4. I n  order  to  
recognize  u n e q u i v o c a l l y  t h e  s t ruc tu re s  y ie lded  b y  t h e  
grafts ,  9 nodes  were r e m o v e d  f rom donors,  wh ich  h a v e  
been  p rev ious ly  i n c u b a t e d  for 8 h on a m e d i u m  c o n t a i m n g  
10 ~C of t r i t i a t e d  t h y m i d i n e .  This  t i m e  is suff ic ient  to  
label  all t h e  nuclei  (NICOLET6). I n  t h e  second series, 11 
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