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nucleus, inducing it to behave  ma l ignan t ly  as well as 
forcing it to repl icate  new NN molecules.  

If th i s  hypo thes i s  should  be verif ied by  biochemical  
methods ,  h u m a n  ca rc inoma would assume the  aspec t  
of a virus disease, a l though  the  origin of t h a t  virus 
remains,  for the  t ime being, unknown.  

chym,  um eine me t a s t a t i s c h e  Geschwuls t ,  ge s t a t t en  die 
. \ n n a h m e  eines \;irus-~ihnlichen Mechanismus  bei der  
( '~bertragung carc inogener  E igenscha f t en  von Zelle zu 
Zelle. 
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S p o r e s  of  M i c r o o r g a n i s m s  
P e n i c i l l i n - I n d u c e d  D e s t r u c t i o n  of  S p o r u l a t i n g  

C e l l s  of  B a c i l l u s  c e r e u s  

DIJGUID'S 1 p r i m a r y  hypothes i s ,  t h a t  penicill in speci- 
fically in terfers  wi th  the  fo rmat ion  of rigid cell wall 
componen t ,  was  verif ied by  PARK 2 4, who found accu- 
mula t ion  of ur idine nucleot ides  in penic i l l in- t rea ted  Gram-  
posi t ive bacter ia .  These subs tances  are bound  wi th  hexos-  
amine,  a c e t y l - m u r a m i c  acid and  specific pep t ides  5,6. The  
au thors  p re sume  t h a t  penicil l in inhib i t s  t he  t r ans fe r  of 
these hexosamin -pep t id i c  fo rmat ions  f rom nucleot ide  to  
the  cell wall. Penicil l in also in ter fers  wi th  the  cell wall 
syn thes i s  in  Gram-nega t ive  bacter ia ,  where  incorpora t ion  
of the  c o m p o u n d s  like d iaminopimel ic  acid into nucleot ide  
precursors  'of the  cell wall is a f fec ted  ~,s. In te r fe rence  of 
penicill in wi th  the  cell walt syn thes i s  causes  the  fo rma t ion  
of osmot ica l ly  labile forms par t ia l ly  or comple te ly  depr i -  
ved of the  rigid layer  of the  cell wall, i.e. ' p r o t o p l a s t s  '"A° 
or ' s p h e r o p l a s t s  u. Penicil l in seems to  be a re la t ive ly  
specific inh ib i to r  of the  syn thes i s  of ' b a sa l  s t r u c t u r e '  of 
the cell wall in bo th  types  of mic roorgan i sms  ~2. 

Cell wall syn thes i s  is ahvays  l inked wi th  the  cell 
division,  so t h a t  penicil l in can inhibi t  main ly  the  growing  
culture.  F6LDES and  MERgTEV la have  descr ibed lysis 
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Fig. 1. Release of typical spore constituents after addition of peni- 
cillin to sporulating cells of Bacillus cereus. Abseisse ; age of culture 
(h); ordinate: percentage. All the values are expressed in percentage, 
values of control culture at 14 h of cultivation being taken as IIR)°~, 
(They were for number of spores 96%, for 4aealcium content 7300 
cpm/mg of dry weight of sporangia and for dipieolinie acid content 
30 g.g/mg dry weight.} Dashed lines : control culture ; full lines : peni- 
cillin-treated culture (addition of penicillin designed by arrow); 
a ~ spore formation ; e----o dipicolinic acid content ; o o 4acal- 

CiUlll content .  

(or p ro top las t s  fo rmat ion  in hype r ton ic  medium)  of the  
growing cells of penic i l l inase-producing  s t ra in  of Baci l lus  
cereus by pen ic i l l in - t r ea tmen t ,  while  a f te r  the  end  of 
g rowth  penicil l in has no effect  on the  cells. 

Sporula t ion  of bacilli is a special process,  by  which a 
new form of cel l -exis tence spore is formed in the  m o t h e r  
cell a f te r  the  end of growth ,  equ ipped  wi th  complex  
p ro tec t ive  mechan i sms  including ex t r eme ly  rigid enve-  
lopes. This  in te res t ing  and curious ana logy of the  cell 
divis ion a t t r a c t s  a t t e n t i o n  wi th  regard  to  the  possible 
effect  of penicill in.  

