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Summary

The young cells of Clostridium saccharoperbutylacetonicum were rapidly autolysed by exposing
them to the hypertonic solution of sucrose(0.3-0.6M) without any other supplement to decompose
the rigid cell wall. The cells were converted into the spherical cells by lysis.

The spherical cells had following properties: (1) they were absent in the cell wall and osmoti-
cally fragile. (2) they were stabilized in the existence of 0.4M sucrose and 5mM MgSO,. (3) they
were resistant against adsorption of phage particles. (4) they allowed infection of the isolated
phage DNA and produced progeny phage particles. (5) they were able to biosynthesize their macr-

omolecules for a few hours according to a balanced manner of biosynthesis. (6) they were able to

produce the bacteriocin particles by mitomycin C treatment. (7) they were unable to multiply.

These results were all in the level of typical properties of bacterial protoplasts. It was apparent

that the spherical cells formed by lysis occcurring by treatment with hypertonic sucrose were

protoplasts.

Introduction

Many kinds of gram positive bacteria were con-
verted into protoplasts by using the cell wall-lytic

enzymes"~® or antibiotics%:5 Sometimes, they were

Running Title: Protoplasts of Clostridium

produced autolytically®" Throughout these works,
sucrose was used to prevent the formed protoplasts
from further lysis. Sucrose, in this report, was

used not ont only for the produced spherical cells

to prevent from lysis, but also used for the clo-
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stridial cells to be rapidly lysed.

By many authors, the biological properties of prot-
oplasts were investigated®®. The principal -property
of protoplasts was suggested firstly as the posses
of many of physiological capabilities of the parent
cells and secondly as the lack of ability to multiply
(10). In spite of this clear suggestion on the prope-
rties of protoplasts, there are a few bacterial forms,
spheroplasts and L-form cells, so resembled to the
protoplasts that confusions are made among them.
In, fact, questions were made from early against the
confused use of the word “protoplasts” .9,

The technique, used in this report to form the
spherical cells, is unique in the role of sucrose. The-
refore, it was desired to clarify the biological proper-
ties of the cells to understand whether they were
protoplasts or not. From this point of view, some
biological properties of the spherical cells were inve-
stigated.

From here, the spherical cells shall be abbreviated

into PLC(protoplast-like cells), while intact cells shall
be abbreviated into Ic.

Materials and Methods

Bacterial strains. C. saccharoperbutylacetonicum
NI-4(ATCC 13564) (11) was used without otherwise
mention. Two mutant strains of NI-611 and NI-504
were used for the transfection of phage DNA. They
are resistant mutants against the adsorption of phage
HM 2(11). Strain NI-8 was also used as the indic-
ator for clostocin O (a kind of bacteriocin) 12,13

Media and cultural conditions. Cells were grown
for 3 to 4 hr at 30°C until they reached early expon-
ential growth phase. Cultural broth contained glucose
(40g), yeast extract (2g), ammonium acetate (3g),
Bacto-tryptone (6g), KH,PO: (0.5g), MgSO, 7H,0
(0.4g) and FeSO(-7H.O (0-01g) per liter (pH 6.5).
Soft agar medium containing (.6% agar was used
for the assay of phage and bacteriocin activity.

Preparation of PLC. Cells were harvested by cen-
trifugation(10, 000X g for 10 min at 25 to 30°C) dur-
ing their early exponential growth phase. They were
resuspended in buffered sucrose solution(0.4 M) which
dissolved 5mM of MgSos-Sodium phosphate buffer(1/
60M, pH 6.5) was used as the suspending fluid for
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the cells. The cells were incubated for 60 min at 30
°C.

Adsorption of phage particles on PLC. Phage
HM 2 and HM 3(14) were added to PLC wiith various
multiplicity of infection(m. o. i). After incubation
of the cells for 15 min at 30°C, the cells were rem-
oved by centrifugation (10,000 x g for 10 min at 2°C).
The number of phage particles remaining in the
supernatant fluid was assayed by double layer plate
technique.

