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ABSTRACT

We have isolated three overlapping genomic clones
containing the 5 ' portion of the human YB-1 gene. These
clones span [R5 kb of contiguous DNA containing
10kb of 5" flanking sequence and 15 kb of the gene. The
nucleotide sequence of the first exon and of 2000
upstream base pairs (bp) was determined. The first exon
is unusually large and contains a 166 bp coding
sequence and a 331 bp untranslated region. CpG
sequences cover the 5 '-end of the YB-1 gene including
its first exon and intron as well as the upstream regions.
The GC content around the first exon is  [70% and a
CpG-free region was located in the untranslated
sequence. The segment preceding the major tran-
scription initiation site does not contain a TATA box,
CCAAT box and the binding sequence for known
transcription factors. A transient expression assay using
the chloramphenicol acetyltransferase (CAT) gene
showed that the sequence from +24 to +281 was critical
for CAT expression. Fluorescence in situ hybridization
demonstrated the chromosomal locus of YB-1 gene on
chromosome 1p34. Polymerase chain reaction analysis
on other genomic phage DNAs showed that several
clones were derived from pseudogenes.

INTRODUCTION

EMBL accession no. X96666

stimuli (10,11). Binding activity of MDR NF-1 to this Y-box
element is augmented in nuclear extracts prepared from cells treated
with either UV irradiation or anticancer agents. It has also been
shown that the deletion of the Y-box region leads to markedly
reduced expression of the mdrl promoter/CAT consttit (Ve
have previously cloned a cDNA for MDR NF-1 by Southwestern
screening of a human HelLa cell cDNA expression library using an
mdrl promoter probe. Sequence analysis of the MDR NF-1 cDNA
showed that it was identical to the Y-box binding protein, YBLL (
Using this cDNA, we have demonstrated that YB-1 mRNA
accumulation increased when cells were treated with UV irradiation
or anticancer agents. Isolatiorcigregulatory elements should help
clarify the complex regulation of YB-1 expression.

We report here the isolation and characterization of several
overlapping genomic clones containing theridl of the human
YB-1 gene.

MATERIALS AND METHODS
Cloning and sequencing of a human MDR-NF1 cDNA

A human colon cDNA library constructed in #gt 11 expression
vector was obtained from Stratagene. The cDNA library was plated
on LB agar containing ampicillin and overlaid with nitrocellulose
membrane saturated with 10 mM IPTG. A total ®f1ZP plaques

were screened with the end labelled 140Xt@-Taq mdrl
promoter region. A 384 bp partial cDNA of human origin (originally
designated as MDR-NF1) encodes a 128 amino acid polypeptide

. . _ with 99% identity to hYB-1. Plaques ¥10°) from same\gt 11
The human Y-Box binding protein (YB-1) is a member of &pna jiprary were screened by DNA hybridization using this
DNA-binding protein family with a structurally and functionally ¢jone 1 isolate full length cDNA. One clone had an insert 1060 bp.

conserved cold shock domain. YB-1 has been shown to regulaigy ,ence analysis showed 99% identity to the hYB-1/dbpB cDNA
gene expression through blno!lng to Y-box sequenteS. ( 4nd almost covered the coding region.
Several eukaryotic genes contain the consensus Y-box sequence,

5-CTGATTGG-3, in their cisregulatory elements, including
major histocompatibility complex class 8){ thymidine kinase,
proliferating cell nuclear antigen, DNA polymerasepidermal Clones were isolated by screening a human placenta genomic
growth factor receptor and multidrug resistance 1 (MDR)) ( library in EMBL3 with a 1060 bp probe from the YB-1 cDNA
The multidrug resistance gene encodes an energy-dependent dfLiyL4). Positive phages were mapped VvEtoRl andSal and

efflux pump that is overexpressed in cancer cells resistant to multipigbridized with a Sprobe, a 350 bRcdRI-Styt fragment, and a
anticancer agents), We have previously shown that MDR1 is a3' probe, a 300 bBal-Ecdrl fragment. Several restriction
stress responsive gerte-{1). Transfection of an mdrl promoter/ fragments around the first exon were subcloned in pUC18 and
CAT reporter plasmid has shown that an inverted CCAAT bogequenced. All plasmid DNAs were sequenced from both ends
(Y-box) is critical for CAT induction by various environmental using a Shimazu DSQ 1000 automated sequencer. The primer for