In examin ing  the  effect  of this  an t ib io t ic  on spore-  
genesis,  the  s t ra in  of Baci l lus  cereus (NCIB 8122) was 
used. I t  was cu l t iwt ted  in liquid me d i u m con ta in ing  
b a c t o p e p t o n e  (0.3°0), glucose (0.1%), p h o s p h a t e s  and 
t race  e l emen t s  ~a a t  30°C, the cul ture  being ae ra ted  by  
shaking.  Three  cr i ter ia  were used for tes t ing  the  ef fec t  
of penicil l in on sporu la t ing  cells: 

(1) Syn thes i s  of the  c o m p o n e n t  typ ica l  for spores  of 
bacil l i-dipicolinic acid, t es ted  by  the  m e t h o d  of J AXSSEN, 
LUND, and  ANDERSON 15. 

(2) Inco rpo ra t ion  of a~calcium (45CaC12 was added  to 
t he  cu l ture  a f t e r  the  end of g rowth ,  0.166 bzC/ml, final 
c o n c e n t r a t i o n  2.10 ~ ~I). Methods  of wash ing  of cells by 
0,001 N hydrochlor ic  acid and d e t e r mi n a t i o n  of radio-  
ac t iv i ty  were the  same as in recen t  work~% 

(3) Morphology of deve loping  spores  and the i r  final 
appea rance  a f te r  release from sporangia .  

Penicil l in was added  in high a m o u n t s  (1.000 uni ts /ml)  
to the cul ture ,  in which 95°0 of cells had  con ta ined  more  
or less ref rac t ive  prespores  ( lqgure  1), and  dur ing  the  
the rmos tab i l i z ing  process  cha rac te r i zed  by 45calcium ac- 
cumula t ion  in cells and dipicolinic acid syn thes i s  (Fi- 
gure 2) s ta r ted  to pass th rough .  After  add i t ion  of peni-  
cillin, dipicolinic acid con t inued  to syn the t i s e ;  but ,  
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d u r i n g  f u r t h e r  cu l t i va t ion ,  i ts  c o n t e n t  in the  cells s t a r t e d  
to  decrease  v e r y  rap id ly .  Similar ly ,  t he  c o n t e n t  of *Scal- 
c ium s l igh t ly  increased  a f t e r  a d d i t i o n  of penici l l in ,  t h o u g h  
in a lower  degree  t h a n  dipicol inic  acid con t en t .  Vv'hile 
in t he  con t ro l  cu l tu re  t he  c o n t i n u a l  increase  of dipicol inic  
acid a n d  4%alc ium c o n t e n t  occur red ,  t he  c o n t e n t  of b o t h  
c o m p o u n d s  was h igh ly  r educed  d u r i n g  f u r t h e r  cul t i -  
v a t i o n  of pen ic i l l in - t r ea ted  cul ture .  E v e n  d u r i n g  the  
decrease,  t he re  r e m a i n e d  more  dipicol inic  acid t h a n  cal- 
c ium in the  cells. The  m a j o r  p a r t  of t he  cells d id  no t  
show a n y  morpho log ica l  changes ,  on ly  a b o u t  20% of cells 
d id  no t  increase  t h e i r  r e f rac t i l i ty ,  or, on the  c o n t r a r y ,  
b e c a m e  t r a n s p a r e n t .  These  af fec ted  forms  were o f t en  
more  rounded .  

H igh  decrease  of d ipicol inic  acid,  and  especia l ly  45cal- 
c ium c o n t e n t ,  shows t h a t  t h e  whole  cu l tu re  is af fec ted ,  
even  t he  s p o r a n g i a  w i t h o u t  o u t s t a n d i n g  morpho log ica l  
changes .  H igh  af fec t ion  of sporogenes is  becomes  m o s t l y  
e v i d e n t  in l a t e r  a u t o l y t i c  phase ,  w h e n  spores  are  re leased 
f rom sporang ia .  Bes ides  a smal l  n u m b e r  of r e l a t ive ly  
no rma l ,  ful ly ref rac t i le  spores,  a large n u m b e r  of e m p t y  
enve lope  s t r u c t u r e s  of spore-size w i t h o u t  c y t o p l a s m i c  

c o n t e n t  (Figure  3) a p p e a r  in the  cul ture .  In  the  experi- 
m e n t  m e n t i o n e d ,  a b o u t  80°.0 of these  forms were present  
a f t e r  au to lys i s  of sporang ia .  

