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Most of the isolated cell walls of bacteria so far examined in the electron microscope 
have been prepared for electron microscopy by the conventional method of air-drying 
droplets of cell wall suspensions on the supporting film of specimen grids. Cell walls 
examined in this fashion appear as flat, empty structures possessing the general outline 
of the organisms from which they have been isolated (Dawsox 1, SALTON :~,ND HORNE2). 

WILLIAMS 3 has recently developed a method of freeze-drying for the preparation of 
biological specimens for electron microscopy in which the three-dimensional structure 
of the specimens is successfully preserved. I t  has been of interest to apply this technique 
to an examination of the isolated cell walls of bacteria. 

Cell walls of B. megaterium (strain KM) and Rhodospirillum rubrum were prepared 
by disintegration of washed suspensions of cells in the Raytheon 9 kc Magnetostriction 
Oscillator, the subsequent steps in the separation of the walls from protoplasmic material 
being those outlined by SALTON aND HORNE 2. Fig. I shows the appearance of B. mega- 
terium cell wall prepared by air-drying a suspension of the walls sprayed onto a specimen 
grid. The appearance of cell walls of B. megateriurn prepared for electron mieioscopy 
by the freeze-drying method is shown in Fig. 2. A comparison of Figs. I and 2 clearly 
demonstrates the rigid, tubular nature of the cell wall of B. megaterium when examined 
by the freeze-drying method. The flat, collapsed appearance of the cell wall shown in 
Fig. I undoubtedly results from the surface-tension forces acting on the wall during 
the drying process, such effects having been obviated by the freeze-drying technique. 
One interesting feature shown in Fig. 2 and observed in many other fields of cell wall 
preparations of this organism, is the rough texture of the outer surface of the walls. The 
inner surface of the wall visible in the cell wall fragment in Fig. 2 has a much smoother 
appearance than that of the outer surface. Treatment of the cell walls of B. megaterium 
with egg-white lysozyme resulted in complete dissolution of the walls and no residual 
structure could be detected in the election microscope. 

The appearance of an air-dried preparation of a partially washed cell-wall fraction 
from Rhodospirillum rubrurn is shown in Fig. 3. Cell walls prepared for electron micros- 
copy by the freeze-drying method are shown in Figs. 4 and 5. The cell walls isolated 
from this organism were considerably shorter than may have been expected and as 
shown in Fig. 5 many short, almost spherical cell wall elements were found. A close 
inspection of the original electron micrograph shown in Fig. 3 revealed the presence 
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Fig. i .  Air-dried p repa ra t i on  of 
B. megaterium cell wall. 

X 16,ooo. 

Fig. 2. Cell walls of B. mega- 
terium prepa red  for e lec t ron 
mic roscopy  by  the  f reeze-drying 

m e t h o d .  X i8,ooo. 

Fig. 3. Par t ia l ly  washed  cell 
wall  f rac t ion  f rom Rhodospiril-  
lure r u b r u m - - a i r - d r i e d  prepa-  

ra t ion .  X 18,ooo. 

Al l  p h o t o g r a p h s  are e lec t ron mi c rog raphs  of p r epa ra t i ons  shadowed  wi th  u r a n i u m .  The  e lec t ron-dense  
spheres  are po lys ty rene  l a tex  ind ica tor  part icles .  
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Fig. 4. Cell wall of Rhodospi- 
rillum rubrum prepared for 
electron microscopy by the 
freeze-drying method. Note the 
presence of macromolecular 

components. × 73,00o. 

Fig. 5. Rhodospirillum rubrum 
cell walls--freeze-dried prepa- 
ration. Macromolecular struc- 
ture not visible in this prepara- 

tion. × 38,000. 

of macromolecular  compo- 
nents. The macromolecular  
s tructure in the cell wail of 
Rhodospirillum rubrum was 
more clearly seen in the 
material  prepared for elec- 
t ron microscopy by  the 
freeze-drying method (Fig. 
4). This structure is ap- 
parent ly  very similar to 
tha t  recently shown in the 
cell wall of a Spirillum spe- 
cies by  HOUWlNIO. Several 
individual batches of cell 
walls prepared from light- 
grown cultures of this 

Rhodospirillum rubrum showed this macromolecular  structure in the wall. However,  in 
one batch of cell walls this structure was not apparent  (Fig, 5). The cell walls of a dark- 
grown culture of Rhodospirillum rubrum also showed the presence of macromolecular  
components,  similar in every respect to tha t  of the light-grown ceils Wig. 4). I t  is of 
interest to note tha t  with dark-grown cells of Rhodospirillum rubrum, SCHACHMAN, 
PAROEE AND STANIER 5 could detect no boundary  in the ultra-centrifuge corresponding 
to tha t  of chromatophores found in extracts from light-grown cells. 

