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1. SUMMARY

Protoplasts of a thermophilic Clostridium sp.
were prepared by lysozyme treatment using lactose
as osmotic stabilizer. High frequency reversion
(3-29.8%) to the bacillary form was obtained on
hypertonic rich medium.

2. INTRODUCTION

Thermophilic Clostridium species capable of
converting cellulose and hemicellulose to chem-
icals and fuels in a single step are currently of
interest in biotechnology. For this reason we
searched for cellulolytic thermophiles in different
anaerobic environments. An isolate from riverside
mud was chosen for taxonomic and genetic stud-
ies. We described it as a new species, Clostridium
thermopapyrolyticum (B. Méndez et al., manuscript
in preparation.

A procedure to prepare and regenerate proto-
plasts is essential for the genetic analysis of
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Gram-positive bacteria by means of fusion or
transformation. Methods for the production and
regeneration of protoplasts in Clostridium species
have already been published for C. acetobutylicum
[1-3], C. pasteurianum [4] and C. tertium [5).
However, methods suitable for thermophilic
Clostridium species are not available, although
stable L-phase variants were obtained from C.
thermocellum [6].

In this work we present a protoplasting and
regeneration method for this thermophilic and
cellulolytic Clostridium sp.

3. MATERIALS AND METHODS

3.1. Strains and culture conditions

C. thermopapyrolyticum UBA 305 was used
throughout this study. Cultures were grown in
CM4 medium [7] supplemented with glucose 6 g/1
(CM4G). Solid medium contained 1% agar
(Merck). Stock cultures were kept at 4°C in CM4
medium containing a strip of filter paper (What-
man { 1). The Hungate method [8] was used for
liquid cultures. Oxygen-free nitrogen was the
headspace gas. Cultures were plated in an
anaerobic hood (Coy Laboratory Products) in an
80% N,, 10% H, and 10% CO, atmosphere. In-
cubation temperature was 60° C.
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3.2. Protoplast formation

For protoplast formation, 5 ml of an early
exponential phase culture, ODgy, = 0.3, in CM4G
were centrifuged and resuspended in one-tenth
volume of either SMM buffer [9] or CM4 supple-
mented with 10% lactose (LPM). Lysozyme was
added to a final concentration of 10 pug/m! and
the mixture was incubated at 60 ° C for 60 minutes.

Protoplastization was followed by phase con-
trast microscopic counting in 10 random fields.

3.3. Protoplast regeneration

For protoplast regeneration the protoplast sus-
pension was serially diluted in LPM containing
0.1 M (final concentration) N-acetylglucosamine
and immediately plated on regeneration medium
(RM). This hypertonic medium consisted of
CMA4G supplemented with 1% gelatine, 2%
casamino acids, 0.04% bovine serum albumin
(BSA), 1072 M MgCl,, 10 * M CaCl, and 1%
agar. The plates were incubated 6-7 days. Lysis-
resistant cells were determined plating serial dilu-
tions of the protoplast suspension in distilled water
on the regeneration medium. The regeneration
frequency was calculated as the ratio of net regen-
erant colonies (colonies on regeneration medium
minus colonies resistant to osmotic shock) per
initial cell number.

4. RESULTS AND DISCUSSION

4.1. Protoplast formation

As protoplast viability can be affected by the
osmotic stabilizer used [2,10] we evaluated differ-
ent compounds for their effect on the micro-
organism’s growth before developing a protoplast-
ing medium. Lactose, sucrose and succinate did
not present inhibitory effects at concentrations
ranging from 0.1-0.6 M. Lactose and sucrose were
chosen for further experiments.

Two protoplasting media were tested: SMM
and LPM. After 60 min of lytic treatment, similar
protoplasting efficiencies were obtained with both
solutions. The results of these experiments are
shown in Table 1. For routine experiments LPM
was chosen.

Table 1

Protoplasting efficiency in different solutions

Proto- Original Lysis Proto- Proto-

plasting CFU/ml resistant plasting ' plasting *

solution CFU/ml  efficiency  efficiency
(%) (%)

SMM 22x10°  7.1x10° 999 95

LPM 20x10%  49x10° 999 92

! The protoplast suspension was serially diluted in distilled
water and plated on MR.

% protoplasting efficiency
original CFU /ml—lysis resistant CFU /ml

— %100
original CFU /ml

2 Microscopic observation.

Reilly and Rogers [2] reported that protoplast
formation was optimum for C. acetobutylicum at a
given growth phase. Although most of our experi-
ments were done at early exponential phase, no
significant differences in protoplasting or regen-
eration efficiencies were found for ODg,, of the
starting culture ranging from 0.2-0.6.

4.2. Protoplast regeneration

The regeneration medium was obtained supple-
menting the growth medium with lactose as
osmotic stabilizer, casamino acids to enhance
nutrient supply, BSA and gelatine as protective
agents and divalent cations to stabilize the proto-
plasts’ membrane.

The results of the regeneration experiments are
shown in Table 2.

Table 2

Protoplast regeneration in C. thermopapyrolyticum UBA 305

Experi- Initial CFU/ml for protoplasts % Regen-

ment  CFU/ml? diluted in eration 9
LPM®  Distilled
water ©
1 2.2x10° 37x10° <10 17.1
2 41x10° 1.3x10° <10 3.2
3 2.6x10° 3.3%10° 1.0%x102 127
4 3.0x10° 6.1x10° 1.5x10° 298

* CFU/ml of cells before protoplast formation.
® and ¢ CFU/ml from MR plates.
b—c
d % 100.
a
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We performed some experiments without ad-
ding N-acetylglucosamine to the dilution medium
and the average regeneration frequencies observed
were slightly lower than the frequencies obtained
with N-acetylglucosamine, so this compound was
included in the routine procedure.

The omission of any component of the regener-
ation medium significantly lowered reversion to
the bacillary form.

This protocol, developed to form and regener-
ate protoplasts from C. thermopapyrolyticum gives
higher regeneration frequencies than those used
for other Clostridium species. Fusion and transfor-
mation experiments using this procedure are pre-
sently carried out in our laboratory.
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