
KNAYSI 1 and ROBIhrOW ~ described the changes in t 
ion as comprising three stages: first, the formation oi 
the cytoplasmic membrane; second, the formation of 

grows centripetally from the lateral cell-wall; anc 
hrough the split cell-wall septum to complete the sep 
;h and smooth strains of organisms were considered 
ne which elapsed between the second and third stages 
1 and short with smooth strains. BISSET a, on the ot 
;sses of cell division are basically different in rough al 
s view, transverse cell-wall septa form only in rough,  
? he places the long-chained streptococci and mo 
eas smooth strains, in which he includes the short-c]c 

of the cell-wall without preceding 
over, BISSET differs from KNAYSI and from ROBINOX 
cell-wall septum does not grow centripetally but i s  

Detailed understanding of the structural changes in 
ion is necessarily difficult if intact cells are used in t 
~scope is used the relatively low resolving power imp 

strains of organisms, in whi~ 
most pathogenic staphylococ~ 

short-chained streptococci, divide t 
cell-wall septum formatio 

ROBINOW in believing that  the tran 
secreted uniformly across t] 

the bacterial cell during c* 
the investigations. If the lig 
~oses a limit beyond which 1 

d and a realm is created in which speculation can be ri 
~ arriving at a definite solution. This state of affairs is e 
atroversy concerning Bacillus megatherium, micrographs 
ely interpreted as showing the presence of either mitoi 
IODD 4) or cell-wall septa (BlSSETS). Even with the electr~ 
not without its difficulties since, although the necessa 
the average bacterial cell is too thick to allow of sufficie 
v internal structure. 
since it is readily possible to isolate the bacterial cell-wl 
mired for examination in the electron microscope, a detail 
.'rs of cell-wails from an actively growing culture might 
ages of formation of structures developed from and attach 
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whereas 
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division 
microsco 
real detail can be recognised 
without much possibility of 
emplified by the current controvers 
which have been alternativel, 
figures (DE LAMATER AND MUDD 4 

microscope the problem is 
resolving power is present, the 
electron penetration to show 

It  occurred to us that,  
(DAwsON6), which is ideally suited fc 
examination of large numbers 
of value in elucidating the sta 
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SON AND ELFORD?). 

merit o] intact cells with C T A B  

The cells were suspended in o.oi  % cetyl- t r imethyl-ammoniu~ 
t h. The  concentra t ion  of cells in the  suspension was  8 - i o  9 c 
~d twice wi th  distilled wate r  wi th  the  centrifuge before exam 
led resul ts  of the  t r e a t m e n t  of Staph. aureus with  CTAB w 
SON, LOMINSKI AND STERNS). 

"on microscopy 

Specimens were mounted  on " f o r m v a r "  films and  shadowc-" 
) the  plane of the  film. Examina t ions  were carried ou t  in the 

RESULTS AND CONCLUSIONS 

Dbservations on the isolated cell-walls of staph, am 
the structural changes follow the same general pat ter  
etails are more readily obvious in Strept. [aecalis. Fig. 
)lated cell-walls of Strept. ]aecalis. Some of the celL, 
s show the presence of equatorial ridge and band-L 
tigations indicate tha t  these structures are not due to 
brane which has collapsed flat on the supporting fi 

aureus and Strept./aecalis sh( 
)attern in both  organisms althou{ 

I shows a typical preparati~ 
cells have a smooth surface b 

band-like structures. The followil 
random folding in a spheric 

film but  tha t  they reflect t] 

e various types of these structures in the isolated cell-wa] 
s a typical smooth cell-wall with no surface structure apa 
In Fig. 5 there is present a characteristic, double ridge 
Ler of the cell. In  Fig. 6 the two ridges are quite separa 
ridge the cell-wall surface in Fig. 7 shows a wide, band-lit 

srupted staphylococci, both  by  the examination of inta 
ope (Fig. 2) and by  the use of surface replica technique 
)f similar structures on the surfaces of the intact organism 
Lted with the appropriate concentration of cetyl-trimethy 
ssume the appearances shown in Fig. 3; the cells sho 
toplasm from the cell-wall and many  of them, marked i 
3e seen to consist of two hemispherical sections, this beir 
nning across the equator of the cell. Often a partial sep~ 

the details 
of isolated 
others 
investi 
membran, 
various stages of cell division. 

Staph. aureus 

Figs. 4 to 7 illustrate th, 
of Staph. aureus. Fig. 4 shows 
from the small fold visible. In  
thickening across the diameter 
from each other. Instead of a rid 
area of thickening. 

