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INTRODUCTION 

Some strains of lysogenic bacteria undergo induction when exposed to certain 
agents. This phenomenon was first described by LWOFF, SIMINOVITCH AND KJELDGAARD 1 

who exposed B. megatherium to ultraviolet light of wavelength 2537 A, and also to 
X-rays. The cultures increased in opacity for about 50 minutes following irradiation, 
by which time they had increased in opacity by a factor of between 2 and 4 compared 
with that  at the time of irradiation. Lysis then began, and was complete after a further 
20 minutes. When the individual bacteria or chains of bacteria were observed in micro- 
drops, they were seen to divide or form septa before lysing. This was put forward as 
accounting for the increase in optical density. 

WEIGLE AND DELBRUCK 2 showed that  E. coli K 12 was inducible with ultraviolet 
light in small doses. Using 80 seconds of irradiation, more than 95 % of the bacteria 
burst after a latent period of 60 minutes. As in the case of B. megatherium, there was 
a marked increase in opacity during the latent period, which they found, by micro- 
scopical observation, to be due to an increase in length and thickness of the bacteria. 
No cell division was observed during this period. Immediately before lysis the cells 
swelled up to a spherical shape, and then burst, forming a mass of debris. 

Using the electron microscope, LABAW, MOSLEY, AND WYCKOFF 3 studied the mor- 
phology of E. coli B following irradiation of the organisms with ultraviolet light, and 
also the morphology of the moribund bacteria after infection with virulent bacterio- 
phage. 

It  was thought that  interesting information would be obtained if the morphological 
changes observed by WEICLE AND DELBRUCK by light microscopy could be observed 
by means of the electron microscope. This brief report presents the observations. 

MATERIALS AND METHODS 

A m u t a n t  s t r a in  of K i2  des igna ted  Y xo b y  LEDERBERG l Was used in  th i s  work.  I t  is " m a r k e d "  
b7 v i r t u e  of i ts  r e q u i r e m e n t  of the  a d d i t i o n  of th reonine ,  leuc ine  and  t h i a m i n e  to  the  basa l  med ium.  
Otherwise  i t  is i den t i ca l  w i t h  t h e  " w i l d "  t y p e  K 12, be ing  lysogen ica l ly  infec ted  wi th  ~t and  h a v i n g  
s imi lar  i nduc t i on  charac te r i s t i cs .  The a d v a n t a g e  of us ing  such a m u t a n t  lies in t he  ease w i t h  which  
the  p u r i t y  of t he  cu l tu re  can  be checked,  before and  a f te r  use. Occas iona l  induc ib le  non K 12 s t r a in s  
were  encoun te red  before th i s  t e c h n i q u e  was  in t roduced .  

Re]erences p. 487. 
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Media 
All g rowth  was  carr ied ou t  in P Y L P  m e d i u m .  I t s  compos i t ion  is: 

E v a n s  pep tone  io g 
Yeas t re l  3 g 
L a b  L emco  5 g 
P r o n u t r i n  IO g 
Sod ium chloride (AR) 5 g 
Dist i l led wa te r  i l i tre 

p H  ad j u s t ed  to 7.4 

All i n d u c t i o n  was  carr ied ou t  in 56 buffer  modif ied s l igh t ly  f rom the  original  f o rmu la  of Dr .  
J .  MONOD of t he  P a s t e u r  I n s t i t u t e  : 

P o t a s s i u m  d ihydrogen  p h o s p h a t e  13.6 g 
S od i um s u l p h a t e  2.0 g 
M a g n e s i u m  s u l p h a t e  (crystals)  o.z g 
Ca lc ium n i t r a t e  o.oi  g 
Fe r rous  s u l p h a t e  (crystals)  o.ooo5 g 
P o t a s s i u m  h y d r o x i d e  a p p r o x i m a t e l y  9 ml  of IO N 

A d j u s t i n g  t he  p H  to 7.0 
Disti l led wa te r  I litre. 

Ultraviolet light source 
A G.E.C. germicidal  3 ° w a t t  t ube  g iv ing 8o-90 % emiss ion  a t  2537 A was  used.  I t  was  ca l ibra ted  

by  cons t ruc t i ng  a kil l ing curve  for T2 s i t ua t ed  i me t r e  f rom the  l amp.  L a t e r  Dr.  LATARJET Of t h e  
P a s t e u r  I n s t i t u t e  conf i rmed t he  va lue  of IO ergs/sq,  m m / s e c  b y  the  use  of his  direct  r ead ing  deviceL 

Bacterial growth 
All .growth ra tes  were m e a s u r e d  in special ly  des igned opac i ty  t u b e s  wh ich  could be s h a k e n  in 

a t h e r m o s t a t i c a l l y  control led wa te r  b a t h  a t  37 ° C, a n d  t h e n  t a k e n  ou t  and  inser ted  in a " S p e k k e r "  
p h o t o m e t e r  (Hilger and  W a t t s  Ltd . ,  London)  a t  regu la r  in terva ls .  

