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INTRODUCTION 

Since d'HERELLE'S initial microscopic observations in 1921 on bacterial lysis through 
the action of bacteriophage 1, a number of cytological techniques have been applied to 
the problem of obtaining from optical observations information concerning the basic 
processes of bacteriophage multiplication. Early microscopic observations on living cells 
are briefly summarized by PIJPER ~. More recent studies have concentrated attention 
on strain B of Escherichia coli and a series of seven phages, TI-T7, to whose action it 
is sensitive s. WEIGLE 4, using dark-field microscopy, and BOYDb, 6 using phase microscopy, 
have studied these systems, and HED~N ~ has described his observations on T2 infection 
through the use of a number of techniques including phase and ultraviolet microscopy. 
Nuclear staining techniques have recently revealed striking cytological information on 
the infectious processes in E. coti B infected with the T-series of bacteriophages s-is. 
However, since bacteriophage particles are beyond the limits of resolution (not of visi- 
bility) of the light microscope, the finer intricacies of bacteriophage replication cannot 
be observed by the above techniques. 

The morphological characteristics of phage were first demonstrated by RusxA 14 
with the electron microscope. LURIA AND ANDERSON x5 and LURIA, DELBROCK AND 
ANDERSOI~ 16 studied in detail E. coli B cells lysed by the action of TI  and T2 phages. 
The bacteriophage T2 was characterized still further by electron micrographs of purified 
suspensions of the virus 1~. Other early electron microscopic studies have been well 
reviewed by Rusxa  18. More recently, the effects of bacteriophage on bacteria have been 
studied with the electron microscope by WYCKOFF and colleagues ~9-~s, BIELIG, KAUSCHE 
AND HAARDICK 29, HAARDICK so MERLING sx. HENNESSEN32, GRUN AND HENNESSEN ss, 

* Th i s  inves t iga t ion  has  been  m a d e  w i th  the  ass i s tance  of a grant  from the  Commi t t ee  on 
Research,  Counci l  on P h a r m a c y  and  Chemistry ,  Amer ican  Medical  Assoc iat ion .  

** Present address: Sias Laboratories. Brooks Hospital, 227 Summit Ave., Brookline 46, Mass. 
(U.S.A.). 
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HILLIER, MUDD AND SMITH 34, as, HERCIKa6-39, and HED~N 7. BAYLOR AND CLARK 4° studied 
the progress of infection in cultures infected with a mixture of TI  and T2 viruses. 

While these electron microscope studies reveal indications as to the changes under- 
gone by the host cell and perhaps lend suggestions as to the possible processes carried 
on in infection, several limitations must be placed upon the above-mentioned studies 
and the various interpretations presented by the authors of those papers for one or 
more of the following reasons: I. Observations were made on phage-infected bacteria 
in which the period of infection was not controlled or upon cells following lysis; 2. pre- 
parative techniques used by many workers were probably conducive to the production 
of artifacts, though this possibility in some cases was overlooked; 3. the shadowing 
technique, which is valuable but not optimal for the study of intracellular structures 
in intact bacteria, has been used exclusively in many studies; 4. in many cases the 
knowledge of the bacteria-bacteriophage system gained by other techniques (genetic, 
biochemical, biophysical) has not been recognized in interpretation of the micrographs. 

Certain of the limitations of earlier studies have been inherent in the instrument. 
The fine structures to be resolved within phage-infected bacteria are superimposed in 
cells which even after desiccation are many molecular diameters in thickness. Sufficient 
contrast  between the electron images of nuclei, mitochondria, phage particles, etc., must 
be secured under these difficult conditions to define their several structures and relation- 
ships. The problems thus presented are at the very limits of present instrumentation 
and  photographic processing. 

Some of the more recent work has been carried out under more carefully controlled 
condi t ions .  EDWARDS 41, working with TI  phage, NODA AND WYCKOFF 28, and most 
particularly LEVINTHAL AND FISHER 45, using the T2 system, have examined cells in the 
.electron microscope at successive intervals following infection. LEVINTHAL, with a 
,cleverly devised method for making electron microscope preparations from ceils ruptured 
during the latent period by rapid decompression techniques, has been able to shed new 
light on the nature of phage precursors and note the time of appearance of these particles 
in cells by a survey of the contents of the physically lysed ceils. 

