J. Microbiol. Biotechnol. (2008), 18(5), 837-844

]OUORNAL
MICROBIOLOGY

AND

BIOTECHNOLOGY

(©) The Korean Society for Microbiology and Bintechnology

Deletion of xy/R Gene Enhances Expression of Xylose Isomerase in Streptomyces

lividans TK24

Heo, Gun-Youngj

Heui-Dong Park’, and In-Koo Rhee'*

Department of Agrzcultural Chemistry, Kyungpook National University, Daegu

Won-Chan Kim', Gil-Jae Joo', Yun-Young Kwak', Jae-Ho Shin', Dong-Hyun Roh’,

702-701, Korea

Department of Microbiology, Chungbuk National University, Chungju 361- 763 Korea
’Department of Food Science and Technology, Kyungpook National University, Daegu 702-701, Korea

Received: September 18, 2007 / Accepted: January 10, 2008

Glucose (xylose) isomerases from Streptomyces sp. have
been used for the production of high fructose corn syrup
for industrial purposes. An 11-kb DNA fragment containing
the xpl gene cluster was isolated from Streptomyces lividans
TK24 and its nucleotide sequences were analyzed. It
was found that the xy/ gene cluster contained a putative
transcriptional repressor (xy/R), xylulokinase (xy/B), and
xylose isomerase (xyl4) genes. The transcriptional directions
of the xy/lB and xylA genes were divergent, which is
consistent to those found in other streptomycetes. A gene
encoding XyIR was located downstream of the xy/B gene
in the same direction, and its mutant strain produced xylose
isomerase regardless of xylose in the media. The enzyme
expression level in the mutant was 4.6 times higher than
that in the parent strain under xylose-induced condition.
Even in the absence of xylose, the mutant strain produce
over 60% of enzyme compared with the xylose-induced
condition. Gel mobility shift assay showed that XylR was
able to bind to the putative xy/ promoter, and its binding
was inhibited by the addition of xylose in vitro. This result

suggested that XylR acts as a repressor in the S. lividans
xylose operon.

Keywords: Glucose (Xylose) 1somerase, xyvIR, xyl operon,
gene disruption, Streptomyces lividans

D-Xylose can be utilized as a carbon and energy source by
a variety of microorganisms. The catabolism of b-xylose in
bacteria involves the transport of D-xylose into the cell,
isomerization of D-xylose to b-xylulose, and phosphorylation
of D-xylulose to bp-xylulose-5-phosphate. p-Xylulose-5-
phosphate is further metabolized by the pentose phosphate
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and glycolytic pathways. Genes encoding the enzymes
related to the above reactions are organized as an operon in
bacteria [12, 13, 33, 40, 41]. There have been reports on
the regulation of the xy/ genes in bacteria. In Escherichia
coli and Salmonella typhimurium, xyl genes are organized
as an operon and their expression is regulated positively by
the activator protein (XyIR) [13, 22, 33, 34]. In Bacillus
and Lactobacillus species, the xy/ operon contains two
genes encoding xylose isomerase (XylA) and xylulokinase
(XylB), and their expression is regulated negatively by the
repressor protein (XyIR) [9, 12, 21, 23, 30]. Studies of xy!/
genes in E. coli and Bacillus species have progressed
actively until now, and regulations of xy/ genes in those
two bacteria have been elucidated [16, 20, 26, 29, 31, 32,
34, 35].

