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Examination of thin sections of bacilli under the electron microscope 

has shown the presence of internal membrane systems as well as the cytoplasmic 

membrane (ran Iterson, 1961: Van der Winkel and Murray, 1962; Glauert, 

1962). The internal membrane complex is usually called the mesosome (Fitz- 

James, 1960). When cells are transferred to hypertonic solutions of substance8 

such as sucrose or polyethylene glpcol, the meaosomal mmbrane system appears 

to be extruded into the region between the cytoplasmic membrane and the cell 

wall In the form of small spheres (Fitz-James, 1964; Weibull, 1965). The 

precise relation between the spheres and the original mesoeomes has not yet 

been unequirocably established. When the wall8 are removed awing protoplast 

rormation mesosomee are liberated into the supernatant fluid either as strings 

of beads (Ryter, Frehel and Ferranaes, 1967) or as spheres (Rogers, Reaveley 

ana Buraatt, 1967) and then could possibly be separated from the protoplaats 

by aiiierential centrifugation. The present paper desoribes a mathod for the 

isolation of the spheres extruded from the cells and called here mesosomes, 

and compares their stability and protein c-position with those oi’ the 

cytoplasmic membranes. 

METRODS 

g. liahenirormia 6346 taken from stationary phase crultwea wa8 maheed 

once with bufrer (0.05 y oodium hydrogen maleate-sodium hydroxide, pH 6.5, 
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containing 0.02 5 magnesium eulphate) and polyethylene glycol 600 (20$ v/v). 

The washed cells were resuepended in buffer to a concentration of 10 mg dry 

weight/ml and after the addition of lysozyme (20 &ml) the suspension was 

incubated at 35’ until the rode were completely converted tc round protoplasts 

(3 2-3 hr). The protoplaste were collected by centrifugatlon (10,000 g, 1 

hr, 2O). The eupernatant liquid was centrifuged (100,000 g, 2 hr, 2') and 

the resultant pad taken up in &sodiun chloride containing 0.02 g magnesium 

sulphate. Aliquots (2 ml) of the suspension were applied to caeBium chloride 

gradients (32-34$ w/v, 10 finl> containing 0.02 g magnesium sulphate. On 

centrifugation (100,OOC g, 16 hr, 2') two band8 and a pad at the bottom of 

the tube formed. The upper band, which consisted exclusively of meaoaomes, 

was removed, dialyaed at 2' and freeee-dried. Yield (5 cell dry wt) zl.&. 

The lower band and the pad were ieolated in a eimilar manner. The lower band 

accounted for approximately 0.6-O.@ of the cell dry weight and conelated 

principally of mesoaomea. These mesosanee which tended to be larger than 

those In the upper band were often associated with amorphous material. 

Flagella were also present in thie fraction. The pad comieted almort 

exclusively of ribosomea. 

Protoplasts were reeuspended in cold buffer to a concentration of 10 

mg/ml. Two volumes of buffer rrrithout polyethylene glycol were added and a 

trace of DHAae. The mixture wae shaken gently for 20 minutes at room 

temperature to lyae the protoplaets. Membrane8 were isolated by centrifugation 

(30,000 g, 20 min, 2’)) washed three times wisithk+~U~~~~ chloride (containing 

0.02 g aagneeium sulphate) and three timea with 0.02 g megnesium sulphate. 

Magnesium sulphate ma8 removed by dialysis and the membrane preparation 

freeze-dried. The yield waas 21% of the cell dry weight. 

Cytoplasmic membranes and me8oaopB8 were diseggregated by treatment 

with 0.15 SDSx in O.l_U Iris-HCl buffer, pE 7.6, at concentrations of 5 mg/ml. 

%s = Bodium dodeoyl aulphate 
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The rate of disaggrsgation was followed apectrophotometricelly at 660 mp. 

The final extent of disaggregation was determined gravimetrically after 

exhaustive dialysis of the supernatant and residue. Aliquots (10 Ul) of 

disaggregated material were taken for electrophoreais. 

Polyacrylamide gel electrophoresis was carried out m deecribed 

by Ornstein (1964) and Davis (1964) with the exception that 0.1% SDS was 

incorporated into the gel eolutions prior to polymeriaation and into the 

Tris-glycine buffer (pR 8.3). The protein bands in the gela were stained 

with solution8 of Amido Black B. 

RMA was Beparated from DNA by the Schmidt-Thannheueer procedure as 

described by Rutchison and Uunro (1961) and estimated by the method of 

Ceriotti (1955). Protein was determined by the method of Lowry et al. (1951) a- 

wing bovine serum albumin as standard. Lipids were removed from samples by 

three successive extractions (1 hr, room temperature) with chlorofodmethanol 

(2:l v/v). 

