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Table II. The effect of the molarity of the buffer on the inhibition of benzoate oxidase induction1 by cystamine HC1. 0.25 mg/ml Na 
benzoate, pH 7.7, 37 ~ Cystamine concentration in/zg/ml. O 2 uptake in/A. 

Time 0.025 M Buffer 0.05 M Buffer 0.1 M Buffer 0.025 M Buffer 0.05 M Buffer 0.1 M Buffer 

(rain) ~ 1.5 c a b 1.5 c ~ b 1.5 c ~ b 1.5 c a b 3.0 c �9 b 6.0 c 

30 6 6 - 6 6 - 7 6 - 13 12 17 12 - 13 11 - 
60 43 19 56 44 29 34 53 44 17 43 25 42 35 22 37 37 23 38 
75 96 49 48 96 73 24 110 98 11 64 36 44 54 30 44 61 31 49 
90 119 66 45 118 93 21 138 125 9 91 55 40 83 40 47 93 45 52 

Average s 50 26 12 42 43 46 

a % inhibition, b control uptake. C/~g/ml cystamine. 

ox ida t ion  of ace ta te  bu t  comple te ly  an tagonized  the  in- 
h ib i t ion  b y  cys tamine .  Similar  results  were ob ta ined  wi th  
benzoate .  This  indicates  t h a t  only oxidized MEA is active.  
Table I I  shows the  effect  of buffer  mola r i ty  on the  inhibi-  
t ion  of benzoa te  oxidase induc t ion  by  cys tamine.  In  th is  
Table  the  decrease in inh ib i t ion  is a lmost  direct ly  pro-  
por t ional  to the  increase in molar i ty ,  bu t  as the  mola r i ty  
of the  buffer  was doubled  and the  concen t ra t ion  of 
cys t amine  was doubled  the  inhib i t ion  of benzoa te  oxidase 
induc t ion  did no t  s t ay  s t r ic t ly  cons tan t .  Cys tamine  added  
af ter  the  enzyme was induced  did no t  inh ib i t  t he  oxida- 
t ion.  Other  d iamines  such as putrescine,  cadaver ine  and 
spermine  do no t  inh ib i t  these  react ions  bu t  cyste ine does. 
I t s  inhib i t ion  is no t  a f fec ted  by  buffer  concen t ra t ion  and  
cyst ine  is inactive.  

Riassunto. L' inibiz ione delia ossidazione di ace ta to  e 
della induzione di benzoato-oss idas i  da  par te  della cistami-  
na in un ceppo di Pseudomonas aeruginosa, var ia  colla 
concent raz ione  del mezzo nel quale  le cellule sono sospese. 
L ' e f fe t to  inhibi tor io  diminuisce con l ' aumen ta r e  della con- 
cent raz ione  del buffer.  Al t re  d iamine  e c i s tamina  in forma 
r ido t t a  sono ina t t ive .  La cis tenia inibisce le medes ime 
reazioni  m a i l  suo effe t to  ~ i nd ipenden t e  della concent ra-  
zione del mezzo di sospensione.  La  cist ina ~ pr iva  di 
effet to.  
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The Effect of Phage  Infection on the Catalase 
Induct ion of the Staphylococcus aureus Culture 

The catalase  demons t r ab l e  in the  di f ferent  cell f ract ions 
is formed in the  r ibosome 1, and  i t  is supposed t h a t  it  is 
p r imar i ly  a t t a c h e d  to the  m e m b r a n e  of the  cell s t ruc tu re  3. 
This  has an inh ib i to ry  effect,  f rom the  po in t  of view of the  
enzyme act iv i ty ,  and  in such a condi t ion  the  catalase  is 
inactive,  unfolded on the  int racel lular  membrane .  I t s  a t-  
t a c h m e n t  to  the  s t ruc tu re  m a y  be p r even t ed  by  de ter -  
gents,  organic solvents  and  physical  factors  3. Then  the  
catalase  becomes desorbed  f rom the  s t ructure ,  its un- 
folded s ta te  ceases and  i ts  ve ry  act ive H~O2-decomposing 
p r o p e r t y  is a t t r i b u t e d  to  its changed  configurat ion.  

However ,  th is  desorp t ion  m a y  occur no t  only  under  
artificial  b u t  also unde r  normal  condit ions.  Our previous 
inves t iga t ions  also p roved  t h a t  the  increase of the  catalase 
ac t iv i ty  under  normal  growing condi t ions  occurs in the  
final, s t a t i ona ry  phase,  w h e n  the  electrode po ten t i a l  of 
the  cul ture decreases ~. The fact  t h a t  the  s t ruc tura l  at-  
t a c h m e n t  of the  ca ta lase  ceases under  t he  inf luence of 
physical  and  chemical  factors,  mani fes ts  i tself in an in- 
crease in act iv i ty .  So i t  m a y  also be supposed  t h a t  t he  
biological des t ruc t ion  of t he  s t ruc ture  - which can also be 
a consequence  of phage  infec t ion  - has  an inf luence on the  
deve lopmen t  of the  ca ta lase  ac t iv i ty  of the  sys tem.  

