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Abstract. The regulation of therecA gene expression in the obligately anaerobic rumen bacterium
Prevotella ruminicolawas investigated by monitoring therecA-specific transcript level.P. ruminicola
recA forms a monocistronic unit, but no SOS-box sequences resembling those ofEscherichia colior
Bacillus subtiliscan be identified upstream of therecAcoding region. At the same time, we observed a
fivefold increase in the level ofrecA mRNA in response to DNA damaging agents, mitomycin C and
methyl methanesulfonate, as well as under conditions of oxidative stress. No induction was detected when
growth of P. ruminicola was arrested by shifting to acidic (pH 4.8) conditions. Primer extension
experiment revealed the three very close transcriptional start sites forrecA.The putative210 and235
RNA polymerase binding regions were proposed on the basis of transcript mapping. These regions bear
very little similarity to theE. coli (s70) and B. subtilis (sA) consensus sequences, as well as to the
recognition sites of other minors-factors. Transcript mapping experiments inE. coli expressingP.
ruminicola recAconfirmed that the transcription machineries of these two bacteria recognize completely
different regulatory sequences on the template to initiate transcription. Preliminary DNase I footprinting
analysis data revealed that the region of imperfect dyad symmetry (AATTATAATCAATTATAAAT) found
between the putative210 region and the translation initiation codon may serve as an SOS-box-like
regulatory sequence inP. ruminicola.This sequence bears no similarity to the known SOS-box sequences
and, in particular, to that ofE. coli and other Gram-negative bacteria.

The SOS response to DNA damage inEscherichia coliis
mediated through therecA-lexAregulon [18, 40]. Expres-
sion of the SOS regulon genes is controlled by the
interplay of two regulatory proteins, LexA and RecA. The
former binds to the short segments of DNA (SOS-boxes)
located immediately upstream of the coding regions of
most SOS genes includingrecA[16, 34, 44]. Interruption
of replication or DNA damage generates an induction
signal activating the basal constitutive level of RecA,
which, in turn, enhances the autoprotease activity of
LexA, the transcriptional repressor of more than 20 genes
comprising the SOS regulon [18, 26, 33, 36, 40]. Exten-
sive genetic analysis supports a central role for the RecA

protein in regulation of the SOS response, as well as
participation in other functions.

Apart from E. coli, SOS-like responses have been
demonstrated in many eubacterial species [23]. Accord-
ing to the last GenBank release at the time of the
manuscript preparation (August 1997), the principal
regulatory gene of the SOS network,recA, has been
isolated from more than 60 eubacterial species. The
SOS-box consensus sequence (CTG(N10)CAG), the bind-
ing site for the LexA repressor, can be found in the
upstream regions of therecA genes of most Gram-
negative bacteria.

DNA damage-inducible expression ofrecA (for-
merly recE) has been shown also in a Gram-positive
bacterium,Bacillus subtilis[20]. The additional cloning
and sequencing of threedin promoter regions ofB.
subtilis have defined the consensus sequence
GAAC(N4)GTTC [6], which has been proposed to func-
tion as an operator sequence in DNA damage-inducible
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gene expression. The presence of the similar operator
sequences within the putative promoter regions ofrecA
has been detected also inMycobacterium tuberculosis[8]
and in Lactococcus lactis[10]. The SOS system ofB.
subtilis is of particular interest in the respect that the
induction of some SOS genes (includingrecA) appears to
be under dual control. These genes are also induced in a
RecA-independent manner during the development of the
competent state [7]. Latest experiments have showed that
the competence transcription factor,comK, is directly
involved in expression of the SOS regulon genes, particu-
larly of recA, in a transcription activation manner [13].

Recently we have cloned and analyzed therecAgene
from the strictly anaerobic Gram-negative ruminal bacte-
rium Prevotella ruminicola[1]. The gene was shown to
be expressed inE. coli from its own regulatory regions,
and the protein was functional in complementation ofE.
coli recAmutants. However, it remained to be proven that
the original host,P. ruminicola, itself possesses an
SOS-like regulatory system because no SOS-box resem-
bling sequences could be found upstream ofrecA.In this
work we investigated the regulation of therecA gene
expression in this bacterium by monitoring therecA-
specific transcript level under conditions of DNA damage
and replication arrest. Transcriptional start sites forP.
ruminicola recAwere identified on the basis of primer
extension experiments. DNase I footprint analysis was
performed to determine the novel SOS-box-like sequence
participating in regulation ofP. ruminicola recA.

