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Abstract 

Degenerate PCR primers based on conserved RecA protein regions were used to amplify a portion of recE from Prevotellu 

ruminicolu strain 23, which was used as a probe to isolate the full-length recA gene from the P. ruminicolu genomic library. The 

P. ruminicolu recA gene encoded a protein of 340 amino acids with a molecular mass of 36.81 kDa. P. ruminicola RecA was 
highly similar to other RecA proteins and most closely resembled that of Bacteroides fragilis (75% identity). It alleviated the 

methyl methanesulfonate and mitomycin C sensitivities of Escherichiu coli recA mutants, but did not restore the resistance to 
UV-light irradiation. Mitomycin C treatment of otherwise isogenic E. coli strains showed a higher level of prophage induction 
in a recA harboring lysogen. 
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1. Introduction 

The RecA protein plays an essential role in cellular 
metabolism, being directly involved in homologous 

recombination, DNA strand exchange, repair of 

damaged DNA, and coprotease activity resulting in 
the SOS response, prophage induction, and muta- 

genesis subsequent to LexA cleavage [l-5]. Cloning 
and molecular analysis of recA is one of the main 

steps in genetic characterization of bacterial strains. 

It creates the possibility for construction of mutants 
by gene disruption or gene replacement techniques. 

To date, there have been no reports of the isola- 

tion of recA from ruminal bacteria. We present here 
our results on cloning and characterization of the 

recA gene from Pvevotella ruminicola, which is a ma- 
jor bacterial species in the rumen [6-Q 

2. Materials and methods 

2.1. Bacterial strains, plasmids and growth media 

* Corresponding author. Tel.: +81 (298) 38 2196; 
Fax: +81 (298) 38 2337; E-mail: aminov@gene.staff.or.jp; 
HomePage: http://www.gene.staff.or.jp/-aminov 

Bacterial strains are listed in Table 1. The type 
strain of P. ruminicola subsp. ruminicola JCM895@ 
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Table 1 
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~____ ~ _-.. ~~ 
Characterisrtcs/genotype 

Bacterial strains, plasmids, and phages used 

Designation 
--. 

Bacterial strains 

Escherichicr coli 

XLI-Blue rrc,A 1. endA I, ~q~A96, rhi-I. hsdRI7, .wpE44, rrlA I. 

l~[F’p~~+f3+. 1~1 ‘jZAMf5, TnlO(t~r’ )] 
rwA1. endAl, g.vrAY6, thi-1. .supE44, rcIAl. lot,, A(muA)IN3. 

A(m~rCB-h.sdSMR-nzrr)l73 

XLl-Blue MR (h (cI(157Sam7) lysogen) 

rerAf, endAl. gyrAY6, thi-I. supE44, &Al. A(mcrA)l83, 

A(mcrCB-hsdSMR-mrri173, lu(. [F’proA+B+, larl aZAMI5, 

TnlO~wr 1 l] 
recA13. A(nwrC’-mrrj. HsdS-[ WI-), supE44, urul4. gulK2, 

lor Yf , proA2. rpsL20. xyf-5, mtl-I 

vndAl, gyrA96. rhi-l, hsdRI 7, s~pE44~ relA 1. ell-(mcrii), 

Aifrc-proABj. [F’rraD36. proA+B+. kucf “ZAMIJ] 

JM107 (w/t/) 

ATCC 191 89T, the type strain of Pwwrrllu rumink& 

XLl-Blue MR 

XLI-Blue MR (h) 

XLI-Blue MRF’ 

HBIOI 

JMl07 

JM109 

Prevotellu ruminicoluJCM8958” 

Phages 
Lambda ZAP11 (4/l) 

Lambda 

Plasmids 

pSK4/1 

pNHEl 

pNHEAE1 

pACYCREC7 

Charomid 9-20 

Reference or source 

Stratagene 

Stratagene 

This study 

Stratagene 

Bachmann [9] 

