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S um m ary . M itom ycin  C was ad d ed  a t  fa irly  h ig h  co n cen tra tio n  (5-10  /tg /m l) to  e x ­
p o n e n tia lly  grow ing cu ltu re s  o f selected s tra in s  of B acillus megaterium. L ysis of th e  b a c te r ia  
follow ed, assoc ia ted  b y  lib e ra tio n  of phage an d  m egacin  A p ro d u c tio n . In  c o n tra s t, a low  con­
c e n tra tio n  (0.5 /ig/m l) o f m ito m y cin  in duced  on ly  m egacin  A p roduction . E lec tro n  m icroscopic 
e x a m in a tio n  of th e  ly sa te s  in duced  by  5-10  /иg/m l of m ito m y cin  in  19 s tra in s  o f B . megaterium  
show ed th e m  all to  c o n ta in  phages; m o st o f th e  s tra in s  p roved  polylysogenic. T heir ly sa te s  
co n ta in ed  d is tin c t co m p le te  phages of d iffe ren t s tru c tu re s  and  dim ensions. A few  s tra in s  
re leased  defec tive  p h ag e  p a rtic les. T he significance of th e  electron  m icroscopic find ings is 
d iscussed  in  re la tio n  to  m egacinogeny.

S evera l papers have  rep o rted  on an  a n tib a c te r ia l su bstance  desig n a ted  
m egacin  A, p ro d u ced  b y  Bacillus m egaterium  [1]. M egacins can be classified  
in to  a t  le a s t th re e  d iffe ren t g roups [2]. M egacin A form ed b y  2 -3 %  o f B . 
m egaterium  s tra in s  iso la ted  from  soil sam ples ex h ib its  a no rm al g row th  curve  
w hen c u ltiv a te d  in  an  ad eq u a te  com plete  n u tr i t io n a l m edium . No m egacin  A 
fo rm a tio n  could be d e tec ted  in th e  cu ltu res  unless th e  b ac te ria  h a d  been  exposed 
to  an  a g e n t d is tu rb in g  D N A  syn thesis . On lig h t u ltra v io le t ir ra d ia tio n  of th e  
grow ing cells, or a d d itio n  of ce rta in  chem icals su ch  as m itom ycin  C or n itro -  
soguan id ine  to  th e ir  cu ltu res, a m ark ed  lysis ensues, accom pan ied  b y  m egacin  
A p ro d u c tio n  [3]. M egacinogeny is rem in iscen t o f lysogeny, excep t th a t  th e re  
is no in fec tiv e  phage, b u t  an  a n tib a c te ria l su b stan ce  is released du ring  lysis of 
th e  cells. T h e  resem blance  of th e  tw o p h enom ena  suggested  th a t  a p ro p h ag e  
m ig h t be invo lved  in  b o th  cases. A lthough  i t  has been claim ed th a t  th e  tw o 
p h en o m en a  are re la te d  genetically  [1, 4 ], no d irec t evidence could  be o b ta in ed  
w hich su p p o rte d  th is  concept. On th e  o th e r h a n d  O za k i  et al. [5] succeeded 
in  p ro v in g  th e  enzym ic n a tu re  of m egacin  A; th e  b acterioc in  of s tra in  216 w as 
show n to  be id en tica l w ith  phospho lipase A. U n fo rtu n a te ly , o th e r s tra in s  
p ro d u ce  to o  little  m egacin  A for allow ing its  id en tifica tio n . T here  is, how ever, 
no d o u b t t h a t  d iffe ren t s tra in s  p roduce  th e  sam e m egacin A [1]. A tu rn in g  
p o in t h as  recen tly  b een  reached  w hen  a B acillus cereus s tra in  w as found  to  be 
capab le  o f p ro d u c in g  a b acterioc in  sim ilar to  m egacin  A; chem ical ev idence 
in d ica ted  th a t  th is  b ac te rio c in  is id en tica l w ith  phospholipase A [6]. T his 
p a r tic u la r  s tra in  o f B . cereus, desig n a ted  W , is lysogenic for a h igh ly  specific 
phage w h ich  a tta c k s  all s tra in s  of B . anlhracis [7]. F u rth e rm o re , a n o th e r
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p ro p h a g e  was also d e te c te d  in  s tra in  W , con tro lling  th e  libera tion  o f a d is tin c t 
p h ag e , nam ed  uix. T h is p a r tic u la r  p h ag e  d id  n o t p ro p ag a te  w hen te s te d  on a 
g re a t n u m b er of s tra in s  belonging to  d iffe ren t species of th e  genus B acillus. 
T h e  on ly  h o st w hich ap p e a re d  sensitive  to  phage w x  w as a “ cu red”  d e riv a tiv e , 
o b ta in e d  from  s tra in  W  o f B . cereus, a n d  n o t p roducing  m egacin A, i.e. p h o s­
p h o lip ase  A [8]. In fe c tio n  of these  “ c u re d ”  b ac te ria  b y  phage w x  co n v erted  
th e  cells in to  pho sp h o lip ase  A p ro d u cers . T h is w as d irec t evidence o f m egacin  
A p ro d u c tio n  being  d u e  to  a ce rta in  p ro p h ag e  [9].