Isolation of genomic clones and DNA sequencing

* To whom correspondence should be addressed
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primer extension analysis-GCTCATGGTTGCGGTGATGG-3 transcriptase buffer (BRL). The primer was extended with 20 U
was derived from the sequence of the first exon. The primers ®IMTV reverse transcriptase (BRL) using 1 mM each of the four
PCR analysis C1,"2AACAGGAATGACACCAAGG-3 and deoxynucleotides. After 1 h at 32, the reaction was terminated
C2, B-GATGGTAGAGATGGTAAGCCG-3 were derived from with 20 mM EDTA. RNA was hydrolyzed with 0.125 M NaOH
cDNA sequences. This primer pair was used to analyze genorfoc 1 h at 65C. The reaction was neutralized and the DNA was
clones containing pseudogenes. Polymerase chain reaction wabected. Sequencing reactions using the same primer were
performed in Jul reactions containing 100 ng DNAAM of each  analyzed on a 7 M urea—6% polyacrylamide gel to determine the
primer pair, 0.2 mM each of the four deoxynucleotidesize of the extended produdB(14).

(Pharmacia), and 1 Tag polymerase (Boehringer Mannheim) in

PCR buffer [30 mM Tris—HCI (pH 8.5), 2 mM MgCI5 mM  Fluorescencen situ hybridization (FISH)

[B-mercaptoethanol, 0.01% gelatin and 0.1% Thé&s#A0). Initial
denaturation at 94 for 10 min was followed by 35 amplification
cycles of denaturation at 92 for 30 s, annealing at 95 for 30 s,
and extension at 7€ for 30 s in a Gene Amp PCR System 960
(Perkin Elmer). The product of 773 bp was of the expected size fr
the cDNA sequence.

Chromosome spreads were obtained from phytohaemaggulutinin-
stimulated blood lymphocytes of a healthy donor after thymidine

O';ynchronization and bromodeoxyuridine incorporation by the

ethod of Takahasht al (15,16). Genomic DNA fragments were

Melled with biotin-16-dUTP (Boehringer Mannheim) by nick
translationin situhybridization was performed according to Lichter

i i et al. (17) in the presence of COT-1 DNA (Gibco-BRL,

Construction of CAT reporter plasmids Gaithersburg, MD) as a competitor. Hybridized probes were

The vectors, SVOOCAT and pCH110 (pB'Gal), were purchased detected with FITC-conjugated _aV|d|n _(Boehnnger Mannhgm).
from Nippon gene (Tokyo) and Pharmacia (Sweden), respecﬁ\,eg,h_romosomes were _counterstalned W|t_h 0.2 mg/ml prop|d|um
Different truncations and deletions of theejion of the YB-1 gene 10dide (PI) for R-banding. Fluorescence signals were imaged using
were ligated into thilindlll site of pSVOOCAT. The fragment from & Zeiss Axioskop epifluorescence microscope equipped with a
Hindlll (=1384) toPwul (+295) was obtained from a plasmid cooled Charge Coupled Device (CCD) camera (Photometrics, PXL
subclone. From this, fragments frdtod (—483),Apd (=119),Sal 1400). Image acquisition was performed on a Macintosh Quadra
(+24) orBall (+127) toPvul (+295) were isolated and filed with 840AV computer with the software program IPLabTM (Signal
the Klenow fragment of DNA polymerase I. Aftaindlll linker An_alytlcs Co.). The images were then pseudocoloured and merged
ligation, these fragments were ligated into pSVOOCAT an#Sing Adobe Photoshop TM 2.5J (Adobe Systems Inc.). FITC and
transformed. The resulting constructs were named pYB-CATRropidium iodide images were shown in white and grey, respective-
pYB-CAT2, pYB-CAT3, pYB-CAT4 and pYB-CATS5, respectively. Iy: The merged images of FITC_ and Pl were directly printed by Fuiji
PYB-CAT3R and pYB-CATSR indicate plasmid with the promoterPictrography 3000 from a Macintosh computer.

