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Effect of Hot F o r m a m i d e  on G r a m - P o s i t i v e  and 
G r a m - N e g a t i v e  Cell Walls  

H o t  formamide  ex t rac t ion  1 was shown to  separa te  the  
s t reptococcal  cell wall in to  soluble c a r b o h y d r a t e  and  in- 
soluble mucopep t ide  2,a. The mueopep t ide  res idue was 
found under  the  e lec t ron microscope as fine s t rep tococcus-  
shaped  m e m b r a n e s  suscept ible  to  t he  lyric ac t ion  of lyso- 
z y m e .  

In  our expe r imen t s  t h e  a t t e m p t  was  m a d e  to  ob ta in  
pure mucopep t ide  m e m b r a n e s  f rom some Gram-pos i t ive  
and Gram-nega t ive  bac te r i a  by  ho t  fo rmamide  ex t rac t ion .  

Gram-pos i t ive  bac te r ia  B. megaterium M and  B. sub- 
tills CCM 1997 were used.  18-h-old cells were t r e a t e d  in 
the  following way:  (a) mechanica l  d i s in tegra t ion  wi th  
Ballotini  No. X I V  in a device descr ibed b y  I~OVOTNY 4, 
t hen  ex t r ac t ion  of pur i f ied cell walls b y  fo rmamide  a t  
160°C for 20 min  or a t  205°C for 3 min.  (b) E x t r a c t i o n  of 
whole washed  cells w i th  fo rmamide  at  205°C for 5 rain. 
The ini t ia l ly tu rb id  suspens ion  cleared wi th in  2 min,  and  
af ter  4 min  i t  became  yellow to  orange.  This  ma te r i a l  was 
purif ied by  r epea t ed  wash ing  wi th  dist i l led water ,  centr i -  
fugat ion  for  15 min  a t  12,000 g, and p repa red  for e lec t ron 
microscopic  obse rva t ion  (Figures).  Ano the r  p a r t  was f ixed 
e i ther  wi th  1% osmic acid or w i th  1% urany l  ace ta te ,  or 
wi th  29g po ta s s ium p e r m a n g a n a t e  for 1 h a t  4°C, em-  
bedded  in Ves topa l  W and  sec t ioned wi th  the  Po r t e r -  
B lum u l t r amic ro tome .  The samples  were examined  under  
the  e lec t ron microscope Tesla BS 242, SEA/[ I I I  (Werk ffir 
Fe rnsehe lek t ron ik ,  Berlin) or the  E lmiskop  Typ  I (Sie- 
mens  u. Halske) s. 

Results. Both  procedures  were successful.  Ve ry  fine 
rod- shaped  m e m b r a n e s  were ob ta ined  wi th  b o t h  the  
s t ra ins  used (Figure 1). I n  mos t  cases ve ry  fine fibrils 
were found  at  t he  edges of the  m e m b r a n e s .  In  compar i son  
wi th  this ,  m e m b r a n e s  ob ta ined  a f te r  the  p rocedure  de- 
scr ibed by  PARK and  HANCOCK 6 were th icke r  and  no t  so 
pure .  F o r m a m i d e  m e m b r a n e s  were lysed by  lysozyme (200 
/~g/ml) wi th in  8 rain, (examined  by  m e a s u r e m e n t  of 
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Fig. 2. Ultra-thin section of B. megaterium after formamide extrac- 
tion of whole cells (205 ° C for 5 rain). Contrasted with uranyl acetate. 
The cell wall is rather thin, only at one pole (arrow) a remnant of 

the outer layer can be seen, enlarged × 24,000. 
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Fig. 3. Cell walls of Proteus vulgaris after the action of formamide at 
170°C for 20 min. Shadowed by gold-palladium, enlarged × 12,000. 

