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SUMMARY 

The ultrastructural study of membrane organization in gram-positive bacteria 
rel~.ted to the OsO,t fixation cond itions revealed that large, complex mesosomes are 
observed only when the bacteria ar~; subjected to an initial fixation with 0-1 ~ OsO,t in 
the culture broth, as in the prefi:,:ation '.itep of the Ryter-Kellanberger procedure. 
Evidence was obtained suggesting that the large mesosomes are produced by this 
prefixation. The kinetic study of tile menLbrane morphological alterations occurring 
during the prefixation of Bacillus cereus with 0.1 ~o OsO4 in the culture broth showed 
that the amount of mesosome malerial increases linearly from zero to a maximum 
observed at 1.7 rain of prefixation ~'.nd th~,t at about this time a maximum is reached 
for the number of mesosomes per unity of ~ell area and for the average individual 
mesc.some area. The large mesoso aes ob~evted in gram-positives fixed by the com- 
pl,:te Ryter-Kellenberger procedur~ wouhl be the result of the membrane-damaging 
actio:'l of O.1% OsO4. Such damag: ng action was deduced from the observation tlutt 
O.I ~ OsO,, quickly ly~es protopla;ts and induces a quick and extensive leak.~ge of 
intracellular K + from B. cereus an,t Streptococcus'face,alLy. In support of that Jntcr- 
pretalion is the observation that in )acteri~t su~ected to several membrane-damaging 
treatments, mesosome-like structures are seen after thn:e different fixation procedures. 
In bacteria initially fixed with I • OsO4, 4 Yo OsO4 or 2.5 % glutaruldehyde, no large, 
complex mesosomes are observed, :;mall and simple invaglnatlons of the cytoplasmic 
memb :ane b~ing present. The size of these rain W'~e mesosomes is inversely proportional 
that causes of fixation Uranyl acet;~te was found among the studied fixatives the one 
to the rate the least damage to bact.::rial m~mbranes. This fixative satisfactorily pre- 
serves protoplasts. In bacteria initi~dly fixed with uranyl acetate no mesosomes were 
~'ound. The results of the present wc.rk throw serious doubts on the existence of meso- 
.,:crees, both large and .,;mall, as real structures of bacterial cells. It is proposed that a 
continuous cytoplasmic membrane without infoldings (mesosomes)would be the real 
l~attern of membrane organization in grant-positives. 



INTRODUCTION 

Mesosomes [1] are membranous structures which have been observed by 
electron microscopy of thin section~ ~n several b~tcteria mainly after the introduction 
of the Ryter-Kellenberger OsOa function procedure [2]. The typical mesusomes are 
prominent and complex and consist of a pocket formed by the invagination of the 
cytoplasmic men~brane filled with vesicuies, tubules or lamellae [3]. On the basis of 
morphological data, we arrived at the conclusion that the conventional picture of the: 
mesosome [3] can not be accepted with confidence [4, 5], and, later, we considered ~ 
the possibility of  mesosomes being artifacts [6, 7]~ In the present paper we ~epurl 
additional results which favour the interpretation that mesosomes may well be arti. 
facts produced by membrane-damaging f~ation procedures. The production of 
mesosomes by several other membrane-damaging treatments is also described. Part of 
this work has b~en previously presented in abstract form and in a review article ![7]. 

MATERIALS AND METHODS 

Microroanisms, culturing conditions and membrww-damaging treatments 
Bacillus cereus (strain NCTC 7587) was grown aerobically in 0.1% Bacto 

• o , t  o • , s Tryptone (DJfco)+0.5 % NaCI, pH 7.2, at 30 C, with shaking, to 3-5 .10  cells/ml. 
Streptococcus faeealis (strain ATCC 9790) was grown aerobically in I.O % Bacto 
Tryptone (Difco)+0.5 ~o Yeast Extract (Difco)+1.0% glucose, pH7.2, at 37 ~C, 
with shaking, to 3-5, l0 s cells/mL Samples of the cul~res were taken to serve as 
controls. Other samples from the same cultures were subjected to the following 
treatments. (11 Bacteria in the broth were heated at 60 °C for 2 rain (B. cereus) or 
100 °C for 5 rain (S.faecalis I and then quickly cooled dowtl to 20 °C by immer,,~ion ir~ 
cold water, as previously reported [8]. (2) Pellets obtained by centrifugation of  the 
cultures were rasusp~,uded in 50 mM "Iris • HCI buffer/50 mM Ha succinate[0.~,l mM 
Nitroblue Tctrazolium chloride (Sigma), pH 7.0, and incubated at the culture tem- 
peratures. Under these conditions the Nitroblue Tetrazolium is reduced in the mem- 
branes of  B. cereus to diformazau through the activity of  snceinic dehydrogenase [9], 
which is a membrane bound enzyme [10]. No significant reduction occurs with 
S. faecalls. (3) Phenethyl alcohol (Sigma) was added to samples of  the cultures to 
final concentration of 40raM; incubation was continued for 15-60 rain at growth 
temperatures. 