In  th e  p resen t s tu d y  our aim  w as to  exam ine ly sa tes  derived  from  m ega- 
cinogenic  s tra in s of B . megaterium  a f te r  in d u c tio n , fo r th e  presence of e ith e r  
co m p le te  or defective p h ag e  partic les.

Materials and methods

Bacterial strains. O u t o f a to ta l  of 18 m egacin  A  p roducing  s tra in , 10 w ere iso la ted  from  
soil sam ples u p  to  1954 [10], a n d  8 fu r th e r  s tra in s  h av e  recen tly  been  screened from  a b o u t 150 
iso la te s  o f B . megaterium. T h ey  w ere iden tified  o n  th e  basis o f th e  c rite ria  e stab lished  by  S m i t h  
et al. [11]. S tra in  No. 337 h a d  been received fro m  th e  collection  of Dr. d e n  D o o r e n  d e  J o n g  
[12]. W ith o u t in d u c tio n  th is  s tra in  p ro d u ced  a  “ k illing  p rin cip le”  [13], w hich  w as id en tified  
as a  p ro te in  and d e s ig n a ted  as m egacin Cx [14]. S tra in  MUT-C w as a p h a g e-re s is tan t one, 
a lth o u g h  h ighly  sensitive  to  m egacin  A.

M edium  O X. T ry p to n  (O xoid), 10 g; y e a s t  e x tra c t  (O xoid), 2.5 g; K 2H P 0 4, 1 g; NaCl, 
5 g; d is tilled  w ater, 1000 m l; p H  7.5. Solid  m ed iu m  was p rep ared  by  add ing  1 .5%  ag ar to  
O X  b ro th .

In d u c tio n  o f  megacin A .  A  liqu id  c u ltu re  w as a e ra te d  b y  shak ing  in  a w a te r  b a th  a t  
37°C, a n d  its  g row th  w as m o n ito re d  by  a  B au sch  an d  Lom b Spectron ic  20 o p tica l den sito ­
m e te r. W h en  b ac teria  w ere in d u ced  to  m egacin  A  p ro d u c tio n , 0.5 /tg /m l of m ito m y cin  C (MC) 
w as ad d ed  to  th e  c u ltu re . F u r th e r  tech n ica l d e ta ils  of th e  in d u c tio n  and of th e  t i t r a t io n  of 
m eg ac in  have  been described  prev iously  [15].

Titra tion  o f megacin A .  P re p a ra tio n  of th e  in d ica to r p la te  has been described p rev iously  
[15]. Several tw ofold d ilu tio n s  o f th e  ly sa te  w ere p re p are d  in  saline so lu tion  co n ta in in g  20%  
O X  b ro th . B y m eans of a  loop , 0.02 m l a m o u n ts  of th e  serial d ilu tio n s were p laced  on to  th e  
su rface  of th e  in d ica to r p la te s . One u n it  o f m eg acin  А/m l w as ta k e n  as th e  recip roca l o f th e  
h ig h es t d ilu tio n  w hich  gave  e ith e r a clear zone or ly sed  a t  least h a lf  of th e  b ac teria .

