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A CRYPTIC PROPHAGE CARRIED BY BACILLUS CEREUS
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S u m m a r y .  M itom ycin  C (MC) added to  a y o u n g  cu ltu re  of B acillus cereus s t ra in  W in- 
duced m ark e d  lysis. T he  c o n cen tra t io n  of MC affec ted  th e  degree of lysis as well as t h e  co n ­
c en t ra t io n  of phage  a n d  bactcriocin  (phospholipase  A) in th e  lysate . The factor con tro l l ing  the  
p rod u c tio n  of bactcr ioc in  could he e lim ina ted  by  chem ica l  agen ts;  th u s  c,in~, n o t  c ap ab le  of 
p roduc ing  bacter ioc in ,  was ob ta in ed  regularly .  W ith  th e  a id  of cin~  bacter ia ,  a p h a g e  was 
de tec ted  in the  ly sa te  o f  wild-type bacter ia ,  w h ich  was deno ted  as phage tvx, con tro l led  
b y  a p rophage.  Phage  w x  is of tem p era te  charac te r .  In  ad d it io n ,  these lysates also c o n ta in e d  a 
p roport ion  (ab o u t  1 0 -3 to 10~a) of c lear-plaque fo rm in g  m u ta n t s  (w xc). Phages w x  a n d  ß  dif­
fered in th e i r  an tigen ic  s t ru c tu re s  and o ther  c h a rac te r is t ic s ;  th u s  they  are no t  of c o m m o n  g ene­
tic  origin. A str ik ing  fea tu re  of  phage  ictc is i ts  h igh  h o s t  specif icity; none of th e  n u m e ro u s  
s tra ins  be longing to  a n y  species of the  genus B acillus  were a t tack ed  excep t  th e  cu red  d e r i ­
v a t iv e  of s t ra in  W, d e n o te d  as cin  of B. cereus.

M c C l o y  [1] described th e  lysogenic s t r a in  W  of Bacillus cereus, w h ich  
l ibera tes  a phage  h igh ly  specific to  B . an thracis , whereas s tra ins  b e lo n g in g  to 
oilier species o f  t h e  genus Bacillus  a re  p ra c t ic a l ly  all res is tan t .  T he  c h a r a c t e r ­
istics o f  this phage ,  des igna ted  as W/Î, a n d  its  allelic m u ta n t  Woe w h ich  form s 
clear p laques ,  h av e  been  s tud ied  in severa l re sp ec ts  [2, 3]. P hage  W/3 m a y  be 
considered  se m ite m p e ra te  because in ce r ta in  cases it  forms labile com plexes  
w ith  wild s tra ins  o f  B . anthracis [4]. F u r t h e r  m u ta n t s  were also described , w hich  
can  be considered to  be th e  alleles of phage  ß  [2, 3, 5]. The antigenic  s t ru c tu re s  
of th e  alleles were fo u n d  to  be identical.  P h a g e  ß  and  its m u ta n ts  w ere  desig­
n a te d  as phage  g roup  W.

I t  has  re cen t ly  been  repo r ted  [6 ] t h a t  th e  add it ion  of a small a m o u n t  of 
m ito m y c in  C (MC) to  a cu ltu re  of B . cereus s t ra in  W growing ex p o n e n t ia l ly  
resu lted  in a re s idua l  g ro w th  followed b y  m ass  lysis of the  b ac te r ia .  T h e  ly sa te  
co n ta in ed  b o th  p h a g e  ß  a n d  a bacteriocin  o f  n a r ro w  spectrum . T he  b a c te r io c in  
of s t ra in  W  was considered  to  be phosp h o l ip ase  A, like t h a t  p ro d u ced  b y  cer­
ta in  s tra in s  of  B . m egaterium  (see reviews [7, 8]) and  found b y  Oz e k i  et al. [9] 
to  be iden tica l  w i th  t h a t  enzyme.

