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Bacterial "protoplasts": Effects of diaminopimelic acid deprival and 
penicillin addition compared in Escherichia coil 

L E D E R B E R G  1, L I E B E R M E I S T E R  AND K E L L E N B E R G E R  2 a n d  H A H N  AND CIAK 3 h a v e  u s e d  penicill in,  
ZINDER AND ARNDT 4 and  REPASKE 5 have  used lysozyme,  to p repare  spherical ,  osmot ica l ly  
shockab le  fo rms  of G r a m - n e g a t i v e  bac te r ia  such  as Escherichia coli and  Proteus vulgaris. These  
p repa ra t i ons  resemble  in m a n y  respects  the  p ro top l a s t s  fo rmed by  digest ion of the  cell wall of 
Bacil lus megaterium and  cer ta in  o ther  Gram-pos i t ive  species wi th  lysozyme  (~VEIBULL6; MC- 
QUILLENT). However ,  whereas  in the  case of the  Gram-pos i t i ves  it  is k n o w n  t h a t  the  ent i re  muco-  
po lysacchar ide  wall  is a b s e n t  f rom t he  p ro top la s t  (and th is  seems a necessa ry  cr i ter ion for s t r ic t  
use  of t he  te rm) ,  th i s  is no t  t he  case wi th  G r a m - n e g a t i v e s  where  t he  cell wall  is a complex  of 
l ipoprote in  and  mucopo lysacchar ide .  I t  m a y  be t h a t  l y sozyme  and  penicillin t r e a t m e n t s  r emove  
on ly  a mucopo lysaccha r ide  s t i f fening c o m p o n e n t  which  gives the  wall  i ts  r ig idi ty  and  form,  

Diaminop imel i c  acid (DAP) is a c o m p o n e n t  of cell walls in bo th  Gram-pos i t i ve  and  Gram-  
nega t ive  species  and  is p robab ly  p re sen t  as a s t r u c t u r a l  c o m p o n e n t  only  in the  mucopo lysaccha r ide  
of t he  cell wall  ( M c Q u I L L E N 8 ;  W O R K 9 ) .  ~{EADOW AND WORK 10 repor ted  t h a t  t he  DAP- requ i r ing  
m u t a n t  173-25 of E. coli lysed shor t ly  a f te r  reaching  m a x i m u m  dens i t y  in med i a  con ta in ing  ample  
lysine b u t  l imi ted  DAP.  I t  occurred to us  t h a t  pro toplas t - l ike  fo rms  of E. coli lacking all or pa r t  
of t he i r  cell wall  s t r uc tu r e  m i g h t  be p roduced  if it  were possible to grow th is  m u t a n t  in t he  absence  
of D A P  b u t  in t he  presence  of sucrose  wh ich  is k n o w n  to s tabi l i se  some  osmot ica l ly  sens i t ive  
forms.  This  p roved  to be t he  case. E. coli 173-25 was  g rown ove rn igh t  at  37 ° in ae ra ted  glucose/  
NH3/sa l t s  m e d i u m  (C/G of McQuILLEN AND S&LTON 11) s u p p l e m e n t e d  wi th  lysine ( ioo ~uM) and  
D A P  ( ioo #M) .  Samples  were t r ans fe r r ed  to med i a  con ta in ing  lysine bu t  lacking DAP.  In  t h e  
presence  of sucrose  (lO-2O% w/v),  con t inued  i ncuba t i on  led to t he  p roduc t ion  of spher ica l  fo rms  
s imi lar  to those  ob ta ined  by  penicil l in t r e a t m e n t .  In  the  absence  of sucrose,  lysis soon occurred  

Fig. I. E. coli grown in presence  of penicil l in (phase cont ras t ) .  
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Fig. 2. E. coli grown in absence  of d iaminopimel ic  acid (phase contras t ) .  
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Figs.  3, 4 and  5. E lec t ron  mi c rog raphs  of shadowed,  fixed p repa ra t i ons  of E. coli grown in absence  
of d iaminopimel ic  acid (Figs. 3 and  5) or in presence  of penicil l in (Fig. 4): 

(lysis has  been s tud ied  by  MEADOW, HOARE AND WORK 12 and  RHULAND13; see also McQUILLENS). 
Good p repa ra t i ons  were ob ta ined  by  us ing  a m e d i u m  con t a in ing  pep tone  (2% w/v),  lys ine  
(IOO/~M) and  sucrose  (15% w/v).  

The  original  rod - shaped  bac te r i a  were abou t  o.75 # × 2 / , .  Some of the  spheres  were as 
m u c h  as 4/~ or more  in d i a m e t e r - - a n  increase  of 4D-times in v o l u m e  and  Io - t imes  in sur face  area.  
Of ten  t h e y  appea red  vacuo la t ed  w h e n  obse rved  unde r  phase  con t r a s t  as is t he  case wi th  penicil l in 
forms .  Figs.  1-5 show the  appea rance  of E. coli g rown  in a complex  m e d i u m  con ta in ing  15% 
sucrose  b u t  no D A P  and  in t he  s ame  m e d i u m  s u p p l e m e n t e d  wi th  a d e q u a t e  D A P  b u t  also con- 
t a in ing  penici l l in  (IOO pg/ml) .  

T h a t  t he r e  is still a well-defined envelope  round  these  p r epa ra t i ons  is clear. W h a t  is no t  
ye t  k n o w n  is w h e t h e r  th i s  is a p ro top l a s t  m e m b r a n e  such  as under l ies  t he  cell wall  in Gram-  
pos i t ives  and  re t a ins  t he  c y t o p l a s m  in p ro top l a s t s  of those  species,  or  w h e t h e r  it  is t he  cell wall 
lacking on ly  a mucopo lysaccha r ide  c o m p o n e n t  wh ich  it  is bel ieved to  be r emoved  by  lysozyme,  
b y  ce r ta in  phage  e n z y m e s  (WEIDEL AND PRIMOSIGH14)~ p r even t ed  f rom en te r ing  by  penicil l in 
(PARK AND STROMINGER15; McQUILLEN8), and  wh ich  canno t  be s y n t h e s i s e d  in t he  absence  of i ts  
c o n s t i t u e n t  DAP.  

Since th i s  work  was  done, Dr. B. D. DAVIS (personal  communica t ion )  r epor t s  s imi lar  f indings 
(see also t he  no te  by  ]DAUMAN AND DAVIS16). 

I a m  gra te fu l  to  Drs.  MEADOW AND WORK for t he  s t r a in  173-25 of E. coli and  also for in te res t ing  
discuss ions .  My  t h a n k s  are due  to Mr. R.  W.  HORNE of t he  Cavend i sh  L a b o r a t o r y  for t a k i n g  
t he  e lect ron mic rographs .  
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