Induction  o f  the prophage. One vo lum e of a  18 h r b ro th  cu ltu re  of th e  s tra in  u n d e r in ­
v e s t ig a t io n  was ad ded  to  te n  volum es of fresh ly  p rep ared  O X  m edium  and  in cu b a ted  on a 
sh a k e r to  a t itre  of 5 X 106 cells per ml. T h en  m ito m y cin  C w as ad ded  to  a c o n ce n tra tio n  of 
5 -1 0  fig  pe r m l and  in c u b a tio n  was co n tin u ed . A fte r  3 -4  h r th e  suspension c la rified  som ew hat 
a n d  w as cen trifuged  f ir s t  a t  6000 g and  th e n  a t  100 000 g in  a H an s Ja n e tz k y  VAC-60 a p p a ra tu s . 
T h e  p e lle t was resuspended  in  as little  saline as possib le and  cen trifuged  again  a t  6000 g.

Electron microscopy. T h e  purified  p hage  p re p a ra tio n  was d ia lyzed  ag a in st d is tilled  w a ter 
a n d  p laced  on ca rb o n -im p reg n a ted  F orin v ar-film  sta in ed  w ith  1%  u ran y l a c e ta te  and  ex am ­
in ed  in a JE M -7 electron  m icroscope a t  80 kV .

R esults

Liberation o f  phage particles by megacinogenic strains o f  B . megaterium. 
A lth o u g h  m axim um  p ro d u c tio n  o f all m egacinogenic A s tra in s  could  be in ­
d u ced  by  the a d d itio n  o f 0 .5-1 //g /m l o f MC, phage lib e ra tio n  could be induced  
o n ly  b y  MC a t  a c o n cen tra tio n  of 5—10 pg /m l. A lto g e th e r 4 ap p e ren tly  m o rp h o ­
log ica lly  d is tin c t, a n d  2 defective p hages w ere d e tec ted  in  th e  ly sa te s  of 18
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in d iv id u a l s tra in s  of m egacin  A p roducing  B . megaterium. T ab le  I  shows th e  
d is tr ib u tio n  of th e  d iffe ren t phages p ro d u ced  b y  th e  in d iv id u a l s tra in s . E lec ­
tro n  m ic ropho tog raphs of th e  p re p a ra tio n s  m ad e  of c o n c e n tra ted  ly sa tes o f 
a n u m b er of B . m egaterium  s tra in s  revealed  t h a t  all of th em  co n ta in ed  e ith e r  
com ple te  b ac te riophages of d ifferen t s tru c tu re  an d  dim ension , o r defective 
ph ag e  partic les (T able 1, Figs 1-5). D iffe ren t s tra in s  of B . m egaterium  could  
release from  one to  five  k inds o f phage. S tra in  704 p ro d u ced  five d iffe ren t 
b ac te rio p h ag es. T h is w as a p p a re n tly  a po ly lysogenic  cu ltu re  c a rry in g  severa l 
genom es of m orphologically  com plete as w ell as defective p h ages. This w as 
co n sis ten t w ith  th e  d a te  of H e n n e b e h r y  a n d  Ca r l t o n  [16]. T h ey  iso la ted  
sev era l c ircu lar D N A  m olecules from  th e  b a c te r ia l  genom e o f th e  B . m egaterium  
s tra in  216 w hich th e y  believed  to  be th e  genom es of som e te m p e ra te  phages. 
I t  shou ld  be n o ted  th a t  po ly lysogeny is f re q u e n tly  found  am o n g  d iffe ren t 
s tra in s  an d  species of m icroorganism s ("Ra u t e n s t e i n  [17]).