W e  conduc ted  our expe r imen t s  w i t h  a cul ture of 
Staphylococcus aureus 162 isolated f rom h u m a n  purulence,  
showing phage  sens i t iv i ty  of a ve ry  wide spect rum.  Fo r  

infection,  phage  7 - belonging to the  t yp ing  basic set  of 
S. aureus phage  - was used, The change  of the  catalase 
ac t iv i ty  was measured  using the  iodometr ic  me t h o d  ~, and 
the  prol i fera t ion and cell lysis b y  the  opt ical  densi ty.  If  
the  S. aureus cul ture developing in the  logar i thmic  phase  
is infected a t  d i f ferent  opt ical  densi t ies  wi th  the  same 
n u m b e r  of phage  par t ic les  (Figure, a, b, c), the  lysis of the  
cul ture occurs a t  d i f ferent  per iods  of t ime.  

The lysis of t he  cul ture wi th  a lower dens i ty  (smaller 
cell number)  when  infected wi th  the  same phage  part icle  
ev iden t ly  Occurs sooner  (Figure, curve D1) t h a n  the  lysis 
of the  cul ture wi th  a h igher  dens i ty  which  conta ins  more 
cells; consequen t ly  more phage  prol i fera t ion cycles mus t  
occur up to  the  lysis of all the  cells (Figure, curves D2, D3). 
F r o m  the  t ime  of the  phage infection,  t he  catalase ac t iv i ty  
gradual ly  increases  and  a t t a ins  its m a x i m u m  a t  the  t ime 
of comple te  clearing. Obviously  the  ac t iv i ty  of the  cata-  
lase will be lower a t  the  lysis of a cul ture  wi th  a smaller 
n u m b e r  of cells, whereas  a t  the  lysis of a cul ture of h igher  
densi ty ,  i.e. wi th  a larger n u m b e r  of cells, t he  catalase 
ac t iv i ty  will be much  h igher  (Figure, curves  C 1, C~, Ca). 
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The  resul ts  of t he  e x p e r i m e n t s  seem to p rove  t h a t  t he  
ca ta lase  adsorbed  to t he  in t r ace l lu l a r  m e m b r a n e  becomes  
desorbed,  due  to  t he  de s t r uc t i on  of t he  cell s t r u c t u r e  
caused  b y  the  phage  infect ion.  I t  is m a n i f e s t e d  in a n  in- 
crease in  t h e  ca ta l a se  ac t iv i ty .  F r o m  t he  decrease  of 
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Infection of Staphylococcus aureus 162 culture with phage 7 at dif- 
ferent densities (a, b, c) during its developmental stages. With de- 
creasing density values (D1, D~, D3) after the infection, the catalase 
activities (C1, C2, Ca) increase and reach a maximum value. 

dens i ty ,  and  t he  f u r t h e r  increase  of t he  ca ta lase  ac t iv i ty ,  
we m a y  conc lude  t h a t  t he  in fec t ion  does no t  d a m a g e  t he  
p r o t e i n  of t he  ca ta lase  a n d  c o n s e q u e n t l y  does n o t  inf lu-  
ence t he  e n z y m e  ac t iv i ty .  Th i s  is s u p p o r t e d  also b y  t he  
fac t  t h a t  the  m a x i m u m  e n z y m e  a c t i v i t y  o b t a i n e d  a t  com- 
ple te  c lear ing of t he  cu l tu re  pers is ts  for  a longer  while.  
Th i s  a c t i v i t y  m a x i m u m  reflects  t he  t o t a l  a m o u n t  of t he  
ca ta lase  of t he  cells, co r r e spond ing  to  t he  m a x i m u m  
dens i t y  va lue  of the  in fec ted  cul ture .  

I n  t he  course of the  d e v e l o p m e n t  of t he  cells, t h e  ca ta -  
lase ac t i v i t y  increases  g r adua l l y  b u t  n o t  p r o p o r t i o n a l l y  
w i t h  the  dens i ty ;  th i s  m e a n s  t h a t  t he  ra t io  of the  b o u n d  
and  soluble  ca ta lase  changes  du r ing  growth .  A t  t he  begin-  
n lng  of t he  cul ture ,  t he  ba l ance  is sh i f t ed  t owards  t he  
s t r u c t u r a l l y  b o u n d  ca ta l a se ;  whi le  later ,  u n d e r  t he  inf lu-  
ence of t he  changed  condi t ions ,  a soluble  e n z y m e  w i t h  a 
d i f fe ren t  conf igu ra t ion  prevai ls .  The  decrease  of t he  elec- 
t rode  p o t e n t i a l  m a y  well  p l a y  a decisive role in  th i s  sh i f t  
of ba lance  4 

