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MatR in Rhizobium trifolii is a malonate-responsive
transcription factor that regulates the expression of genes,
matABC, enabling decarboxylation of malonyl-CoA into
acetyl-CoA, synthesis of malonyl-CoA from malonate and
CoA, and malonate transport. According to an analysis of
the amino acid sequence homology, MatR belongs to the
GntR family. The proteins of this family have two-domain
folds, the N-terminal helix-turn-helix DNA-binding
domain and the C-terminal ligand-binding domain. In
order to find the malonate binding site and amino acid
residues that interact with RNA polymerase, a site-
directed mutagenesis was performed. Analysis of the
mutant MatR suggests that Arg-160 might be involved in
malonate binding, whereas Arg-102 and Arg-174 are
critical for the repression activity by interacting with RNA
polymerase.
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Introduction

The transcriptional regulator, MatR, was identified and
characterized in Rhizobium leguminosarum bv. trifolii, which
is symbiotic with clover. By interacting with the upstream
operator region of matABC, MatR down-regulated the
transcription of the matABC operon that encodes enzymes for
malonate catabolism (Lee at al., 2000). The binding sites of
the MatR protein, identified by an electrophoretic mobility
shift and DNase I protection assays, were very similar to the
sequences of the B. subtilis gnt operator site (ATACTTGTA/
TACAAGTAT) (Fujita er al., 1986, 1989). Furthermore, the
deduced amino acid sequence of MatR showed similarity with
that of GntR from B. subtilis in the N-terminal region that
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encodes a helix-turn-helix DNA-binding domain, but not with
that of the C-terminal region, specifying a gluconate-binding
region. The gnt operon of B. subtilis is involved in gluconate
catabolism. The GntR protein represses gnt promoter-
activated mRNA synthesis by binding to the gnt operator, and
this binding is suppressed by gluconate. In spite of the amino
acid sequence similarities of the MatR and GntR proteins,
MatR bound its operator sites with increasing affinity in the
presence of malonate, a positive transcriptional inducer for the
mat operon.

Recently, another GntR-like transcriptional regulator,
MdcY, was reported to down-regulate the transcription of the
mdc operon with malonate as a positive inducer in
Acinetobacter calcoaceticus (Koo at al., 2000). The mdc
operon encodes malonate decarboxylase, which converts
malonate to acetate. The MdcY protein is homologous to
MatR in the amino acid sequence by 65% and has a similar
operator site (ATTGTA/TACAAT). However, MdcY binding
to its operator was unaffected by malonate. This indicates that
MdcY and MatR carry out the transcriptional repression by a
mechanism different than GntR..

In the present study, we used site-directed mutagenesis to
examine the presumed C-terminal malonate-binding domain
of MatR. A sequence comparison with MdcY protein detected
a number of Arg-residues that are conserved throughout the
C-terminal domain. Here, Arg-68, Arg-102, Arg-160, and
Arg-174 of MatR were selected for site-directed mutagenesis.
Each of the mutant proteins were purified and characterized
using a DNA-protein gel shift and reporter gene assays. The
results reported here suggest that Arg-160 might be involved
in malonate binding, whereas Arg-102 and Arg-174 are
critical for the repression activity by interacting with RNA
polymerase.

Materials and Methods

Strains and plasmids The Escherichia coli strain BL.21 (DE3)
was used to over-express the recombinant protein. For the reporter
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gene assay, E. coli NovaBlue (DE3) from Novagen (Madison,
USA) was used as a host strain. The pET22b vector for over-
expression was purchased from Amersham Pharmacia Biotech
(Uppsala, Sweden). Antibiotics were used at the following
concentrations (in pig-ml™): for E. coli, ampicillin at 100,
chloramphenicol at 25. All manipulations with recombinant DNA
were carried out according to standard procedures.

Enzymes and chemicals Restriction enzymes and the Klenow
fragment were purchased from Boehringer Mannheim (Mannheim,
Germany). Cloned Pfis polymerase was purchased from Stratagene
(La Jolla, USA). The *P-labeled nucleotides were purchased from
Amersham Pharmacia Biotech (Uppsala, Sweden). The synthetic
oligomers were purchased from the Bioneer Co., Korea,

Site-directed mutagenesis Appropriate pairs of mutagenic
primers (Table 1) were synthesized and used to generate the
mutated MatR by PCR, according to the method of QuickChange
site-directed mutagenesis from Stratagene (La Jolla, USA). Here,
the pMATR was used as the template for the Pfiu DNA polymerase
(Stratagene) (Lee at al., 2000). After PCR, the wild-type parental
plasmid that remained in the PCR product was selectively digested
by the Dpnl restriction enzyme. The resultant mixture was used to
transform the chemically competent E. coli BL21 (DE3). The
desired mutants were sequenced to identify each mutation and
confirm their fidelity.

