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Sum m ary. Five o u t  o f  a num ber o f B a cillu s  cereus s tra in s  iso la ted  from  soil p roduced  
h igh  t i t r e  specific b a c te rio c in  (m egacin A ) in  m itom ycin  C -induced cu ltu res . In  th e  course 
o f c u ltiv a tio n  w ith  e th id iu m  brom ide, th e  s tra in s  gave off seg reg an ts  no t p roducing  b a c ­
terio cin  (c in ~ ) .  The ly sa te  o f two wild s tra in s  form ed p laques on  th e  corresponding cin~  
b ac te ria . T he two phages (w x 23 and w x26) w ere iden tica l in a n tig e n ic  s tru c tu re  w ith  phage 
w x  p re se n t in the  ly sa te  o f B . cereus s tra in  W , an d  converted  c in ~  d e riv a tiv e s  in to  cu ltu res 
p ro d u c in g  m egacin A (p h o spho lipase  A). T h e  p h ag es produced  p laq u es a t  26°C b u t no t a t 37°C. 
In  th e  ly sa te s  of the  re m a in in g  th ree  s tra in s  p h ag es were no t d e te c te d  w ith  biological and  m o r­
pholog ical m ethods; these  cu ltu res  have b een  assum ed  to carry  de fec tiv e  p rophage genom e. As 
th e  co rresponding  p ro p h ag es are  responsib le  fo r th e  d e te rm in a tio n  of inducib le  phospholipase  
A p ro d u c tio n , phages n a m e d  w x  seem to  fo rm  a separate  group  of B . cereus phages.

S tra in  Bacillus cereus W , iso la te d  b y  McCloy [1], p roduces a fte r UV 
or m itom ycin  C (MC) in d u c tio n  a b ac te rio c in  identical in a n tib a c te ria l sp ec tru m  
w ith  m egacin  A (phospho lipase A) [2]. In  the  lysa te  o f th e  s tra in  tw o phages 
(w an d  wx) have been  d e tec ted  w ith  a p p ro p ria te  in d ic a to r  cu ltu res [3]. Phage 
w x  carries th e  in fo rm atio n  for phospho lipase  A p ro d u c tio n , th u s  it  corresponds 
to  a converting  phage [4].

A m ong several dozens of B. cereus s tra in s  m a in ta in ed  in our collection, 
beside s tra in  W , on ly  one, Y8, c o n ta in e d  in its ly sa te  a su b s ta n tia l am o u n t 
of m egacin  A to g e th e r w ith  phage w  [2]. As Y8 is an  old lab o ra to ry  s tra in , 
co n tam in a tio n  w ith  B . cereus W s tra in  could no t be excluded . In  th e  p resen t 
w ork i t  has been s tu d ie d  (i) w h e th e r m egacin А-p ro d u c in g  cu ltu res can be 
iso la ted  from  soil; (ii) w h e th e r these  cu ltu res  con ta in  a p rophage responsible 
for m egacin  A p ro d u c tio n .

M aterials an d  m ethods

Phages and bacterial stra ins. Phages iso la te d  from  B . cereus s tra in s  were d esignated  
w ith  th e  reg is tra tio n  n u m b e r o f th e  co rresp o n d in g  stra in . As th e  p h ag es were v e ry  sim ilar 
in p ro p e rtie s  to  phage w x  o f B . cereus W, th e  la t t e r  was regarded  as th e  p ro to ty p e  of phages 
co n v ertin g  to phospholipase  A  p ro d u c tio n . A ccordingly , th e  c o n v ertin g  phages iso lated  
from  B . cereus s tra ins 23 a n d  26 were n a m e d  w x 23 and  w x26, re sp ec tiv e ly .