In the present study we have at tempted to overcome as many as possible of the 
limitations mentioned, reconciling conditions necessary for electron microscopy and 
those required for an accurate study of a biological system. The latent period in the 
infection of Escherichia cell, strain B, with T2 phage has been selected for intensive 
study, both because it is the period during which the most important changes take place 
in the host cell and because it has also been intensively studied by a number of other 
techniques. We have been able to gain further information 4s,44 on the changes that 
take place during phage infection by virtue of greatly improved electron microscopic 
equipmenO 5, an improved technique for the preparation of electron microscope speci- 
mens, and through the use of parallel light and electron microscope studies carried out 
under controlled conditions. 

PREPARATIVE METHODS 

Escherichia cell, strain 13, and phages T2r + and T2r were used (DI~LBROCKa). These phages were 
concentrated and purified by differential centrifugation ~. A tryptone-yeast-extract-glueose medium 
(MORTON AND ENGLEY 4~) was employed in all experiments. 

Electron microscopy. Electron microscope preparations were made by growing bacteria on 
collodion overlying agar (HILLIER, KNAYSI AND BAKERiS). The bacteria were infected by placing 
a drop of phage suspension on the bacteria growing on the collodion. In order to follow the changes 
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in bacter ia l  and  phage  popu la t i ons  q u a n t i t a t i v e l y  unde r  t he  condi t ions  used for m a k i n g  electron 
microscope  p repa ra t ions ,  it  was  found  necessa ry  to keep t he  micro-colonies  on t h e  collodion mois t  
by  p lac ing  wet  filter pape r  in t he  lid of the  Pet r i  d ishes  du r ing  incuba t ion .  Assays  were m a d e  of 
the  bac t e r iophage  and  t he  bac te r i a  growing on t he  collodion by  t he  following t echn ique :  An  a rea  
of the  collodion t h a t  h a d  been seeded wi th  bac te r ia  unde r  s t anda rd i zed  condi t ions ,  i ncuba ted ,  and  
infec ted  wi th  phage  for an  appropr i a t e  period, was cu t  ou t  t oge the r  wi th  the  aga r  upon  which  it  
res ted.  If t he re  were no s igns of leakage t h r o u g h  the  collodion film, it  was  f loated off on to  l iquid 
in a t e s t  tube,  t he  film broken  up  wi th  a p l a t i n u m  loop and  t he  suspens ion  mixed  wi th  a p ipe t te .  
Approp r i a t e  d i lu t ions  were a s sayed  for e i ther  phage  or bac te r ia  by  the  aga r  layer  t e chn ique  (ADAMS4S). 

The  collodion fi lms used for e lectron microscopy  were seeded wi th  bacter ia ,  incuba ted ,  and  
infected in t he  s a m e  w a y  as t he  films used for assays .  Those  microcu l tu res  on collodion which  showed 
no s igns  of leakage  were selected for fu r the r  work.  A film res t ing  on an  aga r  block was  fixed in the  
v a p o u r  of 2 % OsO4 solut ion for one m i n u t e ;  i t  was t h e n  f loated off on dist i l led wa te r  and  al lowed 
to dialyze for one hou r  to r emove  excess sa l ts  and  o ther  smal l  molecular  subs tances .  Final ly ,  the  
film was  p icked up  on a copper  screen and  al lowed to dry.  Some series of e lectron microscope prepa-  
ra t ions  were m a d e  c o n c o m i t a n t l y  wi th  the  g rowt h  curves .  To insure  p u n c h i n g  ou t  discs clearly for 
inser t ion  in the  e lect ron microscope and  for ease of filing and  ca r ry ing  the  p repara t ions ,  it  was  
found  conven i en t  to a t t a c h  the  copper  screens  by  a corner  wi th  scotch  t ape  on to  app ropr i a t e ly  
label led un i fo rm  sec t ions  of h e a v y  index  cards  cu t  to the  size of an  o rd ina ry  microscope  slide*. 