fragment inserted in reverse orientation. To construct pYB-GAT3

PYB-CAT3A2 and pYB-CATA3, pYB-CAT3 was digested with RESULTS

Sal-Avrll, Avrll-Sma and Sal-Sma, respectively, blunt ended e have previously isolated and characterized a YB-1 cDNA clone
and ligated. Plasmid DNAs were purified by alkaline lysis followeq 1y that was then used as a hybridization probe to screen a HeLa
by two cycles of equilibrium centrifugation in a CsCl-ethidiumce|| cDNA library (Clontech). Several positive clones were

bromide gradient. isolated, one of which was a nearly full-length cDNA for YB-1,
pYB-1-22 (data not shown). To isolate genomic clones encoding
Transfection and assays of cell extracts the 3 region of the YB-1 gene, a human genomic library was

reened using the 1060 bp cDNA insert of pYB-1-22. More than
¥ positive clones were isolated. Twenty-four clones were

described11). The cells were maintained at*&7with %CQ' characterized by Southern hybridization using two probes derived
Exponentially growing cells were trypsinized, seedeck B cells from the cDNA as described in Materials and Methods. Three

in 60 mm diameter plates and _incubated overnight prior 19 ¢ -, tained non-identical inserts that hybridized WithFA
transfection. DNA transfection of T24 cells was then carried out tﬁ’agments The restriction maps for these non-identical clones

calcium phosphate precipitation withigpCH110 (pS\B-gal) and %MBL-YBGL YBG2 and YBG3, are shown in Figute

10ug of a reporter construct. The precipitate was added to the Celly 61 ati0n 'that these clones encoded YB-1 was obtained by
and after an 8 h transfection, the cells were washed twic

replenished with fresh medium and incubated for another 48 h. i?quence analysis as described later.

the end of this period, cell extracts were prepared and assayed for

both CAT andB-galactosidase activities according to the standardequence analysis of the promoter region

procedureZ2,23). Normalized CAT activities were expressed as the _ ] )

ratio of that seen with pYB-CAT1. At least four independentVe determined the nucleotide sequence of the promoter region of

experiments were performed for each construct and all measut@e YB-1 gene. A 9 kiiEcaRI fragment of EMBL-YBG1 was
ments were determined in duplicate. subcloned into pUC18. To localize the first exon more exactly,

this plasmid was digested with restriction enzymes and analyzed
by Southern blotting using a 350 bp fragment of the cDNA
containing the send of the cDNA as a probe. Several fragments
The synthetic primer described above was labelled dtétsds  hybridized with the probe and were subcloned in plasmid pUC18
and hybridized to poly(A) RNA in 80% formamide, 0.4 M NaCl,(data not shown). The nucleotide sequence of the first exon and
40 mM PIPES (pH 6.4) and 1 mM EDTA for 4 h at60After its 5 flanking region was then determined. This fragment
precipitation of nucleic acids, the pellet was dissolved in reversentained exon(s) with sequences identical to those previously

T24, a human bladder carcinoma cell line, was grown as previou

Primer extension by reverse transcriptase
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Figure 1. Restriction endonuclease cleavage map of three overlapping genomic clones. Restriction enzyme cleavage sites are indicatedzasRo|ISvEalE,
Overlapping regions within these clones were confirmed by the Southern blotting (data not shown).

determined from the cDNA3J. Sequence comparison with the @ o o,
cDNA also indicated that the last codon of this exon is split at the TCGA &75¢

second base. A similar division is also found in the first exon of
human dbpA gene2{)). The dbpA gene is closely related to the

YB-1 gene. The first exon of the dbpA gene is 474 bp long. We
therefore assumed that we had identified the first exon of the YB-1

gene.

We performed primer extension to define precisely the start site
for transcription. The cDNA products extended from the primer
were analyzed by electrophoresis beside sequencing reactions using
the same primer. Three major and four minor transcription initiation
sites were observed. About 60% of the transcripts were initiated at
the three major sites indicated in Figlr&equence analysis of the
region upstream of exon 1 failed to locate any sequence motifs such
as TATA and CCAAT boxes, for the transcription factor binding but
identified a highly GC-rich element. There are two GT boxes and
three GC boxes in the untranslated region that are binding sites for
Sp1 family transcription factors. Multiple E-boxes are found in the

= 18.6%

=41.5%

- 4%

promoter region. Characteristics of the promoter sequences are
summarized in Tablé. The GC content i870% around the first
exon. Since ‘housekeeping’ genes have a CpG island overlapping
the transcription start site, we analyzed thee§ion of the YB-1

gene for the presence of a CpG island. We plotted the frequency of
both CpG and GpC dinuclectides against the position in the
sequence. As shown in Figia&a, CpG dinucleotides are enriched

at the 5end of the YB-1 gene including its first exon.