Fractionation and analysis of macromolecular
content. Macromolecules(DNA, RNA and protein) of
PLC were fractionated according to the modified STS
(Schmidt-Thannhauser-Schneider’s) method®®. The
content of DNA, RNA and protein was analysed res-
pectively according to Burton’s diphenylamine method
(15), Mejbaum’s orcinol method®® and Lowry’s
phenol-reagent-method 17,

Analysis of incorporation of radic-labelled pre-
cursor. PLC were cultivated in the stabilized fresh
medium containing *P-orthophosphoric acid(2.5 u«Ci/
ml) or methyl-*H-thymidine (1.0xCi/ml). After fra-
ctionation of DNA, RNA and lipid, radiocactivity of
8P incorporated in each macromolecule was measured
with a gas flow counterAloka, TDC-10). Radioactivity
of 8H in PLC was measured with a scintillation cou-
nter (Beckman, LS-250) after alkaline decomposition
of the cell. Alkaline decomposition was carried out
for 15 hr at 37°C with N KOH. The scintillation
fluid was consisted of 0.6% diphenyloxazole (Beckm-
an) and toluene-methanol. The radioisotopes were
purchased from Daiichi Radioisotope Lab., Ltd..

Induction of bacteriocin. PLC were cultivated for
3 hr in the presence of mitomycin C(Kyowa Hakko),
and then, the cells were removed by centrifugation
(3,000x g for 20 min at 2°C). The activity of clos-
tocin O liberated into the supernatant fluid was assa-
yed. The activity of clostocin O was represented as
an arbitrary unit of activity(unit/ml) which was
defined as the reciprocal of the highest dilution cleary
showing inhibition zone against strain NI-8 by spot
test. One unit of bacteriocin was approximately equal
to 1x108 particles/ml of clostocin O.

Preparation of infectious phage DNA. DNA was
isolated from purified phage HM 2, which had a final
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titer of 1x10® p. f.u./ml, according to phenol techn-
ique®®. Isolated DNA was dissolved in saline-citrate
buffer(pH 7.0), and dialysed against the same buffer
for 48 hr at 4°C. This preparation contained 2-3 mg/
ml of DNA.

Transfection. DNA preparation(0. 2ml) was added
on PLC culture(2ml) which contained about 2Xx10%
cells/ml. The infected cells were cultivated for 3 hr,
and then, the number of active phage particles liber-
ated into the supernatant fluid was assayed.

Osmotic shock. PLC were harvested from 50ml of
culture, and then, they were rapidly resuspended in
the same volume of distilled water. Turbidity was
measured at 660nm. For control system, the same
volume of 0.4M sucrose solution was used. After
centrifugation, the absorptiom of supernatant fluid

was measured at 260 and 280nm.

Results

Sucrose-induced autolysis. As shown in Fig. 1,
cells were rapidly lysed as soon as they were exposed
to the hypertonic sucrose. Lysis occurred between
the sucrose concentration of 0.3 to 0.6M. Maximum
lysis was apparent at the concentration of 0.35M
sucrose showing a 50% loss of initial turbidity. Lysis
progressed rapidly for 30 min, and then it was leve-
lled off. After lysis for 40 min, more than 99% of
the rod-shaped clostridia were converted into the
- spherical cells (PLC). The cells were apparently
induced to be autolysed by the concomitant sucrose
(sucrose-induced autolysis®?.

Osmotic sensitivity of PLC. As shown in Table

Table 1. Changes of optical density of the
suspension of PLC by osmo tic shock*

Wave Shocked Control
660nm 0.03 0.38
260nm 2.76 0.88
280nm 1.44 0.50

* Osmotic shock was given to the PLC by suspending
them in the distilled water. For the control system,
0.4M sucrose solution was used instead of distilled
water. ODgg and ODss were measured after elimin-
ation of the cell debris.
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Fig. 1. Properties of protoplasts

Progress of sucrose-induced autolysis of clostrid-
ia Cells. Cells were inoculated in the fresh medium
containing 0.35M sucrose, and then, incubated anaer-
obically at 30°C. Initial ODeg of the culture was
adjusted to 0.6. Turbidity was expressed as the OD
gs0 of measured time against that of initial. @—@
sucrose, O——O : control
1, PLC immediately lost more than 90% of their
turbidity by osmotic shock, while they liberated their
cellular components. which showed high absorption of
ultraviolet ray. Shocked PLC showed bilayer plasma
membrane only by electron microscopy, while intact
PLC contained cellular components inside of the me-
mbrane. These results indicate that PLC are fragile
to osmotic shock.