Light cytology. For  l ight  cytological  s tudies ,  E. coli B was grown in b ro th  wi th  aera t ion .  W h e n  
the  cu l tu re  had  g rown to a dens i t y  of a b o u t  lO s cells/ml, i t  was infected wi th  an  appropr i a t e  a m o u n t  
of t he  phage  concen t r a t e s  descr ibed above.  The  mul t ip l i c i ty  of infect ion was  de t e rmined  by  a s says  
of phage  and  bac te r ia  before infect ion;  t he  usua l  mul t ip l i c i ty  used  was close to 8. In  some  e x p e r i m e n t s  
t he  per  cent .  infect ion was  checked  by  a s says  of bac te r ia  shor t ly  before and  severa l  m i n u t e s  a f te r  
infect ion.  One-s tep  g rowt h  curves  of T2r  in b ro th  were pe r fo rmed  essent ia l ly  as descr ibed by  ADAMS 46. 

Impres s ion  smea r s  were m a d e  of n o r m a l  and  infected bac te r ia  by  the  t echn ique  descr ibed by  
MURRAY et al. 1°. Nuclea r  s t a ins  were m a d e  b y  one of two techn iques .  Some p repa ra t i ons  were s ta ined  
by  t he  p rocedure  descr ibed by  DE LAMATER 49, o the r  p r epa ra t i ons  were s t a ined  by  a modified 
Feu lgen  t echn ique .  Feu lgen  p r epa ra t i ons  were m a d e  by  a p rocedure  ident ical  w i th  t h a t  used  for 
t he  D e L a m a t e r  s t a in  excep t  for the  s u b s t i t u t i o n  of ttie Sehiff r eagen t  for t he  D e L a m a t e r  th ion in-  
t h iony l  chloride s ta in .  The  Schiff r e agen t  was  p repa red  b y  pour ing  2oo ml  boiling dist i l led wa te r  
over  I g Dus t l e s s  Calco Para rosan i l ine  base  ** mixed  wi th  fresh ac t i va t ed  charcoal .  Af te r  cooling 
to 560 C t he  dye  was  filtered, a l lowed to cool to room t e m p e r a t u r e  and  I g K2S205 added.  The  p H  
was  t h e n  a d j u s t e d  wi th  I N HC1 to p H  2.3-2.  4. Coverslip p repa ra t i ons  were r insed  in 0.5 % K2S205 
a t  p H  2.3-2.  4. 

L i g h t  mic roscopy  was  carr ied  ou t  wi th  the  B a u s c h  and  L o m b  research  microscope CCTB us ing  
ba lcoa ted  lenses,  I 5 × eye pieces, and  a 97 × a c h r o m a t i c  oil immer s ion  objec t ive  (n.a. = 1.25); 
cri t ical  i l l umina t ion  was p rov ided  b y  a B a u s c h  and  L o m b  r ibbon f i l amen t  l amp  wi th  a day l igh t  
blue filter and  W r a t t e n  filters E22 and  /358. P ic tu res  were t a k e n  wi th  a B a u s c h  and  L o m b  L t ype  
c a m e r a  on Ansco  i sopan  film. 

EXPERIMENTAL RESULTS 

Growth curve studi~s 

A one-step growth curve was performed for T2r phage infecting E. coli B grown 
under the conditions used in preparing specimens for electron microscopy; i.e. bacteria 
were grown and infected on collodion overlying a nutrient agar. The results of this 
experiment are shown in Fig. I together with a one-step growth curve of the same 
phage infecting bacteria in broth. The rise period of the phage infecting bacteria grown 
on collodion starts between 19 and 23 minutes, which corresponds to the 22 minute 
latent period observed in broth. The duration of the one-step growth carve on collodion 
is (in most cases) somewhat longer, and the burst size is somewhat greater. However, 
from Fig. I it is apparent  that  the latent periods of the phage infecting bacteria under 
these two conditions are sufficiently comparable to allow a comparison of the obser- 
vations made on electron micrographs with results obtained with phage infecting 
bacteria in broth. 