P la q u e  p ro d u c tio n  b y  th e  phages w a s  exam ined  on a n u m b e r o f s tra in s  belonging 
to d iffe ren t species of th e  g en u s B acillus: 40 B . cereus, 13 B. th u rin g ien sis , 5 B. liehe nifor m is, 
4 B . subtilis  (M arburg), 5 B . aterrim us and  5 B . niger [3]. For th e  d e te c tio n  of an th rax -specific  
phages, B . anthracis s tra in s  S te rn e  and D av is  w ere used  as in d ica to rs .
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Culture media and  phage buffer. M edium  Y P  w as p rep ared  as desc rib ed  earlie r [5]. 
P h a g e  t it ra tio n  was ca rried  o u t on B P Y ej m ed iu m  [3]. M egacin A  (phospho lipase  A) was 
iso la te d  from  cu ltu res g ro w n  in  BCM m ed iu m  p re p are d  w ith  0 .1%  y e a s t e x tr a c t  and supp le­
m e n te d  w ith  th iam ine  (1 |xg/m l) and  glucose (0 .2% ) [4]. The c o n c e n tra te d  phage m ate ria l 
w as suspended  in th e  b u ffe r  o f R a bu ssa y  et al. [6].

Preparation o f  phage m aterial and titra tion  o f  phages. M C -induced ly sa te s  o f B. cereus 
w ild  s tra in s  were co llected  fro m  p laques fo rm ed  on  th e  hom ologous cin~  cu ltu res  by  scraping 
o ff th e  so ft agar lay e r in to  5 m l m edium . A fte r cen trifu g a tio n  th e  s u p e rn a ta n t  was filte red  
a n d  m ixed  to  a soft a g a r  suspension  of th e  co rresponding  cin~  b a c te r ia  a n d  poured  over 
so lid  ag ar p late  as d esc rib ed  in th e  p reced ing  p a p e r [7]. In c u b a tio n  w as done a t 26°C for 
24 h r , w hen  necessary , th e  phage m a te ria l w as c o n cen tra ted  as desc rib ed  b y  Yamamoto 
et al. [8]. In  th is m an n e r  10s p .f.u ./m l p h ag e  m ate ria l was p roduced .

Phage sensitiv ity  o f  stra ins. T he p h ag es w ere d ro p p ed  a t  10_1, 10 -2 a n d  10-3 d ilu tion  
o n to  so ft agar layer co n ta in in g  th e  b a c te ria .

Cured isolates. T h e  c in ~  d e riv a tiv e s  o f  bacterio c in -p ro d u c in g  w ild  s tra in s  were o b ­
ta in e d  by  cu ltu ring  th e  la t t e r  in th e  p resence of e th id iu m  b rom ide u n til  sporu la tion  had  
o c cu rre d . D erivatives n o t  p ro d u c in g  b ac terio c in  w ere iso lated  from  th e  spore suspension as 
d e sc rib ed  in reference [3].

A ssa y  o f megacin A  production. T he cu ltu res  w ere shaken  in  100 m l y eas t e x tra c t-  
BCM  m ed iu m  in 1 l itre  E rlen m ey e r flask s a t  37°C on G y ro to ry  S h ak e r (New B runsw ick 
S c ien tific  Co.) a t 350 r .p .m . u n til  0 D e20 =  0.25 h a d  been  reached . T h en  0.5 fxg MC was ad ded  
p e r  m l m edium  and  th e  c u ltu re  was in cu b a ted  u n til  lysis h a d  occurred . A fte r  c en trifu g a tio n  
a t  10 000 g and 4°C fo r 30 m in  in th e  M SE h igh  speed cen trifuge, to  th e  clear su p e rn a ta n t 
a m m o n iu m  su lphate  w as ad d ed  to  0.7 s a tu ra tio n  u n d e r co n tinuous co rrec tio n  of th e  p H  
to  7.0. A fter the  a m m o n iu m  su lp h a te  h a d  com ple te ly  d issolved, th e  liq u id  w as re frig e ra ted  
fo r  1 h r. The p re c ip ita te  w as cen trifuged  a t  15 000 g an d  th e  d ep o sit w as dissolved in 2 m l 
o f 0.75 M NaCl and  th e  in so lu b le  frac tio n  w as rem oved  b y  c en trifu g a tio n . M egacin A t i t r e  
o f  th e  concentra tes w as d e te rm in e d  as described  elsew here [2] on in d ic a to r  s tra in  B. mega- 
te r iu m  MUT-C.