A careful s tudy of undisru 
cells in the electron microsco 
failed to reveal the presence o 
However, if the cells are t reated 
ammonium bromide they assume 
obvious retraction of the cyto t 
in the micrograph, can now be seen 
indicated by a depression runnln 
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Fig .  I. Ce l l -wa l l s  of Strept. ]aecalis s h o w i n g  v a r i o u s  e q u a t o r  

s. T h e  ce l l  su r f ace  s h o w s  no  o b v i o u s  e v i d e n c e  of s t r u c t u r e  ( × I5,OOC 

ks t r e a t e d  w i t h  C T A B .  T h e  l e t t e r  X i n d i c a t e s  t h e  ce l l s  w h i c h  a p p e a  
• ow  i n d i c a t e s  ce l l -wa l l  r i d g i n g  o p p o s i t e  t h e  c y t o p l a s m i c  c o n s t r i c t i o  

J 

Fig .  2. I n t a c t  ce l l s  of Staph. aureus. 
Fig .  3. I n t a c t  ce l l s  of Staph. aureus t r ea l  
t o  c o n s i s t  of t w o  sec t ions .  T h e  arr~ 

u a t o r i a l  s t r u c t u  

( × I5,ooo) 

,) 

I5 ,ooo)  

) ea r  
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4 to 7- Cell-walls of Staph.  aureus showing the successive sta 
formation during cell division (× 34, 

.ges of t ransverse ceil-wall septu 

showing the growing edge of the cell-wall sep tum in a horizontal pla 

). Dividing cells of Staph. aureus ( x 9ooo) 

m 
Figs. 

Fig. 8. Cell-wall of Staph.  aureus showiE 

Fig. 9. 
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septum, using the structural appearances on the iso] 
4 the septum has not yet begun to form• The first 
nce of a ridge of thickening on the cell-wall. The r 
1ally spherical cell-wall and its part  on the lower la 
~how through the upper layer, thus giving rise to 
• 5 and 6)" the degree of separation of the two ridges 
~f septum formation to the plane of the film at th 
1ally spherical cell-wall. As the s~ptum grows inward, 
ollapse of the septum within the collapsed cell-wall 
trance shown in Fig. 7. Fig. 8 shows a cell-wall which 
e septum in the horizontal position. The growing edt 
concentric ridge within the periphery• Following the 
tm an inward constriction of the cell-wall occurs th] 
parate the daughter cells. This final stage of constricti 
e electron microscope of cell division in whole cells (l 

In this organism the process of division is basically si 
is but the early structural changes, not readily obser~ 

l'he first evidence of the process of division in the c 
[lel striations across the centre of the membrane (Fi~ 

through the hne ot the septu 
of constriction is the earliest visible stat 

(Fig. 9). 

;imilar to that  of the staphyl 
observed in Staph. aureus, are mo 

cell-wall is the appearance 
g. IO). These seem to coales 

t density (Fig. i i ) .  In the centre of this band there fort 
(Fig. 12) which becomes progressively more prominent 

surface of the collapsed cell-wall (Fig. 13). Fig. 14 sho~ 
due to the ridge on the under layer of cell-wall showil 

~ard growth of the septum then results in the band-li 
i suggests that  the septum has now split to form a douk 
wo layers on either side of the mid-line. Finally, the cell-w~ 
{ the septum (Fig. 17). Figs. 18 to 20 illustrate the formati, 
dls before the latter have themselves completed divisie 
res rise to two or four daughter cells (Fig. 2i), but occasion 
:h three daughter cells are formed. 
of division in the streptococcus is the formation of a t rar  

red by constriction of the cell-wall through the line of t 
interesting but relatively uncommon exceptions• Fig. 

in the 

Slrept. /aecalis 

In 
COCCUS 

pronounced. 
Th, 

parallel 
to form a band of decreased 
a line of increased density 
form a distinct ridge on the 
the double ridge appearance 
through the upper. The inward 
structure of Fig. 15. Fig. 16 
septum with collapse of the two la 
constricts through the line of 
of septa in the daughter cells 
Mostly septum formation gives rise 
exceptions are found in which 

Thus, the usual method 
verse cell-wall septum follow~ 
septum. However, there are 
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!./aecalis showing the successive stages of t ransverse cell-wall set)tu 
mation during cell division ( 34,ooo) 

Figs. 1o to 17. Cell-walls of Strept. 
formal 
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8. Cell-wall of Strept. [aecalis showing the formation of septa 
latter have themselves completely separated 

Fig. I9. Later  stage of Fig. 18 

Fig. 20. Still later stage of Fig. 18 

'ision of Strept. [aecalis into 4 units ( × 2o,ooo) Fig. 21. Division 
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L 
2. Ce l l -wa l l  of £'trept./aecalis s h o w i n g  d i v i s i o n  by  c o n s t r i c t i c  

3- Ce l l -wa l l  of £'h'epl. /aecalis w i t h  m u l t i p l e  ce l l -wa l l  sept t l I l /  f( 
of c o n s t r i c t i o n  a p p e a r s  t o  h a v e  fa i l ed  

~pt./aecalis s h o w i n g  c y t o p l a s m i c  m e m b r a n e s  w i t h i n  t h e m .  T r a n s v m  
;om t h e  c y t o p l a s m i c  m e m b r a n e  a re  o b v i o u s  ( × 25,ooo) 

Figs. 24 and 25. Cell-walls of Stre 
septa originating from 

r i c t i on  w i t h o u t  
m a r i o n  (;~, 3o,ooo} 
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~tum for- 

fin R stage 

;ve rse  



~t./aecalfs. This membrane, moreover, shows evide~ 
on. These septa are invariably double in structure 
am grows between the two layers of these transverse 
cannot yet say whether these septa are formed initi 
e membrane which later splits. 

