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Rifampicin Inactivation by Bacillus species

Eric R. Dabbs*, Katsukiyo Yazawa, Yasushi Tanaka,
Yuzuru Mikami* and Makoto Miyaji

Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University,
1-8-1, Inohana, Chuo-ku, Chiba 260, Japan

Susan J. Andersen

Genetics Department, University of the Witwatersrand,
1 Jan Smuts Ave., Johannesburg 2050, South Africa

Naoko Morisaki and Shigeo Iwasaki

Institute of Molecular and Cellular Bioscience, The University of Tokyo,
1-1-1, Yayoi, Bunkyo-ku, Tokyo 113, Japan

Osamu Shida, Hiroaki Takagi and Kiyoshi Kadowaki

Research Laboratory, Higeta Shoyu Co., Ltd.,
2-8, Chuo-cho, Choushi, Chiba 288, Japan

(Received for publication February 15, 1995)

The ability of strains of Bacillus, Staphylococcus, Pseudomonas, and Escherichia coli to inactivate
rifampicin was tested. Most Bacillus strains were found to inactivate rifampicin. Twomodesof
inactivation were identified; one was phosphorylation and the other involved decolorization. Presence
or absence of either mechanismappeared unrelated to the phylogenetic relatedness of strains. None
of the other organisms could inactivate this antibiotic.

Rifampicin (Fig. 1) is a semisynthetic derivative of the
rifamycin group of antibiotics1'2). These have as their
mode of action the inhibition of prokaryotic DNA

dependent RNApolymerase5) and the classical mode of
resistance has been shownto be mutational alteration of
the target moiety, specifically, the /? subunit of this
enzyme4).

Rifampicin is one of the principal agents used to
combat infections by nocardioform bacteria of the
genera Mycobacterium, Nocardia, and Rhodococcus5 ~ n).
Our studies in which these organisms were challenged
by this compoundrevealed an additional aspect of the
interaction, viz. inactivation of the antibiotic. An un-

expected variety of mechanisms was found: glucosylation
in N. brasiliensis7\ phosphorylation in N. otitidiscavia-
rum8), nbosylation in Mycobacterium strains (Fig. 1)9),
and one involving decomposition in N. asteroides8) and
Rhodococcusstrains10'1 1}.

As these were the first reports of rifampicin inactiva-
tion we wished to determine if bacteria other than no-
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cardioforms also possessed a similar enzymatic activity.
In this paper, we describe the response of strains from

several other genera to challenge by this antibiotic.

Materials and Methods

Organisms
10 strains of Pseudomonas aeruginosa, 8 strains of

Escherichia coli, 4 strains of methicillin-sensitive Staph-
ylococcus aureus (MSSA), and 6 strains of methicillin-
resistant S. aureus (MRSA)were tested. These were
clinical isolates and so represented opportunistic patho-
gens. In addition about 20 strains of Bacillus were
studied (Table 1).

Growth Conditions and Antibiotic Challenge
Bacillus strains were grown overnight in 5 ml of Luria

Bertani medium (LB: 1 % Tryptone, 0.5% Yeast Extract,
0.5% NaCl), then 100/xl was pipetted into 10ml offresh
LB. After shaking for 90 minutes, rifampicin was added
(from a 100 x stock in methanol) to a final concentration
of 20 /ig/ml. 37°C was the incubation temperature for all
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organisms except B. stearothermophilus, which was
grown at 55°C. Aliquots removed at intervals were
assayed for residual antibiotic concentration based on

zones of inhibition on a lawn of B. subtilis PCI 219 in

Fig. 1. Structures of various inactivated compounds of
1*1 fc\ v\n r\i r>i r»

Table 1. Rifampicin susceptibility and inactivation ability
of Bacillus strains.

Bacillus sp. MIC (ng/ml) Pattern* Phylogeny#
amyloliquifaciens HSCC186 0.0125 - I
amylolyticus HSCG169 0.1 +(D) I I I
aneurinolyticus HSCC145 0.025 - U

brevis 2 6A 1 0.2 +(P) I V
cereus 6A 1 0.05 +(D) I
circulans 1 6A 1 0.1 +(P) I
fusiformis HSCC289 0.0125 - I I
globigii 1 1A 1 0.01 25 - ND
laterosporus HSCC185 <O.OO625 - I V
licheniformis 5 A2 0. 1 +(P) I
marcorans HSCC175 0.2 +(P) I
megaterium 7A 1 0. 1 +(P) I
polymyxa 25A1 0.8 +(P) I I I
pumilus 8A 1 0. 1 -KD) ND
sphaericus HSCC368 0.2 - I I
stearothermophilus 9A5 0.025 +(P) U

subtilis 1A3 0. 1 +(P) I
1A3 iri- 0.025 - I
1A4 0.1 +(P) I
1A5 0.39 +(P) I
1A9 0.39 +(P) I

PCI2 19 0.1 -KD) I
niger 1 2A 1 0.05 +(D) ND

thiaminolyticus HSCC144 0.025 : ND

* Inactivation pattern D: Degradation, P: Phosphoryla-
tion.