Phospholipase a c t iv i ty  in  th e  c o n ce n tra ted  ly sa tes  was m easu red  w ith  th e  hy d ro x - 
a m a te  m ethod  [4] m o d ified  as follow s. As su b s tra te , L -a-lecithin (sy n th e tic , d ipalm itoy l, 
F lu k a )  was used a t  1 fxg/ml co n cen tra tio n  in 1 m l assay  system . On th e  basis  of p re lim in ary  
e x p e rim e n ts , 3 -4  u n its  o f enzym e w ere ad d ed  to  th e  system  in 0.1 m l v o lu m e; to  tw o o th e r  
a ssa y  system s a h a lf  a n d  a  q u a r te r  o f th is  am o u n t w ere added . H y d ro ly sed  este r bonds w ere 
ex p ressed  in [rEq c a lcu la te d  w ith  th e  fo rm u la  used  in  p rev ious e x p e rim e n ts  [4]. One u n it  
o f  th e  enzym e co rresp o n d ed  to  an  a m o u n t b reak in g  dow n one [xEq e s te r  bo n d  a t  37°C in 
30 m in . Specific enzym e a c t iv ity  c a lcu la ted  fo r 1 m g p ro te in  w as m ea su re d  by  th e  m eth o d  
o f L o w ry  et al. [9].

E nzym e a c tiv ity  o f  th e  co n cen tra tes  w as iden tified  b y  th in  la y e r  ch ro m ato g rap h y . 
P h o sp h a tid y l e th an o lam in e  (sy n th e tic  d ip a lm ito y l, A g rade, C albiochem ) w as used as su b ­
s t r a te .  Id en tifica tio n  o f  p hospho lipase  A a c tiv ity  w as based  on th e  m eth o d  of Ga ll a i- 
H a tch ard  and T h o m pso n  [10] m odified  as follow s. T he su b s tra te  w as em ulsified  a t  1 m g/m l 
in  0.05 м Tris b u ffer (p H  8.0) su p p lem en ted  w ith  sodium  deo x y ch o la te  (250 p.g/ml) an d  
C aC l2 (10 т м ) ,  in an  M S E  U ltraso n ic  P ow er U n it. All co n cen tra tes  w ere te s te d  in th ree  assay  
sy s te m s contain ing  th e  en zy m e in g ra d u a lly  decreasing  am o u n ts. To 0.5 m l em ulsion 2-3  
u n i ts  o f enzym e c o n c e n tra te  w ere ad d ed  in 0.1 m l vo lum e; th e  second a n d  th ird  assay system s 
c o n ta in ed  ha lf and  q u a r te r  o f th is  a m o u n t, re sp ec tive ly . In c u b a tio n  a t  37°C las ted  fo r 30 
m in , th e n  chloroform  e x tra c t io n  an d  o th e r  p rocedures were perform ed as described  by  Ga l l a i- 
H a tch a rd  and T h o m pso n  [10]. C h ro m ato g rap h y  w as done in  Silica gel G (Merck) th in  
la y e r  (0.25 mm).