I t  seemed reaso n ab le  to  s tu d y  th e  B . cereus s tra in  W  to d e te rm in e  the  
re la tions b e tw een  th e  lysogenic and  bac te r ioc inogen ic  fea tures . I n  th e  course 
of these  s tud ies  we found  t h a t  besides p ro p h a g e  ß  there  exists a n o th e r  u n k n o w n  
p rophage ,  r e m a rk a b le  for i ts  e x t ra o rd in a ry  specificity .
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M ateria ls  and m ethods

B acterial strains. The  12 s t r a in s  of B. cereus w h ic h  can  be induced by MC h a v e  a l re ad y  
b e e n  r e p o r t e d  [6] in connection w i th  our deta iled s tu d ies  on s tra in  W producing phospho l ipase  
A. B e s id es  these  stra ins we h ave  app lied  a n u m b er  o f  B . cereus s t ra ins as ind ica tors .  These  
s t r a in s  w e re  freshly isolated from  soil samples and  were  iden t i f ied  on the  basis of the  following 
c r i te r ia :  c o lony  m orphology, haem olysis ,  and  b e h av io u r  on  egg yolk agar. The s t ra in s  app lied  
in o u r  w o r k  are listed in Tab le  I.

Table I

N um ber and origin o f  the stra ins applied fo r  determ ining the host range o f phage ivxc

Designation Characteristics
No. Refer-Species of .■»ource

strains

B . cereus l i Own collection 6
wild type 28 Freshly isolated
T 1
6464 1 C. 11. T h o r n e 10
6464 C 1 C. 11. T h o r n e

B . th iir in g ien s is 14 J.  R. N o r r i s l i

B . an thracis Davis Non sporula ting 1 E. M e y n e l l l
Capsulogenic 3 Own collection 12
N on capsulogenic 
Defective p rophage

6 Own collection

carrier 6 Own collection 5

B . su b tilis M arburg Yale 1 Own collection
NRS 3 R. E. G o r d o n

B . su b tilis  var.
a tte rim u s NRS 5 R. E. G o r d o n

B . su b tilis  var.
niger NRS 3 R. E. G o r d o n

B . lich en ifo rm is N R S 5 R. E. G o r d o n

B . m cgaterium MUT-C Phage res is tan t ,
non sporula ting 1 Own collection 13

Phage sensitive, 2 Own collection
Sporulating 13 Own collection

A s a n  ind ica tor  for d e te c t in g  phospholipase  A p ro d u c e d  e ither by a growing colony  o r  one 
c o n ta in in g  a lysa te ,  a h ighly sensi t ive  B . m cgaterium  s t r a in  MUT-C was used. P h a g e  ß  was 
a s sa y e d  w i t h  s tra in  Davis of B . anthracis.

Phages. Phage m ateria ls  a  a n d  ß  were isolated f ro m  B . cereus W , and p ro p a g a ted  e i th e r  
on  s t r a i n  D av is  or V R  of B . anthracis.

A n ti-p h a g e  serum. T he  V R  b ro th  culture  of  B . anthracis  was inoculated  w ith  phage  
(M.o.i .:  1.5) a n d  aera ted  by  sh ak in g  a t  37°C un til  lysis,  followed by centrifugation. A f te r  a d d i ­
t ion  o f  0.5 M  NaCl and  5%  p o ly e th y len e  glycol (mol w t  6000) the  precip ita te  fo rm ed  was s u b ­
j e c t e d  to  f rac t iona l  cen tr ifuga tion .  T he  purif ied  p h a g e  p re p a ra t io n  from  the  u l t ra ce n t r i fu g e  
c o n ta in e d  2 . 4 x l 0 12 particles. A l to g e th e r  4 rabb its  were  im m unized ,  fi rs t  in travenous ly ,  th e n  
i n t r a m u s c u la r ly  w ith  F reu n d  a d ju v a n t .  The inocu la t ion  was generally  performed w i th  1.2 X Ю 12 
in fec t iv e  p h ag es ,  every  5 days ,  f ive  o r  six t imes.  I n d iv id u a l  ra b b i t s  gave a m ax im u m  va lu e  of 
10— 15 K .
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Phage material wxc, th e  p rep a ra t io n  o f  which is described in the  exp er im en ta l  p a r t ,  was 
applied  to o b ta in  an tiphage  serum . R a b b i t s  were injected 4 t imes w i th  2 x  Ю 10 virions in F reu n d  
ad ju v a n t .