Of those enzymes, D-xylose isomerase (the xyl4 gene
product) is essential for xylose catabolism, which has been
also known as the glucose isomerase for industrial merits.
The isomerization of b-glucose to D-fructose using glucose
isomerase is the basis for the production of high fructose
corn syrup (HFCS) from starch hydrolysates [2, 3, 37]. For
industrial demands, research on xylose isomerase has been
largely focused on searching for an enzyme that has broad
optimum pH, high glucose affinity, thermostability as well
as high activity at high temperatures. As a result, various
Streptomyces species are widely used for HFCS production
because their D-xylose isomerases satisfy such demands |1,
8, 19, 24, 39]. Although many studies on the isolation of
xylA genes and the enzyme production in Streptomyces Sp.
have been reported, little is known about the regulation of
xyl genes so far. Previously, Tiraby and his colleagues [37]
reported an open reading frame (ORF) encoding a protein
of 348 amino acids, which exists 40-bp downstream from
the xy/B gene with the same orientation in Streptomyces
violaceoniger. The gene, designated xy/X, was presumed to
be a regulatory protein [37], which was supposed to be
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an activator according to another research group [1]. A
putative repressor gene (xy/R) for the xylose catabolism
has been reported in S. coelicolor A3(2) by the S. coelicolor
genome project, but its function is yet to be elucidated [2].

In this study, we have isolated the xy! operon from
S. lividans TK24, knocking out a putative xy/R gene to
form a deletion mutant strain, and re-introducing that gene
on a plasmid in the mutant. Enzyme assays demonstrated
that xy/R 1s negatively associated with xylose isomerase
activity, and gel mobility shift studies indicate that XyIR
binding with the promoter region of the xy/ operon
depends on xylose.

MATERIALS AND METHODS

Bacterial Strains and Plasmids

The strains and plasmids used in this study are summarized in
Table 1. S. lividans TK24 was used as a source of xy! genes [14]. E.
coli DHSa was used as a host strain for general cloning procedures.
A genomic library of S. lividans TK24 was constructed as per
previous methods [7]. E. coli BM25.8 and ER1647 were used for
the automatic subcloning and plating ABlueSTAR DNA library for
the isolation of S. /ividans xyl genes, respectively. The methylation-
deficient E. coli ET12567 (dam-13:Tn9, dcm-6, hsdM, hsdS) was
used as a host strain for the preparation of recombinant plasmids to
transform into Streptomyces sp. [4]. Plasmid pUC119 was used as a
general cloning vector and pWHM3 was used as an E. coli-
Streptomyces shuttle vector [38].

Media and Culture Conditions

Streptomyces sp. cells were grown and handled according to the
method of Hopwood ef al. [14] and a previous study [6]. YEME
and TSB media were used for the preparation of genomic DNA and
protoplast, respectively. For the enzymatic assay, YEME medium
was used with or without p-xylose. Antibiotics-resistant clones were
selected on R2YE agar and overlaying soft-top agar with thiostrepton,
apramycin, and neomycin at final concentrations of 500, 100, and

Table 1. Strains and plasmids used in this study.

10 ug/ml, respectively. £. coli strains were grown in LB medium
supplemented with appropriate antibiotics when required. To maintain
plasmid selection in E. coli strains, apramycin and ampicillin were
added at a final concentration of 100 pg/ml.

Sequencing of xy/ Gene Cluster

The 11-kb BamHI DNA fragment of the recombinant plasmid
pBLX1 was digested to several pieces with a variety of restriction
endonucleases, and DNA fragments smaller than 600 bp in length
were subcloned into pUCI119 to determine their nucleotide sequences.
DNA sequencing was performed using the ALFexpress DNA
sequencer (Pharmacia Biotech Co., Uppsala, Sweden).