Lysogenic conversion. T he ly sa te  p re p a re d  from  th e  p a re n t s tra in  w as d ropped  u n d ilu te d  
a n d  d ilu ted  to 10- 1 a n d  1 0 -2 on to  so ft ag ar lay e r in o cu la ted  w ith  th e  hom ologous c in~  
b a c te r ia . The cu ltu re  w as in cu b a ted  a t  26°C fo r 24-48  h r, th en  th e  p laq u es  were suspended  
in  a  few  ml of saline a n d  h e a te d  a t  75°C fo r 10 m in . G radual d ilu tio n s o f  th e  hea ted  spores 
w ere added  in 0.1 m l v o lu m e to  a m ix tu re  co n ta in in g  1 m l B. m egaterium  MUT-C cu ltu re  
a n d  1 m l agar. A fte r in c u b a tio n  a t  37°C th e  ra tio  o f colonies w ith  a n d  w ith o u t clear zone 
w a s  calcula ted . In  liq u id  m ed iu m  th e  tim e  course o f conversion w as d e te rm in e d  as described  
in  [4], excep t th a t  th e  sy s tem  was in cu b a ted  a t  22-24°C. All e x p e rim e n ts  were p e rfo rm ed  
in  p a ralle l in system s co n ta in in g  ch lo ram phen ico l (250 p.g/ml).

Electron m icroscopic exam ination . P h ag es и>д;23 and  wx26, p ro p a g a te d  on soft a g a r 
a n d  ex trac ted , w ere c en trifu g ed  an d  filte red . T he e x tra c t  was c o n c e n tra te d  as described b y  
Y amamoto et al. [8] th e n  p u rified  w ith  cyclic u ltra ce n trifu g a tio n . 11. cereus s tra ins 22, 27
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and  28, w h ich  failed  to give p laq u e s  on th e  hom ologous cin~  s tra in s , w ere in d u ced  w ith  MC, 
filte red  a n d  co n cen tra ted . A fte r  u ltra c e n tr ifu g a tio n  th e  m ate ria l w as su sp en d ed  in  one h u n ­
d re d th  of th e  orig inal vo lum e a n d  m o u n ted  on  carb o n -im p reg n a ted  F o rm v ar-film  p laced  on 
L K B  grids. T he p re p a ra tio n s  w ere s ta ined  w ith  2 %  u ra n y l ace ta te  an d  exam in ed  in  a JE O L  
100 В e lec tro n  m icroscope a t  80 kV.

R esu lts

Isola tion  o f B . cereus strains and screening fo r  megacin A  production . 
The s tra in s  iso lated  from  soil specim ens w ere selected  on th e  basis o f colonial 
m orpho logy . A fter n eed le -p o in t in o cu la tio n  on to  agar p la te s  th e  cu ltu re s  were 
grow n a t room  te m p e ra tu re  for 12—16 h r th e n  rep lica ted  b y  th e  ve lv e teen  
s tam p  m e th o d  and  ir ra d ia te d  w ith  UV lig h t for 15 s. A fte r in c u b a tio n  a t  37°C, 
colonies w ith  clear zone w ere rc iso la ted  a n d  exam ined  for m orphological and 
biochem ical ch a rac te ris tic s  as described b y  Smith et al. [11] and  for m in im um  
n u tr ie n t req u irem en t [12]. Dozens of iso la tes show ing th e  ch a ra c te ris tic s  of 
B . cereus w ere exam ined  fo r b acterioc in  p ro d u c tio n  in  th e  presence of MC. 
The m a jo rity  p roduced  b ac te rio c in  in  s lig h t am o u n ts; 5 s tra in s  p ro d u c in g  
m ore th a n  400 U /m l w ere s tud ied  fu r th e r . S tra in  B . cereus W  w as used  as 
contro l.

Segregants producing no bacteriocin. D eriv a tiv es  w ere o b ta in ed  from  B . 
cereus iso la tes 22, 23, 26, 27 and  28 b y  cu ltu rin g  th e m  in  th e  presence of 
e th id iu m  brom ide [3]. T hese “ cu red”  d e riv a tiv e s  were d esig n a ted  as cin~  
cu ltu res.

