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On the Mannophosphoinositides of Mycobacterium 607 

Evidence  has  accumula ted ,  in recen t  years  x-5, on the  
presence  of an t ibodies  to  phosphol ip ids  of tuberc le  bacilli 
in tube rcu lous  pa t i en t s .  S tudies  on t h e  na tu r e  of t he  
phospho l ip id -an t igens  involved  in t he  serological  reac t ions  
revea led  t h a t  the  inos i tomannos ides  are t he  ac t ive  lipids 3,4. 
The  e legan t  work  of BALLOU e t  El. 6 e s tab l i shed  the  
presence  of several  mannose -con ta in ing  phospho l ip ids  in 
mycobac te r i a .  However ,  r ecen t  s tudies  of PANGBORN and  
McKINNEY 4 and  BRENNAN and  BALLOU 7 sugges t  t h a t  
these  l ipids are  more  complex  t h a n  t h e y  were p r e s u m e d  
to  be as several  of t h e m  were found  to  con ta in  h igher  
f a t t y  ac id -phosphorus  rat ios.  This  r epo r t  pe r t a ins  to  t he  
na tu r e  of t he  mannose - con t a in ing  phosphol ip ids  of Myco- 
bacterium 607. 

Materials and methods. M .  607 were g rown for 48-56 h 
and  m e t h o d s  used in t h e  cul t iva t ion ,  h a r v e s t i n g  the  cells, 
ex t r ac t i on  and  pur i f ica t ion  of t he  lipids were  as descr ibed 
e lsewhere  s& The lipids were  s epa ra t ed  by  th in - l ayer  
c h r o m a t o g r a p h y  (TLC) using silica get G coa ted  on glass 
p la tes  a t  0.3-0.5 m m  thickness .  The phosphol ip ids  were 
s epa ra t ed  on the  p la tes  wi th  c h l o r o f o r m - m e t h a n o l - w a t e r  
65 :25:4 ,  60 :35 :8  and  80 :35 :7  respect ive ly .  The l ipids 
were  ident i f ied  by  expos ing  the  p la tes  to  iodine vapou r  
and  phosphol ip ids  by  m o l y b d a t e  sp ray  10. Glycol ipids  were 
d e t e c t e d  b y  pheno l -phosphor i c  acid sp ray  ~. In  p r e p a r a t i v e  
TLC, marke r  p la tes  were run  s imul taneous ly  to  locate the  
posi t ion of the  phosphol ip ids .  The  phosphol ip ids  were  
q u a n t i t a t i v e l y  e lu ted  f rom the  silica gel b y  e x t r a c t i n g  
twice wi th  su i table  a l iquots  of e thano l -ch lo ro fo rm-wate r ,  
5 : 2 : 2 ; ch lo ro fo rm-methano l ,  1 : 1 ; 1 : 4 and  me thano l .  

Phospho rus  in the  spots  was e s t ima ted  by  d i rec t  diges- 
t ion.  Mannose  was d e t e r m i n e d  bo th  by  the  cys te ine-  
su lphur ic  acid m e t h o d  of DIEDRICH and  ANDERSON I1 and  
b y  the  Enthrone  m e t h o d  1,. F a t t y  acids were q u a n t i t a t e d  
according to  the  p rocedure  of STERN and  SHAPIRO 13. 
Lipid  samples  were  hyd ro lyzed  wi th  50% HC1 for 6 h a t  
110 °C in sealed tubes  and  inosi tol  in t he  h y d r o l y z a t e  was  
d e t e r m i n e d  as deta i led  elsewhere ~, 

Results and discussion. Phospho l ip ids  were  found  to  be 
sepa ra t ed  in to  8 spo t s  on TLC wi th  ch lo ro fo rm-me thano l -  
water ,  65 :25 :4  (Figure 1). Of these  phosphol ip ids ,  t he  
f i rs t  3 f rom the  origin (M, VI  and  VII )  were found  to  be  
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Fig. 1. Phospholipids of M. 607 separated by TLC with chloroform- 
methanol-water, 65:25:4 as developing solvent. The spots were 
located by molybdate spray. Spots M, VI and VII were glycolipids. 
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Vig. 2. Further separation of spot M of Figure 1 by TLC with 
chloroform-methanol-water, 80:35:7 as developing solvent. The 
spots were identified by phenol-phosphoric acid spray. 
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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  
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