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Culture and Biological Activity of Propionibacterium acnes

Summary: Administration of killed Propionibacterium acnes to experimental animals
leads to the development of hypersensitivity to the lethal and cytokine-inducing effects of
endotoxin. This sensitizing property of F. acnes is not always expressed by different bacte-
rial preparations. Its expression depends very much on the conditions employed for the cul-
tivation of this microorganism. The present study investigates which culturing conditions
result in P. acnes preparations with optimal sensitizing properties. The composition of the
medium, the culturing time and temperature as well as the type of cultivation (in minifer-
mentor or stationary culture) were all varied for this purpose. The resulting bacterial prep-
arations were killed at 65°C for 1 h and tested for sensitizing activity. The results show that
stationary cultures of . acnes grown at 37°C for 4 to 5 days in the appropriate medium pro-
duce biologically active preparations with satisfactory sensitizing activity.

Introduction

Propionibacterium acnes is a normal component of the
bacterial flora of the human skin. Occasionally, and re-
cently with increasing frequency, P. acnes was found to be
the etiological agent in various pathological conditions. Of
these, the most interesting from a clinical point of view is
acne vulgaris [1]. In recent years P. acnes could be identi-
fied as the pathogenic agent in endophthalmitis [2], bacte-
rial meningitis [3], osteomyelitis [4] and in a number of
other opportunistic infections [5].

One interesting property of live or killed P. acnes recog-
nized over three decades ago that has found a wide appli-
cation in different experimental studies is its ability to sen-
sitize animals to the lethal activity of lipopolysaccharides
(LPS). Thus the treatment of mice with heat-killed [6, 7]
P. acnes leads to the development of hypersensitivity to
LPS administered 7 to 10 days after P. acnes treatment.
This hypersensitivity is characterized by an enhanced pro-
duction of pro-inflammatory cytokines (TNFa, IL6 etc.)
and by a high susceptibility of the animals to the lethal ef-
fects of LPS. Moreover, mice treated with P. acrnes not on-
Iy produce more TNF upon LPS administration but also
exhibit a higher sensitivity to the lethal activity of this me-
diator [8]. Mice treated with P. acnes therefore represent
auseful, highly sensitive model for the hyperproduction of
cytokines and for evaluating the lethal activity of LPS.
Various more or less complex procedures for culturing P.
acnes have been described [e.g. 9-12]. Although many of
them result in sufficient yields of bacteria, the final prep-
arations are frequently devoid of sensitizing activity, and
their administration to mice does not enhance reactivity of

the animals to the action of LPS (authors’ unpublished re- -

sults). P. acnes is not a strictly anaerobic bacterium. It may
best be described as an anaerobic to aerotolerant microor-
ganism. Many strains of Propionibacterium grow in deep
fluid cultures with no particular precautions against aero-
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biosis. The optimum culture temperature lies between 30
and 37°C [13]. In the present study we investigated cultur-
ing conditions which would both be reproducible and re-
sult in bacteria with a satisfactory sensitizing activity.

Materials and Methods

The investigations were carried out on P. acnes (ATCC 12930),
and the stock culture was kept at —70°C. Tubes containing 10 ml
of cooked meat medium (Difco) were inoculated and incubated
at 37°C for 5 days. Precultures for batch cultivation were pre-
pared in 20 ml CCM-TT (see below) which had been inoculated
with 1 ml of the tube culture and incubated for 3 days at 37°C.
Subsequent culturing was carried out a) anaerobically in a mini-
fermentor in volumes of 11 at pH 7.0 and with N, aeration (pO,
control) and gentle stirring at 30, 35 or 37°C, and b) as a static