Phages detectable in  the lysates o f  B . cereus strains. T he  ly sa te  o f p ro to ­
ty p e  s tra in  B . cereus W  in  ad d itio n  to  c o n v e rtin g  phage w x, co n ta in s  p hage  ß 
w hich ac ts  on B . anthracis  s tra in s  [3]. O n ly  tw o  of th e  5 B . cereus s tra in s  
selected  on th e  basis o f b ac te rio c in  p ro d u c tio n  were show n to  co n ta in  in th e ir  
lysa tes co n v ertin g  phages (wx23  and  w x26). T he tw o phages w ere ch a rac te rized  
by  p ecu lia r th e rm o se n s itiv ity . A t 37°C th e y  failed  to  p roduce  p laques on th e  
hom ologous cin~  b a c te ria . The o p tim um  te m p e ra tu re  for p laq u e  p ro d u c tio n  
was 26°C. I t  was s tr ik in g  th a t  p laque p ro d u c tio n  was a b se n t even a t  26°C 
if th e  phages h ad  been in c u b a te d  a t  37°C in  so ft agar lay e r to g e th e r  w ith  th e  
in d ica to r  cu ltu re . A ccord ing ly , it  m ay  be assum ed th a t  phages wx23  and  
wx26  are th e rm o sen sitiv e , a lth o u g h  th e ir  v eg e ta tiv e  form s to le ra te d  h igher 
te m p e ra tu re s  well: a t  45°C for 60 m in th e  phage ly sa tes show ed no decrease 
in t itre .

In  th e  lysa tes of th re e  B . cereus s tra in s  s ligh t am o u n ts  o f ce rta in  phages 
were also d e tec ted ; these  failed  to  ac t on B. anthracis D av is, b u t  p roduced  
plaques on B . anthracis S te rn e  (CN 18-74). These phages will be described  in 
a su b seq u en t paper.

P hages 10*23 and ivx26  exerted  no ac tio n  on various B acillus  s tra in s  
e ith er a t  37°C or a t 26°C.
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On B P Y ex m ed iu m  in o cu la ted  w ith  th e  hom ologous cin~  s tra in s , phages 
wx23  and w x26 p ro d u ced  tu rb id  p laques ab o u t 1 m m  in d iam ete r w ith  p in ­
poin t-sized  clear cen tre . B o th  phages p ro d u ced  a few , seem ingly  clear p laques 
w hich, how ever, y ie ld ed  no clear m u ta n ts  on su b c u ltiv a tio n .

Phages wx23  an d  wx26  w ere closely s im ila r in  an tig en ic  s tru c tu re  as 
P h a  ges wx  an d  w xc  o f B . cereus W . The К  v a lu e  fo r th e  im m une serum  p re ­
p a re d  w ith  phage wxc  w as 45 ag a in s t th e  hom ologous p h ag e ; th e  co rrespond ing  
va lu es  for phages wx23  an d  wx26  were 43 an d  41, re sp ec tiv e ly . S u b cu ltu rin g

F ig . 1. E lec tro n  m icroscopic p ic tu re  o f phage wx23

o f th e  p laques o f phages tvx23 and  ivx26 gave few p laq u e  form ing u n its . The 
p laques in soft a g a r  w ere scraped  off, su spended  in cu ltu re  m edium  and  sh ak en  
v igorously  b y  h a n d  for 5 m in. The e x tra c t w as te s te d  on th e  hom ologous cin~  
cu ltu re  for th e  re leased  n u m b er of p laque fo rm ers. The n u m b er of p .f.u . p er 
p laq u e  was 4 x l 0 5 fo r wx23  an d  105 for wx26.