* For  th is  device we are indeb ted  to LOREN C. WINTERSCHEID. 
*~ Ob ta ined  f rom Amer i can  C y a n a m i d  C o m p a n y ,  CaJco Chemical  Division,  Dyes tu f f  Depa r t -  

ment~ B o u n d  Brook,  N . J .  
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One-step growth curves of T2r + infected E. coli on collodion were somewhat 
variable; a slight rise was frequently observed at about 22 minutes but the rise period 
did not end until 80 to 9 ° minutes after infection. Though the multiplicity of infection 
cannot be calculated exactly for the cells grown on collodion, phage was observed to 
be fairly uniformly distributed throughout each set of preparations; conditions were 
used which provided multiple infection. 
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Fig. i .  Comparative one-step growth curves in broth and on collodion of E. coli B infected with T2r. 

Light cytology o/cells in/ected with T2 phage 

Figs. IA to 6 illustrate the sequence of events following infection of E. coli B with 
T2 phage, as shown by the Feulgen and DeLamater stains. In the systems under con- 
sideration the Feulgen and DeLamater procedures give essentially concordant pictures. 
Since the latter procedure gives better contrast for photography, the majority selected 
for reproduction were thus prepared. 

Figs. IA and IB show DeLamater and Feulgen stains of young, uninfected cells 
of E. coli B taken from the logarithmic phase of growth. Two-, four- and eight-nucleate 
rods are included. The nuclear chromatin presents the pattern familiar in young normal 
cells. In his most recent work DE LAMATER 5° has presented cogent evidence that  this 
pattern represents mitotic nuclear division. 

Figs. 2A and 2B show cells of E. coli B five minutes after infection, respectively, 
with T2r and T2r+ phage. The nuclear chromatin is displaced toward the margins of 
the cells from its normal axial position, and has already lost the configurations charac- 
teristic of normal nuclei. 

Figs. 3A and 3B show cells ten minutes after infection with T2r + stained, respec- 
tively, by the Feulgen and DeLamater procedures. The displacement of nuclear chro- 
matin to the margins of the cells has proceeded even further than at five minutes. 

Fig. 4 shows cells 15 minutes after infection with T2r +. The chromatin is marginal 
in position and granular. 

Fig. 5 shows cells 20 minutes after infection with T2r. Some fairly coarse granules 
of chromatin are still detectable, but the cells are filling up with more finely granular 
material, not removed by the HCl-hydrolysis, which stains with thionin-thionyl chloride 
and by the Feulgen reaction. 

Re/erences p. 151/I52. 
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Fig. 6 shows cells 25 minutes after infection with T2r. These still unlysed cells are 
filled with much thionin-thionyl chloride-, Feulgen-positive material; the residual 
granules of chromatin are hardly discernible. 

The sequence of cytological changes we have described following infection of E. cull 
B with active T2r + and T2r phages is essentially similar to and in confirmation of the 
sequences described by LURIA AND PALMER s, LURIA AND HUMAN 9 and MURRAY, GILLEN 
AND HEADY 1°. We stress particularly the loss of characteristic configuration and position 
of the nuclear chromatin. These profound structural alterations of the nuclear chromatin 
are evident within the first minutes after infection and progress during the latent period. 

Clear biochemical evidence of the degradation of nuclear desoxyribose nucleic acid 
(DNA), and of the incorporation of components of the host cell DNA into the virus 
progeny, has been obtained with E. cull B, T-even phage systems 51-~. According to 
both groups of investigators most or substantially all of the host nuclear DNA is so 
transferred. Current data indicate that the transfer of components of host DNA to virus 
progeny occurs in units at least as small as nucleosides. These building stones of nucleic 
acids are presumed to be unable to act as genetic determiners. 

A second observation deserving emphasis is the filling up of the infected E. cull 
cells with Feulgen-positive material during the second half of the latent period. In the 
E. cull B, T-even systems approximately 20-30 % of the N and P of the viral progeny 
comes from preformed components of the host bacteria and 70-80% from components 
of the medium assimilated after infection 53, 5~, m. In particular COHEN AND ARBOGAST 57 
have demonstrated the continuing accumulation of DNA from its time of initiation, 
in the case of T2 about 7 minutes after infection, throughout the remainder of the latent 
period. The accumulation of Feulgen-positive material in the latter half of the latent 
period doubtless reflects synthesis of DNA. 