Expression and purification of wild type and mutant
MatR The expression and purification of wild type and mutant
enzymes were carried out using His-bind resin, according to the
manufacturer’s instructions (Novagen, WI, USA).

Electrophoresis mobility shift assay (EMSA) To investigate the
binding of wild type and mutant MatR to its operator site, a 295-bp
DNA fragment that contained an upstream region of matA gene was
used as a probe. It was end-labeled with [o-*PJdATP using the
Klenow fragment, and used for EMSA by the method described
previously (Kwon et al., 1999).

Luciferase assay Plasmid pGL3-Basic (Promega, Madison,
USA) containing the firefly luciferase gene, was used as the
reporter system. The plasmid, pMAT-L, was co-transformed with
the pMATR wild type and mutant plasmids into E. coli NovaBlue

MatR MRKVKRMSENVGRWLRDEIENSILSNEFSPGERLDETVLATRFGVSRTPVREALMQLD 58
++E+ I+ + PG +LDE L R+G SRTP+REAL L
MdcYy MNSIAELPLSIQISKKLEDDIIYGFYLPGTKLDEQELCERYGASRTPIREALKLLA 56

ST SRR SRYERRE RO, T Ry

MatR AIGLIEIRPRRGAIVIDPGPRRVYEMFEVMAELEGLAGSLAARRL: DKTSREAITATHG 116
A GL+EIRPRRGAI+ P + EMFEVMAELE + G LAARR+ + o+
MdeY AEGLVEIRPRRGAIL PTINPLTLCEMFE‘VMAELEAMCGRLAARRIQPEEKLELQRLHQ 114

MatR RCEKSAAAGDSDAYYYDNEEFHKAIYAAGRSDFLEEQCLQLHRRLRPDRRLQLRVRNR 174

C+ DS+ YY N FH AIY A + FL EQ LH+RL P RRLQLRV NR
MdcY LCQODYLNONDSENYYEANRLFHFAIYQASHNAFLIEQACTLHKRLHPYRRLOQLRVNNR 172

MatR LSTSFLEHCAIVDAIFAGDGDEARRLLRGHVGIQGERFSDLVASMAAR 222
++ SF ER  I++AIFAG+ +A LL+ BV IQGH+F+D ++++
MdeY MNNSFTEHNEILEAIFAGNEQQOAEALLKAHVVIQGQKETDFISTIESLOPKS 224

Fig. 1. Sequence alignment of the amino acid sequences of R.
leguminosarum bv. trifolii MatR with A. calcoaceticus MdcY.
The predicted secondary a-helix structure of MatR is indicated
by gray bars.

(DE3) (Novagen, Madison, USA) (Lee at al., 2000). The bacteria
for the luciferase assay were grown at 37°C in M9-glucose minimal
media. At ODgy, = 0.5, malonate was added to the culture medium
for the final concentration of 4 mM. The culture was then incubated
at 20°C. After a 20-h incubation, samples were taken and assayed
directly for luminescence in the Turner Designs Model TD-20/20
Luminometer, according to the manufacturer’s instructions
(Promega, Madison, USA).

Results

Selection of putative ligand-binding residues The amino
acid sequence of MatR identified this protein as a member of
the GntR transcription factor family (Lee et al., 2000). The
sequence homology of the N-terminal helix-turn-helix DNA
binding motif is representative of the GntR family (Haydon
and Guest, 1991). However, the C-terminal region, specifying
a putative ligand-binding region, shows little sequence
homology among the GntR family members. Interestingly,
there is 49% identity and 65% homology between amino acid
sequences of MatR and MdcY, both of which belong to the
GntR family, and are related to the malonate metabolism (Fig.