Zusammen/assung. Bei  P h a g i n f e k t i o n  erh~tlt m a n  to ta l e  
Auf l6sung  der  Staphylococcus aureus-Kultur, bei  gleich- 
zei t iger  S te ige rung  der  s ich d u r c h  I-I~O2-Degradation 
man i f e s t i e r enden  Ak t iv i t / t t  der  Kata lase .  Somi t  wird  d u t c h  
die u n t e r  P h a g e i n w i r k u n g  er fo lgende Ze r s t6 rung  de r  Bak-  
te r ienze l len  s t r u k t u r e l l  g e b u n d e n e  K a t a l a s e  be f re i t  u n d  
die Menge des 16slichen Enzyms ,  welches grosse ka t a -  
ly t i sche  Ak t iv i t / i t  aufweist ,  v e r m e h r t .  
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Revival  of H e a t - D a m a g e d  Escherichia coli 

Recen t ly ,  severa l  s tud ies  of the  fac tors  in f luenc ing  the  
r e v i v a l  of chemica l ly -  and  phys i ca l ly -damaged  b a c t e r i a  
h a v e  been  p u b l i s h e d  1,2. I t  is k n o w n  t h a t  the  compos i t i on  
of t he  recovery  m e d i u m  affects  the  r ev iva l  of b a c t e r i a  
d a m a g e d  b y  p h e n o l  1, i r r ad i a t i on  3 and  h e a t  4. 

I n  t he  p re sen t  s tudy ,  washed  suspens ions  of a l abora -  
t o ry  s t r a in  of Escherichia coli Type  1 were o b t a i n e d  by  
cen t r i fuga t ion  a n d  wash ing  of t he  g r o w t h  a t  37~ of 
an  18 h cu l tu re  in  n u t r i e n t  b r o t h  (Oxoid Labora to r i e s ,  
London ,  Eng land) .  1 ml  of th i s  suspens ion  was a d d e d  to, 
and  mixed  well  wi th ,  99 ml  of steri le w a t e r  held  in a 
t he rmos t a t i c a l l y - con t r o l l ed  w a t e r  b a t h  a t  50, 55 or 60 ~ 
( •  0.1 ~ to give a p p r o x i m a t e l y  2 - 3 .  106 v iab le  o rgan-  
isms/ml .  W h e n  required ,  a l iquots  were r emoved ,  a n d  a f t e r  
ser ial  d i lu t ion  t he  n u m b e r s  of v iab le  su rv ivors  were 
m a d e  b y  t he  pou r -p l a t e  a n d  sur face-v iab le  me thods ,  
us ing  n u t r i e n t  aga r  (Oxoid) or a s y n t h e t i c  agar,  a lone  or 
s u p p l e m e n t e d  w i t h  1% yeas t  e x t r a c t  (Oxoid;  or Difco 
Labora to r ies ,  De t ro i t ,  Michigan,  USA).  The  s y n t h e t i c  
m e d i u m  c o n t a i n e d  pe r  l i t re :  p o t a s s i u m  d i h y d r o g e n  phos-  
p h a t e  20 g, a m m o n i u m  su lpha te  1 g, m a g n e s i u m  s u l p h a t e  
0.4 g, glucose 3.6 g; i t  was solidified w i t h  1% I o n a g a r  
No. 2 (Oxoid). All  p la tes  were i n c u b a t e d  a t  37 ~ for  48 h. 

W i t h  u n h e a t e d  bac ter ia ,  t he re  was no  s ign i f ican t  dif- 
ference ( p l =  0.05) be t w een  v iab le  coun t s  o b t a i n e d  b y  

the  pou r -p l a t e  and  sur face-v iab le  me thods .  W h e n  h e a t e d  
b a c t e r i a  were used, however ,  v iab le  coun t s  o b t a i n e d  b y  
the  fo rmer  p rocedure  were some 20% h igher  t h a n  those  
o b t a i n e d  b y  the  su r face -v iab le  t echn ique .  This  resu l t  is in 
c o n t r a s t  to  t h a t  o b t a i n e d  w i t h  p h e n o l - d a m a g e d  bac-  
t e r i a  5, bu t  suppor t s  the  f ind ings  m a d e  w i t h  h e a t - d a m a g e d  
Staphylococcus aureus 6,7. Also, the  i nco rpo ra t i on  of sod ium 
th iog lyco l l a t e  in to  the  r ecove ry  m e d i u m  increases  t i le 
n u m b e r  of r ev iv ing  cells of h e a t - d a m a g e d  E. coli8,9, and  
i t  is t hus  conce ivab le  t h a t  h e a t e d  E. coli rev ives  b e t t e r  
u n d e r  anae rob i c  or s emi -anae rob ic  t h a n  u n d e r  aerobic  
condi t ions .  

The  inco rpo ra t ion  of Difco yeas t  e x t r a c t  in  the  r ecovery  
m e d i u m  increased  t he  co lony  coun t s  of h e a t - d a m a g e d  
(50~ 1 h), b u t  no t  of u n h e a t e d ,  cells (Table) ;  cells 
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