I t  is obv ious  t h a t ,  in t h e  case of sporogenesis ,  peni- 
cillin showed  i ts  in f luence  on  t h e  f o r m a t i o n  of r igid spore 
enve lope .  Spores  of th i s  s t r a i n  of Bacillus cereus are 
equ ipped  w i t h  t h r e e  surface  layers.  T h e  i nne r  layer 
seems to be t h e  t h i c k e s t  ~7. A l t h o u g h  the re  is n o t  ye t  any 
e x a c t  ev idence  where  ca l c ium a n d  dipicol in ic  acid is 
loca ted  in t h e  spore,  s p o d o g r a p h i c  s tud ies  show t h a t  
m o s t  of m i n e r a l  c o m p o n e n t s  are loca ted  in per iphera l  
l aye r  of spore  :sa'q, i.e, close to  t h e  i n n e r  enve lope  or in 
cor t ica l  layer .  Affect ion of syn thes i s  of a r igid layer  of 
spore  enve lopes  can  t h u s  lead to  genera l  desorgan i sa t ion  
of spore  s t ruc tu re ,  c h a r a c t e r i z e d  b y  release of typica l  
spore  c o m p o n e n t s ,  an d  in  t h e  p h a s e  of spore  release to 
affect ion,  p r e s u m a b l y  osmot ic ,  of def ic ien t  r igid layer. 
V a r y i n g  release of d ip icol in ic  acid an d  45calcium dur ing  
penic i l l in  i n h i b i t i o n  gives ev idence  of t h e i r  d i f ferent  
t e n a c i t y  in  i n t r a s p o r e  s t r u c t u r e  r evea l ed  by  m e a n s  of 
w as h i n g  procedures .  

As rega rds  t h e  p r o p e r  syn thes i s  of spore  envelopes  
d u r i n g  sporogenesis ,  t h e  d a t a  f rom t h e  l i t e r a t u r e  are 
ve ry  incomple te .  STRANGE a n d  POWEL 2° h a v e  found,  in 
s t u d y i n g  the  d i s i n t e g r a t e d  cells of bacilli ,  t h a t  pept ides  
c o n t a i n i n g  d i ami n o p i me l i c  acid an d  h e x o s a m i n e  pass  in to  
t h e  so luble  f r ac t ion  in t h e  course  of sporogenesis .  Similar  
pep t i de s  were found  a f t e r  d i s i n t e g r a t i o n  of r e s t ing  spores 
of genus Bacillus an d  in  e x s u d a t e  d u r i n g  spore  germin-  
a t ion .  N o n d i a l y s a b l e  pep t ides  c o n t a i n i n g  d i aminop ime l i c  
acid a n d  h e x o s a m i n e s  are p r e s en t  in spore  envelopes2L 
P a r t i c i p a t i o n  of p r eex i s t i ng  h e x o s a m i n e - p e p t i d e s  as 
p recurso r s  in  t h e  s y n t h e s i s  of spore  enve lopes  is, however ,  
d u b i o u s  because  t h e y  are  re leased  in to  t h e  m e d i u m  
d u r i n g  sporogenes is  ~. I t  is p r o b a b l e  t h a t  penici l l in  effects 
here  in  t h e  m a i n  the  m e c h a n i s m s  of s y n t h e s i s  of rigid 
l aye r  of spores,  e i t h e r  b y  p r e v e n t i n g  t h e  u t i l i za t ion  of 
p recurso r s  or b y  in f luenc ing  t h e  c o m p o s i t i o n  of these  
precursors .  

Fig. '2. Sporulating culture at the rnoment of addition of penicillin 
(phase contrast, magnification 1:3000, photographed by J. KUBEC). 

, " " _% " ; 7  

t • 2::? 

'o'." o B "  

• t ,  IO0,ke . ' v -  O. 
Fig. 3. Penicillin-treated culture after autolysis of sporangia (24th h 

of cultivation). Photographed by J. KUBEC. 

Zusammen/assung. Der Zusa t z  v o n  e iner  h o h e n  I)osis 
Penic i l l in  (1.000 E /ml )  zu spo ru l i e r ende r  K u l t u r  von  
Bacillus cereus h e m m t  d e n  ~sCa lc ium-Einbau  u n d  die 
S y n t h e s e  de r  Dipicolins~iure. In  d e r  Folge wird de r  Ge- 
h a l t  d ieser  K o m p o n e n t e n  e rn i ed r ig t  u n d  das  C y t o p l a s m a  
d e r  Sporen  ins M e d i u m  gel6st.  I n  der  K u l t u r  f i nde t  m a n  
n a c h  d e r  L 6 s u n g  d e r  m i t  Penic i l l in  b e h a n d e l t e n  Sporang ia  
me i s t ens  die M a n t e l s t r u k t u r e n .  A u s w a s c h u n g  m i t  ver- 
d t i n n t e r  Chlorwassers to f f sgure  zeigt  eine deu t l i ch  schnel-  
lere A u s w a s c h u n g  des Ca lc iums  als die d e r  DipicolinsXure 
aus  den  m i t  Penic i l l in  b e h a n d e l t e n  Sporangia .  
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