Materials and Methods

Bacteria, plasmids, and growth media.Escherichia coli HB101
(recA13, D(mcrC-mrr), HsdS-(r-.m-), supE44, ara14, galK2, lacY1,
proA2, rpsL20, xyl-5, mtl-1) [2], P. ruminicola strain 23T

(5ATCC19189T 5 JCM8958T) [4], and P. ruminicola strain T31
(kindly supplied by H. Minato, Ibaraki University, Japan) were used
throughout this study. Except for the Southern analysis, onlyP.
ruminicola strain 23 was employed in the described experiments.
Therefore, references toP. ruminicolaassume the use of strain 23. The
E. coli plasmids harboring theP. ruminicola recAgene, pNHE1 and
pSK4/1, were described earlier [1]. The strains were grown as
before [1].

Stress response induction.All procedures involvingP. ruminicola
were done anaerobically with a model ANX-1W anaerobic box
(Hirasawa Works) under a nitrogen:carbon dioxide:hydrogen (80:10:
10) atmosphere. Cells were grown at 37°C to OD600 5 0.8 before the
induction. DNA-damaging agents, mitomycin C (MC) and methyl
methanesulfonate (MMS), were added directly to the culture at the
concentration of 0.5 µg ml21 and 0.04%, respectively. Nalidixic acid
was added at a concentration of 20 µg ml21 (E. coli) or 50 µg ml21 (P.
ruminicola). Thermal stress was accomplished by the temperature shift
from 37°C to 45°C. Treatment by acidic pH was achieved by adding the
acetate buffer (pH 4.8) to the culture to a final concentration of 50 mM.
Exposure to oxygen was done by removing the culture from the
anaerobic box, opening the tube, and incubating it under aerobic
conditions with occasional inverting. All culture treatments except the
thermal stress were performed during 30 min at 37°C, followed
immediately by RNA extraction procedure. Induction experiments with

E. coli were done under the same conditions except that the cultures
were incubated aerobically.

RNA isolation. All solutions for working with RNA were prepared on
diethyl pyrocarbonate (DEPC)-treated water, and the recombinant
RNase inhibitor (Wako) was added to a final concentration of 250 U
ml21 to nondenaturating solutions whenever possible. To extract total
RNA, 7.5 ml of lysis solution [0.2M NaOH, 1% (wt/vol) sodium
dodecyl sulfate (SDS)] was added directly to a 15-ml culture. Tubes
were incubated at room temperature till the visible lysis occurred,
usually within 1–2 min, and 10 ml of 3M potassium acetate (pH 4.8)
was added. After thorough mixing, an equal volume of phenol/
chloroform (50:50) solution equilibrated with 1M potassium acetate
(pH 4.8) was added to each sample. Following the 15-min incubation
with inverting, the tubes were centrifuged at 4°C (8 000 r.p.m. for 30
min), and the supernatants were collected in fresh tubes to which 2
volumes of ice-cold absolute ethanol were added and the solutions
mixed well. The samples were centrifuged (8 000 r.p.m. for 20 min),
and the pellet was washed twice with 70% ethanol. The pellets were
next vacuum-dried and dissolved in 5 ml of DEPC-treated water. RNA
was further purified from the contaminating DNA by equilibrium
centrifugation in CsCl-ethidium bromide gradients. The final prepara-
tion of RNA was stored in absolute ethanol at280°C.

Northern and slot blots. RNA samples (2–5 µg) were electrophoresed
within a 1% (vol/vol) formaldehyde-agarose gel [32]. The gel was
rinsed twice in 103 SSC, and RNAs were transferred to a nylon
membrane (Boehringer Mannheim, Mannheim, Germany) with a
Posiblot pressure blotter (Stratagene, La Jolla, CA). RNA slot blotting
was accomplished using a Bio-Dot SF apparatus and the Zeta-Probe
membranes (Bio-Rad, Hercules, CA) as described in the manufacturer’s
instructions. The membranes then were u.v. irradiated to crosslink
RNAs, and hybridization was performed with a DNA labeling/detection
and an EasyHyb kit from Boehringer Mannheim, under the conditions
recommended by the manufacturer. Hybridization probe was generated
by PCR amplification of the 360-bp internal fragment ofP. ruminicola
recA(nt 801–1161) [1].