Culture media. Resides using the  previously  described Y P  (y eas t  e x tra c t -p e p to n e )  con­
ta in ing  b a k e r ’s yeas t  e x t r a c t  a n d  pep tone  (R eana l ,  B udapes t) ,  the  following media were used 
for co m p ara t iv e  exam inat ions :  B P Y :  Beef e x t r a c t ,  3 g; pep tone ,  5 g; y e as t  ex tra c t ,  3 g; NaCl, 
3.5 g; distil led water ,  1000 ml;  p H  7.2. T he  ingredients  were Difco products .  B P Y e , :  B PY 
was supp lem en ted  w ith  b iv a len t  cat ions:  M n ++ 1/5000 m; M g ++ 1/1000 m; Ca + + 1/1000 m; 
Fe + + + 1/50 000 M. B P Y e 2: besides con ta in ing  the ab o ve-m en t ioned  e lectrolytes,  the  following 
salts  were added  at a co ncen tra t ion  o f  1 /fg/inl; C o S 0 4 • H 20 ;  3 C d S ü 4 • 8 I i 20 ;  ZnCl2. T he  m edia  
were solidified by the  add it ion  o f  1 .5%  agar.

Cultivation o f  the bacteria. The  same m eth o d  was used as described previously [6]. W hen  
the  culture  reached an  OD of 0.2 0.3, m ito m y cin  C (MC) was ad d ed .  Afte r  a residual g row th
the  a e ra ted  cultures  were lysed to  a g rea te r  ex ten t .  The lysa tes  were f i ltered  (m em b ran e  filter,  
G ö t t ingen ,  No. 6) an d  assay of the  phage was perform ed as described  previously [6J. The  top 
agar  layer  con ta ined  0.7% agar.

Isolation o f  p lasm id-free clones. W b ac te r ia  were inocu la ted  in to  Y P  con ta in ing  e ithe r  
acridine o range  or e th id iu m  b rom ide  (5 10 /tg/ml) a n d  inocu la ted  u n d e r  vigorous shak ing  a t
37°C u n t i l  they  had  form ed spores.  Spore m ateria ls  were s t reak ed  to form 5 0 - 7 0  colonies, 
1 2  m m  in d iam ete r ,  on Y P  a g a r  a t  room  te m p e ra tu re  o vern igh t .  These m as te r  p la tes  were 
rep lica ted  w ith  the aid of ve lve teen  disk on  an  agar p la te  i.i w hich  the  soft  agar  layer  was 
seeded with 11. megaterium  MUT-C. The  replicas were i r rad ia ted  b y  H a n a u  low-pressure  ge rm i­
cide lam ps  (250 e rg /m m 2) before incuba t ion .

The  MUT-C in d ica to r  layer  was p repared  by add ing  to 1 ml o f  m elted  Y P  a g ar  1 ml of 
bac ter ia l  cu ltu re  w i th  an  OU of 0.5 a n d  was p u t  onto 25 ml b o t to m  agar.

The  clones which do n o t  p roduce  bacteriocin (c in ~ )  were successfully iso la ted  in th is  
way. A t tem p ts  to produce ß  p rophage-free  der iva tives have  failed. Several ways were tried 
using cin~  bac ter ia  in the presence of e ithe r  acridine orange o r  e th id iu m  brom ide a n d  0.05 м 
N a  ace ta te  a t  37°C or 43°C to fo rm  spores.  The  cultures also co n ta in ed  10% of a n t ip h a g e  serum. 
We have also tried,  b u t  w i th o u t  success, to t rea t  the spores w ith  a large dose of u l trav io le t  
i r rad ia t ion .  U n fo r tu n a te ly  we failed to select these ß  p rophage-free  clones when the  B . anthra- 
cis Davis ind ica to r  s t ra in  was used according to the above-desc r ibed  m ethod .  Colonies t rea te d  
by different  procedures were therefore  inocu la ted  into a few ml of Y P  b ro th ,  cu ltu red  a n d  cen tr i ­
fuged, a n d  the  su p e rn a ta n t  was in ves t iga ted  for the presence o f  phages .  In  this way  we could 
exam ine  n o t  more t h a n  a few h u n d re d  isolates.

