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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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dam aged  a t  h igher  t e m p e r a t u r e s  also showed a grea te r  
revival  in media  conta in ing  t h i s  yeas t  ex t rac t .  However ,  
s ignif icant  differences ( p l =  0.05) were no ted  be tween  
Oxoid and  Difc0 yeas t  ex t rac t s  in the i r  effect  upon  the  
revival  of hea t ed  E. colt : the  Difco b r a n d  always reviv ing  
the  grea te r  n u m b e r  of organisms.  Analysis  of these  ex- 
t r ac t s  indica tes  t ha t ,  for ' typica l  ba tches ' ,  the  Difco 
b r a n d  conta ins  a h igher  percen tage  of amino acids and  a 
grea ter  n u m b e r  of v i t amins  t h a n  does the  Oxoid. Certain 
of these  cons t i tuen ts ,  e i ther  s ingly or in combina t ion ,  m a y  

Effect of medimn on colony counts of unheated and of heated E. colt 

Medium Additions Unheated Heated 
bacteria bacteria 

Experiment Experiment 
No. No. 

1 2 3 1 2 3 

Nutrient agar 182 203 265 60 247 100 
Nutrient agar 1% YE (Difco) 185 262 173 320 
Nutrient agar 1% YE (Oxoid) 185 260 82 89 
Synthetic agar 202 49 
Synthetic agar 1% YE (Difco) 194 390 

YE = Yeast extract. Figures refer to the number of colonies obtained 
by the pour-plate technique, and are the mean of 10 piates ill each 
case. Colony counts for unheated bacteria were obtained by plating 
out 1 ml of a 10 .4 dilution; for heated bacteria (50 ~ 1 h) by plating 
out 1 ml of a 10 .2 dilution. 

be necessary  for the  revival  of the  hea t -damaged  organ-  
i sms.  

The failure of the  d amag ed  organism to recover  in a 
syn the t i c  m e d i u m  m a y  be due to  inabi l i ty  of the  cells to  
manufac tu re  new cell cons t i tuen t s  f rom simple mater ia ls ,  
a l though  o ther  exp lana t ions  are feasible, e.g. in such a 
m e d i u m  there  m a y  be unba lanced  me tabo l i sm in d amag ed  
ceils resul t ing in death ,  or, a l te rna t ive ly ,  damaged  bac- 
ter ia  m a y  be h igh ly  sensi t ive to ions p resen t  10. Differences 
in viable  counts  are no t  expla ined by  any  differences in 
agglut inat ion,  since p re l imina ry  exper iments  wi th  phase  
con t ras t  microscopy showed t h a t  mois t  hea t  did no t  cause 
agglu t ina t ion  of E. colt. 

Rdsumd. Une recherche a 6t6 faite sur quelques fac teurs  
a y a n t  une inf luence sur le r e tour  5. la vie d'Escherichia 
colt endommag6  par  la chaleur.  On a ob tenu  plus  de sur- 
v ivan t s  par  la m6thode  ~pour-plate ~> que  par  la m6thode  
<~surface-viable~>. C'est  l ' ex t ra i t  du f e rmen t  Difco, e t  non  
celui de l 'Oxoid,  qui a s t imul6 la gu6rison des bactgr ies  
chauff6es. Dans  un milieu synth6t ique ,  il y a eu peu de 
survivants .  
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June 7, 7966. 

10 S. E. JACOBS and N. D. HARRIS, J. appl. Bact. 23, 294 (1960). 

D e p e n d e n c e  of the  Cell  M o r p h o l o g y  of Vitreo- 
scilla on  the  T e m p e r a t u r e  of I n c u b a t i o n  

In  descr ip t ions  1,~ of Vitreoscilla the  d i ame te r  and  
leng th  of single cells as well as of t r i chomes  are r epor ted  
to be typ ica l  for a par t icu lar  species, bu t  the  t e m p e r a t u r e  
of incuba t ion  was no t  ment ioned .  However ,  t he  cell size 
and  the  t r i chome size of Vitreoscilla were suspec ted  of 
being re la ted  to t he  incuba t ion  t empera tu re ,  and  a s t u d y  
of the  dependence  was made.  Differences found in cellular 
and  colonial morpho logy  of VitreosciUa grown at  h igh  and  
low tempera tu res ,  show t h a t  the  cell l eng th  and diameter ,  
as well as the  gross morpho logy  and moti l i ty ,  are var iable  
and  t e m p e r a t u r e  dependen t .  The di f ferent  cell sizes found  
in Vitreoscilla grown at  d i f ferent  incuba t ion  t empe ra tu r e s  
m a y  be expla ined  b y  the  dissociat ive act ion of h igh  t em-  
pera tu re  on the  normal  balance of cell g rowth  and  division 
of these  organisms.  

2 s t ra ins  of Vitreoscilla (strains 1 and  2), used in the  
p resen t  s tudy,  were ob ta ined  f rom G.J.HAGEAGE, Uni-  
vers i ty  of New Hampsh i re .  They  were grown on nu t r i en t  
agar  a t  room t e m p e r a t u r e  (about 23 ~ and subcu l tu red  
every  48 h. To t e s t  the  inf luence  of the  incuba t ion  t em-  
pera ture ,  a smal l  inoculum of a 24 h cul ture was t rans -  
ferred to  the  whole  surface of the  following media :  5% 
horse blood agar,  chocolate  agar, t ryp t i case  soy agar,  
10% calf se rum agar, and  Loeffler 's  medium.  Before 
inoculat ion the  med ia  were wa rmed  to the  t e m p e r a t u r e  
a t  which  t h e y  were to be incubated .  I m m e d i a t e l y  a f te r  
the  inoculat ion,  i.e. w i thou t  any  p re incuba t ion  a t  room 
tempera tu re ,  t h e y  were placed at  23, 25, 28, 31, 34, 37, 

and 39~ for 24 h. During th is  t ime t h e y  were inspec ted  
wi th  the  una ided  eye and  also microscopical ly a t  3 h in- 
tervals .  On t r a n s p a r e n t  media  we used the  0 r s k o v  di rect  
agar microscopy.  The cellular morpho logy  of bo th  s t rains  
grown on di f ferent  media  a t  var ious t empera tu res  was 
checked also in smears  p repa red  at  the  above men t ioned  
t ime in tervals  in the  usual  way,  i.e. w i th  the  inoculat ing 
needle.  They  were dried in air, f ixed in a Bunsen  flame, 
and s ta ined by  the  Gram technique  and  wi th  me thy lene  
blue. 

W h e n  cul tured at  lower t empe ra tu r e s  (34~ and  be- 
low), the  cells were shor t  and  un i formly  large (Figure 1). 
At  37~ however ,  t h e y  began  to grow in length  in the  
second 3 h observa t ion  period.  Some of the  f i laments  
grew also in width .  The process  of e longat ion cont inued  
rap id ly  in the  ensuing hours  of incubat ion.  In  18 h some 
of the  cells a t t a ined  a l eng th  of 30 # and  more  (Figure 2), 
and  also the  t r i chomes  were m u c h  longer. These enlarged 
cells lost  the i r  moti l i ty .  

As a consequence of the  cytological  changes and the  
mot i l i ty  differences a t  d i f ferent  incuba t ion  tempera tures ,  
the  form of t he  colonies also changed.  At  room t empera -  
ture  and up to  34 ~ spread ing  g rowth  wi th  more or less 
d is t inc t  waves  was character is t ic .  At  abou t  37 ~ indivi-  
dual  colonies were formed.  T h e y  were smaller  and scarcer  
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