Preparat ions of walls of Rhodospirillum rubrum possessing the macromolecular  
components  were examined after t reatment  with trypsin. There was no detectable 
change in the appearance of the walls after incubation with trypsin. Some preliminary 
investigations of the chemical constitution of the cell wall of Rhodospirillum rubrum 
show that  it possesses protein (approximately 55°/0), carbohydrate  (23% reducing 
substances liberated on hydrolysis with 2 N HC1) and lipid (21%) components.  The 
high lipid content  together  with the amino-acid consti tut ion (including aromatic  amino 
acids) of the cell wall of Rhodospirillum rubrum is similar to tha t  found for the cell walls 
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of other Gram-negative bacteria (SALTON6). It  seems probable that the macromolecules 
of the wall of this organism are protein in nature. 

The walls of Pseudomonas fluorescens, Rhodopseudomonas spheroides and Escherichia 
coli were also examined but there was no evidence of macromolecular components. 
Furthermore, Figs. I and 2 show no structure in the cell walls of B. megaterium. These 
results are in complete agreement with HOUWlNK'S 4 observations. The cell walls of 
Pseudomonas fluorescens, Rhodopseudomonas spheroides and Escherichia coli prepared 
for electron microscopy by the freeze-drying method showed a rigidity similar to that 
shown in Fig. 2 for B. megaterium. 
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S U M M A R Y  

The isolated cell wails  of B. megaterium and  Rhodospirillum rubrum have  been  e x a m i n e d  in the  
e lect ron microscope af ter  a i r -dry ing  and  f reeze-drying the  cell wall  suspens ions  on spec imen  grids. 
The  p rese rva t ion  of the  th ree -d imens iona l  s t ruc tu re  of t he  walls by  the  f reeze-drying m e t h o d  ha s  
d e m o n s t r a t e d  the i r  mechan ica l  r igidi ty.  

The  cell wall of Rhodospirillum rubrum possesses  mac romolecu la r  c o m p o n e n t s  in i ts  cell wall. 
There  was no evidence of a s imilar  s t ruc tu re  in the  cell walls of several  o the r  bacter ia .  A p re l imina ry  
inves t iga t ion  of the  compos i t ion  of the  wall of Rhg~lospirillum rubrum has  shown  the  presence of 
protein,  c a r b o h y d r a t e  and  lipid componen t s .  

R~SUM~: 

Les parois  cellulaires isoldes de B. megalherium et  de Rhodospirillum rubrum ou t  6t6 examindes  
au nrieroscope 61ectronique apr~s avoir  6t6 sdch6es ~ Fair  et  g basse  t e m p 6 r a t u r e  en suspens ions .  
La  conse rva t ion  de la s t ruc tu re  spat ia le  des parois  apr~s s~chage A basse  t e m p 6 r a t u r e  d6mont re  
leur rigidit6 m~canique.  

La  paroi  cellulaire de Rhodospirillum rubrum prdsente  des c o n s t i t u a n t s  maeromol6cula i res .  
P lus ieurs  au t res  bactdr ies  ne  poss&dent p r o b a b l e m e n t  pas  des s t ruc tu re s  semblables .  Un  e x a m e n  
prdl iminaire  de la compos i t ion  de la paroi  de Rhodospirillum rubrum m o n t r e  la pr6sence de protdines,  
de glucides et  de lipides. 

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

Die isolierten Zellw~nde yon  B. megaterium unct Rhodospirillurn rubrum wurden  e lek t ronen-  
mikroskop i sch  u n t e r s u c h t  nach  Luf t -  u n d  Gef r i e r t rocknung  der Ze l lwandsuspens ionen  auf  besonderen  
Netzen.  Die E r h a l t u n g  der d re i -d imens iona len  S t r u k t u r  der \Vgnde  bei der Gef r i e r t rocknung  zeigt 
die mechan i sche  Steifhei t  dieser Zellw~nde. 

Rhodospirillum rubrum enth~tlt in se inen Zel lw~nden makromoleku l a r e  K o m p o n e n t e n .  Es  f inden 
sich keine Beweise dafiir, dass  die Zellwgnde versch iedener  andere r  Bak te r i en  ~hnliche S t r u k t u r e n  
besi tzen.  Eine  vorlttufige U n t e r s u c h u n g  der W~inde von  Rhodospirillum rubrum zeigte, dass  diese 
Protein- ,  K o h l e h y d r a t e -  und  F e t t k o m p o n e n t e n  en tha l t en .  
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