Table 1. Site-directed matR gene mutations and corresponding mutagenic oligonucleotides

MatR gene allele

Mutagenic primer set®

R68G

R102G

R160G

R174G

CGAAATCCGACCGGGCAGAGGCGCTATTGTCA
ATAGCGCCTCTGCCCGGTCGGATTTCGATGAG

GCTCGCCGCGCGGGGGCTGGACAAGACCTCTC
GTCTTGTCCAGCCCCCGCGCGGCGAGCGACCC
GCAATTGCATCGGGGCCTGCGGCCAGATCGCC
TCTGGCCGCAGGCCCCGATGCAATTGCAGACA
GCGCGTGCGCAACGGCCTGTCGACGTCCTTCT
GACGTCGACAGGCCGTTGCGCACGCGCAGTTG

“Nucleotide sequences that correspond to the mutated amino acid residues are underlined.
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1). Throughout the whole amino acid sequence, 12 Arg-
residues are conserved in MatR and MdcY protein.
Considering this, the arginine residue was expected to be a
candidate for the malonate-binding amino acid residue of
MatR. Therefore, Arg-68, Arg-102, Arg-160, and Arg-174
were selected for mutagenesis.

Construction and purification of mutant enzymes All of
the mutants were constructed using the PCR method and
expressed in the same cell line that was used to express the
wild-type gene: E. coli BL21 (DE3). All of the mutants were
purified from His-bind resin under the same conditions as the
purification of the wild-type MatR (Fig. 2). From 200 ml of
the culture that was induced with 1 mM IPTG, the yields
obtained of the purified enzymes were: 0.6 mg of wild type,
0.8 mg of R68G, 0. 5Smg of R102G, 0. 2mg of R160G, and 0.5
mg of R174G MatR protein.

Binding properties of wild-type and mutant MatR
Binding of the wild type and mutant MatR protein to the
operator site of the mat operon was analyzed by EMSA using
the *P-labeled DNA fragment that contained the region
between ~129 and 4+26. As shown in Fig. 3, R102G, R160G,
and R174G MatR protein could form the DNA-protein
complex. In the presence of malonate, R102G, R174G, but
not R160G mutant MatR seemed to form a more retarded
DNA-protein complex. This suggests Arg-160 as a malonate
binding residue. However, R68G did not form the DNA-
protein complex, which indicates that the mutagenesis of Arg-
68 led to the conformational change in the DNA-binding
helix-turn-helix domain.

Transcriptional regulation of wild type and mutant MatR
on the mat promoter A derivative of pPBBRIMCS, pMAT-
L, was used to investigate which residue of the MatR protein
is involved in the transcriptional repression and malonate
binding. E. coli, carrying pMAT-L and pET22b, was used as a
control (LU 828-1130). E. coli, which expressed wild-type
MatR, showed a 80-fold decrease of luciferase activity (LU
16) in the absence of malonate. It showed an increase in
luciferase activity (LU 80) in the presence of malonate. E.
coli, which expressed R68G, showed similar luciferase
activity of the wild-type MatR (LU 1146-1360). This is in
accordance with the result of EMSA. E. coli, which expressed
R102G, showed a super-activation phenotype (LU 10470-
11885). It seems that this mutant has some character that led
to the effective access of RNA polymerase to the promoter, E.
coli, which expressed R160G, showed a decrease in
transcriptional repression (LU 406-375) in the presence or
absence of malonate. Also, EMSA using this mutant protein
had little difference in the presence or absence of malonate. E.
coli, which expressed R174G, had the similar luciferase
activity (LU 964-1128) compared with the control, but EMSA
with R174G mutant showed a DNA-binding character.
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Fig. 2. SDS-PAGE of the wild-type and mutant MatR that are
purified from the extracts of each E. coli transformant. Lane 1;
wild-type, lane 2; R68G, lane 3; R102G, lane 4; R160G, lane 5;
R174G.

Discussion

According to the sequence analysis, MatR from Rhizobium
leguminosarum bv. trifolii belongs to the GntR family,
together with MdcY from Acinetobacter calcoaceticus (Koo
at al., 2000). However, structures of many of the GntR family
proteins cannot be directly superimposed because of their
overall shape, which is probably related to their diverse
functions. A high sequence homology of MatR and MdcY
implies that conserved regions of the two malonate-responsive
proteins contain a novel motif, whose function is to interact
with malonate.