Primer extension analysis.TheP. ruminicola recAtranscriptional start
was mapped by primer extension involving a novel nonradioactively
labeled primer technique developed in our laboratory in collaboration
with Aloka (Japan). The infrared dye (IRD41)-labeled primer (58-
CGCATAATCGAGCCCTTACC-38) complementary to nucleotides 591–
610 [1] was purchased from Aloka. Reverse transcriptases, M-MuLV
and ReverScript, were obtained from NEB (Beverly, MA) and Wako,
respectively. Conditions of annealing and extension reactions were
essentially standard [32]. Extension products were analyzed by electro-
phoresis through a sequencing gel with a model 4000L LI-COR DNA
sequencer (LI-COR). The sequencing reaction products obtained with
the use of the same primer, double-stranded plasmid template (pNHE1)
and the SequiTherm EXCELy Long-Ready DNA Sequencing Kit
(Epicentre Technologies, Madison, WI) were applied as molecular-
weight markers.

DNA and protein techniques. Techniques of DNA handling were
essentially standard [32]. Nucleotide and amino acid sequences were
determined as described previously [1]. SDS-PAGE was performed
with a minigel system (Bio-Rad).

DNase I footprinting analysis.Footprinting reactions were carried out
according to a novel nonradioactive method with the use of an infrared
dye-labeled fragment as a substrate for the reaction (Aloka Research
Laboratory, Tokyo, Japan). One-strand labeled fragments were gener-
ated in PCR reactions where one of a primer couple was (IRD41)-
labeled (the same primer as in primer extension experiments). These
fragments were gel-purified and used in DNase I footprinting analyses.
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We established in preliminary experiments that the cell extracts of
P. ruminicola are sensitive to oxygen and can not be used for
DNA-protein interaction experiments if they are exposed to open air.
For this reason all steps of crude cell extract preparations and DNase I
footprinting experiments were done under anaerobic conditions. In
brief, 10 ml of an exponentially growing culture was chilled on ice,
harvested by centrifugation, washed once in an equal volume of
ice-cold footprinting buffer, and resuspended in 1 ml of the same buffer.
Cells were disintegrated with a Branson sonifier (Danbury, CT, USA),
on ice, by four sequential 40-s sonifications at the maximum output with
2-min intervals. Cell debris was removed by centrifugation, and the
supernatant was used immediately in footprinting experiments. Cell
extracts from the SOS-induced cultures were prepared in the same way,
with the only exception a 2-h incubation with 0.05% MMS before the
harvest. A typical 50-µl DNase I footprinting reaction contained: (1)
footprinting buffer (5 mM HEPES (pH 7.8), 1 mM KCl, 5 mM MgCl2,
0.01 mM DTT, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 1%
glycerol); (2) 50 fmol of an IRD41-labeled DNA probe; (3) various
amount of P. ruminicola cell extract (0–25 µl). To eliminate the
nonspecific DNA binding, the mixture was titrated by herring sperm
DNA (Promega, Madison, WI) (0–0.5 µg). Non-labeled DNA fragments
(0–250 fmol) of the same structure as labeled DNA probes were used as
specific competitors. The footprinting mix was equilibrated for 30 min
at 26°C, and DNase I (0.2–1.0 U) was added to start the reaction. After
2-min incubation at the same temperature, 200 µl of ice-cold stop
solution (2 M ammonium acetate, 90% ethanol) was added to the
reaction mix, vortexed, and placed at280°C for 15 min. The reaction
products were collected by centrifugation, washed two times in 70%
ethanol, dried, and resuspended in 2 µl of stop/loading buffer [95%
(vol/vol) formamide, 10 mM EDTA (pH 7.6), 0.1% bromphenol blue].
Reaction products were analyzed by electrophoresis through a sequenc-
ing gel with a model 4000L LI-COR DNA sequencer. The sequencing
reaction products obtained with the use of the same labeled primer as for
generation of DNA probes for footprinting were applied as molecular-
weight markers.

Results

Confirmation of integrity of recA. We have shown
before that therecA gene fromP. ruminicola exhibits
substantial level of similarity with otherrecAs and can

complement therecAmutations ofE. coli [1]. However,
the putative regulatory region of the gene does not
contain any SOS-box resembling sequences [1]. In order
to confirm the integrity of the cloned DNA fragment, we
performed the Southern hybridization analysis with recom-
binant plasmid pSK4/1 and the total chromosomal DNA
of P. ruminicola,both digested by the enzyme used in the
cloning procedure,EcoRI. The internal recA-specific
probe (see Materials and Methods section) in both cases
hybridized to the single 5.1-kb fragment (Fig. 1). The
other seven clones, isolated from the same library [1],
also exhibited similar Southern hybridization patterns
(data not shown). Besides, the complete sequence analy-
sis of the cloned fragment confirmed the restriction
mapping results (data not shown). Southern hybridization
with theEcoRI-digested chromosomal DNA of the other
P. ruminicolastrain, T31, produced similar results (Fig.
1). Thus, the possibility of structural rearrangements
during the cloning procedure was ruled out.