These studies indicate the advantages of examinatic 
eria in following the stages of cell division. Our results 

process of cell division, described by KNAYSl and 
~s and Strept./aecalis. While we have not been a 
tbrane in Staph. aureus the possibility exists that  a h 
ough cell-wall, may  be unable to withstand the shakin 
')t./aecalis certainly seems to form cytoplasmic membr  

The micrographs demonstrate that  the normal mecha 
dis, a short-chained streptococcus, is by the forma 
am, this septum arising after  the formation of the 
e observations directly conflict with the views put  f 
successive stages in the formation of the cell-wall 
tbranes originate from the cell-wall and grow inwards 

fragile membrane,  lying witt 
g process of cell-wall isolatk 

embrane septa as the pr imary sta 

mechanism of cell division in Stre: 
formation of a transverse cell-w 

cytoplasmic membrane sep" 
forward by  BlSSET. Moreov 

cell-wall septum indicate that  the 
, a fact again in contradicti 

~t the bacterial cell-wall septum is secreted uniformly acr( 

ss significant proportion of the cells of Strept./aecalis wc 
on without preceding cell-wall septum formation. This wot 
rvations of HENRICI 9 who stated that  division by  cell-w 
imple constriction could occur in a single culture, the p] 
g on various environmental conditions. The demonstrati  
m without subsequent constriction and division and of cc 
-wall septum formation indicates that  the two process 
~sociated, are the result of separate and dissociable mect 
nechanisms is obscure but  by growing the organisms uni  
s it might be possible to interfere with one or other of th( 
late the underlying physico-chemical principles. 

Stre! 
of division. 

/aecalis, 
septum, 
These 
the 
membranes 
with BlSSET'S arguments that  
the width of the cell. 

A small but  nevertheless 
found to divide by  constriction wi 
appear to support  the observati, 
septum formation and by  sim t 
dominant method depending 
of multiple septum formation 
striction without prior cell-wall 
although obviously closely associat¢ 
nisms. The nature of these mechani 
various controlled conditions 
processes and thus to elucidate 
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tion of t he  cell-wall t h r o u g h  t h e  line of t he  double  s e p t u m .  ( 
cons t r i c t ion  would  appea r  to be  dissociable p h e n o m e n a .  

msve r se  cy top la smic  m e m b r a n e  septa ,  fo rming  before the 
:rated in Strept. ]aecalis. 

s tades  de la divis ion des  cellules bac t6r iennes  on t  dt6 su i  
ique de parois  cel lulaires isol6es de Staph. aureus et  de Strept. 
ez ces d e u x  mic roorgan i smes ,  la paroi  cellulaire donne  nais  
md peu  ~ peu  ve r s  le cen t re  de la cellule. Ce s e p t u m  se divise 
lule es t  r6alis6e pa r  une  cons t r i c t ion  de la paro i  cellulaire en t  
a t ion  du  s e p t u m  et  la cons t r i c t ion  de la paro i  s e m b l e n t  6tre 
ez Strept. [aecalis u n  s e p t u m  c y t o p l a s m i q u e  t r an sve r sa l  aplc 

S tad ien  der  Bak te r i enze l l t e i lung  w u r d e n  an  isol ier ten Zell 
aecalis d u r c h  U n t e r s u c h u n g e n  m i t  d e m  Elek t ronenmikroskol ;  
d iesen be iden  O r g a n i s m e n  wird  eine que r l au f ende  Zellscheid, 
~ginnt u n d  von  h i e r aus  n a c h  der  Ze l lmi t t e  zu w~Lchst. Die S 
m u n d  die Te i lung  wird  d u t c h  die Z u s a m m e n z i e h u n g  der  Ze 
;rvollst i indigt .  E s  k 6 n n t e  sche inen ,  da s s  die B i ldung  der  Zells, 
der  Zel lwand ge t r enn t e  E r s c h e i n u n g e n  sind.  

terlauiende,  s ich vor  der  Ze l l sche idewand b i ldende  cy top lasn  

Z U S A M M E N F A S S U N G  

ZellwAnden y o n  staph, aureus u n d  
,p verfolgt .  

r l au fende  Zel lscheidewand gebildet ,  die a n  der  Zell- 
Sche idewand  t r e n n t  sich in zwei 

ZellwAnde der  d o p p e l t e n  Scheide-  
Zel l scheidewand u n d  die Z u s a m m e n -  

s m a t i s c h e  Membransche idewl tnde  
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