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gtycotipids.  These  g lycol ip ids  were  pur i f ied  f u r t h e r  b y  
TLC w i t h  chloroform-methanol-water, 6 0 : 3 5 : 8 .  T h e  
pur i f ied  l ipids were t h e n  e x a m i n e d  b y  c o n t i n u o u s  deve lop-  
m e n t  for 3 h w i t h  c h l o r o f o r m - m e t h a n o l - w a t e r  (80: 35:7)  
on  TLC pla tes .  The  f i rs t  spo t  (M) f u r t h e r  s e p a r a t e d  in to  
5 spo ts  ( I -V,  F igu re  2) in  th i s  so lven t  a n d  these  l ipids  
were  i so la ted  in a m o u n t s  a d e q u a t e  for  analys is .  A n a l y t i c a l  
d a t a  on  t h e  glycolipids,  as  p r e s e n t e d  in  t he  Table ,  sugges t  
t h a t  al l  t h e  7 l ipids  were  m a n n o p h o s p h o i n o s i t i d e s  c o n t a i n -  
ing v a r y i n g  a m o u n t s  of m a n n o s e  (1-6) a n d  f a t t y  acids 
( 2 -4 ) / g - a tom of phosphorus .  M o n o m a n n o s i d e  was t he  on ly  
p h o s p h o l i p i d  a m o n g  t he  i so la ted  l ipids w i t h  a f a t t y  acid-  
p h o s p h o r u s  r a t i o  of 2. The  m a n n o s e - c o n t a i n i n g  l ipids  
a c c o u n t e d  for 30% of t he  t o t a l  p h o s p h o t i p i d s  of M. 607 
of w h i c h  t h e  m o n o m a n n o s i d e  was  t h e  m a j o r  glycol ipid.  

Mannophosphoinositides of M. 607 

Phospho- No. of moles/g-atom P Inference 
lipid 

Mannose Carboxyl ester Inositol 

I 5,7-6.2 (4) 4.0-4.5 (3) 1.0 Hexamannoside 
II 4.9-5.3 (4) 4.0-4.2 (3} 1.0 Pentamannoside 
III  3.4-3.5 (4) 3.1-3.3 (3) 1.1 Tetramannoside 
IV 2.8-3.0 (3) 3.5-3.9 (2) 1.2 Trimannoside 
V 1.6-1.8 (2) 3.5-3.7 (2) 0.8 Dimannoside 
VI 1.1-1.3 (4) 2.3 (4) 1.3 MoHomannoside 
VII 2.2-2.4 (4) 4.2-4.4 (4) 1.0 Dimannoside 

No. of determinations are given in parentheses. 

T h e  i d en t i f i c a t i o n  of on ly  2 d i m a n n o s i d e s  a n d  1 p e n t a -  
m a n n o s i d e  in M. 607 is in  c o n t r a s t  w i t h  t h e  h ighe r  n u m b e r ,  
some of wh ich  w i t h  d i f f e ren t  f a t t y  a c i d - p h o s p h o r u s  rat ios ,  
f o u n d  in BCG  a n d  M. tuberculosis b y  PANGBORN 4 a n d  in  
M. phlei b y  BALLOU 7. T h e  d i m a n n o s i d e s  in  M. 607 
dif fered in t h e i r  m o b i l i t y  on  TLC p la te s  p r o b a b l y  due  to  
d i f ferences  in  t h e  pos i t ion  of t h e  f a t t y  ac ids  on  t h e  
molecules .  T h e  e x t e n t  of v a r i a t i o n  in t h e  g lycol ip ids  d u e  
to  d i f ferences  b e t w e e n  s t ra ins ,  a n d  to  age a n d  cond i t i ons  
of g r o w t h  w i t h i n  a p a r t i c u l a r  s t ra in ,  is u n k n o w n  a n d  such  
a s t u d y  m i g h t  t h r o w  some l igh t  on  t h i s  a spec t  14. 