Fig. 1. Hybridization of the 360-bp internal labeled fragment ofP.
ruminicola recA(nt 801–1161) [1] toEcoRI digests of plasmid pSK4/1
(lane 1) and chromosomal DNAs ofP. ruminicolastrains, 23 (lane 2)
and T31 (lane 3).

Fig. 2. Hybridization of the 360-bp internal labeled fragment ofP.
ruminicola recA (nt 801–1161 [1] to total RNA prepared from the
MC-treated cultures ofE. coli HB101 (pNHE1) (lane 1) andP.
ruminicola(lane 2).

Fig. 3. Slot-blot analysis of therecA transcript levels inP. ruminicola
cultures subjected to different treatments as described in Materials and
Methods: control (lane 1); MC treatment (lane 2); MMS treatment (lane
3); exposure to oxygen (lane 4); treatment by acidic pH (lane 5). The
concentration of total RNA applied in each row is indicated to the left of
the blot.
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Transcript analysis. The second possibility existed that
recA is a part of an operon, and transcription starts from
another region, far upstream from the open reading frame
(ORF) of recA. It has been demonstrated that therecA
gene ofStreptococcus pneumoniaeis expressed from a
polycistronic transcript [21], and this possibility could
not be ruled out in the case of theP. ruminicola recA
gene. The singlerecA-specific transcript of 1.3 kb could
be detected in total RNA fromP. ruminicola cultures
treated by MC (Fig. 2). A transcript of similar size was
also observed inE. coli transformants expressing theP.
ruminicola recAgene (Fig. 2). These results are in good
agreement with the DNA and protein sequencing data [1].
Thus,recAof P. ruminicola, like the majority of therecA
genes in other bacteria, forms a monocistronic unit.

Induction of recA transcription. The effect of DNA
damage on transcription ofrecA, determined via the level
of the recA-specific transcripts, was tested. It could be
seen that even the noninduced control strain itself dis-
played a relatively high basic level ofrecA-specific
transcripts (Fig. 3). In cultures treated by MC or MMS,
the level ofrecA transcripts was found to be increased
approximately fivefold. Oxidative stress induced the
similar rise ofrecA-specific mRNAs (Fig. 3). In contrast,
the proportion of these transcripts in total RNA remained
constant in cells in which growth was arrested by acidic
pH conditions (Fig. 3).

Characterization of the P. ruminicola recA transcrip-
tional start sites.TheP. ruminicola recAtranscriptional
start sites were investigated by primer extension analysis

with total RNA extracted from cultures treated as de-
scribed in Materials and Methods and from the untreated
control cultures. Three very close transcriptional start
sites were identified for therecA gene in all tested
conditions (Fig. 4). It is necessary to note here that a
number of control experiments were performed to avoid
the possible artifacts caused by RNA degradation or
premature termination of the extension reaction. This
included, in particular, incorporation of recombinant
RNase inhibitor in RNA preparation processes and in
extension reactions, the use of elevated concentrations of
dNTPs (5 mM) and different batches of reverse transcrip-
tases in mapping experiments, and a check of the overall
experimental conditions with template RNA from the
heterologous source [E. coli HB101 (pNHE1) transfor-
mant]. It appeared that the transcription machinery ofE.
coli recognized quite different sequences during the
transcription initiation on theP. ruminicola recAmRNA
template and produced a single transcript of a smaller size
(Fig. 4). This difference could not be detected by
Northern analysis (Fig. 2).

On the basis of the transcriptional start sites, putative
210 and235 promoter regions recognized byP. rumini-
colaRNA polymerase(s) are proposed (Fig. 5). They bear
little similarity to theE. colis70-containing RNApolymer-
ase consensus binding sites [29]. At the same time, the
correspondings70-recognizing regions are present on the
template, and theE. coli transcription machinery initiates
transcription presumably by binding to these consensus
sequences (Fig. 5).