xyIR Gene Deletion by Homologous Recombination

A part of the xyIR gene (xyIR"), truncated at both ends of the 3'- and
5'-regions, was amplified by PCR wusing oligonucleotide primer
RSAC, 5-GGACGAGCTCATCCGCTC-3', and primer RHID,
S-CCCAAGCTTCGGACACCGCGICCG-3', in the presence of 4%
dimethylsulfoxide (DMSQO). The primers were synthesized to generate
Sacl and HindIIl recognition sequences in the amplified DNA
fragments, respectively. PCR was carried out as follows: 30 cycles
of 30sec at 94°C, 30 sec at 60°C, and 30sec at 72°C. The PCR
products were digested with Sacl and HindIll, and inserted into
pUCI119 to construct pUCTR20. pUCTR20 was digested with Kpnl,
which was located in the center of the xyIR’ gene, and its termini of
both ends were blunted by T4 DNA polymerase [28] and ligated
with 1 kb of neomycin resistance gene (neo) isolated from pFDNEO-
S [10] digested with Hincll, to construct pUCTR20-re0. The 2.1-kb
Sacl-HindlIl fragments containing the truncated xy/R-neomycin
resistance gene cassette (xy/R":neo) from the plasmid pUCTR-neo
were inserted into the E. coli/Streptomyces shuttle vector, pKC1139,
which has a temperature-sensitive replication origin [4] and
apramycin-resistant gene for selection marker, to yield the designated
pKCTR20 plasmid. Plasmid pKCTR20 was introduced into S.
lividans TK24 by the method of Hopwood et al. [14]. Transformants
were selected for the resistance to apramycin (100 ug/ml) on
R2YE agar plates [14]. Selected transformants were cultured on
50 ml of R2YE liquid media containing apramycin (100 pg/ml) at
30°C for two days with shaking (200 rpm). Subculture (2.5 ml) was

Strain and plasmid Relevant characteristics

Reference or sources

Strains
S. lividans TK24
S. lividans XRD47
E. coli DHSq,
E. coli BM25.8
E. coli ER1647

Wild type

General host for cloning
For automatic subcloning

AxylR::neo, derivative of strain TK24

For plating ABlueSTAR DNA library

[14]

This work
Laboratory stock
Novagen, Germany
Novagen, Germany

Plasmids
pUC119 General cloning vector in E. coli Laboratory stock
pWHM3 E. coli-Streptomyces shuttle vector [37] |
pKC1139 Suicide vector containing oriT for E. coli to Streptomyces conjugation [4]
pFDNEO-S neo gene as a selection marker [10]
pUCTR20-nco AxyI[R::neo, derivative of pUC119 This work
pKCTR20 AxyIR::neo, derivative of pKC1139 This work
pWLR25 Recombinant plasmid containing S. lividans TK24 xyIR gene in pWHM3 This work




transferred to 50 ml of RZYE medium containing neomycin (10 ug/
ml) and incubated at 39°C for two days to induce the crossover
between pKCTR20 and chromosomal DNA in the microbial cells.
During the incubation at the shifted temperature, cells in which the
crossover occurred could grow in R2YE medium containing neomycin.
The other strains without crossover could not grow because
pKCTR20 could not replicate at 39°C. The culture was spread, after
dilution, on R2YE agar plates containing neomycin (10 pg/ml).
Colonies resistant to neomycin were picked and putative crossover
recombinants were confirmed by Southern hybridization using the
partial xpIR gene (500 bp of S'-region of xyIR structural gene) and
neo gene as DNA probes.

Xylose Isomerase Activity Assay

The formation of p-xylulose from p-xylose by xylose isomerase was
measured according to the method of previous studies [11, 36]. The
enzyme reaction mixture was composed of 1ml of substrate
solution containing 100 mM xylose, 20 mM magnesium sulfate, 100
mM potassium phosphate buffer (pH 7.0), 0.2 ml of the enzyme
extract, and 0.8 mi of distilled water. After the reaction mixture was
incubated for 30 min at 70°C, 2 ml of 500 mM perchloric acid was
added to the reaction mixture to stop the enzyme reaction. The
amount of xylulose was measured using the cysteine-carbazole
method [36]. The amount of xylulose was calculated from the
absorbance at 540 nm. One unit of xylose isomerase activity is
defined as the amount of enzyme converting 1 umol of p-xylose to
D-Xylulose per min under the conditions of this study. Crude cell
extract was prepared as previously described [15].