Zusammen/assung. Aus Mycobacterium 607 w u r d e n  7 
M a n n o p h o s p h o i n o s i t i d e n  isol ier t  u n d  d u r c h  p r / i p a r a t i v e  
D f i n n s c h i c h t c h r o m a t o g r a p h i e  g e t r e n n t .  Diese L ip ide  
m a c h e n  ca. 30% d e r  g e s a m t e n  P h o s p h a t i d e  des  S t a m m e s  
aus  u n d  se tzen  s ich aus  e i n e m  Mono-,  zwei Di- u n d  je  
e inem Tri-,  Te t ra - ,  P e n t a -  u n d  H e x a m a n n o s i d e n  zusam-  
men.  Mi t  A u s n a h m e  de r  M o n o m a n n o s i d e  (2) h a b e n  s/~mt- 
l iche M a n n o s i d e  m e h r  als 3 Fet ts /~uren p ro  P h o s p h o r -  
g -Atom.  
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I n h i b i t o r y  and M o d i f y i n g  In f luence  of  E x c e s s  of  

Excess  of v i t a m i n  A is k n o w n  to  exe r t  a p r o f o u n d  in- 
f luence  on  m o r p h o g e n e s i s  a n d  d i f f e r en t i a t i on  on  e m b r y -  
onic  a n d  a d u l t  t i s sues  b o t h  in v ivo  a n d  in v i t r o  1-s. Th i s  
c o m m u n i c a t i o n  r epo r t s  t h e  resu l t s  of a s t u d y  o n  t h e  
inf luence  of excess ive  v i t a m i n  A in t he  m e d i u m  on ta i l  
r e g e n e r a t i o n  in t adpo le s  of Bu/o andersonii Bouleng.  

A p p r o p r i a t e  q u a n t i t i e s  of A r r o v i t  d rops  ( V i t a m i n  A 
p a l m i t a t e ,  Roche ,  Ind ia ) ,  d issolved in  a l i t t l e  e thano l ,  
were  a d d e d  to  t a p  w a t e r  to  p r e p a r e  v i t a m i n  A so lu t ions  
of i ,  2.5, 5, 10, 15, 20 a n d  30 I . U . / m l  c o n c e n t r a t i o n .  T h e  
e x p e r i m e n t a l  t adpo le s  were i m m e r s e d  in these  so lu t ions  
i m m e d i a t e l y  a f t e r  a m p u t a t i o n  of t h e  ta i l  across  t h e  
middle .  T h e y  were m a i n t a i n e d  in these  so lu t ions  e i t he r  
for t he  en t i r e  d u r a t i o n  of t he  e x p e r i m e n t  or  for 1 day  on ly  
a f t e r  wh ich  t h e y  were t r a n s f e r r e d  to  c o n d i t i o n s  s imi la r  to  
those  of controls .  A smal l  q u a n t i t y  of e t h a n o l  was  a d d e d  
to  t h e  w a t e r  in  wh ich  con t ro l s  were  kept .  The  a n i m a l s  
were fed boi led s p i n a c h  regu la r ly  a n d  t h e i r  m e d i u m  was  
c h a n g e d  e v e r y  2 days.  The  e x p e r i m e n t s  were  m a d e  a t  
r oom t e m p e r a t u r e  d u r i n g  J u l y - S e p t e m b e r .  

A p a r t  f r om g rea t e r  m o r t a l i t y  a n d  r e t a r d a t i o n  in genera l  
b o d y  g r o w t h  in  v i t a m i n  A t r e a t e d  t adpo le s  t h e i r  regener -  
a t ed  ta i l s  d i f fered  f rom those  in  con t ro l s  in  severa l  re- 
spec t s  (F igure  a -d ) .  T h e  l e n g t h  of t h e  ta i l  r e g e n e r a t e d  in  
e x p e r i m e n t a l  t adpo les  was m u c h  less t h a n  in c o n t r o l s ;  i t  
dec reased  p rogress ive ly  w i t h  rise in v i t a m i n  A c o n c e n t r a -  
t i on  in t he  m e d i u m .  Thus ,  whi le  t he  r e g e n e r a t e d  ta i l  in  
con t ro l s  a t t a i n e d  a l e n g t h  of 2.95-4.7 m m  in 9 days  t h e  

