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Centrifugal f ract ionat ion of dis integrated cells from higher organisms was first 
systematical ly  tr ied by  CLAUDE 1 who obta ined  cytoplasmic const i tuents ,  such as mito-  
chondria  and  microsomes, in a highly purified state by  this method.  He also succeeded 
in isolating chromat in  s t rands  from broken cell nuclei  s. Chromat in  s t rands  have also 
been isolated b y  MIRSKY AND POLLISTER s and  by  others. MIRslOr AND RIS have reported 
the isolation of whole chromosomes 4. 

By  microscopical and  electron microscopical observat ions several characteristic 
cons t i tuents  of the bacter ia l  cell have been observed. Here only the demonst ra t ion  by  
a s ta in ing method  of a nuclear  equivalent  may  be ment ioned  *. 

The a im of the present  invest igat ion was to make clear whether  const i tuents  of 
the bacter ia l  cell, especially a nuclear  equivalent ,  could be isolated by  methods similar 
to those used by  CLAUDE, i.e. disintegrat ion of the cells in a neu t ra l  salt solution and  
fract ionat ion by  differential centrifugations.  By fixation of the bacter ia  in citric or 
acetic acid, MARSHAI~ has isolated bodies from Escherichia coli which probably  represent 
nuclear  equivalents  e. 

EXPERIMENTAL 

The bacterium investigated was Proteus X I9 H, a strain obtained from the State Bacterio- 
logical Laboratory, Stockholm. The cultivation was performed in the way described for the prepa- 
ration of bacterial flagella ~, i.e. the bacteria were inoculated on cellophane sheets, moistened with 
broth, and placed on nutrient agar. The bacteria were usually harvested at the end of the logarithmic 
growth phase, but sometimes earlier. The results of the experiments described below, however, were 
essentially independent of the age of the cells. ~Vhen the bacteria were stained according to ROBINOW 5 
the nuclear equivalents described by him could be observed. 

The bacterial cell wall is much more resistant to mechanical forces than the cell wall of higher 
organisms. Several methods have been used to liberate the bacterial cell contents s. In this investi- 
gation the bacteria were suspended in a salt solution and shaken with small glass beads according 
to °. This method is very simple and not very drastic. From observations in the light microscope 
it could be judged that almost all bacterial cell walls were broken after 3-4 hours shaking. Since 
there was evidence of enzymic breakdown of the nucleic acids (see below), enzyme inhibitors were 
added before the shaking was begun, o.oi N citrate was used as an inhibitor against desoxyribonu- 
clease, and o.i % formaldehyde against ribonuclease. To regulate the pH, phosphate buffers were 
used, and the ionic strength was further varied with NaCl. The disintegrations always took place 
at + 4°C. 

For the differential centrifugations, a Spinco model L preparative ultracentrifuge was used 
with the rotor ~ 4 o. 
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The  following rou t ine  s cheme  was adop t ed  for t he  f rac t ionat ion .  

Bacter ia l  suspens ion  af ter  g r ind ing  
X 

1 5 0 0 0  g (I5OOO rev /min)  
20 rain l 

i . . . . .  i 
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I5,OOO g IOO, OOO g 
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-J i 
i l I . . . . . . .  i 

Frac t ion  A Supe rna t e s  Sed imen t  Supe rna t e  
d iscarded resusp.  = F rac t ion  C 

IOO,OOO g 

3o min 
f 

I ....... ' . . . .  

Sediment Supernate 
= Frac t ion  B discarded 

For  t he  inves t iga t ion  of t he  u l t rav io le t  absorb ing  c o n s t i t u e n t s  of t he  fract ions,  f rac t ions  A 
a n d  B were e x t r a c t e d  w i t h  o.55 N N a O H  a t  2o ° for 3 hoursX°- Before m e a s u r i n g  t h e  u l t rav io le t  
a b s o r p t i o n  wi th  t h e  B e c k m a n  mode l  D U  spec t ropho tome te r ,  t h e  ex t r ac t s  were neutra l ized.  F rac t ion  C 
was  m e a s u r e d  b o t h  d i rec t ly  and  af te r  dialysis.  