Yanish-Perron et al. [IO] 

Yanish-Perron et al. [IO] 

JCM” [6] 

Contains 8.2 kb insert with rcr,A of I’. ruminicolu This study 

(‘IX5 7Sam 7 Toyobo 

In viva excision product of Lambda ZAPII(UI) 

4.1 kb fragment from pSK4/1 subcloned into pBluescript KS+, 

Pt.,, -rrc-A transcriptional fusion 

pNHE1, contains the mutant RecA with 71 amino acids deleted 

from the C-terminus 

8.2 kb fragment with ret,A of P. rumi&cofa cloned into low 

copy number plasmid pACYC184 

Contains a spacer of seven 2074 bp direct repeats 

This study 

This study 

This study 

This study 

Toyobo 

“JCM. Japan Collection of Microorganisms. Wake. Japan 

(= ATCC 19189”‘) strain 23 [6], was obtained from 

the Japan Collection of Microorganisms (JCM) and 
maintained as described earlier [l 11. Escherichiu coli 

strains were grown in L3 medium. Solid media con- 

tained 1.8%) agar. Ampicillin (50 pg/ml) or chloram- 

phenicol (30 @ml) was added when required. 

2.2. DNA techniques 

Techniques for manipulating DNA, including 
plasmid preparations, chromosomal DNA isolation, 
restriction endonuclease digests, ligations, transfor- 
mation into E. coli, and gel electrophoresis, were 
performed according to standard protocols [12]. 
The Gene Amp kit (Perkin-Elmer Cetus) was used 
for the PCR. PCR primers and PCR conditions for 
the amplification of the 360 bp internal fragment of 

I-WA were as described [13]. DNA fragments were 
purified from agarose gels using the Geneclean II 

kit (Bio 101 Inc.. USA). 

2.3. DNA library construction and screening 

An EcoRI partially digested genomic library of P. 

ruminicola JCM 8958 was constructed in Lambda 
Zap II (Stratagene) and screened using the randomly 
labeled DNA fragment of recA, obtained by PCR 

amplification, as a probe. 

2.4. DNA sequence analysis 

The dideoxy chain termination method of DNA 
sequencing was carried out on double-stranded 
DNA templates with the Taq Dye Primer and Dye 
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E.coli 
P.nmr.inicola 
B.fragilis 

E.coli 
P.ruminicola 
B.fragilis 

E.coli 
P. ruminicola 
B.fragilis 

E.coli 
P.ruminicola 
B.fragilis 

E.coli 
P.ruminicola 
B.fragilis 

E.coli 
P.ruminicola 
B.fragilis 

M-Ml F-F1 

sIGsLsLlXAI&AGGLzMG 
P’IGSIG~G 
PIGSI 

*** * *** ** * * 

NBA M-M2 M-M3 

M-M4 NBB M-MS Ll 

IAEQLIFSSAI 

GNLKQSNTLLIF 
STISK~IF 

M-M6 TPB 

ITFGEGISKIGEIVDLGVEYE 
IMFGEGISHSGEIIDL.GADLGIIKKSGSWY 

**** l ** _*** 

EYJXHEIWNRELLLSNP 
EL.cEELEAKIMEAIADKK 
EUEELEGLIFEXLEEXE 

* *.* * . . 

60 
68 
48 

120 
128 
108 

180 
188 
168 

240 
248 
228 

300 
308 
288 

332 
340 
320 

Fig. 1. Comparison of the amino acid sequences of RecA from B. jagiris [14], P. ruminicola and E. co/i, numbered according to 1151. 

Amino acid sequence alignment was achieved using the program CLUSTAL W [16]. Residues from 7 to 14 and from 333 to 353 in the 

P. ruminicolu and E. coli amino acid sequences were omitted to improve the alignment quality. The numbers denote the positions of the 

residues within their respective full-length sequences. Identical (*) and similar c) residues are indicated. Functional regions, as have been 

compiled recently [17], are boxed and indicated: NBA, nucleotide binding domain; NBB, nucleotide hydrolysis region; M-Ml to M-M,- 

monomer-monomer interaction regions; F-F1 and F-F2, filament-filament contact positions; TPB, target protein binding site; Ll and L2, 

DNA binding loops. 