Gel Mobility Shift Assay

S. lividans TK24, S. lividans XRD47, and S lividans XRD47/
pWLR25 were cultured in modified TSB (tryptic soy broth) media
(2% tryptone, 0.5% sodium chloride, 0.25% dipotassium phosphate,
0.2% xylose) at 30°C for 36 h. Cells were harvested and disrupted
by ultrasonication in a buffer containing 10 mM Tris-HCI (pH 7.4),
200mM NaCl, 1mM EDTA, 10mM [-mercaptoethanol, and
0.23 mM phenylmethylsulfonyl fluoride [25]. The supernatant was
obtained by centrifugation at 28,000 xg at 4°C for 30 min and the
crude cell-free extract was used for the gel mobility shift assay. The
xyl promoter region was amplified by PCR from the plasmid
pBLX1 containing the xy/ gene cluster of S. lividans TK24 using
oligonucleotide primers containing BamHI sites (primer BF10, 5'-
CGCGGATCCGCTGCTGACATCGGGC-3', and primer AR20, 5
CGGGATCCGGAAGTGGGCTGGTAG-3"). DNA fragments with
the expected size were isolated from an agarose gel using a DEAE-
cellulose membrane. The DNA fragments were digested with
BamHI and inserted into the pUC119 plasmid. Nucleotide sequences
of the fragments were confirmed with DNA sequencing. For the
preparation of probes for the gel retardation assay, DNA fragments
containing the xy/ promoter were isolated from the recombinant
plasmid digested with BamHI, and labeled using [o-"P]-dCTP. The
labeled probes were purified using the AccuPrep PCR purification
Kit (Bioneer Co., Chungwon, Korea). DNA-binding reaction was
performed at 0°C for 20 min in 20 ul of a mixture containing
20 mM HEPES-KOH (pH 7.9), 50 mM KCI, 2 mM MgCl,, 0.5 mM
dithiothreitol, 0.1 pg/ml bovine serum albumin, 10% glycerol, 1 ug
of poly(dl-dC)-poly(dI-dC), 1ng of labeled probe, and 10 ul of
crude cell - extracts. Samples were resolved in a pre-run 6%
polyacrylamide gel using 0.5x Tris-borate buffer at 4°C [27].
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RESULTS AND DISCUSSION

Cloning of xy/ Gene Cluster of S. lividans TK24
Genomic DNA of S. lividans TK24 was isolated by the
method of Hopwood et al. [14]. Plasmids were 1solated
using the QUIAGEN miniprep kit for subcloning and
nucleotide sequencing according to the manufacturer’s
recommendation. Using the xy/4 gene fragment isolated
previously from S. chibaensis J-59 [17, 18] as a probe,
Southern hybridization of the S. /ividans TK24 chromosomal
DNA was carried out in order to locate the xy/ gene cluster.
It was found that the 11-kb BamHI, 8-kb Sacl, and 1-kb
Sall DNA fragments of the chromosomal DNA hybridized
with the S. chibaensis J-59 xylA gene (data not shown).
Therefore, 11-kb DNA fragments were isolated from the S.
[ividans TK24 chromosomal DNA digested with BamHI
by the method of sucrose density gradient centrifugation
[27,28]. A gene library of the isolated DNA fragments
was prepared using the ABlueSTAR vector (Novagen Co.,
Darmstadt, Germany), an auto-subcloning vector by cre-
loxP site-specific recombination. Plaque hybridizaton of the
library was carried out using the xy/A4 gene of S. chibaensis
J-59 as a probe by the methods of Sambrook and colleagues
[27,28]. A positive plaque showing strong signal was
moculated into an E. coli BM25.8 culture, which was
incubated at 37°C overnight. The bacterial cells were
spread on an LB agar plate containing 50 pug/ml ampicillin,
which was incubated at 37°C overnight to generate a closed
circle plasmid by the cre-loxP-mediated auto-subcloning
system. A recombinant plasmid containing the 11-kb BamHI
DNA fragment, which hybridizes with the xy/4 gene of S.
chibaensis J-59, was obtained and designated as pBLX1.

Structure and Nucleotide Sequences of S. lividans xyl
Gene Cluster

Restriction enzyme analysis of the recombinant plasmid
pBLX1 containing the S. /ividans TK24 xyl gene cluster
was carried out to construct its physical map (Fig. 1). The
nucleotide sequence analysis revealed that the insert in the
recombinant plasmid pBLX1 was composed of 10,754
nucleotides (GenBank Accession No. AF184899). The
fragment contained 6 ORFs including xy/4, xyIB, and
putative xy/IR genes (Fig. 1).