Correlation o/light and electron microscopic observations 

I t  now becomes possible to compare the results obtained from the light microscopic 
study with the electron microscopic observations in view of (i) the controlled period 
of infection of the electron micrograph preparations, and (2) the comparative one-step 
growth curves (Fig. I) correlating the latent period of phage infecting broth-grown and 
collodion-grown E. coll. Striking correlations are observed between the nuclear-stained 
areas and the vesicular areas seen in electron micrographs. 

In normal, actively growing cells, the chromatinic structures extend from side to 
side (Fig. IA and IB). Corresponding to these, the osmium tetraoxide fixed cells seen 
in the electron microscope (Fig. I in the following paper) have vesicular areas extending 
from side to side in the same parts of the bacilli. This correlation has been carefully 
described by HILLIER, MUDD AND SMITH 35 and MUDD AND SMITH ~. 

Fig. 6 in the following paper is an electron micrograph of 5-minute infected cells. 
The transverse vesicular areas of normal cells have been replaced by marginal vesicles. 
These correspond quite closely to the marginal chromatin seen in light micrographs of 
nuclear stained preparations (Figs. 2A and 2B). Marginal vesicular areas have been seen, 
not only in electron micrographs of osmic acid fixed cells, hut  also in unfixed ceils. 

Figs. 7 and 9 in the following paper axe lmshadowed and shadowed electron micro- 
graphs of cells infected for IO minutes. The margination of the vesicles has become 
more pronounced. Likewise, the margination of DNA as seen in Feulgen-stained prepa- 
rations (Fig. 3A) has become accentuated. 

_References p. z5r/z52. 
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The vesicular nature of the less electron-opaque areas is apparent from the following 
paper. The less-dense marginal vesicular areas have collapsed upon drying. 

I t  is not possible to correlate the vesicle formation and the localization of DNA 
in cells infected for 15 minutes and longer. (See Figs. 4-6 above and the electron micro- 
graphs in the following paper.) 

DISCUSSION 

Past studies of phage-infected bacteria in which the biological state of the system 
was not clearly defined have contributed but  little to knowledge of the changes during 
the infectious process. In the current study of T2 phage-infected E. coli B, techniques 
were developed that  made it possible to control the per cent infection and the period 
of infection, and to determine the latent period, under the conditions used in the modified 
HILLIER, KNAYSI AND BAKER *s technique. 

The technique of HILLIER, KNAYSI AND BAKER ~ for preparing specimens for 
electron microscopy has recently met with some criticism (HENNESSEN, GRON AND 
LINDNERS~; LIEBERMEISTER e°, KELLENBERGER61). The use of rigid standards in the 
selection of microcultures on collodion at the time of bacterial inoculation, and later 
at the time of phage infection, eliminated any cultures which leaked through breaks 
in the collodion membrane. The relatively short maximum period of incubation which 
we used (4 hours), together with the use of wet filter paper in the lids of the Petri dishes, 
prevented over-drying and the consequent isolation of bacterial cells from their source 
of nutrient beneath the membrane. Several preparations shadowed on the reverse (under) 
side of the collodion revealed no bacteriophage or bacteria to be present between the 
film and the agar; this observation was confirmed in preparations lightly shadowed on 
the upper surface whereby either transmission- or shadow-type micrographs could be 
obtained on the same cell through the control of electron exposure and with special 
printing processes (HILLIER, unpublished). 

The technique of HILLIER, KNAYSI AND BAKER 4s offers a great advantage in that  
it permits manipulation of the specimens and, at the same time, preserves the intimate 
relationships existing in both cell structures and infecting virus. The deleterious effects 
of centrifuging the cells from distilled water suspensions, etc. common to most other 
techniques, are thus avoided. RAETTIG s2 reports this technique to be superior to sus- 
pension, impression or pseudo-replica preparations for studying phage-host cell systems. 

