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B A C T E R I O P H A G E  G R O W T H  I N  P R O T O P L A S T S  OF 

B A  C I L L  US  M E G A  T E R I  U M *  

by 
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Trea tmen t  with lysozyme of suspensions of Bacillus megateriurn in o.2 M sucrose 

solution converts  the bacter ia l  cells into spherical protoplasts.  These protoplasts  are 

bounded  by a membrane  which, no longer suppor ted  by the rigid cell wall, is readily 

disrupted by any reduct ion in the osmotic pressure of the suspending medium. The 

protoplasts  const i tute  8o% of the cell mass and preserve some of the physiological 

propert ies  of in tac t  bacteria,  but  they  are incapable of colony format ionh It  is the 

purpose of this report  to show tha t  such protoplas ts  are capable of support ing bacterio-  

phage growth. S.\LTON AND MCQUILLEN have  independent ly  also demons t ra ted  bacterio-  

phage format ion in protoplasts  and, by mutua l  agreement ,  the results of the two inves- 

t igat ions have been submi t t ed  s imultaneously.  

!VLkTERIALS AND METHODS 

Bacterium a~zd phage. Strain KM of Bacillus ~negalerium and the megaterium bacteriophage, 
strain C, active on KM were obtained from the Department of Bacteriology, University of California, 
Berkeley. 

A sparagine-tris bu{/er medium, t g L-asparagine; io ml i.o 31 tris (tris-hydroxymethylamino- 
methane) buffer, pH 7.2 ; io ml salts (a solution of 54 g NaCI, 3 ° g KC1, o.i mM CaC12, t.o m31 MgCI 2 
in looo ml of distilled water); 2.2 mg KH21'O4; 2.3 mg Na~SOi; 8o ml distilled water. 

Sucrose-bu{#r. o.2 3l sucrose in o.o3 3I phosphate buffer, pH 7.o. 
Sucrose-buffer-peptone. 2 g bacto-pepfone DIFCO in ioo ml sucrose-buffer. 

o, 13acteriophage assay. The double layer plating method 2 was used; 2. 5 ml of 5 .o peptone, o. 7 % 
agar containing the phage and bacteria was poured on the surface of plates containing 5 % pet)tone, 
2 % agar. 

EXPERIMENTS AND RESULTS 

I t  was repor ted  by WEIBULL 1 tha t  protoplasts  of B. megaterium do not  adsorb a 

bacter iophage act ive  on the in tac t  cells, indicat ing tha t  the  lysozyme-sensi t ive  cell wall 

is necessary for phage fixation. This is complemented  by the observat ion tha t  such 

bacter iophage is readi ly  adsorbed to isolated B. megaterium cell walls ~. In order to 

examine  the possibi l i ty of bacter iophage growth in protoplasts ,  therefore,  it is necessary 

first to infect the in tac t  bac ter ia  and then conver t  the infected cells into protoplasts  
by lysozyme t r ea tmen t  in sucrose. Phage deve lopment  can then  be followed in a one-step 
growth exper iment ,  such as described below. 
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A cul ture  of B. megaterium, s t ra in  KM, was grown in asparagine- t r i s  buffer medium 
to a dens i ty  of 5" to7 cells per  ml, cent r i fuged and resuspended in half  of i ts original 
volume of 5 ?'o pep tone  water .  The cul ture  was then  infected with about  2 '  ro 6 phages  of 
s t ra in  C per ml. Af ter  incuba t ion  for 5 minu tes  at  37 ° C, more t han  9O~?o of the  phages  
were adsorbed.  The cul ture  was centr i fuged,  washed and resuspended in sucrose-buffer.  
One a l iquot  of this  suspension was digested at room t empera tu r e  with Io /,g per  ml 
lysozyme.  Microscopic examina t ion  in- 
d ica ted  p ro top las t  format ion  to be 
complete  af ter  3o minutes .  A second 
al iquot  of the  suspension of infected g '° s 
cells remained  unt rea ted .  At  t ime[  o, 
bo th  a l iquots  were d i ln ted  one- 
thousand  fold into sucrose-buffer-  o 
pep tone  ma in t a ined  at  25 ° C, and  2 rd 
sampled  and assayed per iodica l ly  for o 