Cul tu res  were grown for 4 hour s  a t  37 ° C, t he  t u b e s  be ing  c o n t i n u o u s l y  gen t l y  ag i t a ted .  The  
cu l tu res  were t h e n  s e d i m e n t e d  by  cen t r i fuga t ion ,  r e suspended  in buffer,  a n d  i r rad ia ted  in a d i sh  
of such  a size t h a t  t he  fluid was  be tween  I a n d  2 m m  deep. The  d i sh  was  ag i t a t ed  gen t ly  to keep 
t he  fluid in mot ion .  I n  order  to ob ta in  workable  quan t i t i e s  of ma te r i a l  for e lec t ron microscopy ,  
t he  cu l tu re  was  i r rad ia ted  for a s t a n d a r d  t ime,  and  t h e n  2 ml  s amples  were d i spensed  in to  opac i t y  
t u b e s  con ta in ing  8 ml  P Y L P .  The  opac i ty  was  t h e n  m e a s u r e d  and  one sample  i m m e d i a t e l y  s p u n  
down  and  r e suspended  in buffer  to p rov ide  t he  "zero  t i m e "  sample  for e lec t ron  microscopy.  The  
r e m a i n d e r  were s h a k e n  a t  37 ° C in t he  dark .  Opac i ty  read ings  were t a k e n  eve ry  3o min ,  while e v e r y  
hou r  one sample  was  r emoved ,  s p u n  down a n d  r e s u s p e n d e d  in buffer.  E a c h  of t he se  s amples  for 
e lec t ron mic roscopy  was  washed  twice in buffer,  f ixed o v e r n i g h t  in Osmic  acid a n d  w a s h e d  twice  
in disti l led water .  A drop of suspens ion  was  al lowed to d ry  on a " f o r m v a r "  covered spec imen  m o u n t i n g  
grid, s h a d o w c a s t  wi th  gold a l loy a t  t a n  -1 ~ to  t he  p l ane  of t h e  grid 6 and  t h e n  e x a m i n e d  in t h e  
e lectron microscope us ing  a 60 ki lovolt  e lectron beam.  For  each  dose of u l t r av io le t  l ight ,  four  s amples  
were e x a m i n e d :  zero t ime,  i.e. i m m e d i a t e l y  following i r rad ia t ion ;  one h o u r  after ,  co r respond ing  t o  
the  m a x i m u m  opac i ty  pr ior  to lysis ;  two hou r s  af ter ,  w h e n  lysis  was  comple te ,  and  th ree  hou r s  
af ter ,  w h e n  t he  opac i ty  had  begun  to  increase  again .  T he  process  was  r epea ted  wi th  no i r rad ia t ion  
to  provide  control  mater ia l .  

RESULTS AND DISCUSSION 

Fig.  I shows the  induct ion  curves of Y I o  af te r  zero, 6o sec, 12o sec, and  18o sec 
i r rad ia t ion  with  u l t rav io le t  l ight .  A fur ther  induct ion curve was p lo t t ed  for 9 ° sec 
i r radia t ion,  bu t  this  p roved  to  be so nea r ly  ident ical  in al l  respects  to  t ha t  for 12o sec 
t ha t  i t  is omi t ted .  

E lec t ron  micrographs  of the  cont ro l  series of samples  were indis t inguishable  from 
one ano ther  (Fig. 2) and  were observed  as  shor t  dense bacill i .  In  the  i r r ad ia ted  series, 
the  samples  corresponding to  zero t ime  .were p rac t i ca l ly  indis t inguishable  from the  
cont ro l  mater ia l ,  bu t  in some cases t hey  showed less r ig id i ty  and  dens i ty  than  the  
cont ro l  series (Fig. 3). 

References p. 487. 
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It must be admitted in this connection that a short time elapsed after irradiation 
~o F control before the samples were resuspended in buffer, 

owing to the time taken in ascertaining the 
opacity and sedimenting the organisms in the 

8c centrifuge. Thus zero time is probably more 
accurately described as 5 mins at room temper- 

7c ature after irradiation. 
Samples irradiated for 60 sec show produc- 

tion of long forms of the bacterium after I hour, ~6c 
u v  ~ 6 o s e c .  with little further change in the 2 and 3 hour 

/ ~  samples. Only a small amount of debris is present 
~,5c ~ ~  at a l l the  three times (Fig. 4). Samplesirra- 

diated for 12o sec, however, after I and 2 hours' 
o 4c incubation show many long forms of great length 

which often extend across one square on the 
specimen support (~-~ 50 F) (Fig. 5). Debris is 

~ 3~ present in the I hour sample, (Fig. 6), indica- 
ting that lysis has begun, but the 2 hour sample 

2~ 18osec is almost free of debris (Fig. 5), presumably 
~ u v  because the centrifugation was not powerful 

i ", .___ ---,20 ec u v enough to sediment debris from completely lysed 
tc organisms. Three hours after incubation shows 

little perceivable reduction in the proportion of 
o 3oj Jo 9o' 12o~ 7so~ 18ol long forms, but 5-7 hours shows a substantial 

T/me in minutes decrease in this proportion, and in 24 hours the 
Fig. I. I n d u c t i o n  curves  of Y I o  for d i f ferent  long forms have largely disappeared. Samples 

doses of ultraviolet irradiation, irradiated for 18o sec again show many long 

forms, but debris is presents in small quantities in the i, 2 and 3 hour samples, indi- 
cating that lysis is not confined to the short period observed when I2o sec irradiation 
is used (Fig. 7), Long forms are still present after 3 hours incubation. In all cases where 
debris is present it resembles collapsed spheres. 