The technique has two handicaps in studies of phage infection, namely the difficulty 
of determining the exact multiplicity of infection and in the failure completely to 
eliminate residual infecting phage. The latter cannot be avoided in a time-study of lytic 
systems by this method but  of course it would not be present in studies on induced 
lysogenic cells. The former factor can be partially circumvented by bacterial assays 
before and after bacteriophage infection. 

For light microscopy the nuclear stain of DELAMATER 49 Was used in most prepa- 
rations. Many of the structures (e.g. spindles, centrosomes, etc.) associated with mitotic 
division in this organism (DELAMATER, personal communication) have been hydrolyzed 
away so that  the localization of the nuclear DNA could be followed more accurately 
in T2 infection. These associated structures, as well as residual mitochondrial granules, 
do appear, however, in preparations of uninfected cells stained with the DeLamater 
"double-stain" when slight underhydrolysis is used. In neither the light nor electron 
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microscop ic  s tud ies  was  a n y  di f ference found  b e t w e e n  T2r  and  T2r  + in fec t ion  o t h e r  t h a n  

lysis  i nh ib i t i on  a n d  the  p resence  of phage  in a m a t u r e  s t a t e  on ly  a t  25 m i n u t e s  pos t -  
in fec t ion  in t he  case of  cells i n fec t ed  w i t h  T2r.  Thus ,  t h e y  h a v e  been  used  i n t e r c h a n g e a b l y .  

T h e  co r r e l a t i on  b e t w e e n  F e u l g e n - p o s i t i v e  a reas  and  t h e  e l ec t ron  mic roscop ic  

ves ic les  in t he  case of n o r m a l  b a c t e r i a  has  been  desc r ibed  35, ~s,63. T h e  e v i d e n c e  p r e s e n t e d  

in  th i s  p a p e r  sugges ts  a s imi la r  co r r e l a t i on  b e t w e e n  the  m a r g i n a l  nuc l ea r  s t a in ing  a reas  

a n d  the  m a r g i n a l  ves ic les  seen in t h e  e l ec t ron  mic ro scope  in t he  case of b a c t e r i a  in fec ted  

for  f ive minu t e s .  An  e v e n  m o r e  c l ea r - cu t  d e m o n s t r a t i o n  of th is  p h e n o m e n o n  is seen in 

cells  i n f ec t ed  for  t en  minu te s .  
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SUMMARY 

Preparative methods are described by which young colonies of E. coli B on collodion overlying 
nutrient agar are infected with T2 phage, fixed at selected time intervals following infection, dialyzed 
for removal of obscuring impurities and studied electron microscopically. One-step growth curves 
of phage replication under these conditions have been essentially similar to those in broth. 

Light cytological preparations, in sequence of time following infection, stained by the Feulgen 
and DeLamater procedures, have essentially confirmed earlier studies by LURIA AND PALMRR 8, 
LURIA AND HUMAN s, and MURRAY, GILLEN AND HEAGY 10. The nuclear chromatin loses its charac- 
teristic configuration and position during the first half of the latent period, and is reduced to granular 
residues along the periphery of the infected cells. During the second half of the latent period t h e  
infected cells fill up with finely dispersed Feulgen-positive material. The disintegration of the nucleus 
is in agreement with biochemical data indicating breakdown of the nuclear DNA and transfer of 
its components to the phage progeny 51-a~. The filling up of the cells with Feulgen-positive material 
is in agreement with the synthesis of new DNA by the infected cells, utilizing materials from the 
external medium 5s-5~. 

RI~SUMI~. 

Nous avons d6crit des m6thodes pr6paratives g l 'aide desquelles de jeunes colonies de E. coli B, 
plac6es sur un film de collodien /~ la surface d'agar nutritif, sont infect6es par du phage T2, fLX6es 
apr~s des intervalles de temps choisis, dialys6es pour supprimer des impuret6s et 6tudi6es au micro- 
scope 61ectronique. Les courbes de croissance A un palier de la multiplication ("r6plication") du 
phage dans ces conditions 6taient essentiellement semblables g ceUes enr6gistr6es pour la eroissance 
dans du bouillon. 