~ culture at 37°C in 800-ml quantities in 1-1 Erlenmeyer flasks with

screw tops. In both cases the incubation time was between 1 and
6 days. The following culture media were used: tryptose tryptone
medium (TT) with 1% glucose [14]; cooked meat medium
{(CMM) (Difco); cooked meat medium filtrate (CMMF, pre-
pared from CMM by filtering off the pellets); a mixture of equal
parts of CMM or CMMF and TT with 0.2% glucose (CMM-TT,
CMMF-TT). For cultivation in the minifermentor, 0.3 m! poly-
glycol P2000 (Hedinger, Stuttgart) was added to the medium as
an antifoam agent. To harvest the bacteria the cultures in CMM
and CMM-TT were first gently agitated and the supernatant con-
taining bacteria decanted from the sedimented pieces of meat.
All culture fluids were heated in a water bath at 65°Cfor 1 h. The
bacteria were then obtained by centrifugation and lyophilised.

Sensitization of mice by Propionibacterium acnes: Mice
(C57/BL10) 6 to 8 weeks of age were used. Groups of six animals
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Table 1: LPS-sensitizing activity of Propionibacterium acnes cultured under different conditions.

MF1 T 37 1 -
MF2 T 37 3 -
MF 3 TT 37 4 -
MF 4 CMMF-TT 30 4 +
MF5 CMMF-TT 35 4 +
MF 6 CMMF-TT 35 5 +
ME7 CMME-TT 37 5 +
MF 8 CMMEFE-TT 30 6 -
MF9 CMMF-TT 35 6 *
ST1 CMM 37 1 +
ST2 CMM 37 3 +
ST3 CMM-TT 37 3 +
ST 4 CMMF-TT 37 4 +
STS CMMF-TT 37 5 +
STé6 CMMEF-TT 37 6 -

Mice received 500 pg P. acnes prepared under different culturing conditions. The animals were challenged with LPS 7 days later. Blood was collect-

ed and TNF serum levels were determined 1h later.

MF = cuitivation in minifermentor: ST = cultivation as standing culture; + = sensitization factor, 50-200; + sensitization factor, 10-50; - = sensitiza-
tion factor < 10; TT = tryptose tryptone medium; CMM = cooked meat medium; CMMF = cooked meat medium filtrate.

received 500 mg of lyophilized P. acnes suspended in 0.2 ml PBS
intravenously. Mice receiving PBS instead of P. acnes served as
controls. All animals were challenged with LPS 7 days later and
the development of hypersensitivity was determined. The pres-
ence of hypersensitivity was evaluated by the increase in the lev-
els of serum TNF produced 1 h after the LPS challenge.
TNF-measurement: P. acnes-treated and control mice received
0.2 pg LPS (Salmonella abortus equi) intravenously. They were
bled 1 h later under ether anaesthesia by cutting the axillary ves-
sels. The blood was allowed to clot and the serum obtained was
stored at —80°C until use. TNF in sera was measured in a cyto-
toxicity test using TNF-sensitive 1.929 cells (kindly provided by
L. Old, Memorial Sloan-Kettering Cancer Center, New York,
N.Y., USA) as described elsewhere [8].

Results

Results of this series of experiments are listed in Table 1.
We had had good results with the TT medium for the cul-
tivation of various gram-positive and -negative bacteria
earlier. P. acnes underwent significant growth in the medi-
um as well. However, these bacteria revealed only weak
activity in exceptional cases, and no activity at all in most
cases (MF 1-3 Table 1). Varying the incubation time from
1 to 4 days and the quantity of inoculated material be-
tween 20 and 100 ml (2-10% of the culture volume) had
no effect on the biological activity (data not shown). It had
proven advantageous to use a culture medium with pieces
of meat for anaerobic or microaerophilic bacteria [15]. In
such a medium (CMM) P. acnes grew well and was also ac-
tive in sensitizing to LPS. A similar result was obtained by
using the CMM-TT medium (ST 1-3 in Table 1).
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In order to obtain a bacterial mass as free as possible from
contamination, a particle-free medium is preferred. This is
also more suitable for cultivation in a stirred fermentor.
Further cultivation was therefore carried out in a cooked
meat medium from which the pellets had been removed by
filtration (CMMF), as well as in a mixture of this filtrate
with the TT medium (CMMF-TT). Besides sufficient
growth, an active P. acnes preparation was obtained at cul-’
tivation temperatures of 30 to 37°C and with an incubation
time up to 5 days. Longer cultivation resulted in a decrease
of the activity of the bacteria (see Table 1). This is in
agreement with previously reported findings of other au-
thors [11, 12]. With some batches of P. acnes lethality tests
[8] were also performed. The results (not shown) correlate
with those of TNF-production.