* Data were taken from ref. 12. Numberindicates
phylogeny group. U: ungrouped, ND: no description.

comparison with a dilution series of known rifampicin
concentrations. For other organisms, between 10 and
30/ig/ml was used in challenge experiments, and in-

cubation at 37°C was for 72hours. For all organisms,
rifampicin and its inactivated derivatives were extracted
from 2ml of culture using 1 ml EtOAc after adjusting to
pH 2 with 1 drop 6n HC1. 0.5ml ofEtOAc extract was
vacuum dried then dissolved in 20/A acetone. 5/il was
spotted on TLC plates. Some Bacillus strains decolorized
rifampicin and concomitantly the antibiotic activity
disappeared. Therefore, for these strains, the term

"decolorization" was used.

Mutagenesis
Mutants of strain 1A3 were obtained after 15 minutes

exposure of washed cells to 100/ig/ml TV-methyl-TV'-
nitro-7V-nitrosoguanidine in Tris-maleate buffer, pH 4.8
at 37°C. After outgrowth, clones were screened on plates
for susceptibility to 30 ng/ml rifampicin and those which
were unable to grow were tested for inactivating ability.
Among such mutants, designated as 1A3 iri" was used
in the present studies.

Growth Monitoring by an Automatic Growth Meas-
urementSystem
Approximately 104CFU/ml of B. subtilis 1A3 or its
iri~ mutant were added to duplicate wells (containing
50/il Spizizen medium with 1% casamino acids and
0. 1 %yeast extract) of a microplate containing different
concentrations of rifampicin in the same medium.The
plate was placed in a Bioscreen C spectrometer (Lab-

systems, Tokyo, Japan). Growth of cells was monitored
by turbidity measurements every 20 minutes. Data were
recorded by a computer interfaced with analyzer and
growth curves generated for each suspension.

Large-scale Preparation of Inactivation Products
Inactivated rifampicin was obtained after challenge of
1 liter of Bacillus IA3 strain's culture with 100//g/ml
antibiotic. After 72 hours incubation at 37°C cells were
removed by centrifugation at 6,000 rpm and the super-
natant adjusted to pH 2.0 with 2n HC1 then extracted
three times with an equal volume of ethyl acetate. The
extracted layer was washed with distilled water. The
EtOAc layer was dehydrated with Na2SO4and con-
centrated in vacuo to dryness. Dried material was purified
by silica gel column chromatography using Wakogel
C-200 (Wako Pure Chemicals, Japan) and a mixture of
CHC13and MeOH(95 : 5) as solvent. Preparative silica
gel TLC was made using CHC13-MeOH,4: 1 for RIP-
Ba and 3:1 for RIP-Bb. Sephadex LH-20 column

chromatography with MeOHas solvent was employed
in further purification of each compound. Throughout
the procedure, inactivated compoundswere monitored
by TLC. A final product of 10.2mg of RIP-Ba and
ll.1 mg of RIP-Bb was obtained from lOOmg of rifam-
picin.
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Nuclear magnetic resonance (NMR) spectra were
measured using a JEOL ALPHA 500 NMR spec-

trometer. Fast atom bombardment mass spectra (FAB-
MS) and high-resolution FAB-MS (HRFAB-MS) were
measured with a JEOL JMS-HX110instrument. The
structures of RIP-Ba and RIP-Bb were determined in
comparison with the data of rifampicin, RIP-3 and
RIP-47'8).

Results

Inactivation Experiments
Clinical isolates of Pseudomonas aeruginosa, Esche-

richia coli, and Staphylococcus aureus (see Materials and
Methods) were tested for inactivation activity against
rifampicin. Antibiotic potency, as determined by zones
of inhibition on a lawn of assay organism, was not

affected by any of the strains of these bacteria which
were tested. TLCsof rifampicin obtained after exposure
to these isolates did not reveal the presence of any
modified compound. Therefore none of these strains
could be shown to inactivate rifampicin.
In contrast, most strains of Bacillus which we tested