V i t a m i n  A o n  Ta i l  R e g e n e r a t i o n  in Bufo T a d p o l e s  

a n i m a l s  i m m e r s e d  in  1 I . U . / m l  v i t a m i n  so lu t ion  for a l l  
t h i s  pe r iod  r e g e n e r a t e d  ta i l  l en g t h s  of 1.8-2.95 m m  only. 
I n  so lu t ions  of 20 a n d  30 I.U./ml s t r e n g t h ,  no  r e g e n e r a t e  
a t t a i n e d  a l e n g t h  of more  t h a n  1 m m  e v e n  in  12 days .  
Genera l ly ,  t h e  t adpo le s  t r e a t e d  w i t h  v i t a m i n  A so lu t i ons  
for  1 d a y  on ly  showed  g rea t e r  r eg en e ra t i o n  t h a n  t h e i r  
fe l lows k e p t  in  t he se  so lu t ions  ~[or t h e  en t i r e  pe r iod  of t h e  
e x p e r i m e n t .  T h e  di f ference was,  however ,  sma l l  in  con-  
c e n t r a t i o n s  be low 5 a n d  a b o v e  10 I .U . /ml .  T h e  sma l l  
r eg en e ra t e s  in  t adpo l e s  k e p t  in  h i g h  v i t a m i n  A c o n c e n t r a -  
t ions  also a p p e a r e d  to  be  de f ic ien t  in p i g m e n t a t i o n .  

R e g e n e r a t i o n  of t h e  ax ia l  t i ssues  was a f fec ted  p a r t i c u -  
la r ly  severe ly  a n d  n o n e  of t h e  e x p e r i m e n t a l  t adpo l e s  re- 
g e n e r a t e d  t h e m  as well  as t h e  controls .  T h e r e  was some 
r e g e n e r a t i o n  of t he se  t i ssues  in  a n i m a l s  t r e a t e d  w i t h  1, 
2.5 a n d  5 I . U . / m l  v i t a m i n  A so lu t ions ,  those  m a i n t a i n e d  
in t h e  l a s t  m e n t i o n e d  c o n c e n t r a t i o n  showing  t h e  l ea s t  
a m o u n t  of g rowth .  T h e  t adpo le s  k e p t  in these  c o n c e n t r a -  
t ions  of v i t a m i n  A for  on ly  1 d a y  showed  r e l a t i ve ly  b e t t e r  

1 M. B. AYDELLOTE, J. Embryot. exp. Morph. 1t, 621 (1963). 
H. B. FELL, J. Embryo1. exp. Morph. 10, 379 (1962). 

s D. M. KOCHHAR and P. M. JOHNSON, J. Embryol. exp. Morph. 
14, 223 (1965). 

4 M. MARIN-PAmLLA, J. Embryol. exp. Morph. 15, 262 (1966). 
G. WEISEMANN, Nature 192, 235 (1961). 
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g r o w t h  of t h e  ax ia l  t i ssues  t h a n  t he i r  fellows k e p t  in  
v i t a m i n  so lu t ions  for  t h e  en t i r e  d u r a t i o n  of t h e  exper i -  
m e n t .  I n  c o n c e n t r a t i o n s  of 10 I . U . / m l  a n d  above ,  however ,  
r e g e n e r a t i o n  of t he  ax ia l  t i ssues  was a l m o s t  c o m p l e t e l y  
suppres sed  i r r e spec t ive  of t h e  d u r a t i o n  of t r e a t m e n t  
(F igure  b a n d  d). W h e n  these  t i s sues  d id  r e g e n e r a t e  to  
some  e x t e n t  t h e y  f r e q u e n t l y  grew in a pos t e ro -dor sa t  or  
p o s t e r o - v e n t r a l  d i r ec t i on  in  t h e  r e g e n e r a t i n g  tai l .  