In EMSA and luciferase assays, using mutant MatR
proteins, R160G showed little difference in the DNA-binding
character and luciferase activity in the presence or absence of
malonate. This implies that Arg-160 may contribute to
malonate binding of MatR. R174G and R102G could bind the
operator site in spite of the reduced repressor activity. In the
previous report, MatR was suggested to carry out the
repressor activity by inhibiting the promoter clearance of
RNA polymerase (Lee et al., 2000). R174G and R102G
mutant proteins seem to be unable to bind RNA polymerase
tightly enough to inhibit the promoter clearance, though these
proteins still bound the operator site. Therefore, Arg-174 and
Arg-102 might be related to the interaction with RNA
polymerase. Also, Arg-68, which belongs to the N-terminal
DNA-binding domain, was mutated. It could not bind the
DNA and showed no repressor activity.

Recently, the crystal structure of FadR, a fatty acid-
responsive GntR-like transcription factor from E. coli, was
determined (van Aalten er al., 2000). The structure reveals a
two-domain fold, DNA-binding and acyl-CoA binding sites
that are located in the N-terminal and C-terminal domains,
respectively. The N-terminal domain contains a winged helix-
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Labeled promoter  13.0 13.0 13.0 13.0 13.0 13.0
MatR protein 00 65 65 00 65 65
Malonate (mM) 00 00 1.0 00 00 1.0

R68G R102G
Labeled promoter 13.0 13.0 13.0 13.0 13.0 13.0
MatR protein 00 65 65 00 65 65
Malonate (mM) 00 00 1.0 00 00 10
2
ci»
Fi

R160G

R174G

Fig. 3. Electrophoretic mobility shift assays of wild-type and
-mutant MatR binding to operator site. Radiolabeled 295-bp mat
operator/promoter was incubated with wild-type and mutant
MatR in the presence or absence of malonate. The concentration
of the- labeled probe and the MafR are in fM, indicated at the
top. F, C1 and C2 indicate bands corresponding to free, DNA-
MatR complex 1 and DNA-MatR complex 2, respectively.
Malonate was used in 1 mM concentration.

turn-helix prokaryotic DNA-binding fold. The C-terminal
domain has a novel fold, consisting of a seven-helical bundle
with a crossover topology. Careful analysis of the structure,
together with the mutational and biochemical data, revealed a
putative hydrophobic acyl-CoA-binding site that is buried in
the core of the seven-helical bundle. In the detailed FadR
structure, the acyl-CoA binding motif is located in the cavity
that is formed with the following residues: Leu-102, Arg-103,
Ala-142, Asp-145, Phe-149, Tyr-172, lle-175, Gly-176, Tyr-
179, Phe-180, Tyr-215, Ser-219, Gly-229, and Trp-223.
According to the secondary structure prediction, MatR has
seven-helixes in the C-terminal domain, implying a similar
helical topology of FadR. Each of the Arg residues was
located on helical domains. They corresponded to the acyl-
CoA binding motif of FadR. The presumed malonate binding
motif of MatR, which is different from the hydrophobic acyl-
CoA binding motif of FadR, seems to contain more charged
residues. This is probably due to the property of malonate. For
a detailed view of the malonate binding motif, further study
using genetic or biochemical experiments with structure
studies might be required. However, this study provides
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Fig. 4. Expression of pMAI-L, pMAT-L/wild-type MatR, and
PMAT-L/mutant MatR in the presence or absence of malonate.
Transcriptional responses in luxes(LU) per OD600 unit (A600)
of E. coli NovaBlue (DE3) that contained pMAT-L, pMAT-L/
wild-type MatR, and pMAT-L/mutant MatR were measured in
the presence or absence of malonate. Data are averaged from at
least three independent aerobic cultures that were grown in a
YM medium with or without 4 mM malonate.

evidence that the GntR family members have some similar
structural scaffold, not only for N-terminal helix-turn-helix
DNA-binding domains, but also for the C-terminal effector
molecule-binding domains.

Acknowledgments - This work was supported by a grant
from the Korea Science and Engineering Foundation through
the Protein Network Research Center at Yonsei University
(2000-2-0607).

References

An, J. H, Lee, G. Y., Jung, J. W,, Lee, W. and Kim, Y. S. (1999)
Identification of residues essential for a two-step reaction by
malonyl-CoA synthetase from Rhizobium trifolii. Biochem. J.
344, 159-166

An, J. H, Lee, G. Y, Song, J. H, Lee, D. W. and Kim, Y. S.
(1999) Properties = of malonyl-CoA decarboxylase from
Rhizobium trifolii. J. Biochem. Mol. Biol. 32, 414-418.