Fo r  t h e  i nves t iga t ions  in t h e  e lect ron microscope  t he  different  f rac t ions  were d i lu ted  to  a 
su i t ab l e  e x t e n t  wi th  dist i l led water .  T he  spec imens  were shadowed  wi th  g o l d - m a n g a n i n  (i : I). 

RESULTS AND DISCUSSION 

For the grinding experiments the pH was varied between 6.0 and 7.5 and the ionic 
strength between o (distilled water) and 0. 5. However, essentially the same results were 
obtained in the different experiments even if certain quantitative differences could be 
noted. The observations quoted apply to all experiments if not otherwise stated. 

Electron microscopical observations. In fraction A most of the broken cell walls were 
found, the properties of which have been described by other investigatorn, 12. After 
treatment with NaOH the cell walls showed a somewhat granular structure (Fig. i-2). 

Other material could also be seen in this fraction, but no regularly occurring 
structures, e.g. bodies that with any certainty could be related to the nuclear equivalents 
found in light microscopy 5. 

The essential constituents of fraction B were flagella and in addition thinner 
filaments about IOO A thick. These filaments do not show the typical wavy structure 
of the flagella. 

Attempts were made to purify the filaments. Since they do not disintegrate at low 
pH values like the flagella ~, they were easily separated from the latter, but were then 
still contaminated by other cell debris. Fig. 3 shows an electron micrograph of the partly 
purified filaments, Fig. 4 of the ordinary flagella. 

The filaments were not destroyed by I hour's treatment with I N HC1 or NaOH 
at room temperature, nor were they destroyed by treatment with trypsin, pepsin, 
ribonuclease or desoxyribonuclease, as judged from electron microscopical investi- 
gations. The filaments were not found in electron micrographs of undisintegrated 
Proteus bacteria. However, HOUWlNK ANn VAN ITERSON 13 found similar filaments in 
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Yig. i. Fraction A of disintegrated bacteria. Magnification 24,ooo ×. 

fresh cultures of Escherichia coll. Therefore, it seems most probable to assume the 
filaments found in Proteus bacteria to consist of some chemically rather inert material, 
forming part of the cell wall or the outer layers of the bacterial body. In any case, 
they seem to be very different from the ordinary flagella of the same bacterium. 

When samples of fraction C were investigated in the electron microscope only small, 
more or less rounded, particles, less than 500 A in diameter, were found. They are 
probably formed by aggregation when the material is dried on the specimen grids. 

Investigations on the ultraviolet absorption o] the different/ractions. Fig. 5 shows the 
ultraviolet absorption of fractions A-C after extraction as described above and dilution 
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Fig. 2. Fraction A of disintegrated bacteria after alkali treatment. Magnification 24,ooo ×. 

to the same final volume. The extinction is given in arbitrary units. The grinding of 
the bacteria was in this case performed with a salt solution containing o.~5 37 NaC1 
and o.oi M citrate. The pH after the grinding was 6. 9. 

It  is interesting to note that the most intense absorption is found in fraction C, 
where no particles of the order of magnitude of the bacteria themselves or of possibly 
existing nuclear bodies could be found in the electron microscopical investigations. 
Furthermore, the greater part of the ultraviolet absorbing material in this fraction could 
be dialyzed away, i.e. it consists of low molecular weight material (the fraction was 
dialyzed against buffer containing enzyme inhibitor). The non-dialyzable part of 
fraction C shows an absorption maximum at ~6o m~, i.e. the maximum characteristic 
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Fig. 3. Fi laments isolated from Proteus vulgaris. Magnification 30,000 X. 

Fig. 4' Purified flagella from Proteus vulgaris. Magnification 30,000 ×.  
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for nucleic acids, whereas the maximum before dialysis lies at 255 m/~. When no citrate 
was added as an inhibitor against desoxyribonuclease before the grinding of the bacteria, 
the non-dialyzable material in fraction C showed in 
most cases an absorption maximum at 275 m/x, The 
presence or absence of formaldehyde had no influence 
in this respect. 