T h e  c a u d a l  m a r g i n  of t h e  r e g e n e r a t i n g  ta i l - f in  in  exper i -  
m e n t a l  t adpo l e s  o f t en  b e c a m e  folded to  t h e  r i g h t  or  le f t  
s ide ea r ly  a f t e r  a m p u t a t i o n .  T h e  fo ld ing  sp read  a n t e r i o r l y  
a long  t h e  dorsa l  a n d  v e n t r a l  m a r g i n s  of t he  ta i l - f in  ul t i -  
m a t e l y  fo rming  a d i s t i n c t  p o c k e t  of f in- t i ssue  a t  t h e  re- 
g e n e r a t i n g  end  (F igure  c a n d  d), I n  t adpo le s  k e p t  in  
v i t a m i n  A so lu t ions  for t he  en t i r e  d u r a t i o n  of  t h e  exper i -  
m e n t  f r e q u e n c y  of such  a f in -pocke t  f o r m a t i o n  was n e a r l y  
0 %  in 1 I . U . / m l  solut ion,  ove r  30% in 2.5 a n d  a l m o s t  
100% in c o n c e n t r a t i o n s  of 5 or  more  I.U./ml. I n  a n i m a l s  
g iven  th i s  t r e a t m e n t  for  on ly  t he  f i rs t  d a y  a f t e r  a m p u t a -  
t i on  t he  f r e q u e n c y  of f in -pocke t  f o r m a t i o n  rose f rom 
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Camera lucida drawings of tail regenerates of Bulo tadpoles. (a) 9-day- 
old control; (b) 9-day-old experimental, maintained in 2.5 I.U./ml 
vitamin A solution for all 9 days; (c) 5-day-old experimental, kept 
in 5 I.U./ml vitamin A solution for only the first day after amputa- 
tion; (d) 6-day-old experimental, kept in 30 I.U./ml vitamin A 
solution for only the first day after amputation. AT, axial tissues; 
P, fin-pocket formed at the regenerating end, Arrows indicate level 
of amputation. 

nea r ly  0 %  in 1 a n d  2.5 I .U . / m l  so lu t ions  to  ove r  70% in 
20 a n d  30 I . U . / m l  v i t a m i n  A co n cen t r a t i o n s .  

T h e  resu l t s  c lear ly  i nd i ca t e  t h a t  excess of v i t a m i n  A in 
t h e  m e d i u m  exer t s  a s t rong  i n h i b i t o r y  in f luence  o n  ta i l  
r e g e n e r a t i o n  in Bu[o t adpoles .  T h e  degree  of i n h i b i t i o n  
d e p e n d s  u p o n  c o n c e n t r a t i o n  of t h e  v i t a m i n  in t h e  m e d i u m  
a n d  d u r a t i o n  of t r e a t m e n t .  Since, s u b j e c t i o n  to  even  low 
c o n c e n t r a t i o n s  for  o n l y  1 d a y  a f t e r  a m p u t a t i o n  p roduced  
v is ib le  r e t a r d a t i o n  a n d  in  h i g h  c o n c e n t r a t i o n s  even  such  
a s h o r t  t r e a t m e n t  comple t e ly  i n h i b i t e d  r e g e n e r a t i o n  of  a t  
l eas t  some  t i ssues  t h e  in f luence  of t h e  v i t a m i n  m u s t  h a v e  
o p e r a t e d  on  t h e  ea r ly  s tages  of r e g e n e r a t i v e  d e v e l o p m e n t  
inc lud ing  t h e  phases  of d e m o l i t i o n  a n d  ded i f f e ren t i a t ion .  
T h e  sugges t ion  t h a t  v i t a m i n  A p r o b a b l y  ac t s  b y  l i be ra t i ng  
ca theps in - l i ke  p ro teases  f rom in t r ace l lu l a r  lysosomes  ~,5 
m a y  be  r e l e v a n t  in e x p l a i n i n g  o u r  resu l t s  for  e n h a n c e d  
a c t i v a t i o n  of c a t h e p s i n s  is said  to  r e t a r d  or  i n h i b i t  re- 
g e n e r a t i o n  ~. An  adve r se  effect  on  cell d iv i s ion  2,3,7 ma3) 
h a v e  also b e e n  invo lved .  I t  mus t ,  however ,  be  n o t e d  t h a t  
in t h e  e x p e r i m e n t a l  a n i m a l s  r eg en e ra t i o n  was  n o t  mere ly  
r e t a r d e d  or  i n h i b i t e d  b u t  the re  was also a m a r k e d  c h a n g e  
in morphogenes i s  of t h e  ta i l - f in  wh ich  fo rmed  a pecu l ia r  
f in -pocke t  w i t h  a r e m a r k a b l y  h igh  f requency .  