B SpS BgSaBgX SI S K K SI NSmK S P St Nr StSp B

S 5 5 S S N s S S D o S W S

ORF1 ORF2 ORF3 xyiR xylB  xylA
1 kb

Fig. 1. Gene arrangement of the xy/ gene cluster in S. /ividans
TK24.

Restriction endonuclease sites: B, BamHI; Bg, Bglll; K, Kpnl; N, Ncol;
Nr, Nrul; P, Pstl; S, Sacl; Sa, Sacll; Si, Sall; Sm, Smal; Sp, Sphl; St, Stul;
X, Xhol. Frameplot 2.3 program (http://www.nih.go.jp/~jun/cgi-bin/
frameplot.pl) was used to search putative open reading frames.
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Fig. 2. Alignment of the deduced amino acid sequences of
XyIR proteins from various microbial strains.

The alignment was carried out using the Clustal W program (http://
www.ebi.ac.uk/clustalw/). The asterisk, colon, and period indicate the
identical amino acids, conserved substitutions, and semiconserved
substitutions, respectively. The accession number for each gene is as
follows: 1, Bacillus megaterium (CAA96093); 2, Bacillus subtilis
(P16557); 3, Bacillus licheniformis (CAB02313); 4, Anaerocellum
thermophilum (Q44406); 5, Streptomyces coelicolor (CAB61583); 6, S.
[ividans TK24 (AAF25624).

Alignment of the deduced amino acid sequences of
XylR proteins from various microbial strains is shown in
Fig. 2. The putative xy/R gene encoded a protein composed
of 402 amino acids, which is a little different from that in
S. violaceoniger, which has been known to contain 348
amino acids [37]. In the protein motif search, XyIR was
presumed to contain a helix-turn-helix motif in the N-
terminal region and a leucine zipper motif in the C-terminal
region. Both motifs are well known for DNA binding
actrvity. The protein has 29% to 34% identities with several
xyl repressors of Bacillus spp. (GenBank Accession Nos.
X57598, P16557, 7Z80222) and 100% identity with a
putative xyl repressor of S. coelicolor A3 [2] (GenBank

Accession No. AL133210). The xy/R gene had only one
different nucleotide from the putative xy/ repressor gene of
S. coelicolor A3 [2], whereas its amino acid sequences
were exactly the same. The xy/B gene encoded a 481 amino
acid protein that showed 99% and 71% identities with the
putative xylulokinase of S. coelicolor A3 [2] (GenBank
Accession No. AL133210) and S. rubiginosus (GenBank
Accession No. P27156), respectively. The xy/A4 gene encoded
a 387 amino acid protein that displayed about 79% to 97%
identities with xylose isomerases of other Strepfomyces
spp. (GenBank Accession Nos. AL162460, P24300, P37031,
AAF68977, P24299, P15587, AF170068, P09033, P50910,
S28986, P22857). Other genes related to xylose transport
were not found in this 11-kb BamHI DNA fragment. The
ORF1 revealed 85% identities with the dihydroxy acid
dehydratase of S. coelicolor A3 [2] (GenBank Accession
No. AL096743) and Schizosaccharomyces pombe (GenBank
Accession No. Q10318). The ORF2 showed 45% identity
with the acetaldehyde dehydratase II of Alcaligenes eutrophus
(GenBank Accession No. P46368) and 42% identity with
the ETPC-inducible aldehyde dehydrogenase of Rhodococcus
erythropolis (Genebank Accession No. P46369). The ORF3
exhibited 62% identity with a putative transcriptional
regulator of S. coelicolor A3 [2] (GenBank Accession No.
AL133210). The ORF3 was 975 bp apart from the putative
xvIR gene. It is ambiguous whether or not the ORF3 is
related to the regulation of the xy/ operon. The xy/ cluster,
transcriptional regulator, aldehyde dehydrogenase, and
acetaldehyde dehydratase genes were arranged in the same
pattern as that of S. coelicolor A3 [2]. However, a putative
amidase gene, which is located between xy/R and the
transcriptional regulator genes in S. coelicolor A3, did not
exist in S. [ividans TK24 [2]. The overall organization of
xyl genes and mode of regulation are quite similar to those
of the Streptomyces spp. and Bacillus spp. xyl operons
[12, 20, 29, 30, 40] but differ from those of S. typhimurium
and E. coli [13, 22, 33, 34].