were able to inactivate this antibiotic. Low concentra-
tions (<2jug/ml) were completely inactivated in <4
hours; by selection of rifampicin resistant strains to
eliminate inhibitory effects of this compound it was
found that 100/ig/ml was inactivated in 8~ 10hours.
Representative inactivation curves for B. subtilis strains
1A3 and PCI 219 are shown in Fig. 2A. Also included is
a result with a mutant of 1A3 that had been selected
on the basis of loss of rifampicin inactivating ability
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(termed iri ). The parental strain completely inactivated
20jUg/ml in about 5hours whereas the mutant did not
detectably lower this concentration of antibiotic in
12hours (Fig. 2A). As shown in Table 1, the rifampicin
MICof the mutant was four fold lower due to the ab-
sence of this ability. We monitored growth of 1A3 and
its mutant in the presence of rifampicin (0.015 fig/ml
and 0.030 /ig/ml) using the Bioscreen automatic growth
measurement system. The mutant showed a lag of about
26 to 28hours in comparison with the parent (Fig. 3).

Cultures of about eighteen other Bacillus species
were examined and eleven of these could inactivate
rifampicin at rates similar to B. subtilis (e.g. B. cereus
and B. pumilus, Fig. 2B). The remainder showed no
evidence of inactivation even after prolonged incuba-
tion (see e.g. B. globigii, Fig. 2B). We measured MIC
for these organisms and found that except for the
thermophile B. stearothermophilus all strains with
values of 0.025/jg/ml or below were unable to in-

activate rifampicin whilst except for B. sphaericus all
organisms with values above 0.025 jug/ml did inacti-
vate (Table 1).

Nature of Inactivation
TLCs of extracts from rifampicin-challenged Bacillus

cultures revealed three patterns of behavior (Fig. 4). For
the seven species which did not inactivate the antibiotic
there was no change in this compound.The samewas
true for the non-inactivating mutant of B. subtilis 1A3.
Most other B. subtilis strains modified the antibiotic
such that Rf was close to zero, similar to what was seen
with phosphorylative inactivation by Nocardia otitidis-

Fig. 2. Rifampicin inactivation by Rif-R (rifampicin resistant) Bacillus strains.

A: B. subtilis 1A3 (å¡), 1A3 iri" (o), PCI 219 (o), B: B. cereus 6A1 (å ), B. pumilus 8A1 (æf), and B. globigii llA-1 (à").
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Fig. 3. Growth curves ofB. subtilis 1A3 and its mutant strain (1A3 iri ) in the presence of0.015 /zg and 0.030jug/ml ofrifampicin.

Rifampicin was added at 2hours after the start of growth at 30°C. Detail see Materials and Methods.

Fig. 4. TLC patterns of inactivated compounds of rifampi-
cin in comparison with that of rifampicin. (Developing

solvent is CHC13 and MeOH (4: 10))

a: Rifampicin, b: ribosylated compound (RIP-Ma), c:
glucosylated compound (RIP-1) and phosphorylated
compound (RIP-Bb [RIP-4]). -åºshows origin of sample
applied.

caviarum8). An exception was strain PCI 219, which
decolorized the antibiotic in a fashion resembling that
seen with many Rhodococcus strains8'10'1X) as well
as N. asteroides8). For Bacillus species apart from

B. subtilis, eight displayed the phosphorylative pattern
of inactivation and four the decolorization (Table 1).

The nature of the rifampicin modification was deter-
mined after purification of compounds from broth in
which B. subtilis 1A3 had been challenged by the anti-

biotic. Structures of inactivated compounds RIP-Ba
and RIP-Bb were deduced from the following mass

spectrometry data. Molecular weights and molecular

formulae of RIP-Ba (C43H59N4O15P) and RIP-Bb

(C38H48NO16P) were determined by positive and nega-
tive FAB-MSand HRFAB-MS.These molecular for-
mulae suggested that RIP-Ba and RIP-Bbare mono-
phosphorylated-rifampicin and -3-formyl-rifamycin SV,
respectively. TLCpatterns of RIP-Ba and RIB-Bb using
different solvent systems including CHC13 - MeOH(2 : 1)
showed similarity to RIP-3 and RIP-4 in each pattern.
Therefore, XH NMRspectral data of RIP-Ba and RIP-
Bb are compared with those of RIP-3 and RIP-4, whose
21-OH groups are phosphorylated7'8). All the signals of
RIP-Ba and RIP-Bb completely coincided with those of
RIP-3 and RIP-4, respectively. Finally the structures of
RIP-Ba (RIP-3) and RIP-Bb (RIP-4) were determined

as 21-(0-phosphoryl) rifampicin and 3-formyl-21-(0-

phosphoryl) rifamycin SV, respectively (Fig. 1).