Proto?lasts from B. me.gater~um (strain KM, CCM 2037, kindly supplied by 
Dr. M. Kocor) were grown as indicated above for B. cereus and were prepared accor- 
ding to the procedure described by Fitz-James [ 11 ]. Frotoplasts from S.faecal~s welx: 
produced as previously described [12]. 

Fixation procedures 
Control and treated bacteria were f~ed by: (1) OsO4 followed by uranyl 

acetate, according to the Ryter-Kellenherger procedure [2], with and without [5] the 
prefixation step. In both cases the fixative was quickly mixed with the broth or the 
pelleted bacteria, respectively, by vortexing. (2 / By giuta~aldehyde (TAAB, London) 
at 2 .5~  in 0.1 M cacodylate buffer, pH 7.0, for 2 h, followed by procedure 1. (3) By 
uranyl acetate (Merck) at 0.1-0.2~ in Ryter-Kellenherger veronal acetate buffer 
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(final pill 5.0) or in a verona] a ~  mtc-bicarboante bufli:r (final pH 6.5) [7], for 30 mln, 
followed by the Ryter-Kellenher~er OsG4 fixation. Fixations 2 and 3 were also applied 
to control, untreated .8'. ~er~s s.zbjectt~[ to the prefixation step of the Rymr-K¢llen- 
beJ'ger procedure. Control, untr~;ated 1), cereus were fixed by the complete Ryter- 
Kellcnberger pro~dure with the: following modification: the prefixation step was 
car;ied ot~t by adding 2.~; ml of a 7.0 ~ solution of OsO4 in water to 15 ml of the 
culture (final OsO4 concentration: 1,0'~), Control, untreated B, cereus ceils were 
fixed by the Ryter-Kelknbet'~er pro~dttre witho~.lt prelixation and with the main 
fixation calxied out with 4 IY~ OsC,, instesd ofth~ sts~ndar.d 1.0 ~ .  

To the suspensions of pro~!oplast~ in the stabilizing media, OsO,, 81utaralde. 
hyde or uFany! acetate were sdi!!ed .*.o final con~:eatrations of  0.1, 2.5 and 0.1 ~o, 
respectively. After 30 rain, the stt~pe~ston s of protop~xsts were trca~ed in two ways. (1) 
They were cuntrifnged and ~he pellegs postfixed with OsO4and uranyl acetate accord- 
ing to the l~yter-Kelleaherger prc,~dure. (2) They were mixed with glutaraldehyde 
(stock 25 ~o solution) to a final co,t~ntration of 2.5 ~ ;  after 2 h the suspensions were 
centrifuged and postfixed by the Ryh..r-Kellenberger procedure. No significant 
differences in the integrity of the pr otopl~;ts were observed with these two procedures. 
Fixation with !.0 ~o OsO4 was al.~() applied to pelleted, unfixed, protoplasts. 

All fixations were carried o).~t at 2)3 ~C The fixed specimens wel'e pro~ssed for 
ultramierotomy and electron micr,:)scopy as described ~n reg. 13. 