I n  m a m m a l i a n  e m b r y o s  h y p e r v i t a m i n o s i s  A is r epo r t ed  
to cause  serious a l t e r a t i o n s  in  p re somi t i c  m e s o d e r m  lead-  
ing to  va r ious  somi t ic  m a l f o r m a t i o n s  4. P r e l i m i n a r y  h is to-  
logical  o b s e r v a t i o n s  m a d e  d u r i n g  t h e  p r e s e n t  s t u d y  also 
i nd i ca t e  p a r t i c u l a r l y  de fec t ive  nmsc le  r e g e n e r a t i o n  w i t h  
r ega rds  to  t h e  q u a n t i t y ,  d i s t r i b u t i o n  a n d  s e g m e n t a t i o n  of 
t h i s  t i ssue  in  ta i l  r eg en e ra t e s  of v i t a m i n  A t r e a t e d  t a d -  
poles.  P e r h a p s  some t i ssues  a re  a f fec ted  more  t h a n  o t h e r s  
b y  v i t a m i n  A. 

Zusammenlassung. Bei  Z u g a b e  v o n  V i t a m i n  A z n m  
Z u c h t w a s s e r  y o n  K r 6 t e n l a r v e n  wi rd  die Sch w an z reg en e -  
r a t i o n  u n t e r b u n d e n .  A u s s e r d e m  k o m m t  es zu m o r p h o t o -  
g i schen  VerAnderungen  (Taschenb i ldungen ) .  
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R e p r o d u c t i o n  i n  U r o d e l e s  I I .  O b s e r v a t i o n s  o n  t h e  S p e r m a t h e c a  1 

P r e v i o u s  r epo r t s  o n  t h e  r e p r o d u c t i v e  h a b i t s  of t h e  
urodeles  h a v e  n o t e d  t h a t  t he  s p e r m  are  t r a n s f e r r e d  v ia  a 
s p e r m a t o p h o r e  a n d  are  t h e n  s to red  in a s p e r m a t h e c a  ~. 
O b s e r v a t i o n s  on  t h e  s p e r m a t o p h o r e  of Triturus viridescens 
show t h a t  t h e  spe rm are  in  a n  i n a c t i v e  s ta te ,  p r o b a b l y  in 
p r e p a r a t i o n  for  s to rage  3. T h e  s p e r m a t h e c a  of t he  female  
newt ,  Triturus, is seen to  c o n t a i n  s p e r m  a t  all t i m e s  of 
t h e  year ,  however ,  t he  g r e a t e s t  a c c u m u l a t i o n s  are  seen 
d u r i n g  t h e  sp r ing  in  t h e  t r u e  m a t i n g  season  a n d  in t h e  
a u t u m n  d u r i n g  t he  false b r e e d i n g  season  *,5. Fema l e s  
m a i n t a i n e d  in t he  l a b o r a t o r y  ove r  t h e  w i n t e r  w i t h  no  
c o n t a c t  w i t h  males  can  be  i nduced  to lay  v iab le  eggs b y  

p i t u i t a r y  or  chor ion ic  g o n a d o t r o p i n  in jec t ion .  E m b r y o s  
deve lop ing  f rom such  eggs g ive  a m p l e  ev idence  t h a t  t h e  
s to red  spe rm are  indeed  c a p a b l e  of fe r t i l iza t ion .  
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