
been mapped p re cis el^, it was shown that 
under normal growth conditions, the 
switch occurs between the origin and nu- 
cleotide 245 (1.5). In our constructions, the 
adduct is located at nucleotide position 363 
and 432 in the leading and lagging strand 
constructions, respectively. Therefore, rep- 
lication past the AAF adducts in our con- 
structions is likely to be Pol 111-mediated. 

Alternatively, mutations may be gener- 
ated at similar rates in both strands, but a 
repair mechanism may act preferentially on 
the leading strand after replication. How- 
ever, we found that the bias in mutation 
frequency between the two strands was not 
affected when the long patch mismatch 
repair (LPMR) pathway was inactivated 
(Table 1, mutS allele) (16). Although this 
result shows that LPMR does not cause the 
bias, it does not rule out the possibility that 
an unknown postreplication correction 
mechanism contributes to the bias. 

No difference in fidelity between leading 
and lagging strand synthesis was found for 
spontaneous base substitution errors and 
deletions in a human HeLa cell extract in 
vitro: Exonucleolitic proofreading occurred 
with the same efficiency in both strands 
(1 7). On the other hand, the lagging strand 
in E. coli is more susceptible than the 
leading strand to replication-dependent de- 
letions triggered by palindromes (1 8). 
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Signal Sequence Trap: A Cloning Strategy for 
Secreted Proteins and Type I Membrane Proteins 

Kei Tashiro, Hideaki Tada, Ralf Heilker, Michio Shirozu, 
Toru Nakano, Tasuku Honjo* 

A method was developed to clone, without the use of specific functional assays, com- 
plementary DNAs (cDNAs) that carry specific amino-terminal signal sequences, such as 
those encoding intercellular signal-transducing molecules and receptors. The vector used 
in this system directed the cell surface expression of interleukin-2 receptor fusion proteins 
when inserts with signal sequences were cloned in-frame with the correct orientation. An 
expression cDNA library was constructed from a bone marrow stromal cell line, which 
contained 5' portion-enriched cDNAs (the average size was 400 base pairs). Two cDNAs 
that encoded putative cytokine molecules, stromal cell-derived factor-la (SDF-la) and 
SDF-1 f3, which belong to the intercrine-macrophage inflammatory protein superfamily, 
were cloned. 

Complex interactions between stromal 
cells and hematopoietic stem (or progeni- 
tor) cells are required for hematopoiesis, 
during which many unknown molecules 
should be involved in intercellular signal 
transduction. However, it is difficult -and 
tedious to clone either cDNAs for many 
different growth factors or adhesion mole- 
cules required for transducing specific inter- 
cellular signals by establishing a bioassay 
svstem suecific to each molecule and then 
measuring the biological activities of un- 
known molecules. To overcome this prob- 
lem, we developed a method for trapping 
signal sequences as a strategy for cloning 
cDNA for growth factors and type I integral 
membrane proteins, taking advantage of 
the specific NH2-terminal signal sequences 
that most precursors for secreted factors and 
transmembrane molecules carry and that 
are within 400 base pairs (bp) of the 5' 
termini of the mRNA ( I ) .  

The secretory signal sequence leads the 
NH,-terminus of the de novo svnthesized 
protein into the endoplasmic reiiculum or 
butside the cell. We constructed the pcDL- 
SRa-Tac(3') vector that could direct the 
cell surface expression of Tac ( a  chain of 
the human interleukin-2 receptor) fusion . , 

proteins when inserts with signal sequences 
were cloned in-frame with the correct ori- 

entation ( 2 ) .  The fusion protein expressed 
on plasma membranes was easily detected 
by antibodies to Tac (anti-Tac) (3). The 
pcDL-SRa-Tac(3') vector had cloning sites 
between the SRa promoter, a fusion pro- 
moter composed of the simian virus 40 early 
promoter and the R-U5 segment of human 
T cell leukemia virus type I, and the coding 
sequence (without a signal sequence) of 
Tac cDNA (4) (Fig. 1A). Using a fragment 
containing a signal sequence of human 
granulocyte colony-stimulating factor (hG- 
CSF) (5) as a positive control [hG- 
CSF(5')I and a 5' fragment of the human 
retinoic acid receptor a (hRAR) (6) as a 
negative control [hRAR(5 ')I (7), we tested 
whether the pcDL-SRa-Tac(3') vector sys- 
tem allowed the transient cell surface ex- 
pression of the Tac epitope on the trans- 
fected cells (Fig. 1B). The Tac antigen was 
detected by anti-Tac on the surface of 
COS-7 cells transfected with the hG- 
CSF(5')-containing plasmid, which indi- 
cates that the fusion protein consisting of 
hG-CSF(5') and Tac(3') was expressed on 
the cell surface. In contrast, when the 
hRAR(5')-containing plasmid was used, 
the Tac antigen was not detected on the 
cell surface. When the sensitivity of the 
detection was tested by serial dilution ex- 
periments of the hG-CSF(5')-containing 
plasmid with the hRAR(5')-containing 