infect ive centres.  
The results  of this  exper iment  are ~ Jo 3 

presented  in Fig. L I t  is seen, first of 
uJ 

all, tha t  the  u n t r e a t e d  infected bac-  
te r ia  exhibi t  a normal  one-step growth  N ro 2 

curve, with la ten t  period of 9 ° minutes  
and  final burs t  size of 23o. Lysozyme 
t r e a t m e n t  of the  infected cells, on z~- 

- -  i 0  I 

the  o ther  hand,  r ap id ly  reduces the  
number  of infect ive centres  to less 

o ' than  z .... of i ts  in t i t ia l  level. (The sur- 
v iv ing infect ive centres  appea r  to  be 
free phage,  which had  been e i ther  
l ibe ra ted  by  lysozyme t r ea tmen t  or 
carr ied  over  in the washings.) S ix ty  
minutes  af ter  di lut ion of the  infected 
p ro top las t s  into the  sucrose-buffer- 
peptone,  however,  a r ap id  rise in the 

1 I I I I 
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Fig. I. One-step growth curves of intact ceils of 
B. n~egaleriu~n and of protoplasts infected with 
phage C at 25 C. l.ysozyme treatment for protoplast 
formation commenced at ! 3 ° rain. Phage de- 

velopment was initiated at I - o rain. 

number  of infect ive centres  commences  unti l  a level is reached fourteen t imes greater  
than  the original number  of infected cells. The ini t ia l  decrease of the  number  of infective 
centres  in the  l y sozyme- t r ea t ed  suspension mus t  be due to  the  fact t ha t  the  phage  had  
entered  the eclipse per iod 4 of in t race l lu la r  virus  deve lopment  and tha t  the  ins tan taneous  
lysis of the  p ro top las t s  upon p la t ing  p reven ted  any  fur ther  ma tu ra t i on  of the vegeta t ive  
phage.  The subsequent  increase in infect ive centres  is a reflection of the in t race l lu la r  
growth  and m a t u r a t i o n  of the vegeta t ive  phage in the  pro top las t s  ma in ta ined  in 

sucrose-buffer-peptone.  
A single burs t  exper imen t  a was carr ied out  in order  to examine  whether  the phage 

u l t ima te ly  produced  in the l y sozyme- t r ea t ed  suspension represented  a small  burs t  
i ssuing from the m a j o r i t y  or a very  Iarge burs t  issuing from a small  minor i ty  of the in- 
fected protoplas ts .  In  this  exper iment ,  an average  of one infected p ro top las t  suspended 
in sucrose-buffer-peptone was d i s t r ibu ted  into each of for ty  tubes  and phage  growth  was 
al lowed to t ake  place for 4 hours  at  25 ~' C. The to ta l  contents  of each tube  were then 
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a s s a y e d  for  i n f e c t i v e  c e n t r e s .  T h e  r e s u l t  of t h i s  e x p e r i m e n t  is p r e s e n t e d  in T a b l e  I, w h e r e  

i t  m a y  b e  seen  t h a t  a t  l e a s t  h a l f  of t h e  i n f e c t e d  p r o t o p l a s t s  do  p r o d u c e  p h a g e  a n d  t h a t  

t h e  i n d i v i d u a l  b u r s t s  a re  smal l .  

T h e  s m a l l  b u r s t  size of t h e  p h a g e - i n f e c t e d  p r o t o p l a s t s  

is p r o b a b l y  d u e  to  a n  a g g r a v a t i o n  of t h e  w e l l - k n o w n  f ra -  

g i l i t y  of in.tact b a c t e r i a  a t  t h e  c o n c l u s i o n  of t h e  ec l ipse  

p e r i o d <  a , t h u s  t e r m i n a t i n g  p h a g e  s y n t h e s i s  p r e m a t u r e l y  

b y  s p o n t a n e o u s  lys is  s h o r t l y  a f t e r  t h e  i n t r a c e l l u l a r  ap -  

p e a r a n c e  of t h e  f i rs t  m a t u r e  p r o g e n y  phages .  Mic roscop ic  

e x a m i n a t i o n  r e v e a l s  t h a t  unin/ected p r o t o p l a s t s  r e m a i n  

i n t a c t  for  u p  to  s ix  h o u r s  u n d e r  t h e  s a m e  e x p e r i m e n t a l  

c o n d i t i o n s .  