Ultrastructure o f  the phages produced by B . megaterium. B ac te rio p h ag es 
re leased  b y  d ifferen t s tra in s  of B . m egaterium  a f te r  induction  a re  m orphologic-

ТаЫе I

B . megaterium phages obtained by m itom ycin C induction
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a lly  d ifferen t. B  m egaterium  p roduced  p liages belong ing  to  p rac tica lly  every  
m orphological group classified b y  B r a d l e y  [18] a n d  T i k h o n e n k o  [19]; th e y  
w ere designated  as p h ag es 1 ,2 , 3 ,4 , 5. P h ag es 1 -4  w ere com plete  phages p a rtic le s , 
w hile phage 5 ap p ea red  to  be a defec tive  one hav ing  a ta il  w ith o u t a h ead .

Phage 1 has a h e a d  m easu ring  120 nm  in  d iam e te r  an d  a ta il  270 n m  in 
len g th , te rm in a tin g  in  an  easily d iscern ib le  base p la te . T h e  phage has a c o n tra c ­
tile  ta il  shea th . T h e  co n tra c te d  sh e a th  is sho rtened  b y  a b o u t h a lf  its  len g th  
a n d  is ap p ro x im a te ly  140 nm . T he base  p la te  of p hage  1 has a com plex  s tru c ­
tu re  an d  is m uch w id er th a n  th e  ta il  its e lf  (Fig. 1).

Phage 2 belongs to  a group of p hages w ith  c o n tra c tile  sheath . I t  is how ­
ever, m uch  sm aller th a n  phage 1. T h e  head  of th e  p h ag e  is only 60 n m  in 
d ia m e te r  and  th e  ta il  is 110 nm  long. T h e  ta il  ends in  a sm all base p la te  (F ig . 2).

Phage 3 belongs to  th e  group w ith  n o n -co n trac tin g  ta il. I ts  h e a d  is a 
h ex ag o n  of 55 nm  in  d iam e te r and  its  n o n -co n trac tin g  ta i l  shows a well d efin ed  
s tr ia tio n . The base p la te  is ra th e r  sm all (F ig . 3).

Phage 4 pa rtic le s  have  a head  65 nm  in d iam e te r  an d  a v e ry  s h o r t  ta il. 
T he  ta il  ac tu a lly  consists  of a base p la te  connected  b y  a v e ry  sh o rt n eck  w ith  
th e  h ead  (Fig. 4).

Phage 5 resem bles th e  ex ten d ed  ta i l  of a T -ev en  bac te rio p h ag e. I ts  
p a rtic le s  are  a c tu a lly  headless ta ils en d in g  in  a sm all b ase  p la te  w ith  th in  fib res 
(F ig . 5). T hus, th e  p a rtic le s  of th is p h ag e  have  all th e  s tru c tu ra l e lem ents o f th e  
n o rm al phage ta il. S tru c tu re s  of th is  k in d  are w ell-know n to  be p ro d u ced  by  
I s h i i  [20] and  pyoc in  iso la ted  by  T a u b e n e c k  [21] a n d  ex tensively  s tu d ie d  by  
T i k h o n e n k o  et al. [22] an d  b y  P o p o v a  et al. [23]. T h u s , all s tra in s of B . mega­
terium  release phage partic les  as show n b y  e lectron  m icroscopy. I t  sh o u ld  be 
a d d ed  th a t  th e  p resence  of b io logically  in ac tiv e  d efec tive  p artic les can  be 
d e tec ted  only b y  e lec tro n  m icroscopy.

O f all th e  described  phages th e  m o st freq u en t w as phage 2 w h ich  w as 
p ro d u ced  b y  14 s tra in s  o u t of 19, an d  pa rtic le s  b earin g  a m orphological likeness 
to  phage 5 w ere re leased  by  10 ou t of 19 s tra in s (T able  I I ) .

All s tra in s  ex cep t s tra in  337 p ro d u ced  m egacin A. I t  is no t know n w h e th e r 
th e re  is a connection  betw een  m egacin  A and  th e  defective phages re leased  
b y  B . megaterium  a f te r  induction .