Effect of sucrose concentration on the stability
of PLC. Experiment was performed to understand the
concentration of sucrose to stabilize PLC. The cells
were incubated for 30 min in sucrose solution of
various concentrations, and then they were havested
and subjected to osmotic shock. The supernatant
fluid was recovered before and after osmotic shock,
and the absorption of ultra violet ray was measured
respectively. In the process, it was expected that the

supernatant fluid before osmotic shock showed the
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lowest adsorption at the concentration of sucrose app-
ropriate to stabilize the PLC, while it showed the
highest absorption after osmotic shock.

As shown in Fig. 2, the absorption was lowest at
the concentration of sucrose near 0.4M before osmotic
shock. At the same concentration of sucrose, the su-
pernatant fluid after osmotic shock of PLC showed
the highest absorption. This result indicates that

PLC are most stable in 0.4M sucrose solution.
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Fig. 2. Properties of protoplasts(2)

Effect of sucrose concentration on the stabilty of
PLC. The lower absorption before osmotic shock ind-
icates the better effect on the stability of PLC. On
the contrary, the higher absorption after osmotic
shock indicates the better effect on it. @—@ :
before osmotic shock, O——Q : after osmotic shock.

Resembled experiment was carried out to underst-
and the effffect of Mg?* to stabilize the PLC. Increased
concentration of Mg?* upto 5mM was effective.

Resistance of PLC against adsorption of bacte-
riophage. Experiment was carried out to understand
whether PLC were absent in the cell wall or not.
Phage HM 2 and HM 3 are virulent phages which
have their receptors on the surface of wall. As
showin in Table 2, PLC showed always much lower
adsoption of phage particles than intact cells. More-

over, the adsorption rate of PLC decreased rapidly as
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Table 2. Adsorption rate of phage particles*

HM 2 HM 3
m.o0.i.Y
PLCH  IC® PLC IC
0.1 - 18.1 99.9 14.9 96.5
0.5 9.7 99.9 8.8 92.3
1.0 4.8 99.7 2.1 86.8
5.0 1.2 99.5 0.7 95.7

* PLC were infected wiIbE\ée HM2 and 8Hm 3,

and then, they were incubated for 15min at 30°C.
The number of phage particls remaining in the
supernatant fluid was assayed. The number of phage
particles disappeared from the supernatant fluid
was estimated and represented as the per cent
against the number of infected phage particles.

1) Multiplicity of infection

2) Protoplast-like cells

3) Intact cells

the multiplicity of phage particles increased. This
result indicates that PLC are completely absent in
the cell wall.

Growth of PLC. PLC were able to grow volumet-
rically, and showed a 50% doubling of turbidity
during succeeding cultivation for 3 hr. PLC were
plated on the soft agar medium to form colonies.
Despite of efforts, it was unsuccessful to form colonies.
This result may indicate that PLC are unable to
multiply.

Macromolecular biosynthetic ability of PLC.
Ability of PLC to biosynthesize their macromolecules
was investigated through analysis of the macromola-
radiclabelled

precursors. As shown in Fig. 3, PLC showed a bala-

cular content and incorporation of

nced increase in the content of DNA, RNA and
protein. Simiar result was exhibited by the further
investigation carried out by using the radio-labelled
orthophosphoric acid. As shown in Fig. 4, each mac-
romolecular fraction(DNA, RNA and lipid) showed
a balanced incorporation of *?P during early period
of cultivation. On this 'experiment, it was noticed
that there was little further incorporation of radiois-
otope into the DNA fraction after 2 hr from the start
of cultivatlon, while there was continuous incorpation
of it into RNA and lipid fraction. .To certify the
weakened ability of PLC to biosynthesize DNA at the
rate period of cultivation,
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Fig. 3. Properties of protoplasts (3)
Macromolecular centent in the PLC. Macromolecules
were fractionated according to the STS method, and
the content of each macromolecule was analysed acc-
ording to the method described in materials and

methods, O« O : turbidity, @—@ : DNA, O—O
:RNA @+ @ : protein. A: Intact cell B: PLC
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Fig. 4. Properties of protoplasts
Incorporation of 3P into the macromolecules. mac-
romolecules were” fractionated according to the same
method used in Fig. 3. Radio-activity was measured
with a gas flow counter. @——@ : DNA, O—O:

RNA Q-+ QO : lipid. A: intact cell B: PLC

metyl-*H-thymidine was added to the PLC which were
cultivated already for 3 hr. As shown in Fig. 5, PLC
incorporated little radioisotope.