R e su lts

Production o f  p lasm id-free derivatives o f  B . cereus stra in  W . Segregan ts  
which h a d  lost th e  ab il i ty  to  p roduce  bac te r ioc in  were iso la ted  w ith  ease. Fig. 1 
shows t h a t  while th e  wild ty p e  of clones have  a m a rk e d  halo, th e  cin ~ segre­
gan ts  h av e  no effect on th e  in d ica to r  bacteria .

T ab le  I I  lists the  f req u en cy  of cin~  segregants  u n d e r  d ifferent ex p e r im e n ­
ta l  conditions. T he  colonies seeming to be cin  on th e  ind ica to r  p la te s  were 
checked  b y  reisolation. I t  was found  t h a t  a b o u t  2/3 of  these  isolates were  s table , 
e.g. bacteriocin  p ro d u c t io n  could no t  he induced b y  th e  add it ion  of MG. The 
cin  s t ra in s  selected were m a in ta in e d  in the  form of spores.

We a t t e m p te d  to  iso la te  ß  prophage-free  seg reg an t  b y  th e  described 
m e th o d ,  b u t  failed to o b ta in  even a single one from  a b o u t  600 isolates. I t  seems 
t h a t  th e  p rophage  is in te g ra te d  in the  chrom osom e in a s table  form .

Induction  o f  the w ild  type stra in  and the cin derivative under d ifferent 
conditions. In d u c t io n  of wild ty p e  an d  cin~  s t ra in s  w as inves t ig a ted  u n d e r  
d ifferent conditions. MC was ad d e d  in con cen tra t io n s  of 0.1 pg /m l a n d  0.5 
pg /m l to  young  cultures . Sam ples  were ta k e n  a t  in te rv a ls ,  and  th e  n u m b e r  of
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F ig . 1. Replicas on B . m egáterium  MUT-C of colonies fo rm ed  from  spore m a te r ia l  ob ta ined  in 
t h e  p re se n c e  of acridine orange.  T h e  halo a round  the  colonies indicates hac te r io c in  p roduction .  
T h e  colonies  w ithout  halo  are c lones which  have los t  hacter ioc in  ac t iv i ty  ( c in ~ ) .  Original size

Table II

F requency o f  cin segregant in  B . cereus strain W  sporulated under d ifferent conditions

Drug
No. of clones c in lones

examined
No. Per cent

0  (control) 542 0 0

EB 5 (j,g/ml 502 132 26.4
E B  10 /ig iril 561 154 23.3

AO 10 jitg/ml 1141 217 18.7

T h e  e x p e r im e n t  was pe rform ed o n  Y P  b ro th  containing e ithe r  e th id ium  b rom ide  (E B ) 5 /(g/inl 
a n d  10 |«g/ml or acridine o range  (AO) 10 /tg/ml. C ul tiva tion  was m ade  u n t i l  mass sporula tion

h a d  occurred

p la q u e - fo rm in g  un i ts  w as d e te rm in ed  on th e  D av is  in d ica to r  p la te .  Fig. 2 
i l l u s t r a te s  the  findings. S p o n ta n e o u s  in d u c t io n  of p ro p h ag e  ß  of th e  “ wild 
t y p e ”  s t ra in  W was in s ig n if ican t .  I n  the  presence  of 0.1 pg /m l MC, t ran s i t iona l  
lysis  co u ld  be observed, a cco m p an ied  b y  a sign if ican t phage  p ro d u c t io n .  In  
c o n t r a s t ,  0.5 pg/ml MC d id  n o t  increase th e  p h a g e  release in  sp ite  of causing 
a m a r k e d  lysis.
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Fig. 2. P h ag e  ß  p ro d u c t io n  by  fí. cereus s t ra in  W  u n d e r  d ifferen t  conditions. ( In d ica to r :  s tra in  
Davis of  H. anthracis). A. cu ltu re  w ithou t  m i to m y c in ;  B. 0.1 /íg/rnl; C. 0.S fig /m l m itom ycin .