Fig. 4. Primer extension analysis of tran-
scripts generated from promoters for the
P. ruminicola recAgene in homologous
(a) and heterologous (b) systems. The
same IRD41-labeled oligonucleotide as
that used for primer extension was used to
generate the sequencing ladders in lanes
A, T, G, and C from the purified plasmid
pNHE1. The DNA sequence of the region
surrounding the starting nucleotides is
shown. Note that this sequence represents
that of the antisense strand. The numbered
lanes in (a) represent: total RNA fromP.
ruminicolawas treated with DNase-free
RNase before the primer extension reac-
tion (lane 1); control (lane 2); MC-in-
duced sample (lane 3); MMS-induced
sample (lane 4); oxygen-exposed sample
(lane 5). The numbered lanes in (b) repre-
sent: total RNA from the MC-treatedE.
coli (pNHE1) culture was treated with
DNase-free RNase before the primer ex-
tension reaction (lane 1); the same sample
without a prior RNase treatment (lane 2).
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Identification of the SOS-box-like sequence.In our
experiments we demonstrated the monocistronic struc-
ture ofP. ruminicola recAand its DNA damage-inducible
expression. Therefore, transcription ofrecA is supposed
to be regulated, most likely in anE. coli-like recA-lexA
manner. A depth analysis of the region upstream of the
first ATG revealed a 20-bp region of imperfect dyad
symmetry (Fig. 5). The likelihood that this region may
serve as an SOS-like box inP. ruminicolais sustained by
the following arguments. First, like all LexA operators
that have been characterized to date, it is found immedi-
ately 58 to the coding region of its repressed gene.
Second, similar to the central 10 bp of the consensus
LexA operator [17], it is AT-rich, having only one GC pair
in the 20-bp sequence. Third, the region displays the dyad
symmetry that is characteristic of binding of most
well-characterized repressors including LexA [3, 19, 34].
To confirm this hypothesis experimentally, we performed
a series of DNase I footprinting assays with the use of
IRD41-labeled DNA fragments andP. ruminicola cell
extracts. Preliminary results showed that the two identi-
cal hexanucleotides (TTATAA), both within the palin-
dromic sequence, were found to be protected against
DNase I digestion when equilibrated withP. ruminicola
cell extracts (data not shown). No protection was ob-
served when the SOS-induced cell extracts were used in
DNase I footprinting analyses. The latter observation
clearly ruled out the possible interference of RNA-
polymerase(s) with the target sequence, and it is consis-
tent with a negatively regulated repressor model.

Discussion

We proved in this work that, despite the absence of the
consensus SOS-box sequence in the upstream region of
the recA gene, P. ruminicola possesses the SOS-like
induction of recA. Some of therecA genes of Gram-

negative bacteria, such as those ofSynechococcussp.
[24], Thiobacillus ferrooxidans[27], Anabaena variabilis
[25], Methylomonas clara[28], Rhizobium leguminoza-
rum [35], Rhizobium phaseoli[22], Agrobacterium tume-
faciens[41], andAcinetobacter calcoaceticus[12], also
have noE. coli-like SOS box. However, theA. variabilis
recAgene is DNA damage-inducible inA. variabilisitself
but not in E. coli, suggesting that its regulation might
differ significantly from that inE. coli [25], at least in
relation to the presence of possible DNA-dependent
operators. Thus, despite the evolutionary conservation of
the RecA protein structure and function [14], the regula-
tory regions of therecA genes may vary considerably.
DNase I footprinting analysis allowed us to identify the
putative SOS box of theP. ruminicola recAgene. This
regulatory region seems to be highly diverged from the
corresponding consensus sequences of enterobacteria.
This sequence may be present in other genes of the
negatively regulated SOS network inP. ruminicola.The
nucleotide sequences of the putative210 and235 boxes
in the recA gene, identified by us on the basis of the
transcript mapping experiments, allowed us to suggest
that the transcriptional machinery ofP. ruminicolais also
separated by substantial genetic distance from that of
enterobacteria. In fact, transcription of theP. ruminicola
recA gene inE. coli is initiated from a site completely
different from that in the original host. Sequence inspec-
tion upstream of theP. ruminicola recAtranscriptional
start sites did not reveal sufficient similarity to the
recognition sites of minors-factors as well.