Kinetic study o f  membrane morp,l~olo~ical alterations during prefixatinn with 0.1 
OsO~ 

B. eerew cells were sub iecte :1 to the predxation step of the Ryter-Kefienberger 
procedure by adding 50 ml OsO~t fi ~ative to 500 ml of calture. After 0.5, 1, 1.5) 2, 3, 4 
and 5 rain of prefixation samples ~ere tal:en and quickly mixed with glataraldehyde 
(stock 25 ~ sohtion) to a final coo:)entration of 2.5 %. Samples with less than 0.5 rain 
of prefixtttion were not studied tbr t~;~hnical reasons. The fixed samples were processed 
for elects'on microscopy as descril:~d [13] and micrng~aphs of sec(ion.~ of similar 
thickness were laken at magnifica|~on 80(0. Photographs of 300--500 individual sec- 
tions were taken in preparations co~:responding to each of the seven sampl(.~s. In prints 
enlarged 24000 x the following vah~es were determined: i~.otal cell area, total mesoso- 
me area, total number of mesosome s. In pr )parations co~esponding to samples taken 
at times 0.5 thsoegh 3 ruin the nm~l~ :r of complex and simple mesosomes was counted. 
From these valt~.~s the following p~trametcrs were cadcul~tted: ratio total mesosome 
area/total cell area, ratio number ~)f mesosomes/total cell area, average individual 
mesosome area. 

Calculation of  the ,werage it~diridual mesosome area as related to the fixation conditions 
Fronl thin ~:ections of cells fi;,:ed by ~,everal procedures prints were obtained at 

magnifications of 24000-96000x The lverage individ~Jal mesosome area was 
determined in the prints by dividing the total mesosome are,t by the number of raeso- 
somes. The values ~,,iven in Table II corresl~)nd to mesosomes enlarged to 24 000 × so 
that these values can be corapared with. those in column 7 of Table I. 

K ÷ e2ffux experime~lts 
B. cereus and S.faecalis were i~rown in the media indicated above supplement- 
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TABLE II 

SPEED OF FIXATION AND MESOSOME ,~ZE (B. CEREUS) AS RELATED TO THE 
FIXATION CONDITIONS 

Fixation Time of gellificatior No. of mesosomc Average individual 
of albt rain* cou l~ed mesosom,: area ~* 

9.1% OsO~ in broth > 2 h 201 0.00285 
1.0 % OsO, 15.5 rain 426 0.00052 
L5 % OsO, 1.9 rain 287 0.00025 
~!.5 % giutaraldehydc 3.5 rain 200 0.00032 

* 15 % bovine serura albumiil. 
** In prints enlarged 24000 >. 

e d with 0.5 ~(~ dipotassium phosphate. "l"h¢~ celh were washed twice with 0. 1% peptone 
to remove entracenular K +. The final su';p*n~ions of  washed bacteria were made in 
0.1% pepto*~,:. The leakage 3f  K + from B. ~reu,~ and S. faecalis subjected to the 
finations am[ treatmer~ts described abo~ze wa.~; determined by measuring the K ÷ 
concentratirm in filtrates obta.ined at il,te:val~: by passing the samples through Milli- 
pore filters (type HA, pore si~e 0.45 l~t) .  K + was assayed with ~n EEL flame photo- 
meter, model 150. The 100 % leakage wa~ takvn as the value of  K + leaked from cells 
boiled for 30 min (B. cereus) c r treated w,th 1(, ,% HNO 3 (S.faeealis). 

St,d~, of the speed of  fixation o.f differet~t fixatil es 
This was carried out USing the p:ro,~edure described by Millonig and Marinozzi 

[I ~i]. Bovine serum albumin (S:gma) w, ts disso]'ved in water at 30 % conomtration and 
:mixed with OsO, and t;lutar~.ldehyd¢. Final concentrations were: albumin, 15%; 
OsO 4, 0.1, I vnd 3.5%; glutar~ddehyd~', 2.5%. 

I~ES ULTS 

Control., untreated B. cereus ~l.nd S. Faecal'is fixed by the complete Ryter- 
Kcllenberger procedure exhibit promiilent, conJplex mesosomes (Fig. l), henceforth 
called large me!~osomes. They consist of  large invaginations of  the cytopl~tsmic mem- 
brane filled with vesicuh~s. When th,.- prefi~tion step of  the Rytcr-Kellenberger 
proc:dure is omi~ed, or when 1.his step is carried out with 1% OsO4 im~tead of  the 
standard fi.1%, the large IBesosomes ~.re not present, simple and small invaginations 
of the cytoplasmic membrane being observed (Fig. 2 and 3), henceforth called small 
mesosomes. The study of  serial st~ction:~ s;lowed that these small mesosome~; frequently 
consist of~  single vesicule. Results similar to those repor2ed above were ob~aiued with 
other bacteria h~longing to the 3euen~, Bacillus [5], Nocardia [15], Microeoccus [!6] 
and Eporosarcin~ [17]. The intrusions of  the ¢y'ioplas.~ic membrane are e ~ n  smaller 
when the cells at, ~ . fixed by the Ryter-I'Lcllenberger procedure without prefi:tation and 
with ~. % OsO4 in place of  the sta~ldard 1% (Fig. ,~. and Table It). Fixation o f  control, 
untreated bacteri~ with ghttaraldehyd::-OsO4-~ranyl ~:cetute (procedure 2) results in 
the presence of  small mcsosomes (Fif~. 5 and Table l l) .  Control, untreate,i bacteria 
fixed with uranyl acetate-OsO4 (proce:iu.re 3) do not s~tow mesosomes, a continuous 