Terminator Cycle sequencing kits (Applied Biosys- 
terns) on a Perkin-Elmer PCR apparatus. Sequencing 

reactions were analyzed on an automatic sequencer 
(373A DNA sequencer; Applied Biosystems). Se- 

quencing primers were synthesized on an Applied 
Biosystems 394 DNA/RNA synthesizer. The 
sequence was determined completely in both 

strands. 

2.5. Mitomycin C and methyl methanesulfonate 
survival measurements 

E. coZi cells were grown to ODsm = 0.6 in LB me- 
dium, serially diluted, and spread directly onto LB 

agar containing mitomycin C (MC) or methyl 
methanesulfonate (MMS) at different concentrations. 
Viability was determined after 20-24 h growth at 
37°C. 
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Table 2 

Survival of E. coli strains on plates containing methyl methane- 

sulfonate (O.Ol%, final concentration) 

Strains and plasmids Fraction surviving (“Yo) 

E. roli JM109 (pBluescript KS) 0. I5 

E coli JM107 (pBluescript KS) 2.0 

E. coli JMl09 (pNHEI) I .8X 

E. coli JM109 (pNHEI)+IPTG” 1.13 

E coli JM109 (pNHEAE1) 0.08 

E co/i XLI -Blue (pBluescript KS) 0.39 

E. co/i XLl-Blue (pNHE1) 26.0 

E. coli XLl-Blue (pNHEI)+IPTG 18.0 
E. coli XLl-Blue (pNHEAE1) 1.13 

E. coli XLl-Blue (pNHEAEl)+IPTG 0.06 

E. co/i HBlOl (pBluescript SK) < 0.03 

E. coti HBlOl (pSK4/1) 18.33 

“Transcription from the external lac promoter was induced by 

adding IPTG to a final concentration of 1 mM and incubating 

for 30 min before plating. Triplicate counts were made for each 

sample. 

2.4. UV-light sensitivity test 

Exponentially growing E. coli cells (ODco,, = 0.6) 
were plated at several dilutions on LB plates and 

UV-light irradiated at different doses using the Stra- 

talinker@ UV Crosslinker (Stratagene) operated in 
energy mode. Plates were incubated at 37°C in the 

dark for 20-24 h, and UV sensitivity was evaluated 

by colony counting. 

2.7. Lysogenic induction 3.2. Sequence features 

The lysogenic E. coli strain, XL-l Blue MR (h) 
(Table l), transformed either by a control vector or 

by the recA harboring recombinant plasmid, was 
grown at 26°C to Odious ~0.6 and the SOS response 
was induced by adding MC (0.5 pg/ml) or MMS 

(O.Ol%, v/v). Control thermal induction was done 
by increasing the cultivation temperature to 37°C. 
100 ~1 aliquots were taken at 10 min intervals and 

the phage titer was determined by standard methods 

[121. 

2.8. SDS-PAGE and protein sequencing 

E. coli cultures were grown to ODr,or, = 0.6 in LB 

medium, chilled on ice and washed once in cold TE 

buffer containing phenylmethylsulfonyl fluoride (40 

@ml), resuspended in the same buffer and sonicated 

on ice using a Branson Sonifier (Branson, USA). Cell 
debris was removed by centrifugation and samples 

were frozen at -80°C. SDS-PAGE was performed 

in 12”/0 resolving gels. For protein sequencing RecA 

was fractionated by SDS-PAGE and electroblotted 

onto a PVDF membrane (BioRad). 

The N-terminal sequence was determined by auto- 
mated Edman sequencing using a 470 gas-phase se- 

quencer (Applied Biosystems). 