Department of Medical Chemistry, Kyoto University plasmid, One positive in a pool lo' 
Faculty of Medicine, Yoshida, Sakyo-ku, Kyoto 606, negative clones was easily detected. 
Japan. We then constructed an expression 
'To whom correspondence should be addressed, cDNA library containing 5' portion-en- 
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riched cDNA (the average size was 400 bp) 
of a mouse bone marrow stromal cell line 
(ST-2), which is capable of supporting the 
growth and differentiation of hematopoietic 
cells (8, 9). To enrich for 5' terminal 
400-bp cDNAs, we added a deoxycytosine 
(dC) tail at the 5' end of the cDNA. This 
cDNA was primed with a specific primer 
that contained polydeoxyguanosine (dG) 
and Eco RI recognition sequences for second 
strand synthesis, and the product was soni- 
cated, ligated with a Sac I linker, and 
amplified by polymerase chain reaction 
(PCR) (1 0, 1 1) (Fig. 1A). The amplified 
fragments were digested with Eco RI and Sac 
I and ligated to the pcDL-SRa-Tac(3') vec- 
tor in the same orientation with the Tac 
cDNA to obtain an expression library that 
contained 5' termini-enriched ST-2 cDNAs 
of 400 bp. 

After transformation, 36 individual col- 
onies were replated on a 9-cm agar plate in 
a matrix format (six rows by six lines) and 
assigned to one pool. Plasmid DNAs of 
each pool were used for transfection of 
COS-7 cells, and fusion proteins expressed 
on the cell surface were microscopically 
detected by immunostaining with anti-Tac. 
After a pool was identified as positive with 
fluorescent microscopy, 12 smaller pools 
consisting of six individual clones in each 

row or line of the matrix were tested to 
identify a single positive clone (12). We 
screened about 600 clones and obtained 6 
immunologically positive cDNA clones. 
Nucleotide sequencing showed that they all 
contained 5' terminal ST-2 cDNA se- 
quences, the length of which varied from 
350 to 420 bp. The sequence information 
was used for analysis of hydrophobicity (1 3) 
(Fig. 2) and compared with sequences in 
the GenBank database for homology. 
Clone G2a, which has an open reading 
frame (OW) of 97 residues, and clone 
M5b, with an ORF of 95 residues, turned 
out to be identical to the 5' part of the 
cDNA encoding the JE cytokine of the 
intercrine P-macrophage inflammatory 
protein (MIP) cytokine family (14, 15). 
Clones C5c (with an ORF of 84 residues), 
D3b (with an ORF of 103 residues), and 
H5.a (with an ORF of 83 residues) were 
identical to the 5' part of the cDNA for the 
Gla protein, one of the major bone matrix 
proteins (16). The JE and Gla proteins are 
secreted and bear typical NH,-terminal sig- 
nal sequences (Fig. 2, A and B) . The other 
clone, D2d, encoded 68 residues of an un- 
known sequence that had a hydrophobic pro- 
file characteristic of a signal sequence (Fig. 
2C) and four cysteine residues positioned 
identically to those of the intercrine a-MIP 

Fig. 1. Strategy of the signal se- A B 
quence trap method. (A) Schemat- 
ic diagram of the pcDL-SRa- cDNA /nsert , 
~ac(3')-vector containing a 5' ter- 
minal cDNA fused to the Tac(3') d?al(3,, 1 I\, sequences. The pcDL-SRa-Tac(3') 
vector was constructed from pcDL- SRU Gomoter t 
SRa (26) as descr~bed (2) (8) De- Transmembrane 

reglon 
tectlon w~th anti-Tac of a heterolo- 
gous signal sequence as a fusion log Fluorescence intensity 
protein with the Tac protein. The 
pcDL-SRa-hG-CSF(5')-Tac(3') and pcDL-SRa-hRAR(5')-Tac(3') plasmids were used as positive 
and negative control plasmids, respectively. The flow cytometry profiles are those of COS-7 cells 
transfected with positive (dotted lines) and negative (solid lines) control plasmids. Positive and 
negative control fragments in pcDL-SRa-Tac(3') were used for transfection of COS-7 cells by the 
DEAE-dextran method (12). After 48 to 60 hours, the cells were hawested and immunostained with 
anti-Tac (3). Flow cytometry was performed with a FACScan (Becton Dickinson). 