Figs. I~ ' .  Al l  electron micrographs are of B. cereus sections contrcstcd with lead citrate for 5 rain, 
Growing cells fixed by: Fig. I ,  OsO, according Io the complete Ryter-K¢l]cnberger proccdm(~ (prcfix- 
~ltion included)) × 48000. Fig, 2, Ryter-Kellenberger procedure without tho pr¢fixat~on slep. 
× 48 000, Fig. 3, as in Fig. ! but prefix~tion with 1 ~ OsO4, × 40 000, Fig. 4, a3 in Fig. 2 t)ut O!;O~ 
at4%, × 45000. 

cytoplasmic membrane being observed (Fig, 6). Large mesosomes a~e also observeeL in 
samples prefixed with 0.1 ~ OsO4 in broth (Ryter-Kellenberger prellxatiort) a~d 
postfixed by procedures 2 or 3 (Fig. 7). 

Protop[asts from B. meoaterium and S.faeealis are quickly lysed when p~:efi~:ed 
with 0. l ~ OsO,,  as deduced from macroscopic and light microscopic observations. 
as well as from the study of thin sections by electron microscopy (Fig. 8)° When 
initially fixed with glutaraldel~'de or uranyl acetate the protoplasts do not lyse (Fig. 
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Figs. 5-7, A l l  electron micrographs are of  B. ~ r e ~  sections colltrasted w i th  lead citrate for 5 rain, 
f3rowing ceqs fixed by: Fig. 5, glutaral,[ehyde-;3~O,-uranyl acetate (procedure 2), × $1 000. Fig. 6, 
uranyl acctate-(tsO4 (procedure 3), × 4~ 0DO. Fit:. "i, prefixalion according fo the Ryter-Kellenbel'ger 
method followc~ by procedure 2 (Fig. ";a) or  by procedure 3 (Fig, 7b), x 62 000. 

9). Satisfactory preservation of pr,:)t aplas~ ~ is also achieved by lixation with 1% OsO,~. 
Tabie I shows the values obtainc:l with the kinetic study of the membrane 

morphological alterations occurring during the prefixation of B. cereus in broth with 
0.1% OsO~. With these values the graphs presented in Fig. 10 were drawn. The~;e 
graphs sho~,: (1) the ratio total mesosom~; art:a/total cell area increases linearly from 
0.5 min to about 1.7 rain (correlation coefficient: 0.999); (2) after about 1.7 rain no 
significant change in the total mesosome ~rea occurs; (3) the number of mesosomes 
per unity of cell area increases un~:il a ma:dmum is reached at about 1.5 rain; (4) the 
number of small mesosomes (consisting c f a single vesieule) drops quickly after the 
first minute of prefixation; (5) the average individual mesosome area increases to a 
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Fig. 8, Protoplas[s from S, fa¢calis prefix,.'d with O.I ~ OsO4 and postfixed with glutal'aidehyde- 
OsO~-uranyl acetate. × 45 000. 

Fig. 9. Prctoplasts from S.faecalis prefixed with 0.17o uranyl acetate followed by Ryter-K¢llenbergcr 
1% OsO.. × 40000. 

ma,,cimvra observed at 2 mix. Assuming that the process of membrane alteration 
which occurs during the first 0.5 mix of prefixation h a  kinetics identical to that 
observed for the period 0.5-2 mix, total mesosome area at time 0 (in unfixed, native 
cells) would be statistically not different from zero (giving the vahte 0 to total meso- 
some area at time 0, the correlation coefficient for the part of the graph A correspond- 
ing to time 0-1.5 rain is 0.999). 