These results indicate that PLC biosynthesize their
macromolecules accoding to a balanced manner of
biosynthesis during a limited time of cultivation

which may concern with the doubling time. The unb-
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Fig. 5. Properties of protoplasts
Incorporation of 3H-thymidine into PLC. PLC were
cultivated for 3 hr, and then, cultivation was contin-
ued in the presence of 8H-thymidine. After decomp-
osition of PLC with N KOH for 15 hr, radio-activity
was measured with a scintillation counter. @—@:
PLC, O——Q : intact cells

alanced biosynthesis at the late period of cultivation
indicates that the ability of PLC to biosynthesize
DNA is damaged priory to that of other macromole-
cules such as RNA and protein.

Induction of bacteriocin. Strain NI-4 is able to
produce a phage tail-like bacteriocin “clostocin O” by
treatment of low concentration of mitomycin C. As
shown in Table 3, PLC produced clostocin O as well
as the parent cells. They showed a liberation of
clostocin which was approximately equel to a 50%

Table 3. Production of bacteriocin

Mitomycin C
(ug/ml) FLC 1

0 —_
0.1 3—5% -
0.5 0—2 5—10
1.0 — 0—2
5.0 - -

* PLC were cultivated for 3 hr in the prsence of
mitomycin. The activity of clostocin O liberated
into the supernatant fluid was assayed.

1) unit/ml ' :
2) No bacteriocin was detected.
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of liberation from intact cells as the maximum. PLC
liberated the bacteriocin at lower concentration of
mitomycin C than intact cells. :

This result indicates that PLC success the capability
to produce bacteriocin from the parents cells. It is
considered that concentration of the drug for PLC to
produce clostocin O becomes low by the lack of cell
wall.

Infection of isolated phage DNA. It was firmed
that there was no contamination of infectious phage
particles in the preparation of phage DNA. PLC were
prepared from the strain NI-611, NI-504 and Nl-4,
and they were respectively infected with the isolated
DNA. The former two strains were resistant mutants
against HM 2 phage adsorption. They were used in
this experiment to prevent the produced progeny
phage particles from readsorption on the contaminated
debris of wall or intact cell.

PLC of each strain produced a 0.8 to 1.2%x10° p.f.
u./ml of infectious progeny phage particles. Their
burst size was approximately 5 to 8% of intact cells.
No phage particles were detected when DNA decom-
posed by vg/ml of DNase (Sigma, type I) was infe-
cted to the PLC. This result indicates that PLC can

produce phage particles as well as the parent cells.

Discussion

Osmotic fragility, releasing cellular component
which absorb the ultraviolet ray by osmotic shock,
has been known as a basic property of bacterial prot-
oplasts, although it can not be an evidence for the
<complete absence of cell wall%20, It was clear that
PLC had no cell wall on their surface from the
electron microscopic observation®® and the resistance
against phage adsorption.

On the manner of macromolecular biosynthesis in
protoplasts, different results were reported. The aut-
oplasts(autolytically prepared protoplasts) of Strepto-
<coccus faecalis showed a balanced incorporation of
radio-labelled precursors into DNA, RNA and protein
@l On the other hand, protoplasts of Bacillus meg-
aterium® and yeast spheroplasts® showed only
a weak ability of DNA biosynthesis. It is difficult to

judge which manner of macromolecular biosynthesis
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the PLC are belong to, because they show a combin-
ation of the manners; balanced biosynthesis at early
period of cultivation and weak biosynthesis of DNA.

Generally, DNA biosynthesis in a bacterium is
closly linked with the formation of septum. It is
necessary to synthesize the septum for a bacterium
to initiate biosynthesis of new DNA® 1t is con-
sidered that the lack of ability to built cell wall
including the septum of the PLC gives a limit to
DNA biosynthesis.

Many reports demonstrated that protoplasts success
many of the biological properties of parent cells such
as spore formation in some spore forming bacteria 25
and the production of phage particles®2®, PLC also
produced bacteriocin and phage particles as well as
the parent cells.

The properties of PLC can be summarized as firstly
the lack of cell wall, secondly the impossibility of
multiplication and thirdly the success of some biolog-
ical properties of parent cells. These properties are
all in the level of typical protoplasts. The spherical
cells produced by sucrose-induced autolysis of clos-

tridial cells were protoplasts.
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