Electron microscopy. The ly sa te  of B . cereus s tra in s  23 and  26, te s te d  
on hom ologous cin~  cu ltu res , show ed th e  p resence of p laq u e  form ers. E le c tro n  
m icrographs (F igs 1 an d  2) p rep a red  from  th e  co n cen tra tes  of th e  tw o phages 
revealed  В -ty p e  phages accord ing  to  B r a d ley ’s classifica tion  [13]. T he size 
o f phages w x23 a n d  w x26 is show n in T able I . T he phages w ere sim ilar in  m o r­
phology to  th e  co n v ertin g  phage and  its clear m u ta n t  o f B . cereus W , b u t  th e y  
differed so m ew hat from  th e  la t te r  in size (the  h ead  o f wxc is 73 nm  in d iam e te r  
and  the  leng th  o f its  ta il  is 153 nm  [4]). In  th e  co n cen tra tes  of phages wx23  
an d  wx26 a n u m b e r  of ta illess em p ty  phage heads w ere seen (Fig. 1). T his 
observation  an d  re su lts  show ing th e  low ra tio  of p laq u e  form ers in th e  p hage
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p o p u la tio n , are in  co rre la tio n  and  in d ica te  a low degree of to lerance  o f th e  
phages to  m echan ical in ju ry .

In  th e  co n c e n tra ted  lysa te  of th e  rem ain in g  th re e  B . cereus s tra in s  22, 
27 an d  28, rep e a te d  elec tron  m icroscopic ex am in a tio n s failed  to  d e tec t in ta c t  
or defec tive  phage s tru c tu re s . This w as in  ag reem en t w ith  th e  failu re  o f bio-

Fig. 2 . E lec tro n  m icroscopic p ic tu re  of phage wx26

Table I

Size o f  the structural elements 
o f  phages w x23 and wx26

Structural element, nm wx23 wx26

D iam eter of head 100 64

L en g th  of tail 210 160

logical te s ts  to  show  p laq u e  form ers on hom ologous cin~  s tra in s  and  w ith  th e  
fac t th a t  ly sa tes  of th e se  stra ins caused no lysogenic conversion.

Converting capacity o f  the lysates o f  B . cereus cultures. As show n in T ab le  
I I ,  all cin~  d e riv a tiv es  includ ing  th a t  o f B . cereus W , w ere te s ted  ag a in s t all 
ly sa tes. P laq u e  fo rm a tio n  and  conversion were h igh ly  stra in-specific  in  case 
of phages i v x  and  wx23. Phage wx26  ex h ib ited  a less specific b eh av io u r as i t
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Table II

Characteristics o f  crude lysates o f  В . cereus strains

B . cereus 
strain

Bacteriocin
U/ml*

Phage
p.f.u./ml*

Plaque production and lysogenic conversion by crude lysates 
of the cured strains

22 cin 23 c in~ 26 cin~ 27 cin 28 cin~ W  cin~

22 800 0 — — — — — _
23 2000 3 x l 0 5 — p.c. — — — —

26 2000 8 X 105 p.c. — p.c. — p.c. —

27 3200 0 — — — — — -

28 2000 0 — — — — — —

W 3200 2 X 105 — — — — p.c.

* L ysate  o f in d iv id u a l s tra in s  grow n in  BCM  +  y east e x tra c t m ed ium . In ten s iv e  
g y ra tio n  (in G y ro to ry  S h a k e r, New B runsw ick , 350 r .p .m .)  in th e  presence of 0.5 pg/m l o f MC

р. =  p laque fo rm a tio n  on in d iv id u a l c in ~  s tra in s
с. =  conversion  o f c in ~  s tra in s
— =  n e ith e r p la q u e  fo rm atio n  on, no r lysogenic  conversion of, th e  cu red  s tra in s  
0 =  no p laq u e  fo rm a tio n  on hom ologous c in ~  s tra in

p ro d u ced  p laques o n , an d  conversion of, n o t only  th e  hom ologous b u t  also 
tw o  o th e r cin~  b a c te r ia .