B. cereus subjected to the described three membrane-damaging treatmf.nts and 
fixed by procedure 1 without prefixati'on and by procedures 2 and 3, exhibit carrtplex, 
prominent membranous structures (Figs. 11-I 6) similar to the larg~ mesosomt~s tbund 
in the control, untreated cells when the fixation is by the complete Ry[er-Keifi~nbcrger 
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Fig. 10. Graphs drawn with the results o!" the ki,'tc :i¢ study of  membrane morphological alterations 
occurring during thq prefixation step of  the Rytcr-;~cllcnbgrgcr procedure lB. cereus). A. V~riatiort 
o f  the ratio total mes,)somc area/total cell area. B. Variation of" the aver¢~g¢ individual mesosomt." 
area, C. Variation of the number of mese ~omes per unity of cell area. D. As in C but discriminating 
betweea small, simple mesosomes (S) and comple;~, prominent me~osomes (C.). 

procedure. In ,S'. J~zeealis heated at 100 °C fi)r 5 mln large m~sosomes are found (see 
Figs. 2 4  in ref. l [:). Membrane ultr~lstructme of S.faecalis was found to be unaffected 
by the treatment with phenethy! al¢:ohol urder the conditions described above. The 
influence of the treatment with Hitroblo: Tetrazolium on the ultrastruetttre of 
S, faeealis was not studied. 

The treatment with 0. 1% OsO,,, moist h~at, phenethyl alcohol, and Nitrobltte 
Tetrazolium inflict a serious tlama~e to the cytoplasmic membrane of B. cereus as 
deduced from the qaiek ant;. extensive K + kakage observed in ~acteria subjected to 
these treatments (Fig. 17A). OsO4 and moist heat were also found to produc~ = an 
important brea~down of the permeability ba:rier in S.faeealis (Fig. 17B). Pbenethyl 
alcohol exhibit(:d a reduced aclion on the permeability to K + in S.faecalis (Fig. 17B); 
the action of ,'qitroblue Tetrazolimn was not studied. Glutaraldehyde and urany} 
acetate induce a slight leakage of K + from B, cereus and S, faetalis (Fig. ! 7A and B). 

Table 1[ shows the results of the stud.x of the speed of tixation of albumin by 
OsO4 and glut ~raldehyde (orany! acetate was found to precipitr~te the albumin but not 
to geilify it). '/'here is a good correlation between speed of fixation of albumin and 
mesosome siz,,', this becoming smalleJ' as speed of fixation increases. 
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Figs. I 1-16. All electron micrographs are of  Jr. cereles sections contrasted with lead cit rat~: for 5 rain. 
Cells subjected to coembran¢-damaging treatrlents. Fig, J I ,  ,:ell heated at 60 ~C for 2 rain and fi~ed 
by procedure 2, × 50 000. Fig. 12, as in Fig. [ I but fixalion by procedure 3, × 48 000. I.--ig, 13~ cell 
treated with 40 m P4 phenethyl alcohol for 30 wLin at 30 °C and fixed by procedure 2, × 48 ~]fiO. Fig. 14. 
as in Fig. 13 but fixation by procedllrc 3, X 55 CO0. Fig, 15, cell incubated in 50 raM succinate/0,61 
mM nitroblue tetrazolium for 60 rain at 30 ~C and fixed by procedure 2, x 48 000. Fig. 16, a:~ in 
Fig, 15 but fixation by procedor¢ 3, × 48 0C0. 
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Vig, 17, K * effie~ from B. ~ r ¢ ~  [A) and S. faecm~s {~). Symbols: C, control, untttmte~l cells. U, 
~©lls treate([ with 0.1 ~ uranyl acetate, G, cells treated with 2,5~ glutaraldehyde. P, c~lls treat~l 
,vith 40 mM pherJethy) alcohol, O, cells treated with 0,1 ~ OsO, + 0~01 ~e CaCll (as in the l~fulatlen 
step of'the Ryte~Kellenbetger procedure). H. ceils heart's[ at 50 °C (B. ¢¢reltl) or 100 *C (S.facccd~f), 
~, ceils tretlted ~ith ~61 mM nitroblue tetrazolium, A~ cells trc~tted ,,vilh 10 mM indium azlde, All 
:hemlca] tt'~tnrcnts were carried out at 20 ~C. When nece ~ary, pH was kept at the appropritt¢ values 
~see Materials and Methods) with .~0 mM s-Coliidine/l~CI. 