It is noteworthy that the basal level of therecA
transcripts is quite high inP. ruminicola and could be
detected by hybridization techniques with less than 0.5 µg
of the total RNA from the noninduced cultures. This is in
agreement with the finding of the multiple transcription
initiation sites of the gene in DNA damage-induced as
well as in non-induced physiological states ofP. rumini-

Fig. 5. Analysis of DNA sequences upstream of the translation start ofP. ruminicola recA.The ATG initiation codon is shown in boldface. The
structure displaying the imperfect dyad symmetry is boxed. The first nucleotides of the three transcripts inP. ruminicolaare indicated by asterisks, and
the proposed210 and235 promoter regions are underlined. The same marks are applied toE. coli HB101 (pNHE1) transformant expressingP.
ruminicola recA.Positions of the two non-labeled primers used to generate the probes for DNase I footprint analysis are shown by the arrows.
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cola.The level of an inductive response upon addition of
DNA-damaging agents toP. ruminicolacultures is remark-
ably limited (approximately fivefold). After such a treat-
ment,E. coli increasesrecA transcription about 17-fold
[5]. A possible explanation for the absence of a large
inductive response inP. ruminicola recAmay be the fact
that the constitutive level of its transcription is already
quite high.

Exposure of the obligately anaerobic bacteriumP.
ruminicola to atmospheric oxygen increased the propor-
tion of recA-specific transcripts to a level comparable to
induction by DNA-damaging agents, MC and MMS.
Many aerobic bacteria likeE. coli possess two lines of
defense against oxygen damage. First, they synthesize
superoxide dismutases, catalases, alkyl hydroperoxide
reductases, and glutathione reductase to neutralize reac-
tive oxygen species (see ref. [37] for a review). The
second line of defense includes the repair of DNA,
membrane and protein damages caused by oxidative
stress. These reparation processes involverecA [9]. The
strain used in this work lacks superoxide dismutase [11]
and probably other enzymes of oxygen detoxification as
well. Therefore, it is likely that the oxidative stress
response in this organism is composed mainly of the
reparation processes and, particularly, of DNA repair.

Involvement of therecA region in resistance to low
pH has been demonstrated forHelicobacter pylori[38].
In our experiments, however, growth interruption caused
by a shift to acidic conditions did not affect the proportion
of the recA-specific transcripts in total RNA ofP.
ruminicola. Ruminal bacteria in situ probably enter the
situation of moderately acidic pH fairly often, in condi-
tions of subclinical ruminal acidosis that occur 1–3 h after
a meal of concentrates [15]. This diet is the most common
way of providing the milk yield-related ration of concen-
trates to dairy cows. Investigations in vitro have demon-
strated the considerable acid tolerance ofP. ruminicolain
a substantially broader pH range, and, as in other
acid-tolerant rumen bacteria [30, 31, 45], it has been
found that the regulation of the intracellular pH is very
poor in this bacterium. It allows its intracellular pH to
decline as a function of extracellular pH and does not
generate a large pH gradient across the cell membrane
until the extracellular pH is low, less than 5.2 [30]. This
decline in intracellular pH prevents an accumulation of
volatile fatty acids (VFA) anions inside the cells. The 80
mM concentration of VFA (the sum of that in the medium
and the added acetate) in combination with pH 4.8 in our
experiments was probably in the range of the pH
tolerance ofP. ruminicola.Though we did not observe
the further increase in the optical density ofP. ruminicola
cultures after the pH shift, the replicative processes
seemingly were not affected, otherwise the persisting
ssDNA replicative intermediates would greatenrecA

expression. Broader ranges of pH and the VFA concentra-
tions need to be tested to establish whether the growth
and replication blocks increaserecAexpression owing to
the presence of ssDNA replication intermediates.

To date, only one work describing transcription
initiation in a gene fromP. ruminicolahas been published
[39]. It was shown thatE. coli recognizes promoter
regions in a cellulase gene different from the original host
organism. There is also the evidence that the nitrogen
metabolism inP. ruminicolais regulated in a distinct way,
as might be expected from the enterobacterial paradigm
[43]. In our work we demonstrated also that the gene of
the putative SOS regulon ofP. ruminicola, recA, was
expressed from unconventional promoter sequences in
the original host, which differ from those used inE. coli.
The putative SOS box of theP. ruminicola recAgene is
also highly diverged from the corresponding consensus
sequences of enterobacteria. These differences are attrib-
uted probably to the early divergence ofBacteroideaceae
group, which includesP. ruminicola, in the eubacterial
line of descent [42]. These findings makeP. ruminicola
an attractive model microorganism for the study of
molecular biodiversity at the gene regulation level.
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