13. megaterium p r o t o p l a s t s ,  t h e r e f o r e ,  p r e s e r v e  suf-  

f ic ien t  s t r u c t u r a l  a n d  f u n c t i o n a l  i n t e g r i t y  to  b e  c a p a b l e  of 

c a r r y i n g  o u t  all  t h o s e  r e a c t i o n s  s u b s e q u e n t  to  i n v a s i o n  

b y  t h e  p a r e n t a l  p h a g e  w h i c h  a re  n e c e s s a r y  for  g r o w t h  a n d  

m a t u r a t i o n  of i n f e c t i v e  p r o g e n y .  T h e r e  is p r e s u m p t i v e  

evidenceV, s t h a t  h i g h  m o l e c u l a r  w e i g h t  s u b s t a n c e s  l ike  

e n z y m e s ,  to  w h i c h  i n t a c t  b a c t e r i a l  cel ls  a re  i m p e r m e a b l e ,  

m a y  b e  ab le  to  p e n e t r a t e  i n t o  p r o t o p l a s t s .  T h e  p o s s i b i l i t i e s  

of i n f l u e n c i n g  i n t r a c e l l u l a r  b a c t e r i o p h a g e  d e v e l o p m e n t  

t h r o u g h  a d d i t i o n  of specif ic  m a c r o m o l e c u l a r  s u b s t a n c e s  

b e i n g  e x p l o r e d .  

TABI.E i 

S I N G L E  B U R S T  E X P E R I M E N T  ON 

I N F E C T E D  P R O T O P L A S T S  

Number o/plaques Number o/tubes 

o 2 4 
5 

2 2 

3 4 
5 i 

I 2  2 

2 3 I 

2 5 1 

Fraction of tubes without  
burs t :  24/4 ° = 0.60; Multi- 
plicity of bursts  per tube:  - In 
o.6o = o.51 ; Multiplicity of in- 
fected protoplasts per tube : i .o ; 
Fractiim of protoplasts yielding 

burst :  o.51/1.o -- o.5t. 

to  p r o t o p l a s t  s u s p e n s i o n s  a re  

SUMMARY 

One-step growth experiments show tha t  bacteriophage C can grow in protoplasts of B. mega- 
lerium KM if the cells are infected prior to t rea tment  with lysozyme. The phage yield of infected 
protoplasts is smaller t ha t  tha t  of in tac t  cells, and a single burst  experiment establishes tha t  the 
burst  size of individual protoplasts is small. 

RI;;S UMI:; 

Des expdriences de multiplication A cvcle unique montrent  que le bactdriophage C peut  croitre 
dans les protoplastes de zg. r~legaterilot~ KM si les cellules sont infectdes avant  le t ra i tement  par le 
lysozyme. I,e rendement  en phage des protoplastes infectds est plus peti t  que celui des cellules 
intactes et une expdrience de production individuelle dtablit ilue le rendement  moyen des protoplastes 
individuels est faible. 

ZUSAMMENI:ASSUNG 

Fortpflanzungsversuche in einem einzigen Zyklus beweisen, dass sich der Bakteriophage C in 
Protoplasten yon B. megalerium KM entwickeln kann, falls die Zellen vor der l,Ssozymbelaandlung 
infiziert werden, Die Phagenausbeute aus infizierten Protoplasten ist geringer, als aus unversehrten 
Zellen, und ein individueller Produktionsversuch ergibt, dass die Durchsctlnit tsausbeute der einzelnen 
Protoplasten gering ist. 
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