Deletion of xyIR Gene in S. lividans

We have obtained 114 colonies resistant to neomycin
by the transformation with the xy/R deletion plasmid
pKCTR20. Among the 114 colonies, 38 colonies were
analyzed using their chromosomal DNA digested with
EcoRI and Kpnl by the Southern hybridization using neo
and partial xy/R genes as probes. The chromosomal DNA
with double crossover (crossover events [ and II in Fig. 3A)
showed a signal at 13.1 kb in Southern hybridization with
both probes. An EcoRI restriction site exists 9.7 kb upstream
from the xyIR gene. In the case of a single crossover at the
5'-region of the xy/R gene (event I in Fig. 3A), two signals
were detected at 14.5 kb and 0.5 kb with the partial xyI/R
gene probe. In the case of a single crossover at the 3'-
region of the xy/R gene (event II in Fig. 3A), a signal band
was detected at 3.2 kb with the neo gene probe and two



signals at 3.2 and 10.1 kb with the partial xy/R gene probe.
Twenty two strains out of 38 transformants showed
integration of the plasmid by the homologous recombination
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Fig. 3. Disruption of xy/R by double crossover.

A. Schematic representation of disruption events. Dashed boxes represent
the xyIR gene at both ends of the 5' and 3'-regions (xy/R) and each
arrowhead indicates the truncated region of the xy/R gene. Striped boxes
represent a part or complete xy/R fragment originated from chromosomal
DNA. Neo indicates the neomycin resistance gene. B. Southern hybridization
analysis of the recombinant strains. Genomic DNA from each strain was
digested with EcoRI and Kpnl. Southern hybridization was performed with
the neo gene (left panel of B) and the 500-bp Sacl-Kpnl fragment of the
xyIR gene (right panel of B) as DNA probe. Lanes: 1, S. lividans XRD47
(double crossover at events I and II); 2, S. lividans XRD2801 (single
crossover event II); 3, S. lividans XRID2802 (single crossover event I1); 4,
S. lividans XRD21002 (single crossover event II); 5, S. lividans
XRD21003 (single crossover event II). Lamda/HindIIl DNA size marker
positions (kbp) are presented at the left side of each panel.
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through the sequence to the left (event I) of xy/R"::neo, and
15 strains showed integration through the sequence to the
right of xyIR"::neo (event 1I). Just one strain, designated S.
lividans XRD47, out of 38 colonies showed integration
through both sides (events I and II) by the homologous
recombination (Fig. 3B).

Effect of xy/R Deletion on Xylose Isomerase Activity in
S. lividans

Xylose isomerase has been well known to be an inducible
enzyme in several Streptomyces sp. strains [13, 22, 33, 34].
As per the summary of xylose isomerase activities in Table 2,
wild-type S. lividans TK24 produced xylose i1somerase
only in the presence of xylose. However, S. /ividans XRD47,
the xyIR deletion mutant, produced xylose isomerase regardless
of xylose, and its production level was around 3-5-fold
higher than the wild type. In the xy/R mutant, there are no
significant differences of the xylose isomerase activity in
the presence of xylose in comparison with the absence of
xylose. These results suggest that the XylR protein would
act as a repressor in the xy/ operon n S. lividans TK24.
However, the xy/ promoter regulation switch was turned off
in the xy/R mutant strain S. /ividans XRD47, and therefore,
xylose utilization proteins like xylose isomerase were
expressed constitutively.