Fig. 3. Alignment of the 
deduced amino acid se- 

cytokine family (1 5), including the stem cell 
inhibitor (SCI) factor (1 7) (Fig. 3). 

We probed an oligo(dT)-primed ST-2 
cDNA library with clone D2d, obtained 
two different full-length cDNA clones, 
stromal cell-derived factor (SDF)-la and 
SDF-1 P, and determined their cDNA se- 
quences. The SDF-la cDNA was 1797 bp 
long and had an ORF of 89 residues. The 
SDF-1P cDNA was 3152 bp long and had 
an ORF of 93 residues. The SDF-la and 
SDF-1P cDNAs had identical sequences in 
the 5' untranslated (UT) region and the 
ORF, whereas the ORF in SDF-1P had an 
additional four residues. No significant 
identity was found in the 3' UT region. 
The ORF of SDF-la and SDF-1P had no 
hydrophobic regions other than the 5' pu- 
tative signal sequence contained in D2d. 
No glycosylation sites nor retention signals 
to endoplasmic reticulum were found (1 8). 
The amino acid sequences of the deduced 
mature proteins of SDF-la and SDF- 1 P are 
32% identical to those of human interleu- 
kin-8 and mouse MIP-la (also known as 

Amino acid residues 
Fig. 2. Hydropathy profiles of clones obtained 
by the signal sequence trap method. Hydropa- 
thy profiles of NH,-terminal portions of positive 
clones are shown. (A) G2a and M5b. (B) C5c, 
D3b, and H5a. (C) D2d. All the Tac-positive 
clones obtained from the signal sequence- 
trapped cDNA library in the pcDL-SRa-Tac(3') 
vector were sequenced in both directions with 
the automated fluorescence-based sequenc- 
ing system (Model 373A, Applied Biosystems). 
Hydropathy profiles were analyzed with a com- 
puter program based on that previously de- 
scribed (13). 

quences of the mature 
proteins of S D F - ~ ~  and mSDF-I$ MDAKV~VAVLA~~LVLAALCISDGKPvsLS- 

SDF-Ip (mSDF-la and 
mSDF-lp) together with hlLg . . . . . . . . . . . . . . . . . . . . . . . 
those of murine inter- mMIP-la MKVSWALAVLLCTWPLCNQVFSAPYGADTP-T FSYSRKIPR-QFIWY-FETSS QP-GVIFLTK-RNRQ DSKETWVQEYITDLEWA 
crine-MIP cytokine mem- ... tb. . . . . fj . . . ...j.. . ... . . 
bers (mMIP-la and mJE) mJE MQVPVMLLGLLFTVAGWSINVLAQPDAVNAP-L SFTSICMIPM-SRLESYKRITSS -KEAWTK-LKRE DPKKEWVQTYIKNLDRNQMRSEPT . .  . . . . . . . . . . . 
(27). Amino acids are 
numbered starting at Asp1 preceded by a putative 19-residue signal 
sequence predicted as described (28). The cysteine residues consewed 
in the CXC or CC family are boxed (14, 15) (X is any amino acid). Amino 
acids identical to those in SDF-la or SDF-I p are shown by dots. Dashes 
indicate gaps introduced to maximize homology. The GenBank accession 
numbers of the mSDF-la and mSDF-lp sequences are L12029 and 
L12030, respectively. From 5 pg of ST-2 mRNA, an oligo(dT)-primed 
cDNA library was constructed with Super Script cDNA synthesis and 

cloning systems according to the manufacturer's instructions (Bethesda 
Research Laboratories). The Xgt 22A phage library was screened with a 
D2d probe. Positive clones with 1.8- and 3.2-kb inserts were named 
SDF-la and SDF-lp, respectively. After recloning into a Bluescript II 
plasmid, deletion mutants of these clones were made in both directions 
with a deletion kit containing exo Ill/mung bean nuclease (Stratagene). 
Deletion mutants of SDF-la and SDF-Ip were sequenced by the auto- 
mated fluorescence-based sequencing system. 
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Fig. 4. Characterization of mRNA A C D 
and gene coding for SDF-la and i n 3 1 7 8 1 2 3 4  