DISCUSSION 

Present and previous results [5, 7, 13] clearly show that large mesosomes are 
found in thin sections of several gram-positlves only when the bacteria are subjected 
to an initial fixation with 0.1 ~o OsO4 in the ~:ulture broth (prefixation step o'~ the 
Ryter-Kellenberger pro~dure). The use of I ~ OsO~, 2,5% glut~raldehyde or 
0.1-0.2 .~,~ oranyl acetate a~er this prefixation, ~hawed no significant influence on the 
size and complexity of the mesosomes, This indicates that the presence of the large 
mesosomes is determined by the initial Ryter~Kellenherger prefixation. 

On the other hand~ OsO 4 at 0.1% concentration was found to damage bacterial 
membranes, since it quickly lyses protoplasts ar:d iedm~es a rapid and ex~nsive efllux 
of K + from a,  cere~ and $. faecolis. The ob,~rved re.tes of K + effiux indicate that 
OsO,t is acting directly on the cytoplasmic nter~breaae of the studied baeteri~ causing 
a primary breakdown of its permeability. /L~ diseussed below, this indicates that 
important disturbances in membrane molecular organization occur, Indeed, if  OsO,~ 
would be acting as a mere metabolic inhibitor or as an inhibitor of the (Na + -t-K+) - 
ATPase, The rate of K ÷ effiux wolfld be much slnalter than the observed one, as in the 
case with sodium azide-treated B. cereus. Thi,~, potent inhibitor of Bacillus (Na+4- 
K~')-ATPase [19] ir, duces a rather small rate of K + effiux from B. cereus at 10 mM 
concentration (Fig. 17A), 

Taking together the results discussed above, we propose that the |argo meso- 
somes would he produced by the Ryter-Kelleaherger prefixation as a result of she 
membrane-damaging action of OsOt, In support of'this interpretation is the ob~rv~o 
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finn that Bo c¢~ ,.~ subjected to other mcalzbrane-danutging treatm:nts t~pmlgd al ive 
or to treatm¢;:~ with the local anesthetics tct~'acnin and nupcz~dn [7]. con~tently 
exhibits I~ge mesnsome-likc smgtm~s when fixed by any of the three Woc~b~:~ 
described. Those uentmcnt~ like t rezmnent with 0.1 ~ OsO,. i n d ~  K ~" g4~luxe.s that 
are indicative of a direct daza~e of hacterlal m~nbr~e~ with a primary heeall~lowu 
of their permeability. It sLems significant that no large t ~  are ohseived in 
S.fQ~'a,t/s treated with 40 mM phenethy! alcohol a treatment that izlduces & ~[il0zt K ÷ 
leakage in that b~'tefium. Thc~ observations me in accoxdance with the ~ known 
resistance of S,[¢tcoIis to phenethyl alcohol [20]. 

Mesosorae production would be a common effect ~" the t reatm~t of 
cells with 0.1% OsO4 in broth and with the other m e m h e ~ i n g  ~ I s  
reported above. The difference between the action of OsO,, and of  the other t r ~ , m ~ t s  
resides i:l the fact that OsO~ has a membrane-stabilizing capacity. As n result of  this 
capacity, the membraaes initially modified by the primary m e m b r a n e - d a ~ a g  
action of  Os04 are later stabilized, In Woposing this in',~q)retation we assent© that the 
r~mbran~ ahemtions which would result in the format k~ ofm~osom~ shouki 
before membrane stabifixation, Sneh an assm'~ption is likely since OsO 4 is kuowa to 
be n slow fixative [14] and 'we found, that membrane damage induced by O.I ~ OsO, z 
o¢cnrs rather quickly. The ~,'solts of the stud) of  the ;~inetics of the membrane mor- 
phological alterations that occur during the Ryter-Kezl~nhe.tger prefixatlon of B, 
c¢~q*s are in asr~,aent with this intez!~etatian. In fact, such resufix show that the 
large mesosomes are progressively formed during the. initial part of the prefi~tion, 
indicating that the process is self-limiting and is finished before the tt~uzl time of the 
Ryter~Kellenherger prefixation. 