The tim e course  o f conversion b y  phages w x23 an d  w x26 is seen in  
T ab le  I I I .  H om ologous cin~  b a c te ria  in  th e  exp o n en tia l phase o f g row th  were 
in fe c te d  w ith 5 m .o .i. an d  th e  degree o f conversion  was d e te rm in ed  a t  22°C

Table III

Conversion rate (p e r  cent)  and number o f  colony form ers ( W j m l )  in  P B Y e 1 m edium  
in  presence and absence o f  chloramphenicol 

m .o.i.: 5 pe r co lony  form ers

System
Assay for CA

Time in minutes at 22°C

bacterium phage 0 15 30 60 120 600

23 cin~ гсх2Ъ conversion — 0 8 30 40 90 100

+ 0 0 0 1 2 2

23 cin~ colony form ers — 1.2 2.0 2.5 5.0 5.5 8.2

+ 1.0 1.2 1.3 1.0 1.5 1.2

26 cin~ w x  26 conversion — 1 10 45 70 90 100

+ 0 0 0 2 2 2

26 cin~ colony form ers — 1.2 1.5 2.0 2.5 4.2 8.0

+ 1.6 2.0 2.0 2.0 2.0 2.0

CA =  ch lo ram p h en ico l: — nil, +  250 p.g/ml
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in  th e  presence a n d  absence of ch lo ram phen ico l. The n u m b e r o f colony fo rm ­
ing  u n its  was d e te rm in ed  in  p ara lle l ex p erim en ts. E x p o n en tia l phase b ac te ria  
show ed 100%  conversion  in  5 h r, w hereas w ith  ch lo ram phen ico l th e  conversion 
ra te  w as only  1—2 % . On th e  basis o f ex p erim en ts  w ith  p h ag e  ivx [7] i t  w as 
ev id en t th a t  phages w x23  an d  wx26  co n v erted  th e  hom ologous cin~  b ac te ria  
m ore rap id ly  th a n  d id  ivx its  cin~  cu ltu re . In  th e  presence o f  ch loram phenico l 
none of these  p h ag es co n v erted  th e  cu ltu res  to  phospho lipase  A p ro ­
du c tio n  (Table I I I ) .  In  ag reem en t w ith  p rev ious find ings [7], i t  would ap p ear 
th a t  th e  recep to r fo r th e  tw o phages, s im ila rly  as th e  re c e p to r  for ivx, is 
p ro d u ced  only in  a c tiv e ly  grow ing b a c te ria  and  no a d so rp tio n  occurs in 
re s tin g  cells.

E xam ina tion  o f  concentrated lysates o f  B . cereus strains and  demonstration  
o f  the identity o f  bacteriocins w ith  phospholipase A .  The co n c e n tra tes  con ta ined  
10 000-60  000 u n its  o f b ac te rio c in  (m egacin A). As seen in  T able IV , th e  
degree of co n cen tra tio n  v a ried  from  s tra in  to  s tra in .

Table IV  show s th e  phospho lipase A c o n te n t and  th e  specific a c tiv ity  
o f th e  co n cen tra tes . All co n cen tra tes  were su b jec ted  to  th in  la y e r  ch rom atog ­
ra p h y  in  order to  co n firm  th e  presence o f phospholipase A. F ig . 3 shows th e  
cleavage of th e  c o n c e n tra ted  ly sa te  of B . cereus s tra in  27 on  ph o sp h a tid y l 
e th an o lam in e . As ly so p h o sp h a tid y l e th an o lam in e  was n o t av a ilab le , th e  ly sa te

Table IY

Bacteriocin ( ‘‘‘‘megacin A ” )  and phospholipase A  activity  o f  concentrates obtained 
fro m  lysates o f  B . cereus strains