As is shown by Fig. 5, fraction B shows only 
weak absorption in the ultraviolet. 

The material extractable with NaOH from fraction 
A showed after neutralization to pH 7 an absorption 
curve with a maximum at 270, i.e. a curve intermediate 
between that  characteristic of proteins and that  of 
nucleic acids, respectively. 

An approximate estimation of the amount of 
nucleic acids and proteins in fraction C (after dialysis) 
and fraction A can be made by using the values for the 
specific absorption of these substances at 260 and 280 
m/z given by CASPERSSON AND SANTESSON 14. Thus, of 
the total  nucleic acid content of fraction C (after di- 
alysis) and fraction A, 82% is found in the former 
fraction as calculated from the curves in Fig. 5- 

To the total dry weight of the fractions A-C, 
fraction A contributed about 2o%, fraction B 5%, 
and fraction C (before dialysis) 75 %. 

2 

2500 2700 2900 .7/00 
~/avelen9,~ ,~ 

Fig. 5. Ultraviolet absorption 
curves of fractions A-C, ob- 
tained by differential cen- 
trifugations of disintegrated 
bacteria. I ~ Fraction A, I I 
Fraction B, I I I =  Fraction C. 
IV = Fraction C after dialysis. 

General. The experiments described indicate tha t  no particles of the order of magni- 
tude of the bacteria themselves and with a high nucleic acid content, i.e. the nuclear 
equivalents, found by  ROBINOW'S staining method, could be isolated by the grinding 
method used. I t  might  be objected that  such particles could not be centrifuged down 
on account of a high lipid content making their specific weight low. However, only 
particles smaller than 500 A in diameter  could be found in fraction C (see above). 
Furthermore when this fraction had been treated with ether in order to remove lipids, 
no material  showing nucleic acid absorption could be brought down by  repeated cen- 
trifugation. 

Therefore it seems most likely to assume that  the nuclear equivalents of Proteus, 
if such equivalents really exist, are dissolved when the cell wall is disintegrated and 
the cell contents come into contact with the salt solutions used. ALLFREY e~ al. have 
discussed such phenomena in the case of cells of higher organisms 15. Furthermore, 
residual enzyme activity may  be of importance. However, a more primitive organisa tion 
of the bacterial nucleus, as compared to the nucleus of higher organisms, could equally 
well be the cause of the experimental results described. 

I t  may be added that  HOUWlNI~ AND VAN ITERSO~ 18 have published electron 
micrographs making probable the existence of spherical bodies inside the bacterial cell 
wall connected with the flagella. No such bodies have been found in the present dis- 
integration experiments. 
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SUMMARY 

Differential centrifugation experiments on disintegrated bacteria are described. By electron 
microscopy, the presence of filaments thinner than the flagella could be observed in one of the 
fractions obtained. No particles corresponding to the nuclear equivalents indicated by staining 
methods could be found. The reasons for this have been discussed. 

R~SUM~ 

Les auteurs d~crivent des exp6riences de centrifugation difffrentielle de bact~ries dfsint6gr6es. 
Par microscopie 61ectronique des filaments plus fins que les flagelles ont 6t6 ob~wvfs dana l 'une 
des fractions. Des particules correspondant aux 6quivsients nucl6sires mis en 6vidence par  des 
m6thodes de coloration n 'ont  pas fitfi trouvfes; les auteurs discutent les raisons de ce r~sultat. 

ZUSAMMENFASSUNG 

Differentialzentrifugierversuche an zerst6rten Bakterienzellen werden b~chrieben.  In  einer 
Fraktion wurden mit Hilfe des Elektronenmikroskopes F/iden beobachtet, welcbe diinner waxen sis 
Geisseln. Teilchen, welche den mit  F/irbungsmethoden aufgezeigten sogensmnten "nuclear equi- 
valents" entsprechen, wurden nicht gefunden. Die Griinde dieses Ergebnisses werden er6rtert. 
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