3. Results 

3. I. Cloning of’ recA 

RecA fragment of P. ruminicola was PCR ampli- 
fied from the total DNA preparation using a pair of 

primers complementary to highly conserved regions 

of the protein [13]. This fragment was cloned, se- 
quenced and found to be similar to other recA genes, 

with highest identity to the B. fragilis recA gene [14]. 
The fragment was randomly labeled and used to 

screen a P. ruminicola Lambda ZAP11 (Stratagene) 

library. Seven clones were selected this way and two 
of them were purified further using the same probe. 

After in vivo excision, the plasmids were subjected to 
restriction mapping, subcloning and sequencing 

steps. 

The P. ruminicola recA sequence has been sub- 
mitted to GenBank, accession number U61227. An 

open reading frame (ORF) having high similarity to 
published recA sequences can be identified within the 
sequenced region. This ORF encodes a 36810 Da 

protein containing 340 amino acid residues. How- 
ever, there was also the possibility to translate this 
frame from the second methionine residue, generat- 
ing thereby a 34 403 Da protein containing 3 18 ami- 
no acid residues which would have the same size and 
higher similarity (81% identity) to B. fragilis RecA 
[14]. RecA from the recombinant E. coli HBlOl 
strain was therefore fractionated on SDS-PAGE, 
and the sequence of the first 10 N-terminal amino 
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0 20 40 60 0 20 40 60 

Tie (min) Time (min) 

Fig. 2. (A) Lysogenic induction of E. co/i strains by MC (0.5 pg/ml) treatment: squares, XLl-Blue MR (h); triangles, the isogenic strain 

carrying recA of P. rumtiicola. MC was added at 0 min. (B) Thermoinduction of the lysogenic E coli strains by increasing the cultivation 

temperature from 26°C to 37°C: squares, XLl-Blue MR (1); triangles, the isogenic strain carrying recA of P. ruminicolu. Cultures were 

transferred to 37’C at 0 min. 

acid residues was determined. The amino acid se- 

quence obtained, AKEKDEALSP, corresponds to 
the larger ORF, the initial methionine residue pre- 

sumably having being removed posttranslationally 
from the protein. A number of conserved amino 

acid residues of functional importance can be identi- 
fied in the amino acid sequence when compared with 
other published data (Fig. 1). 

The ORF is preceded by a 50 bp AT-rich (82%) 
region with no apparent ribosome binding site. 

Many of the recA genes isolated from Gram-negative 
bacteria present an SOS box (CTG(Nlo)CAG) like 

that of E. coli [18] which is the consensus binding site 

for the LexA repressor. This nucleotide sequence is 
not represented in the 500 bp upstream from the 

translational start of P. ruminicolu recA. Down- 

stream of the ORF, a putative rho-independent ter- 
minator with a free energy of AG= -27.8 kcal/mol 

can be detected. 

3.3. Complementation of MC and MMS sensitivities 

in E. coli recA mutants 

Complementation of sensitivities to these DNA 

damaging agents by P. ruminicola recA was tested 
in various E. coli genetic backgrounds. Results on 
complementation of the MMS sensitivity are shown 

in Table 2: E. coli recA mutants, harboring the 
cloned P. ruminicola recA gene, exhibited a viability 
comparable with an E. coli recA+ phenotype. The 

mutant with 71 amino acid residues deleted from 

the C-terminus was inactive in these complementa- 

tion tests (Table 2). Strains which were induced by 

IPTG prior to the MC or MMS exposure did not 
show any difference in survival as compared with a 

non-induced state (Table 2). Heterologous expres- 
sion of the gene in E. coli, therefore, is considered 
to be controlled by its own regulatory regions with a 

negligible effect of the vector sequences. 

3.4. Resistance to UV-light irradiation 

No difference in the survival rate after the UV- 

light exposure was found between the E. coli recA 

mutants carrying or not carrying the recA locus of 

P. ruminicola. At the same time, the recA-proficient 

E. coli strain JM107, which differs from the JM109 
strain only by the presence of the functional gene, 
was almost unaffected by the doses used in these 

experiments (up to 65 J/m2) (data not shown). 