Strain Protein,
mg/ml

Megacin A titre, 
U/ml

Specific megacin A 
activity

Phospholipase A 
activity, U/ml

Specific enzyme 
activity

22 1.62 10 000 6 300 480 295

23 1.30 10 000 7 700 440 338

26 2.75 30 000 11 000 1440 525

27 4.10 60 000 14 500 2120 515

28 1.00 20 000 20 000 600 600

W 3.74 60 000 16 000 1440 385

from  B . cereus W  w as used  as a con tro l of phospho lipase A a c tiv ity . The co n ­
c e n tra te d  lysa tes of th e  five  s tra in s  exam ined  an d  of B . cereus W  were sim ilar 
in  th e  o rder of specific  a c tiv ity  fo r phospho lipase  A.
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F ig . 3. T hin  lay er c h ro m a to g ra p h y  fo r id en tif ic a tio n  of phosp h o lip ase  A a c tiv ity  o f th e  
co n cen tra tes . So lven t, ch loroform  : m e th a n o l : w a ter (65 : 25 : 4 v /v ). D e tec tio n : iodine 
v a p o u r  followed b y  s ta rc h  so lu tion  tr e a tm e n t  o f th e  silica gel lay e r. 1. L -phosphatidy l e th an o l- 
am ine  (d ipalm itoy l). 2. A c tio n  of c o n c e n tra te  on  B. cereus W  s tra in . 3 -5 . Serial tw ofold  
d ilu tio n  was m ade of th e  b asa l d ilu tio n  of th e  concen tra te  o b ta in e d  from  s tra in  27. L ow er 

sp o ts  ind ica te  ly so -p h o sp h a tid y l e th a n o lam in e

D iscussion
i

P a r t  of sev e ra l dozen of B . cereus stra ins iso la te d  from  soil p ro d u ced  
m egacin  A (phospho lipase  A). F ive  s tra in s  show ing th e  presence of h igh  t i tre  
hacterioc ins in  th e ir  ly sa tes a f te r  MC induction  w ere selected fo r fu r th e r  
stud ies. These c u ltu re s  ex h ib ited  m u ltip le  ly so g en ic ity : in  ad d itio n  to  th e  
p rophage  responsib le  for m egacin A p ro d u c tio n  th e y  ca rried  an o th e r p rophage 
d iffering  from  p h ag e  ß  of B . cereus W . U nder the  effect o f e th id iu m  brom id ie , 
a ll five stra ins gave  off seg regan ts n o t  p roducing  phospho lipase A. In  th e  
ly sa tes of th ree  o f  th e  s tra in s , p hages converting  to  phospho lipase A p ro d u c ­
tio n  could n o t be d e tec ted ; acco rd ing ly , it  m ay be assum ed  th a t ,  a lth o u g h  
th e  gene segm en t g iv ing  in fo rm a tio n  for phospho lipase  A p ro d u c tio n  was 
p resen t, th e  p ro p h a g e  was defec tive  in these cu ltu res . T he phages show n in 
th e  o ther tw o s tra in s  d iffered in  size from  converting  phages of B . cereus W ; 
th e ir  re la tionsh ip  to  th e  la t te r ,  how ever, was p ro v ed  b y  a sim ilar an tigen ic
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s tru c tu re  an d  h igh  host specific ity . I t  is th e re fo re  ju s tif ie d  to  reg ard  B . cereus 
phages asso c ia ted  w ith  phospho lipase  A p ro d u c tio n  as a ch a ra c te ris tic  g roup  
o f b a c te ria l v iruses an d  to  use th e  te rm  w x  for th e ir  desig n a tio n . P hages 
belong ing  to  th is  group m ay  differ in size and  th e rm o se n s itiv ity . W hile th e  
v irio n s of th e  phages show ed an  id e n tic a l degree of h e a t to le ran ce , phages 
w x23  and  ivx26 form ed p laques on ly  a t  te m p e ra tu re s  low er th a n  37°C (o p tim u m  
a t  26°C). T he re la tio n sh ip  of th e  c o n v e rtin g  phages iso la ted  in  our s tud ies is 
e v id e n t also from  th e  fac t th a t  in  re s tin g  cells the  re c e p to rs  for th e m  are 
a b se n t, w hereas in  d iv id ing  cells an  u n id en tified  p recu rso r serves as th e  
recep to r. T his h y p o th e tic a l p recu rso r loses its  adsorbing c a p a c ity  a fte r in c o r­
p o ra tio n  in to  th e  cell.
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