Our interpretation that the large mesosomes are grtlfacts p~ - ' 41~  by ~ t e  
fixation procedm~ is in accor~mce with the resets from other laboratories, N a ~ a ~  
ga [21 ] and very recently Fonke-Achtsrrath et aL [22 ], on the basis of mo~pholol~el 
studies involving freeze-etch electron microu~py, proposed that the large r a n s o m s  
do not correspond to real stp,..¢tures present in the living ba~crial cell, the real mes~  
somes being small intrusions of  the cytopl.~mic membrane, An uitcmative for this 
hypothesis is suggested by our results obialned with uran~l a~etate fixation, S ~ h  
results show that no mesosomes are found i'a B, cereus and & f~eealts wl~n the ~ta- 
lion pracedm~ uses uranyl acetate as first f~ative. This holds t in .  ~ for B. s~b~/~s and 
N. mteroides [7 ]. Although w~ have no definite proof indicating ~ a t  ~ uiterutlve is 
the correct one, we favour it on the following basis. ( I )  The resnits of the kinetic study 
show that the amount of mesosome materi;d of unfixed cells is su,tlsfically no*. differ- 
ent from zero. (2) These is evidence indicating that the small me~ysen~s may well he 
artifacts, too. The time-related dynmnics of the evolution of the numbe~ of the two 
types of mesosomes daring the initial period of the Rytcr-Knner~b:rger prefixatlon 
suggests that the small mesosomes may well he the initial step in the formation of the 
l,,zge ones. The small vesicuies could cithe~ b~ tranaforraed in, or agg~gated to form 
the large, veftcular mesnsomes typical of B. cereus fixed by the complete R~er- 
Kellenherger procedure. Small mesosom~s are o b s e ~ l  not only in cells prefixed 
with 0.1 ~e OsO4 in broth for short tim~s, bnt also after fixation with 1% OsO~ and 
2.5~o glutaraldehyde. These two fixatives are more cfficitnt than 0.1 ~ OsO~, as 
shown by the observation that, contrary to 0.1 ~ OsO~, they are able to fix ptoto- 
nlasts and by the results of  the study of  the speed of fir~tlon of albumin. II seems 



1o4 

conceivable, therefore, to admit that in the case of these more rapid fixations, the 
artifact production is stopped early, not proceeding heyond theinhial step anrrespond- 
ing to the formation of !:he small mesusomes. The results of the fixation with 4 ~o 
Os04 are in accordance with this interpretation, showing that even smaller mesoso- 
rues are present in cells subjected to this faster fixation. (3) There are good reasons to 
accept uranyl acetate as an efficient fixative for membranes. Uranyl ions have been 
shown to have a stabilizing action on bacterial membranes and on other biomem- 
branes [13, 23, 24]. Low concentrations of  uranyl acetate were found to fix proto- 
plasts. Urauyl ions are known to interact with both proteins and phospholipids (see 
ref. 25), the main compor,ents of hiometubranes. The binding of UO2 ~÷ to phos- 
pholipids is very strong for acidic phospholipids [26] which are largely represented in 
the membranes of the bacteria we studied [12, 27]. Such binding results in a condensa- 
tion and stabilization of phospholipid bilayers, with a decrease in their fluidity [26]. 
T:te results of the study of the K ÷ effiux from bacteria tr~.'ated with urauyl acetate are in 
accordance with these biophysical observations. Conversely, the permeability changes 
induced by the membrane-damaging treatments we used in the present study, includ- 
ing treatment with 0.1 ~o OsO4, indicate that opposite effects, that is, increase in 
membrane fluidity and membrane expansion, are likely to be produced by such treat- 
ments. Moreover, in the case of treatment with local anesthetics, which also results in 
the presence of mesosomes as discussed above, the occm-rencc of increased membrane 
fluidity and membrane expansion have b~:en demonstrated [28.-30]. Mesosome pro- 
duction may well be related to these alterations. 

The conclusion emerging from the results here described, namely that a 
continuous cytoplasmic membrane without infoldings (mesosomes) would be the real 
image of the membrane organization in gram-positive Eubacteria, extend to these 
bacteria the membrane pattern accepted for most gram-negatives and for L-forms and 
Mycoplasmae, Moreover, that conclusion is in accordance with accumulating eviden- 
ce indi¢~ating that the functions ascribed in the past to mesosomes are not associated 
with these structures [3, 31 ]. The cytopla.,;mic membrane of gram-positives appears, 
therefore, as the structure with the task of  performing the functions attributed to 
mesosomes, as has been accepted for those bacteria in which mesosomes have not 
been found. 
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