о O D ; •  p .f .u ./m l

Phage-y ie ld  was insignificant in th e  absence  o f  MC. However, in th e  p res­
ence o f  0.1 fig/m l MC, th e  phage ß  yield w as  h ig h er  by 6  e x p o n e n ts .  I t  was 
rem a rk a b le  th a t  in sp ite  of th e  large phage-y ie ld  th e  optical dens i ty  o f  th e  cu l­
tu re  did n o t  change. In  th e  presence of 0.5 //g/ml MC, phage release was no t  
m ore sign if ican t th a n  in  th e  cu ltu res  w i th o u t  MC, a lthough  growth was re ta rd e d
(Fig. 3).
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F ig . 3. P h a g e  production  b y  s t r a in  B. cereus W  c in~  u n d e r  different  conditions.  ( In d ic a to r :  
s t r a in  D a v is  o f  B. anlhracis). A. cu l tu re  w i th o u t  m ito m y c in ;  B. 0.1 дог/ml; C. 0.5 /xg/m l m i to ­

m y c in .  о = OD; •  =  p .f .u ./m l

T h e  culture  fluid of  t h e  wild ty p e  s tra in  w i th o u t  MC displayed a b ac te r io -  
cin e f fe c t  a t  a t i t re  of 1 : 100, similarly  to  t h a t  found  when 0.1 fxg/m l MC was 
a p p l ie d .  I n  contrast ,  w hen  0.5 //g/ml MC was p resen t ,  even 1 : 3200 d i lu t io n  
o f  t h e  ly s a te  had an a n t ib a c te r ia l  effect.

T h e s e  results suggest t h a t  a t  least tw o p lasm ids  m ay  occur in th e  wild 
t y p e  s t r a in .

Iso la tion  o f phage w x. T h e  lysa tes  o b ta in e d  from  s tra in  W u n d e r  d iffe ren t  
c o n d i t io n s  were im p lan ted  in cin~  in d ica to r  cells, according to  th e  u sua l
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Fig. 4. P laq u es  of phage wx on cin  ind ica to r  strain.  Besides num erous  tu rb id  p laq u es  2 clear 
m u ta n t s  are seen ( indicated  by arrows). Original size
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Fig. 5. P laques  of phage  ß  on s tra in  Davis of  H. anthracis (X  1.5)

m e th o d  of phage-assay . T h e  n u m b e r  of p.f .u . was de te rm in ed  s im u ltaneous ly  
w ith  D av is  bacteria .  A p p ea ran ce  and  m orphology  of th e  p laques  fo rm e d  on the 
c in ~  in d ica to r  depended  g rea t ly  on th e  m ed ium  applied . On Y P  m ed ium , a 
large  n u m b e r  of tu rb id  p laq u es  1 .0— 1.5 m m  in d iam e te r  were fou n d .  These 
p laq u es  were different from  th o se  which h ad  form ed on D av is  in d ic a to r  plates 
(see Figs 4 and  5). W hen  B P Y  m ed ium  was used, no p la q u e - fo rm a t io n  was 
observed  in the  presence of  cin~  ind ica to r .  C erta in  ca tions seem to  be necessary  
for p h ag e  p ropaga tion ;  th is  was clearly  shown when  B P Y c j  a n d  B P Y e 2  media
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w ere  u se d ,  when a sim ilar  p laq u e - fo rm a tio n  re su l te d  as on Y P  agar.  W hen  the  
B P Y  a g a r  was su p p le m e n te d  w i th  incinerated  R e a n a l  pep to n e ,  th is  p rov ided  
th e  c a t io n s  necessary for th e  fo rm a tio n  of th e  ch a ra c te r is t ic  p laques  seen on Y P  
a g a r .

T h e  phages differed in  th e i r  antigenic s t ru c tu re ,  too . P hage  ß  could  he 
n e u t r a l i z e d  by its h o m o lo g o u s  serum, in c o n t r a s t  to  th o se  phages which 
g a v e  t u r b i d  plaques on c in ~  ind ica to r  plates.

T h is  means th a t  tw o  p h a g e s  were p resen t  in t h e  ly sa te  which differed in 
b o th  an t ig en ic  s tru c tu re  a n d  h o s t  specificity; one o f  these  was th e  well-known 
ph  ag e  ß  while the  second  p h a g e  was designated  as w x.