L'6tude, au microscope A lumi~re, de pr6parations cytologiques, rang6es d'apr~s la dur6e 
d'infection, color6es d'apr~s la technique de Feulgen et celle de De Lamater, confirme essentiellement 
les r~sultats obtenus par LUEIA ET PALMER s, LURIA ET HUMAN s, et MURRAY, GILLEN ET HEAGY 10. 
La chromatine nucl6aire perd sa configuration et sa position caract6ristiques pendant la premiere 
moiti6 de la p6riode latente et se trouve r6duite ~ des r6sidus granulaires lelong de la p6riph&-ie 
des cellules infect6es. Pendant la deuxi&me moiti6 de la p6riode latente, les cellules infectg~s se 
remplissent de mati~re finement dispers6e Feulgen-positive. La d6sint6gration du noyau e s t  e n  accord 
avec la d6gradation du DNA nucl6aire et le passage de ses constituants aux phages nouveaux, 
ph~nom~nes indiqu6s par les donn6es biochimiques 61-66. Le rempllssage cellules par de la mati&re 
Feulgen-positive est en accord avec la synth~se de DNA nouveau par les cellules infect~es, synth~se 
qui utilise de la mati~re provenant du milieu ambiant ~-6~. 

ZUSAMMENFASSUI~IG 

Es werden priiparative Methoden beschrieben, mit denen junge Kolonien yon E. coli B auf 
mit  Kollodium iiberschichtetem Niihragar mit  T2-Phage infiziert, nach bestimmten auf die Infektion 
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fo lgenden Ze i t ab s t~nden  fixiert,  zur  E n t f e r n u n g  t r i ibender  Ve run re in igungen  d ia lys ier t  u n d  u n t e r  
d e m  E l e k t r o n e n m i k r o s k o p  u n t e r s u c h t  wurden .  Die E i n s t u f e n w a c h s t u m s k u r v e n  der  spezif ischen 
P h a g e n v e r m e h r u n g  u n t e r  d iesen B e d i n g u n g e n  s ind  i m  wesen t l i chen  denen  in Boui l lon ~hnl/ch.  

L i ch t -mik roskop i sche  cyto logische  Pr/~parate, die, n a c h  der  I n f e k t i o n s d a u e r  geordnet ,  n a c h  den  
Feu lgen  u n d  DeLamaterverfahren gefArbt wurden ,  bes tAt igen im  wesen t l i chen  die U n t e r s u e h u n g e n  
y o n  LURIA UND PALMER 8, LURIA UND HUMAN 9, u n d  MURRAY, GILLEN UND HEAGY 1°. D i s  Kern -  
¢ h r o m a t i n  ver l ier t  seine cha rak te r i s t i s che  Konf igu ra t i on  u n d  SteUung in der  e r s ten  Hiilfte der  
l a t e n t e n  Per iode u n d  wird au f  kbrnige  Res te  in der  Per ipher ie  der  infizierten ZeHe reduzier t .  I n  de r  
zwe i t en  HAlfte der  l a t e n t e n  Per iode wird die infizierte Zelle m i t  fe inzer te i l tem Feu lgen-pos i t iven  
Mater ia l  aufgeffill t .  Die Auf lb sung  des  K e r n s  in seine Bes tand te i l e  is t  in 0 b e r e i n s t i m m u n g  mi t  
b iochemischen  Da ten ,  die den  Z u s a m m e n b r u c h  der  K e r n - D N S  u n d  die l~be r t r agung  seiner  B e s t a n d -  
teile an  die neu6eb i lde ten  P h a g e n  anze igen  51-55. Das  Auffii l len der  ZeIlen m i t  Feu lgen -pos i t i vem 
Mate r ia l  is t  in U b e r e i n s t i m m u n g  m i t  der  S yn t he se  neue r  D N S  du rch  die infizierte Zelle, wobei  
Mater ia l  des i iusseren M e d i u m s  beni i tz t  wird 58-57. 
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