sr. . SDF-1 p. Northern hybridization '"" ". . - - - 
analysis of SDF-la mRNA (A) and 23 - 
SDF-lp mRNA (B). The following 9.4- 

cells were used to prepare polya- . 6.6- 

denylate [poly(A)] RNA: lanes 1, + t'?=-i: 4.3- 

ST-2; lanes 2, mouse fibroblast cell 2.3- 
line NIH 3T3 (24); and lanes 3, 2.0- 

mouse hematopoietic progenitor 
cell line LyD9 (9, 19). In (A), the 3' 
UT region of SDF-la cDNA (nucleotides 1005 to 1613) was used as a probe. In (B), the 3' UT region 
of SDF-1p cDNA (nucleotides 2312 to 3068) was used as a probe. (C) Northern hybridization 
analysis of SDF-laand SDF-1 p mRNA. Lane 1, ST-2 poly(A) RNA. The following mouse organs were 
used to prepare the total RNA used in lanes 2 to 8: lane 2, brain; lane 3, heart; lane 4, lung; lane 5, 
kidney; lane 6, thymus; lane 7, spleen; and lane 8, liver. D2b cDNA was used as a probe. (D) 
Southern hybridization of SDF-la and SDF-1p. Lanes 1 and 2, mouse lymphoma cell line BW5147 
(29); lanes 3 and 4, human pro-B cell line FLEB14 (30). Restriction enzymes used were Eco RV 
(lanes 1 and 3) and Eco RI (lanes 2 and 4). The coding region of SDF-la cDNA (nucleotides 1 to 
31 5) was used as probe. Poly(A) RNA (2 pg) or total RNA (30 pg) was electrophoresed through a 
1 .O% agarose gel and blotted onto a nitrocellulose filter (12). Probes labeled with 32P were used for 
hybridization under stringent conditions. Autoradiograms were analyzed with a Bio-image analyzer 
(BAS 2000, Fuji Film, Tokyo, Japan), and the DNAs (5 pg) were digested with various restriction 
enzymes, separated by electrophoresis in a 0.8% agarose gel, and transferred to a nitrocellulose 
filter. The filter was hybridized with the 32P-labeled probe as described above and washed with 0.3 
M NaCl and 30 mM sodium citrate containing 0.1% SDS at 50°C. Size markers are indicated to the 
left in kilobases. 

mMIP-1a4CI) and 29% identical to those 
of mouse JE (Fig. 3), which indicates that 
SDF-la and SDF-1p are members of the 
intercrine a cytokine family (1 5). 

Northern (RNA) blot analysis of ST-2 
cell mRNA revealed a 1.9-kb SDF-la 
mRNA and a 3.4-kb SDF-1p mRNA that 
hybridized to the SDF-la-specific 3' UT 
probe and SDF-lp-specific 3' UT probe, 
respectively (Fig. 4, A and B). The SDF-la 
and SDF-1p mRNAs could be transcripts of 
two related genes or alternative splicing 
products of a single gene. Expression of 
SDF-la and SDF-1p mRNAs was not ob- 
served in hematopoietic progenitor cell 
lines or lymphocytes, such as LyD9 (9, 19), 
HL-60 (20), SSK41 (2 I), and HIL-3 (22) 
(Fig. 4, A and B) (23). In the mouse 
fibroblast cell line NIH 3T3 (24) SDF-la 
and SDF-1p mRNA expression was detect- 
ed, although it was much fainter than that 
in ST-2 cells (Fig. 4, A and B). The 
SDF-la and SDF-1p mRNAs were in all 
organs tested, but this could be due to 
expression in fibroblast cells located in the 
various tissues (Fig. 4C). Southern (DNA) 
blot analysis showed that the SDF-la and 
SDF-1p genes are conserved in mouse and 
human sequences (Fig. 4D). Our preliminary 
data showed that the amino acid sequences of 
human and mouse SDF-la and SDF- 1p were 
more than 95% conserved (23), which sug- 
gests that SDF-la and SDF-1p might play 
some important biological roles. 

No intercrine a cytokine members ex- 
cept for SDF-la and SDF-1p have been 
reported to be expressed in bone marrow 
stromal cells. Although many known bio- 
logical functions of intercrine cytokine fam- 
ily members are related to inflammation, 

MIPS also regulate hematopoiesis (1 5, 25). 
MIP- la-SCI, a member of the intercrine p 
cytokine family, inhibits hematopoietic 
stem cells from proceeding into the S phase 
(1 7). Whether SDF-la and SDF-1p are 
involved in the regulation of bone marrow 
hematopoiesis is not yet known. 