RRSUITS AND DISCUSSIOM 

Gross chemical composition of mesosomes and cytoplasmic membranes 

are given in Table I. 

TABI,??, I 

The composition of cytoplasmic membranes and mesoeomee 

of 2. licheniformia 6346 

Cytoplaemic membranes 

Mesosomea (upper band) 

$ protein 

43-49 

44x 

%MA p lipid 

13-15 18-25 

2-10 17x 

xE&imated in a single batch. 
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The upper band in the gradient separation consisted exclusively of 

amsll spheres each bounded by a unit membrane. The spheres were 

occasionally homogeneous in diameter (2 600 2) but more usually varied 

from 300 - 3,000 8. In some cases mesoeomes were found enclosed inside 

larger membranous spheres. Meny mesoeomee appeared to contain amorphous 

material inside, the nature of which is not known. The RNA content of the 

meeosome preparation was variable (3 - 10s) and probably reflected the extent 

of contamination by rfboeomes (substitution of sucrose gradients for caeeium 

chloride gradients produced only one meeosome band containing 20 - 35% RNA). 

Hesoeomes appeared to be more stable than cytoplaemio membranes. They could 

for instance be mixed with ETA* and examined urder the electron microscope 

wlthout apparent disruption of the structure. Such treatment appeared to 

disaggregate the cytoplasmic membrane preparations. 

It was found neoeeesry when washing the cgtoplasmic membrane pre- 

parations to use solutions containing msgneeium ions (not lees than 0.02 y1) 

to maintain membrane integrity. Subsequent removal of msgneeium ions by 

dialysis, however, caused no dieaggregation. When exenined in thin section, 

the membrane preparations appeared as empty sacs, many still containing a few 

meeo8omea. Appreciable numbers of rlboeomee were also present, still include& 

within the spherical membranes; unliLe meeoeomes, the RNA content of membrane 

preparation was constant and this nuggeets that some riboecmes are physicslly 

attached to the cytoplasmic membranes (Abram& Nielson end Thaemert, 1964; 

Nielsen and Abrams, 1964; Yudkin and Davis, 1965). 

Cytoplaemic smmbranee (5 mg/ml) were s 85% soluble in 0 .l g Trie-RCl, 

pR 7.6, containing 0.1% SDS; most mesosome preparations were completely 

soluble. Solubilieatfon was very rapid and was complete after 20 minutes 

at roapL temperature. The resulting solutions veere examined by poly- 

aorylamlde gel electrophoreeis. 

IpEA P phosphotungstate 
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Four different mesosome and five different cytoplasmic membrane 

preparations were eramined. Gels from different preparations were very 

siloilar. Some variation in pattern was occasionally encountered with different 

electrophoresis experiments. Photographs of gels from the same experiment are 

reproduced in Fig. 1 and the densitometer patterns are shown in Fig. 2. 

Fig. 1. Gels stained with Amido Black B. 

Mb P cytoplasmic membranes; Mer = mesosome8 

The principal differences between membranes and mesosomes concern the regions 

marked A, B and C in the photograp$e and densitometer curves of the wsosomal 

proteins. Equivalent regions (A’, Bf and C’) were present in gels from 

cytoplasmlc membranes, but these were such less pronounced and appear in some 

cases to migrate pore rapidly. Since the membrane preparations still contain 

some mesosomea, it is possible that these regione are charaoteristio of 

mesosoms. The results are not invalidated by the presence of ribosomes in 

the fractions for the following reasons. A meaosome preparation obtained from 

653 
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Fig. 2. Densitometer patterne for the gels ahown in Fig. 1. 

a sucrose gradient and thereby containing large numbers of ribosomes (RNA 

content 25%) yielded a protein pattern very similar to preparations isolated 

from caesium chloride gradients. Also the results are the reverse of what 

would be expected if the differences between protein patterns of mesosomes 

and cytoplasmic membranes were due solely to ribosomel proteins. 

That mesosomee do not contain aubstantial amounts of soluble protein 

trapped inside was shown by sonication of a mseosome preparation and sub 

sequent isolation of the insoluble residue by centrifugation. The protein 

pattern of the residue was very similar to that of untreated mesosomes. 

Patterns from lipid-extracted cytoplasmic membrane8 and mesosomss were 

identical to those not extracted. Thus two membrane systems mey be isolated 

from;. licheniformis. The protein pattern of these membranes differs 

sij@r icantly. 
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