In order to test the complementation of the xy/R gene in
the xy/R deletion strain, a recombinant plasmid, pWLR2S5,
containing a xy/R gene was constructed using an E. coli/
Streptomyces shuttle vector pWHM3 [37]. The production
of xylose isomerase in S. lividans XRD47/pWLR25 was
back to wild-type level, but the constitutive expression level
in absence of xylose was higher than in the wild type
(Table 2). This result might be due to differences of the
expression level of XylR protein in the wild type and
plasmid xy/R in the xylR mutant. The expression level of
plasmid xy/R might be lower than those of the chromosomal
copy because there is no significant promoter signal upstream
of xyIR (data now shown). Therefore, the plasmid copy of
xyIR may not transcript enough to produce XyIR repressor
protein on the xy/ promoter on the chromosome. Moreover,
it is well known that the specificity and activity of the
transcriptional enhancer often depend on the distance to

Table 2. Xylose isomerase activities in S. lividans.

Activity (Units/mg protein)

Strain .
Uninduced Induced
S. lividans TK24 (W.T.) 0 0.384
S. lividans XRDA47 (xy[R:neo) 1.121 1.775
S. lividans XRD47/pWLR25 0.168 0.526

Induction of xylose isomerase was carried out in the presence of 0.4%
xylose. The enzyme unit for the xylose isomerase activity was defined as
the amount of enzyme converting 1 pmol of xylose to xylulose per minute
under the conditions of this study.
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Fig. 4. Gel retardation assay of crude cell extracts of S. lividans
with the DNA fragments containing the xy/4B intergenic region.

“P-labeled 195-bp DNA fragments containing the xp/4B intergenic region
were used as a hot probe. The labeled probe DNA fragments mixed with
cell extracts, prepared from the S. lividans wild-type strain (TK24), xyIR
deletion mutant (XRD47), and xyIR deletion mutant harboring the
recombinant plasmid pWLR25 containing the S. lividans TK24 xyIR gene,
were resolved in a 6% polyacrylamide gel.

the promoter [38]. This explanation may extend to the
repressor protein, XyIR, in this study.

Interaction of XylR Protein with xyi4B Promoter
Region

Gel mobility shift assay was performed to examine
the interaction of XylR and promoter region (158 bp)
between the xyl4 and xy/B genes. The mobility of the xy/
promoter fragment was retarded on 6% polyacrylamide gel
electrophoresis by formation of a complex with the crude
cell extract of S. [ividans TK24, but not with the extract of
the xy/R deletion mutant strain S. /ividans XRD47. With
the crude cell extract of S. lividans XRD47/pWLR25, the
band was shifted at the same position of the gel as that
of S. lividans TK24 (Fig. 4). The shifted band disappeared
with the addition of the excess amount of the cold probe
(data not shown). The retardation of the band resulted in
the formation of a complex with the xy/ promoter and
XyIR protein in the crude cell extracts of S. lividans TK24
and S. lividans XRD47/pWLR25. The binding affinity of
XylIR protein to the xyl promoter was dramatically decreased
by the addition of xylose to the reaction mixture, but did
not diminish completely even in the presence of 10 mM

Xylose (mM)
0110100

—-ext

— Bound

— Free probe

Fig. 5. Effects of xylose concentration for the binding of XylR
to xyl promoter in vitro.

2p_labeled 195 bp DNA fragments containing the xyl4B intergenic region
were used as a hot probe. The labeled probe DNA fragments mixed with
cell extracts prepared from the S. lividans TK24 in the presence of 1, 10,
and 100 mM xylose were resolved in a 6% polyacrylamide gel.

xylose (Fig. 5). This result may explain why the xy/R
mutant strain showed a higher xylose isomerase activity
than wild type (Table 2). If the xylose level is not high
enough to release XylR repressor in vivo, the transcription
level could be reduced even in the present of xylose,
comparing with the xy/R mutant strain, which has no XyIR
repressor in vivo.
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