While cultivation in the fermentor allows large-scale prep-
aration of bacteria, static cultures in the CMMF-TT medi-
um provide a simple and reliable source of biologically ac-
tive preparations of bacteria when minor quantities of
P. acnes are required. For this purpose, according to the
manufacturer’s instructions, the cooked meat medium
(Difco) is suspended and mixed in cold distilled water, al-
lowed to stand for 15 min. and then autoclaved for 20 min.
at 120°C. After complete cooling, the supernatant is de-
canted from the meat pellets and passed through a folded
filter-paper (e.g. Schleicher and Schiill, No. 595 1/2). Then
400 ml each of the filtrate and TT medium (with 0.2% glu-
cose) are sterilised together in a 1-1 Erlenmeyer flask (with
screw top) for 20 min. at 120°C. After cooling, the fluid is
inoculated with 20 ml of the preculture (3 days at 37°Cin
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CMM-TT) delivered deep below the surface. Cultivation
is carried out without nitrogen aeration and without cor-
rection of the pH in an incubator for 4-5 days at 37°C. By
the end of incubation, the glucose has been consumed and
the pH lies between 6.1 and 6.3. Typical values for the wet
weight of the biomasses obtained from 800-ml culture
volumes are about 5-6 g.

Discussion

In the present study we investigated the conditions of cul-
tivation of P. acnes under which the resulting bacteria ex-
press strong sensitizing activity towards the action of LPS.
The results make it evident that the property of the final
bacterial preparation to express sensitizing activity does
not depend only on the efficiency of bacterial growth.
- Good growth was obtained using TT medium. However,
the different batches of bacteria thus prepared expressed
only weak or no activity at all. On the other hand, the use
of medium containing pieces of meat (CMM or CMM-TT)
resulted in satisfactory yields of bacteria with good sensi-
tizing activity.

Under the experimental conditions used, cultivation of
P. acnes in the fermentor offered no recognisable advan-
tages over the static culture. The fermentor method there-
fore appears to be a desirable procedure only if a larger
volume of culture has to be grown. The addition of an an-
tifoam agent did not have any deleterious effect on the
growth or biological activity of P. acnes, as could be
demonstrated in trials with surface aeration and without
adding P2000 (data not shown). The length of cultivation
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seems to be crucial and according to the present results it
should not exceed 5 days. The loss of biological activity of
P. acnes which has been observed after prolonged cultiva-
tion in this study has also been observed previously (based
on spleen index) by other authors [11, 12]. Although the
precise reasons are not known, it is believed that on long-
er cultivation the active substance, which is probably a
polysaccharide bound to the cell wall, is released into the
medium.

The property of P. acnes to increase sensitivity to LPS and
to prime the organism for an enhanced production of
TNF-a and other pro-inflammatory cytokines may be also
of clinical interest. Mice treated with P. acnes are not on-
ly more sensitive to LPS but also more sensitive to the tox-
ic effects of TNF-«. Killed P. acnes has also been shown to
possess TNF-inducing components and, like LPS or whole
killed gram-negative bacteria, it induces lethal shock in
mice. The pathogenicity of this microorganism may there-
fore be due at least in part to its ability to enhance both the
levels and the activity of the toxic cytokines produced.
The understanding of the culture conditions under which
the sensitizing principle in P. acnes is optimally expressed
will enable the cultivation of bacteria with reproducible bi-
ological properties and will facilitate studies in this field.
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