I t  should be stressed t h a t  phage  wx only fo rm ed  p laques  on cin  bac te r ia ,  
w h ic h  con ta ins  prophage  ß, a n d  thus  is im m une  to  its veg e ta t iv e  phage.

T h e  ra t io  of phages ß  a n d  w x  in ind iv idual ly sa te s  differed accord ing  to  
th e  co n c e n tra t io n  of m y to m y c in  C used for in d u c t io n  (see Tab le  I I I ) .

Table III

P .f.u ./m l o f  phages w x  and ß  in the lysates o f  B . cereus strain W

Mitomycin C added to  the culture
X xingc strain

0.1 /ig/ml 0.5 //g/inl 0

ß D av is 4 X 1«“ 1.5 X 10s 2 X Ю5
W X c in  ~ 4 X 105 2.3 X 10J 2 X 106

P h a g e  wx was n o t  e f fec t iv e  e ither on th e  d if fe ren t  w ild - type  isolates of 
B. cereus  or the 11 B. cereus s t r a in s  described p rev io u s ly  [6 ]. S imilarly, s tra ins  
o f  B. anthracis  were n o t  a t t a c k e d .  The host ran g e  o f  w x  will be described  in 
c o n n e c t io n  with its c lear m u t a n t ,  since th e  ly sa te  c o n ta in in g  phage  w x  was 
a s s o c ia te d  w ith  bac te r ioc in  w h ic h  often re su lted  in  m is ju d g em en t .

Characteristics o f  the fo rm a tio n  o f  clear plaques (wxc). L ysa tes  of s t ra in  W 
in d u c e d  with  MG alw ays c o n ta in e d  a fewr clear p la q u e s  in  ad d i t io n  to  tu rb id  
one in  cin  indicator p la te s .  T h e  morphology of th is  p la q u e  is clear a n d  a t  the  
edges  t h e  lysis is incom ple te  (F ig .  6 ). The in d iv id u a l  p laq u es  m easure  3—7 m m  
in d ia m e te r .  This typ ica l  m o rp h o lo g y  could be  o b se rv ed  w hen  b o th  Y P  and  
B P Y e 2  m ed ia  were used. I t  w a s  s trik ing t h a t  on occasions even a f te r  24 h r  a 
p in h e a d -s iz e d  secondary c o lo n y  developed in th e  m id d le  of  th e  p laque. A sporu- 
l a t e d  sam p le  was ta k e n  f ro m  t h e  secondary g ro w th  a n d  p h ag e  c o n tam in a t io n  
w as  in a c t iv a te d  by  hea t .  W h e n  th is  was used as an  in d ic a to r  s tra in ,  i t  tu rn e d  
o u t  t o  b e  completely r e s i s t a n t  to  phage w x. T h e  h o s t  ran g e  of th e  wxc phage 
s u s p e n s io n  was d e te rm in ed  w i th  num erous s t ra in s  of  th e  bacillus species. 
T h e  p h a g e  suspension was d i lu t e d  to  contain  1.6 X 10‘ v ir ions p e r  0.02 ml. The 
97 s t r a in s  listed in Table  I  w e re  exam ined  b y  in o cu la t in g  th e  d i lu ted  suspension
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of bac te r ia  onto  Y P  p la te  agar,  a f te r  w hich  d ro p s  of phage were app lied .  I t  
was s tr ik ing  t h a t  none  of  th e  n um erous  s t ra in s  o f  d ifferen t Bacillus  species were 
sensitive to  phage  wxc.

I t  m u s t  he p o in ted  o u t  t h a t  w hen  th e  sen s i t iv i ty  of B . anthracis s tra inë  
was te s ted ,  t he p h a  ge suspension was t r e a te d  w i th  W « an tiphage  se ru m , and 
th u s  th e  phage  W ( 1  v ir ions occurring in th e  ly sa te  had  been neu tra l ized .