Fig. 1. Fine rod-shaped membranes obtained after treating the cells 
of B. subtilis with formamide at 205°C for 5 rain. Shadowed by gold 

palladium, enlarged ~ 12,000. 
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t u r b i d i t y  a n d  b y  phase  c o n t r a s t  microscopy) .  The  th ick-  
ness  of t he  cell walls of B. megaterium w h e n  m e a s u r e d  in 
u l t r a - t h i n  sec t ions  was a b o u t  310/~.. Af ter  f o r m a m i d e  ex- 
t r a c t i o n  i t  d r o p p e d  to 110 A. A t  t he  poles of some mem-  
branes ,  r e m n a n t s  of t he  surface  layer  were found,  th i s  
be ing  ev idence  for t he  superf ic ia l  loca l iza t ion  of t he  re- 
m o v e d  layer  ( te ichoic  acid in t he  case of B. megaterium, 
Figure  2). Cons ider ing  some l i t e r a ry  d a t a  *,3 a n d  the  lyso- 
z y m e  s ens i t i v i t y  of t he  f ine m e m b r a n e s ,  i t  m a y  be a s s u m e d  
t h a t  t h e y  r e p r e s e n t  t he  m u c o p e p t i d e  basa l  l aye r  of B.  
megaterium a n d  of B. subtilis, respec t ive ly .  De ta i l ed  re-  
sul ts ,  t o g e t h e r  w i t h  a c o n c e p t i o n  of t h e  u l t r a s t r u c t u r a l  
a r r a n g e m e n t  of t h e  Gram- ix)s i t ive  cell wall,  wilt be  p u b -  
l ished e lsewhere  L 

G r a m - n e g a t i v e  bac te r i a ,  18-h-old ceils of Proteus vul- 
garis P~ (CCM 1799), were  t r e a t e d  w i t h  f o r m a m i d e  a t  
170°C for 20 m i n  or longer.  I n  no  case were r egu la r  rod-  
s h a p e d  m e m b r a n e s  obse rved .  On t he  con t r a ry ,  i r regular ,  
p a r t l y  solubi l ized m a t e r i a l  w i t h  r e m n a n t s  of a n o t h e r  sub-  
s t ance  was found  (Figure  3). Th i s  unsuccessful  a t t e m p t  to  
isola te  t h e  m u c o p e p t i d e  layer  could be  e x p l a i n e d  b y  

s t ronge r  c o v a l e n t  b o n d s  b e t w e e n  the  m u c o p e p t i d e  a n d  a 
s u b s t a n c e  of t he  over ly ing  layer  (pept ides  or l ipopoly-  
sacchar ides)  : -10 

Zusammen/assung. Die obere  Sch ich t  de r  ZellwXnde v im 
B. megaterium M und  B. subtilis wurde  mi t t e l s  E x t r a k t i o n  
m i t  he i s sem F o r m a m i d  besei t ig t .  Zur t i ckb le ibende  st~tb- 
chenf6rmige ,  e t w a  110 A dicke  M e m b r a n e n  e n t s p r e c h e n  
o f f enba r  de r  r ig iden  M u c o p e p t i d - B a s a l m e m b r a n  de r  Bak -  
terienzellw~inde. 
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Metabolism of Phospholipids in Scorbutic 
Guinea-Pigs 

T h e  role p l a y e d  b y  l -ascorbic  acid in the  m e t a b o l i s m  of 
p h o s p h o l i p i d s  is as  ye t  qu i t e  unexp lo red .  T h e r e  are  a 
n u m b e r  of works  conce rned  w i t h  t h e  c a t a l y s i n g  effect  of  
v i t a m i n  C in phospho l i p id  o x i d a t i o n  (ELLIOTr a n d  LmET 1 
~VILLIAMS 2, R A D S M A  a n d  VAN GRONINGEN a) ; b u t  t h e r e  is 
on ly  a v e r y  smal l  a m o u n t  of work  on  t he  m e t a b o l i s m  of 
phospho l ip ids  in o rgan i sms  sub jec t ed  to  C-av i taminos i s .  