Discussion

Our previous work has demonstrated that nocardio-
form bacteria of the genera Nocardia, Rhodococcus, and

Mycobacterium inactivate rifampicin in a variety of
ways: by glucosylation7), ribosylation9), phosphoryla-

tion8), or decolorization8'1(U1). In contrast, we have
shownhere that a numberof strains of Pseudomonas,
Escherichia, and Staphylococcus do not act upon this
antibiotic. However, about two-thirds of Bacillus species
tested did modify rifampicin such that it no longer
possessed bacteriostatic ability. A phylogeny of Bacillus
has been constructed based upon small-subunit riboso-
mal RNAsequences12). In contrast to what was observed
in nocardioforms, no correlation could be seen between
inactivation pattern and putative evolutionary relation-
ships within this genus: all three patterns were found in
group 1, phosphorylation or no activity in group 2 and
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in group 4, and decolorization or phosphorylation in
group 5. Even within the single species B. subtilis (Table
1) both phosphorylation and decolorization mechanisms
were present.
Although we could isolate two inactivated compounds

RIP-Ba and RIP-Bb, the process on the release of
piperazine moiety from rifampicin or its inactivated
compound (RIP-Ba) is not clear. Concerning the
decolorization of rifampicin, we tried to isolate the

possible inactivated compound(s) by various extraction
methods using various organic solvents, however,

hitherto we have not succeeded. This maybe partially
due to the lack of appropriate detection methods for
such decolorized compounds. Alternatively, the in-

activated antibiotic may be degradated into compounds
to small to be obtained by usual extraction method.
Further detail studies are necessary.
Rhodococcal and mycobacterial DNAsresponsible

for inactivation mediated by decolorization and ribo-
sylation respectively have both been cloned11} (un-
published). It remains to be determined if Bacillus,
Nocardia, and Rhodococcus decolorizations are due to a
commonmechanism.

R eference s

1) Lancini, G.: Ansamycins. In Biochemistry and genetic
regulation of commercially important antibiotics. Ed., L.
C. Vining, pp. 79-88. Addison-Wesley Co., 1983

2) Cravelleri, B.; M. Turconi, G. Tamborini, E. Ocelli,
R. Pallanza, R. Scotti, M. Berti, G. Romano & F.

Parenti: Synthesis and biological activity of some
derivatives ofrifamycin P. J. Med. Chem. 33: 1470 - 1476,

1990

3) Kersten, H. & W. Kersten: Inhibitors of nucleic acid

819

synthesis. In Molecular biology, biochemistry and

biophysics, pp. 108 - 122, Springer-Verlag, 1974
Halling, S. M.; K. C. Burtis & R. H. Don

Reconstitution studies show that rifampicin resistance is
determined by the largest polypeptide of Bacillus subtilis
RNA polymerase. J. Biol. Chem. 252: 9024-9031, 1977
Tsukamura, M.: The pattern of resistance development
to rifampicin in Mycobacteriumtuberculosis. Tubercle

53: 111-117, 1972

Emmons, W.; B. Reichwein & D. L. Winslow:
Rhodococcus equi infections in patients with AIDS. Rev.

Infect. Dis. 13: 91-96, 1991

Yazawa, K.; Y. Mikami, A. Maeda, M. Akao, N.
Morisaki & S. Iwasaki: Inactivation of rifampin by

Nocardia brasiliensis. Antimicrob. Agents Chemother. 37:
1313-1317, 1993

Yazawa, K.; Y. Mikami, A. Maeda, N. Morisaki & S.
Iwasaki: Phosphorylative inactivation of rifampicin by
Nocardia otitidiscaviarum. J. Antimicrob. Chemother. 33:

1127-1135, 1994

Dabbs, E. R.; K. Yazawa, Y. Mikami, M. Miyaji, N.
Morisaki, S. Iwasaki & K. Furihata: Ribosylation by
mycobacterial strains as a newmechanismof rifampin
inactivation. Antimicrob. Agents Chemother. 39: 1007 -

1009, 1995

Dabbs, E. R.: Rifampicin inactivation by Rhodococcus
and Mycobacterium. FEMSMicrobiol. Lett. 44: 395-

399, 1987

Andersen, S. J. & E. R. Dabbs: Cloning ofnocardioform
DNA conferring the ability to inactivate rifampicin.

FEMS Microbiol. Lett. 79: 247-250, 1991
Ash, C; J. A. E. Farrow, S. Wallbanks & M. D.

Collins: Phylogenetic heterogeneity of the genus
Bacillus revealed by comparative analysis of small-

subunit-ribosmal RNAsequences. Lett. Appl. Microbiol.
13: 202-206, 1991