An, J. H. and Kim, Y. S. (1998) A Novel gene cluster encoding
malonyl-CoA decarboxylase (MatA), malonyl-CoA synthetase
(MatB) and a putative dicarboxylate carrier protein (MatC) in
Rhizobium trifolii. cloning, sequencing, and expression of the
enzymes in Escherichia coli. Eur. J. Biochem. 257, 395-402.

Bentley, L. E. (1952) Occurrence of malonic acid in plants. Nature
170, 847-848.

Byun, H. S. and Kim, Y. S. (1995) CoA transferase and malonyl-
CoA decarboxylase activity of malonate decarboxylase from
Acinetobacter calcoaceticus. J. Biochem. Mol. Biol. 28, 107-
111.

Cho, Y.-W., Park, E-H. and Lim, C.-J. (1999) A second
thioltransferase from Chinese cabbage: purification and
characterization. J. Biochem. Mol. Biol. 32, 133-139,

Chohnan, S., Fujio, T., Takaki, T., Yonekura, -M., Nishihara, H.
and Takamura, Y. (1998) Malonate decarboxylase of
Pseudomonas putida is composed of five subunits. FEMS.



Malonate-binding Motif of MatR 309

Microbiol. Lett. 169, 37-43.

Dilworth, M. and Glenn, A. (1984) How does a legume nodule
work? Trends Biochem. Sci. 108, 519-523.

Dimroth, P. and Hilbi, H. (1997) Enzymic and genetic basis for
bacterial growth on malonate. Mol. Microbiol. 285, 3-10.

Fujita, Y., Fujita, T., Miwa, Y., Nihashi, J. and Aratani, Y. (1986)
Organization and transcription of the gluconate operon, gnt, of
Bacillus subtilis. J. Biol .Chem 261, 13744-13753.

Fujita, Y. and Miwa, Y. (1989) Identification of an operator
sequence for the Bacillus subtilis gnt operon. J. Biol. Chem.
264, 4201-4206.

Gao, J., Waber, L., Bennett, M. J., Gibson, K. M. and Cohen, J.
C. (1999) Cloning and mutational analysis of human malonyl-
coenzyme A decarboxylase. J. Lipid. Res. 40, 178-182.

Hochschild, A. and Dove, S. L. (1998) Protein-protein contacts
that activate and repress prokaryotic transcription. Cell 92, 597-
600.

Hoenke, S., Schmid, M. and Dimroth, P. (1997) Sequence of a
gene cluster from Klebsiella pneumoniae encoding malonate
decarboxylase and expression of the enzyme in Escherichia
coli. Eur .J .Biochem. 246, 530-538.

Jang, S. H., Cheesbrough, T. M. and Kolattukudy, P. E. (1989)
Molecular cloning, nucleotide sequence, and tissue distribution
of malonyl-CoA decarboxylase. J. Biol. Chem. 264, 3500-3505.

Jung, J-W, An, J. H, Kim, Y. S, Bang, E.-J. and Lee, W.
(1999), Determination of the solution structure of malonyl-CoA
by two-dimensional nuclear magnetic resonance spectroscopy
and dynamical simulated annealing calculations. J. Biochem.
Mol. Biol. 132, 288-293, '

Kang, S. W, Hong, S. Y, Ryoo, H. D, Rhyu, K. I. and Kim, Y.
S. (1994) Kinetics of malonyl-CoA synthetase from Rhizobium
trifolii and evidences for malonyl-AMP formation as a reaction
intermediate. Bull. Korean Chem. Soc. 15, 394-399.

Kim, Y. 8., Kwon, S. J. and Kang, S. W. (1993) Malonyl- CoA
synthetase from Rhizobium trifolii: purification, properties, and
the  immunological  comparison  with  those  from
Bradyrhizobium  japonicum and Pseudomonas - fluorescens,
Korean. Biochem. J. (presently J. Biochem. Mol. Biol) 26, 176-
183.

Kim, Y. S. and Byun, H. S. (1994) Purification and properties of a
novel type of malonate decarboxylase from Acinetobacter
calcoaceticus. J. Biol. Chem. 269, 29036-29641.

Kim, Y. 8. and Chae, H. Z. (1990) A model of nitrogen flow by

malonamate in Rhizobium japonicum. Biochem. Biophy. Res.