F ig . 1. A p a rtic le  of p h ag e  1 w ith  ex ten d ed  ta i l  sh ea th ; b a c te ria l flagella  in d ica ted  b y  arrow . 
U ra n y l a c e ta te  ( X 250 000)

F ig . 2. P a rtic les  of p h ag e  2 w ith  ex tended  a n  co n trac ted  ta il sh ea th s . U ran y l ace ta te  ( X 250 000) 
F ig . 3. A  p a rtic le  o f p h ag e  3 w ith  n o n -co n trac tin g  ta il. U ra n y l ace ta te  (x 2 5 0  000)
F ig . 4. P a rtic les  of p h age  4, w ith  sho rt ta i l  in d ic a te d  by  arrow . ( X 250 000)
F ig . 5. P a rtic les  of d e fec tiv e  phage 5 s tru c tu ra lly  resem bling  th e  ta il  of T -even  phages. 

U ran y l a c e ta te  ( X 250,000)
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Table II

D im ensions o f  B . megaterium phages obtained by 
m ytom ycin C induction

P h a g e  No.
D im ension  o f 

h e a d , n m
D im en sio n  of 

t a i l ,  n m

î 1 2 0 2 7 0

2 6 0 1 1 0

3 5 5 2 1 0

4 6 5 —

5 - 1 6 0

Discussion

T he presence of p hages has been revealed  b y  e lec tron  m icroscopy in  th e  
ly sa te s  of all th e  s tra in s  in v es tig a ted . T hey , ex cep t No. 337, p ro d u ced  m egacin 
A a n d  th e  add ition  of m ito m y c in  C induced  a m ark ed  lysis accom pan ied  b y  an  
accu m u la tio n  of m egacin  A in th e  cu ltu re . S tra in  No. 337 w as n o t lysed sign if­
ic a n tly , b u t the  c u ltu re  ceased grow ing a t  th e  m iddle  of th e  ex p o n en tia l phase , 
a n d  th e  arrest of g ro w th  w as p ro b ab ly  due to  th e  presence of MC a t  h igh con­
c e n tra tio n  (5 pg/m l). N o traces  of m egacin A w ere found  in  th e  su p e rn a ta n t of 
th e  cu ltu re  of No. 337; th is  s tra in  is know n to  p roduce m egacin  Cx [14J in s tead  
o f m egacin  A. N ev erth e less , e lec tron  m icroscopy revealed  tw o  phages (P H  
2 a n d  P H  5) in its  su p e rn a ta n t.

I t  is d ifficult to  conclude to  an y  co rre la tio n  betw een  m egacin  A p ro d u c ­
tio n  a n d  the  phages l ib e ra te d  b y  in d u c tio n . T he m orphological fea tu res  of 
p h a  ges are no t re la te d  to  an y  biological ch a rac te ris tic s . T he p resen t re su lts  
in d ic a te  th a t  all th e  in v e s tig a te d  B . m egaterium  s tra in s  h a rb o u r  a few p ro ­
p h ag es . T hey  have b een  d e tec ted  b y  e lectron  m icroscopy, w hile ea rlie r a tte m p ts  
to  rev ea l any phage re leased  by  s tra in  216 h ad  failed  [24]. T hus, w hen th e  
b a c te r ia  were exposed  to  lig h t u ltra v io le t irrad ia tio n  an d  a p re p a ra tio n  was 
m a d e  w ith  K e llen b erg er’s tech n iq u e  for e lec tron  m icroscopy, a lth o u g h  th e  
g ra d u a l lysis of th e  b a c te r ia  could be follow ed, n e ith e r  m a tu re  phage partic les 
n o r  s tru c tu re s  rem in iscen t o f som e incom plete  form  of phage w ere found  a round  
th e  cells during d iffe ren t stages of th e  lysis. In v es tig a tio n s  a re  in  progress to  
iso la te  and  p ro p ag a te  in d iv id u a l phages lib e ra te d  b y  m egacinogenic s tra in s  
o f  B . megaterium  in  o rd e r to  s tu d y  w h e th e r an y  of these  phages is capable  of 
co n v e rtin g  a n eg a tiv e  s tra in  to  a m egacinogenic one.
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