3.5. Lysogenic induction 

Temperate bacteriophages are induced following 

treatment of lysogenic bacteria with DNA damaging 
agents. This induction is part of the SOS response 
and requires a functional RecA protein in E. coli 

[19]. This function of RecA from P. ruminicola was 
estimated in the lysogenic E. coli strain XLl-Blue 
MR (h) upon MC (0.5 pg/ml) induction (Fig. 2A). 



58 R.I. Aminov IT, ul. IFEMS kficrohiology Lettrrs 144 (1996~ 53-59 

More than lOOO-fold increase in the phage titer with- 

in 50 min was observed in the recA harboring strain, 

while in the isogenic uecA-negative background it 

increased less than IO-fold. The control thermoin- 

duction of lytic cycles in both strains produced ki- 

netics similar to lysogenic induction, with a higher 
level of background induction in the case of the 

RecA producing strain (Fig. 2B). For unknown rea- 

sons, there was no apparent lysogenic induction 
when MMS was used as a DNA damaging agent 

(data not shown). 

3.6. Recombinution test 

In these experiments two compatible plasmids, 
pACYCl84 carrying recA of P. ruminicolu and Char- 

omid 9-20 having a spacer of seven 2047 bp direct 

repeats were cotransformed into the recA mutant E. 

coli strain JM109. It was presumed that RecA would 
promote strand exchange between the repeated re- 

gions of Charomid 9-20 and the recombination prod- 
ucts would be seen as a ladder on gels after diges- 

tion at the single BumHI site of the plasmid. These 

products, however, were not detected, either in un- 

treated or in MC or MMS treated cultures (data not 

shown). 

4. Discussion 

The availability of increasing numbers of recA se- 
quences opens new possibilities for cloning of the 
recA genes in addition to complementation tech- 

niques used in earlier studies. Here it was shown 
that P. ruminicola recA was unable to protect a 

recA-deficient E. coli strain against damage caused 

by UV-irradiation. The approach based on the ampli- 
fication of the conserved regions of the gene with sub- 
sequent library screening may be helpful in such cases. 

The DNA sequence 500 bp upstream of P. rumi- 
nicolu recA is exceptional in that it appears to lack 
the SOS box (CTG(Nlo)CAG) characteristic of 
LexA-mediated promoters. This observation raises 
the possibility that a divergent promoter may be rec- 
ognized by P. ruminicolu LexA. There is also no 
apparent conventional ribosome binding site up- 
stream from the translational start of P. ruminicolu 

recA 

Functions encoded by rrcA appear to have been 
conserved during bacterial evolution. It was shown 

that dysfunctions in the E. coli gene can be comple- 

mented by P. ruminicolu recA. At the same time, it 

failed to restore the resistance to UV irradiation and 

did not form recombination products from a tem- 

plate having extensive direct repeats. Since RecA of 
P. ruminicolu alleviates other sensitivities (Table 2) 

and bears functionally important conserved aa resi- 
dues (Fig. l), this deficiency cannot be explained in 

terms of poor expression or of absence of functional 

domains. We found that the P. ruminicolu recA gene 

is overexpressed in E. coli, producing RecA as a 
major protein product in recombinant strains (un- 

published data). The constitutive increase of RecA 

protein in E. coli has been shown to inhibit pyrimi- 
dine dimer excision and reduce the surCiva1 rate of 

UV-irradiated cells [20]. These data support the view 

that overproduction of RecA may mask the dimers 
with subsequent reduction of their excision and 
switching off the SOS signal [20]. A similar scenario 

may take place in E. coli cells overproducing P. ru- 

minicolu RecA. Further investigations are necessary 

to identify the regulatory region(s) of the gene as 
well as the SOS response events in the original 

host. 
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