Commun. 169, 692-699.

Kim, Y. S. and Chae, H. Z. (1991) Purification and properties of
malonyl-CoA synthetase from Rhizobium japonicum. Biochem.
J. 273, 511-516.

Kim, Y. S., Chae, H. Z, Lee, E. and Kim, Y. S. (1991)
Identification of malonate specific enzymes, malonyl-CoA
synthetase and malonamidase in Rhizobia. Kor. J. Microbiol.
29, 40-48.

Kim, Y. S. and Kolattukudy, P. E. (1978) Purification and
properties of malonyl-CoA enzymes from rat brain, heart, and
mammary gland. Arch. Biochem. Biophys. 190, 224-246.

Kim, Y. S. and Bang, S. K. (1988) Assays for malonyl-coenzyme
A synthase. Anal. Biochem. 170, 45-49.

Kim, Y. S. and Kang, S. W. (1994) Steady-state kinetics of
malonyl-CoA synthetase from Bradyrhizobium japonicum and
evidence for malonyl-AMP formation in the reaction. Biockem.
J: 297, 327-333.

Kohl, D. H., Schubert, K. R., Carter, M. B., Hagedorn, C. H. and.
Shearer, G. (1988) Proline metabolism in N2-fixing root
nodules: energy transfer and regulation of purine synthesis.
Proc. Natl. Acad. Sci. USA 85, 2036-2040.

Koo, J. H, Cho, I. H. and Kim, Y. S. (2000) The malonate
decarboxylase operon of Acinetobacter calcoaceticus KCCM
40902 " is regulated by malonate and the transcriptional
repressor MdcY. J. Bacteriol. 182, 6382-6390.

Lee, H. Y, An, J. H. and Kim, Y. S. (2000) Identification and
characterization of a novel transcriptional regulator, MatR, for
malonate metabolism in Rhizobium leguminosarum bv. trifolii.
Eur. J. Biochem. 267, 7224-7229.

Lee, S. C. and Kim, Y. S. (1993a) Chemical modification of
Rhizobiuwm trifolii malonyl-CoA synthetase with pyridoxal-5-
phosphate. J. Biochem. Mol. Biol. 26, 235-238.

Lee, S. C. and Kim, Y. S. (1993b) Evidence for one catalytically
essential tryptophan residue at the CoA binding site of
malonyl-CoA synthetase from Rhizobium trifolii. J. Biochem.
Mol. Biol. 26, 378-382.

Long, S. R. (1989) Rhizobium-legume nodulation: life together in
the underground. Cell 56, 203-214.

Miwa, Y., Nagura, K., Eguchi, S., Fukuda, H., Deutscher, J. and
Fujita, Y. (1997) Catabolite repression of the Bacillus subtilis
gnt operon exerted by two catabolite-responsive elements. Mol.
Microbiol. 23, 1203-1213.

Miwa, Y. and Fujita, Y. (1988) Purification and characterization of
a repressor for the Bacillus subtilis gnt operon. J. Biol. Chem.
263, 13252-13257.

‘Raman, N. and DiRusso, C. C. (1995) Analysis of acyl coenzyme

A binding to the transcription factor FadR and identification of
amino acid residues in the carboxyl terminus required for
ligand binding. J. Biol. Chem. 270, 1092-1097.

Schramm R. W. (1992) Proposed role of malonate in legume
nodules. Symbiosis 14, 103-113.

Van Aalten, D. M. F, DiRusso, C. C., Knudsen, J. and Wierenga,
R. K. (2000) Crystal structure of FadR, a fatty acid-responsive
transcriptional factor with a novel acyl coenzyme A-binding
fold. EMBO J. 19, 5167-5177.

Vicente, M., Chater, K. F. and De Lorenzo, V. (1999) Bacterial
transcription factors involved in global regulation. Mol
Microbiol. 33, 8-17.

Yoshida, K., Fujita, Y. and Sarai, A. (1993) Missense mutations in
the Bacillus subtilis gnt repressor that diminish operator
binding ability. J. Mol. Biol. 231, 167-174.

Yoshida, K., Miwa, Y., Ohmori, H. and Fujita, Y. (1995) Analysis
of an insertional operator mutation (gntOi) that affects the
expression level of the Bacillus subtilis gnt operon, and
characterization of gntOi suppressor mutations. Mol Gen.
Genet. 248, 583-591.