We describe here a strategy for cloning, 
without functional assays, cDNAs bearing 
signal sequences. In this method, the 5' 
portions of cDNAs were enriched and li- 
gated in a proper orientation to reduce the 
appearance of stop codons and to increase 
the production of fusion proteins. Our strat- 
egy has two additional advantages. (i) The 
selected fragments are short enough to be 
sequenced without recloning, which al- 
lowed us to select new genes easily by 
comparison with databases. (ii) Asymmet- 
ric adaptor ligation allows amplification of 
inserts with PCR whenever necessarv. We 
also screened another library containing 
shorter fractions (80 to 250 bp) of NH2- 
terminal cDNA of ST-2 cells. A cDNA 
clone (247 bp) encoding the NH2-terminal 
signal sequence of SDF-la was obtained 
together with some other cDNA clones 
encoding signal sequences. This result en- 
sures the reproducibility of this method, 
although the library of 400-bp cDNA is 
preferable because cDNAs with hydropho- 
bic sequences in unnatural ORFs appeared 
when we used the shorter fractions (80 to 
250 bp) of processed cDNA. This signal 
sequence trapping strategy provides a gen- 
eral approach for the cloning of intercellu- 
lar signal-transducing molecules involved 
in complex phenomena, for which analysis 
by means of biological assays is difficult. 
This protocol may be particularly helpful 

for studying biological systems such as 
minute organs in embryos, from which it is 
difficult to obtain large amounts of mRNA. 
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Ixrl, a Yeast Protein That Binds to Platinated DNA 
and Confers Sensitivity to Cisplatin 

Steven J. Brown, Patti J. Kellett, Stephen J. Lippard* 
Structure-specific recognition proteins (SSRPs) bind to DNA containing intrastrand cross- 
links formed by the anticancer drug cisplatin. A yeast gene encoding an SSRP, designated 
IXR1, was cloned and sequenced. The Ixrl protein, a member of the high mobility group- 
box protein family, bound specifically to DNA modified with cisplatin but not inactive 
platinum compounds. A yeast strain with an inactivated lXRl gene was half as sensitive 
to cisplatin and accumulated one-third as many platinum-DNA lesions after treatment with 
cisplatin as the parental strain. These findings suggest that SSRPs play a role in mediating 
the cytotoxicity of cisplatin. 

T h e  antitumor drug cis-diamminedichloro- 
platinum(I1) (cis-DDP or cisplatin) is wide- 
ly used in cancer chemotherapy and is 
especially effective in the treatment of tes- 
ticular and ovarian cancer (I). We have 
identified SSRPs that bind to the major 
cisplatin-DNA adducts, 1,2-intrastrand 
d(GpG) and d(ApG) cross-links, but not to 
DNA damaged by inactive platinum com- 
pounds such as trans-diamminedichloro- 
platinum(I1) (trans-DDP) (2). The SSRPs 
contain the recently identified high mobil- 
ity group (HMG)-box motif (3). Several 
HMG-box proteins bend DNA (4, 5),  and 
we have suggested that HMG-box proteins 
recognize and bind specifically to locally 
bent and unwound DNA, such as DNA 
that has been modified by cisplatin (6). 

Elucidation of a role for SSRPs in the 
mechanism of action of platinum antitu- 
mor drugs could greatly facilitate the de- 
sign of new cancer therapies. Several mod- 
els for the modulation of cisplatin cytotox- 
icity by SSRPs have been proposed (7). 
One model postulates that when SSRPs 
bind to platinated DNA they shield the 
DNA lesions from repair. As a result, the 
platinum-DNA adducts persist, block DNA 
replication, and ultimately lead to cell 
death. In this model, removal of the SSRPs 
would confer cisplatin resistance to the cell 
but would have no effect on the cytotox- 
icity of inactive platinum compounds. 