50 ma le  guinea-pigs ,  weighing  200 g on t he  average ,  
were d iv ided  in to  4 g roups  a n d  fed ad libitum on a s l ight ly  
modif ied  L u n d e  s co rbu togen i c  diet .  The  con t ro l  g roup  ob-  
t a i n e d  da i ly  5 m g  l -ascorbic  acid perora l ly .  T he  experi-  
m e n t a l  an ima l s  were kil led on  the  9th,  18th  a n d  25 th  d a y  
re spec t ive ly  of t he  s co rbu togen ic  regime,  a n d  subse-  
q u e n t l y  t h e  c o n c e n t r a t i o n  of phospho l ip ids  was de te r -  
m ined  acco rd ing  to  t he  m e t h o d  of STEWART a n d  HENDRY 4 
in t h e i r  b lood s e r u m  a n d  liver. I n  f u r t h e r  expe r imen t s ,  on  
a g roup  of con t ro l  an imals ,  guinea-pigs  fed for 12 and  26 
days  on  sco rbu togen ie  diet ,  Na2HPa*O 4 was a d m i n i s t e r e d  
i n t r a p e r i t o n e a l l y  in doses of 0.16 #C for 1 g of t he i r  
we igh t ;  24 h l a t e r  t he  an i m a l s  were killed, and  p h o s p h o -  
l ipids were i so la ted  f rom t h e i r  l iver  accord ing  to the  
m e t h o d  of DAVlDSON et  al. s. I n  t h e  f rac t ion  ob t a ined ,  the  
p h o s p h o r u s  c o n t e n t  was  d e t e r m i n e d  b y  m e a n s  of phos-  
p h o m o l y b d e n a t e  a n d  also the  r a d i o a c t i v i t y  was de te r -  
mined .  T h e  resu l t s  were expressed  in t h e  fo rm of r e l a t ive  
specific a c t i v i t y  g iven  b y  t he  r e l a t i onsh ip  of the  specific 
a c t i v i t y  of phospho l ip id s  to  t h e  specific a c t i v i t y  of acid-  
soluble  phospho rus .  

T h e  changes  which  occur red  in t h e  c o n c e n t r a t i o n  of 
phospho l ip id s  in  t h e  course  of C-av i t aminos i s  are  s h o w n  
in t h e  Table .  A t  the  b e g i n n i n g  a v e r y  s ign i f ican t  increase  
can  be  seen in the  b lood se rum,  r e t u r n i n g  to  n o r m a l  n o t  
earl ier  t h a n  in the  t e r m i n a l  phase  of scurvy.  I n  the  liver, 
a p r o v a b l e  decrease  t akes  place  un t i l  t he  9 th  d a y  of t he  
a v i t a m i n o s i s ;  u p  to t he  18 th  d a y  t he  level increases,  a n d  
con t inues  to  increase  un t i l  t h e  t e r m i n a l  phases  of C- 
av i t aminos i s .  

On  s t u d y i n g  the  i n c o r p o r a t i o n  of pa2 in to  l iver  phos-  
phol ip ids ,  i t  was  h m n d  t h a t  t h i s  process  undergoes  no  
c h a n g e  d u r i n g  a 12-day a d m i n i s t r a t i o n  of s co rbu togen ic  
d ie t ;  on  t h e  o t h e r  h a n d ,  u n d e r  cond i t i ons  of a n  a l r e a d y  
deve loped  C - a v i t a m i n o s i s  (in a p h a s e  w h e n  t h e  a n i m a l s  
refuse food) a p r o v a b l e  acce le ra t ion  of t he  process  
( P  < 0.01) t a k e s  place  (Figure) .  

Concentration of lipid phosphorus (rag %) in blood serum and liver 
of guinea-pigs during the development of C-avitamflmsis 

Blood scram Liver 

Control 2.8 ± 0.2 

C-avitaminosis 9 7.0 4- 0.2 
days 18 5.8 4- 0.4 

25 3.5 :[- 0.4 

134.2 4- 2.8 

109.2 4- 1.7 
148.5 :t: 8.5 
204.3 i 4.6 

O~ 
0.8 
0.7 
0.6 

Control C-avitamin~i,s 
IZ days Z6 ~ays 

Relative specific activity of 
liver phospholipids in nor- 
real and scorbutic guinea- 
pigs. 
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