In the long forms, "necks" may often be observed, indicating that the process of 
cell division has, at least, begun. Owing to the well-known tendency of bacteria--and 
indeed many small particulate preparations--to aggregate when prepared in the manner 
described, it is most difficult to distinguish between inhibited cell divisions and cells 
that have simply aggregated. Often, these inhibited divisions appear to be bent at an 
angle (Fig. 4) and on occasions pictures have been obtained which could be taken to 
indicate all organic junction between two bacteria to form a T (Fig. 8). Although this 
observation is regarded with reserve it is felt that the possibility of its representing 
a real phenomenon cannot be ignored. 

Despite the production of a titre of In 11, no bacteriophage can be seen adhering 
to the debris or the bacteria. 

DISCUSSION 

The electron microscope has demonstrated that induction of E. cell K 12 by ultra- 
violet light produces longer forms than was suggested by the light microscopical studies 
Re[erences  p.  487 . 
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Fig .  2. C o n t r o l  b a c t e r i a  g r o w n  2 h o u r s  in ( l a rk .  ,J 13,ooo.  
P ig .  3. B a c t e r i a  i m m e d i a t e l y  f o l l o w i n g  0o sec i r r a d i a t i o n  w i t h  u l t r a v i o l e t  l i gh t .  13,ooo.  

F ig .  4- B a c t e r i a  2 h o u r s  a f t e r  6o  sec i r r a d i a t i o n .  A n  i n h i b i t e d  d i v i s i o n  b e n t  in a r i g h t  a n g l e  is seen .  
L i t t l e  d e b r i s  is p r e s e n t .  13,ooo.  

F ig .  5. B a c t e r i a  2 h o u r s  a f t e r  12o sec i r r a d i a t i o n .  I ' a r t  o n l y  of a l ong  f o r m ,  I , i t t l e  d e b r i s  is p r e s e n t .  
>: 0 0 0 0 .  
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F i g ,  6. B a c t e r i a  t h o u r  a f t e r  i 2 o  sec  i r r a d i a t i o n .  D e b r i s  r e s e m b l i n g  c o l l a p s e d  s p h e r e s  is s e e n  a t t a c h e d  
t o  b a c t e r i a .  I n h i b i t e d  cel l  d i v i s i o n s  a l s o  a r e  seen .  × i 3 , o o o ,  

F i g .  7. B a c t e r i a  3 h o u r s  a f t e r  i 2 o  sec  i r r a d i a t i o n .  C o n s i d e r a b l e  d e b r i s  is s t i l l  p r e s e n t .  × 13 ,ooo .  
F i g .  8. B a c t e r i a  2 h o u r s  a f t e r  12o sec  i r r a d i a t i o n .  A n  a p p a r e n t  " T "  f o r m .  T h e  cel l  c o n t e n t s  a p p e a r  

c o n t i n u o u s  a c r o s s  t h e  " T "  j u n c t i o n .  × 13,ooo. 
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of WEIGLE AND DELBRUCK 2. The presence of collapsed spherical skins is in agreement  

with their  observat ion tha t  the bacter ia  swell up into spheres before bursting. The  

observat ion tha t  long forms are present  in the 2 and 3 hour incubat ion samples which 

have  had the op t imum ul t raviole t  dose (I20 sec) suggests tha t  the long forms represent  

the survivors,  and the forms tha t  do not prol iferate sufficiently in this manner  swell 

up and burst.  

The absence of bacter iophage adher ing to the debris or bacter ia  is in agreement  

wi th  the observat ions of WEIGLE AND DELBRUCK 2 tha t  h is not  adsorbed onto K I 2  

at  a measurable  rate.  
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SUMMARY 

The morphological changes in E. cell K 12 accompanying induction by ultraviolet light have 
been studied by electron microscopy. Long forms have been observed, and in some cases debris 
consisting of collapsed spherical skins. No bacteriophage was observed adhering to the debris or 
bacteria. 

R~SUM]~ 

Les modifications morphologiques subies pax E. cell K 12 & la suite d'une exposition ~ la lumi~re 
ultraviolette ont dr6 6tudi6es au microscope 61ectronique. I1 apparMt des formes allong6es, el, quel- 
quefois, des d6bris de patois sph6riques 6clat6es. I1 n'y a pas de bact6riophage visible adh6rant 
aux d6bris ou aux bact6ries. 

ZUSAMMENFASSUNG 

Die morphologischen Veriinderungen, die die Einwirkung yon ultraviolettem Licht auf E. cell 
K 12 begleiten, wurden elektronenmikroskopisch untersucht. Es wurden lange Formen und in einigen 
FAllen Detritus, der aus kollabierten, kugligen H~uten besteht, beobachtet. Es wurde nicht beob- 
achtet, dass Bakteriophagen dem Detritus oder den Bakterien anhaften. 
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