Fig. 6. P la q u es  of phage  wxc on B. cereus W  c in ~  bacter ia .  Original size

All cin~  b a c te r ia  inc luded  p rophage  ß ,  a n d  this^suggested t h a t  i ts  p re s ­
ence m ig h t  su p p o r t  p ro p ag a t io n  of phage  w x. S tra in s  of B . anthracis (YR and  
S te rn e  18— 74) were therefo re  lysogenized w i th  p h a g e  ß  and  infected  w ith  wxc; 
even  in th is  case ph ag e  wxc  failed to  p ro p a g a te .

P h ag e  wxc res is ted  b o th  IlN A -ase  a n d  D N A -ase ;  when it  was p la te d  w ith  
cin~  b ac te r ia  in  a so f t-aga r  layer  co n ta in ing  e i th e r  5 p g /m l R N A -ase  or  50 
pg /m l D N A -ase, th e  n u m b e r  of  p laques  w as iden t ica l  w ith  t h a t  o f  a contro l 
p la te .  T he  t l ie rm o lab i l i ty  of  th e  ag en t  is also a  p ro o f  in  favour  of  th e  phage  
n a tu re  (see Fig. 7).

P h ag e  w x  can  be considered a w ild - type ,  a n  allelic m u ta n t  o f  w xc. The 
hom ologous se rum  of phage  wxc neu tra l ized  th e  w x  a n d  wxc virions to  th e  sam e 
e x te n t .

Production o f  phage w x. A conven ien t  m e th o d  for o b ta in ing  w ild - type  
v ir ion  w x  was to  induce  a growing cu ltu re  of  s t r a in  W  w ith  0.5 p g /m l MC. The
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MINUTES

F ig . 7. H e a t  inac t iva tion  o f  phages  ß  and  wxc. T he  lysa tes  were diluted 1 : 10 w i th  0.02m
p h o sp h a te  buffer  p H  7.2

p .f .u .  v a lu e  of this ly sa te  w as  a b o u t  1 0 6/m l, a n d  could easily be increased  by 
u l t r a c e n tr i fu g a t io n .  T h e  u su a l  soft-agar m e th o d  was applied to  o b ta in  a wxc 
p h a g e  suspension. A b o u t  10 3  phage  par tic les  w ere  m ixed w ith  cin~  b ac te r ia  
in to  t h e  soft-agar layer. T h e  in d ica to r  b ac te r ia  were  lysed overn igh t.  T h e  soft- 
a g a r  l a y e r  was scraped off  in to  saline con ta in in g  2 0 %  Y P  b ro th ,  u n d e r  v igorous  
sh a k in g  a n d  then  cen tr ifuged . I n  th is  w ay  a b o u t  1010/m l p.f.u. o f  wxc a n d  5 X Ю4 

p h a g e  ß  were found in th e  ly sa te .  Hence, t h e  concen tra t io n  of th e  w xc  v irions 
w as a b o u t  5 orders h ig h er  t h a n  t h a t  of p h a g e  ß.

Discussion

B . cereus s tra in  W  carries  a p ro p h ag e  ß  [1 -3 ] ,  and  w hen  in d u c e d  to  
lysis a bacteriocin  is re leased  which is iden t ica l  w ith  phospho lipase  A [6 ]. 
D u r in g  th e se  investiga tions a new fac to r  has  b een  observed, a p ro p h a g e  desig­
n a t e d  ivx . P rophage w x  can  be induced  by  o th e r  conditions th a n  those  u sed  for 
p ro p h a g e  ß. There is no d o u b t  t h a t  th e  tw o p ro p h ag es  represen t  tw o  d iffe ren t  
gen e t ic  entities . The a n t ig e n ic  s t ru c tu re  a n d  som e o the r  cha rac te r is t ic s  of 
th e i r  v ir io n s  are com ple te ly  different. The m o s t  s tr ik ing  fea tu re  of  p h a g e  wx  
is i t s  e x t ra o rd in a ry  hos t-specif ic ity .  N um erous  s t ra in s  belonging to  t h e  genus 
B acillus  were no t a t ta c k e d ,  ex cep t  for a d e r iv a t iv e  of  B. cereus s tra in  W , which 
does n o t  p roduce b ac te r ioc in .  F or  th is  reason  it  seems reasonable  to  den o te  
th e  p ro p h a g e  in ques tion  w i th  th e  a t t r ib u te  “ c ry p t ic ” .
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