We have used the yeast Saccharomyces 
cerevisiae to study the role of SSRPs in 
mediating cisplatin cytotoxicity. We 
screened a Agtll yeast expression library 
with radiolabeled, platinated DNA and iso- 
lated one partial clone, AyPt (8, 9). A 
3.0-kb Sac I DNA fragment containing the 
full-length IXRl gene was obtained by 
screening a -yeast DNA library (1 0). Se- 
quence analysis revealed a single, large 
open reading frame (OW) encoding 591 

A 
1 MNTGISPKQDDASNSNLLNIGQDHSLQYQGLEHNDSQYRD 

41 ASHQTPHQYLNQFQAQPQQQQQQQQQQQQQQQAPYQGHFQ 

81 QSPQQQQQNVYFPLPPQSLTQPTSQSQQQQQQYANSNSNS 

121 NNNVNVNALPQDFGYMQQTGSGQNYPTINQQQFSEFYNSF 

161 LSHLTQKQTNPSVTGTGASSNNNSNNNNVSSGNNSTSSNP 

201 TQLAASQLNPATATTAAANNAAGPASYLSQLPQVQRYYPN 

241 NMNALSSLLDPSSAGNAAGNANTATHPGLLPPNLQPQLTH 

281 HQQQMQQQLQLQQQQQLQQQQQLQQQHQLQQQQQLQQQHH 

321 HLQQQQQQQQHPWKKLSSTQSRIE- 

361 1 

401 1 

441 

481 YKKRLKEWEDENDPNGNPTGHSHKAMNMNLNMDTKI 

521 MENQDSIEHITANAIDSVTGSNSNSTNPNTPVSPPISLQQ 

561 QPLQQQQQQQQQQQHMLLADPTTNGSIIKNE 

B 
1 1 . o k b  1 

3.0-Id, Sac I fragment 

Ixrl ORF 
XY pt 
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amino acids. The deduced Ixrl protein 
contains several long stretches of Asn and 
Gln residues (Fig. I) ,  a feature that is 
common in transcription factors (1 1, 12). 
A database search revealed that Ixrl is a 
member of the HMG-box protein family 
(3) and contains two repeated HMG-box 
motifs within residues 347 to 493. The best 
alignment of the HMG-box domain of Ixrl 
occurs with ABF2 (ARS-binding factor 2) 
from S. cerevisiae (13), which shares 56 
identical residues with Ixrl over a 151- 
amino acid region. 

DNA hybridization experimerrts indicat- 
ed that IXRl is a single-copy gene localized 
on yeast chromosome XI (14), and North- 
em (RNA) blot analysis revealed that it 
produces a 2.1-kb transcript. We disrupted 
the lXRl gene by replacing the Eco RV-Pst 
I region of the 3.0-kh Sac I fragment with a 
copy of the LEU2 gene. A diploid strain 
(15) with a null allele of lXRl was ob- 
tained, and tetrad analysis demonstrated 
that the IXRl gene product is not essential 
for cell growth. The ixrl haploid cells were 
not obviously different in phenotype from 
IXRl cells. For example, they displayed 
similar growth rates at temperatures ranging 
from 20" to 40°C, and homozygous ixrl 
diploid cells sporulated normally (1 6, 17). 

To investigate the DNA binding prop- 
erties of Ixrl, we analyzed AyPt Escherichia 
coli iysogen and whole-cell extracts pre- 
pared from the wild-type (IXRI) and mu- 
tant (ixrl) yeast strains (18) by a modified 
Western analysis in which the protein blot 
is probed with radiolabeled DNA (8). The 
AyPt P-galactosidase fusion protein bound 
to cis-DDP-modified DNA and had an ap- 
parent molecular mass of 176 kD (Fig. 2). 
Extracts from wild-type yeast contained 
several proteins that bound specifically to 
cis-DDP-modified DNA; these proteins 
were - 100, 80, 55, and 20 kD in size. The 
80-kD protein was absent from the ixrl 
strain and, thus, most likely represents the 
IXRl gene product. The AyPt P-galacto- 

Fig. 1. (A) Deduced sequence of the Ixrl pro- 
tein. The two consecutive HMG boxes are un- 
derlined. Double-stranded plasmid DNA was 
alkaline denatured for the sequencing reactions. 
We performed sequencing by the dideoxy chain 
termination method with T7 DNA polymerase 
(United States Biochemical). Database homolo- 
gy searches were performed with the BLAST 
network service provided by the National Center 
for Biotechnology Information. Abbreviations for 
the amino acid residues are as follows: A, Ala; C, 
Cys; D, Asp; E ,  Glu; F, Phe; G, Gly; H ,  His; I ,  Ile; 
K, Lys; L, Leu; M,  Met; N,  Asn; P, Pro; Q, Gln; R ,  
Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. The 
DNA sequence has been submitted to GenBank 
(accession number L16900). (B) Restriction map 
of the lXRl gene. RI,  Eco RI; P, Pst I ;  RV, Eco RV; 
and S, Sac I. 
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