- 11.5%

- TE%

- 11.5%

Table 1.Features of the sequence

Feature From To
Promoter 1 1855
Exon 1 1856* 2352
E-box 48 53
E-box 353 358
E-box 458 463
E-box 531 536
E-box 1147 1152
E-box 1201 1206
GT box 1957 1962
GC box 2001 2006
GC box 2024 2029
GC box 2033 2038
GT box 2100 2105
Start codon 2187 2189
Inverted repeat 1 1904 1914
Inverted repeat 2 2034 2044

Other initiation sites 1883, 1886, 1938,
1947, 1959, 1972

Figure 2. Primer extension study. Hybridization of primer extension was with
5' labelled oligonucleotide and@ of KB and T24 poly (A) RNA. The same
oligonucleotide was used for sequencing reactions. Electrophoresis was
performed on a 7 M urea—8% acrylamide DNA sequencing gel. The
radioactivity of each product was measured and the ratio to total activity is
expressed as %.

Identification of a YB-1 promoter by analysis of
transcriptional activity

To determine whether the region upstream of the putative
transcriptional start sites can activate transcription, available
restriction sites were utilized to construct a series of deletion
plasmids (Fig3B). These constructs were then tested by transient
transfection in human bladder carcinoma T24 cells. DNA to only
—119 yielded full promoter activity. Deletion of —119 to +24
diminished promoter activity by45%, but this construct was still
able to promote some CAT activity. Further deletion of +24 to
+127 or all internal deletions of the untranslated region almost

The most Stranscription initiation site is started at 1856 as indicated by an astefompletely abolished promoter activity. Surprisingly, no CAT
isk (*) and designated as +1 in the text and Figure 3.

activity was found when cells were transfected with pYBCAZ:3
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B) Relative CAT activity(%)
pYBCAT-1 " »| car 100
pYBCAT-2 [ car 93.7+25.6
pYBCAT-3 o car 121.4+3.0
pYBCAT-3R * CAT 12.8+2.8
PYBCAT-4 449+4.6
pYBCAT-5 —[ car | 3.0+0.97
pYBCAT-5R 1.8+1.4
PYBCAT-3A1 » car 1.75+0.13
pYBCAT-3A2 —_—e 0.75+0.05
pYBCAT-3A3 —eereeenenee 0.14+0.12

Figure 3.(A) Structure and deletion analysis of the YB-1 promoter. Relevant restriction enzyme cleavage site are as indindtddStiSal; N, Ncd; A, Apd;

B, Ball; Sm,Smd; Av, Avrll; P, Pvdl. The small black triangles indicate transcriptional start sites determined by primer extension analysis. The diagram shows tt
distribution of GpC and CpG dinucleotides. Bold line indicates the first é&p@ofistructs containing various portion or deletions of ‘thegion were subclones

in front of a CAT reporter gene, and transiently transfected into T24 cellB-gdiactosidase reporter gene was co-transfected as an internal control. CAT activity
was normalized t@-galactosidase activity. At least four independent experiments were done and all observations were performed in duplicate. The results are
normalized to the value of the CAT activity of pYBCAT-1 and are indicated as %.

which still contains both the promoter region and all transcriptiosurrounding the 'send of the gene and the start site for the

initiation sites. transcription.

The dbpA gene is an another member of a protein family
Chromosome mapp|ng and ana|ysis of other genomic Containing cold shock domains. The human dpr gene covers 24
clones for YB-1 kb and includes 10 exong4). Characteristic of its exon—intron

. ) structure is a large first exon of 474 bp. YB-1 gene may have a
FISH was used to determine the chromosome location of YB-&ijjar structure. The first exon of YB-1 is 497 bp long resembling
Comparison of the fluorescence signals and the banding patterng 2§ of the dbpA gene (Takle The regulatory regions are highly
the chromosomes indicated that this region was located @t rich and the CpG islands are located & e first exon and
chromosome band 1p34 (Fig). These results were based ONinyon Thys, the YB-1 promoter has structural features common
observations made on >10 prometaphase chromosomes. Flygig, <o of housekeeping genes. This feature of the YBeign
escence signals were not consistently observed on the otie onsistent with its ubiquitous mMRNA expression in all human

chromosomes. We mentioned before that >50 clones were isol - - .
in the first screening. This might indicate the existence either 0f§ ues£4), and suggests that it encodes a protein assumed with an

ene family or of pseudogenes. To test for pseudogenes, all enomig. | . : ! |
glones we?/e anaIF;/zed b)? a PCR assay uging a p?imer pairgderi t in the region preceding the first exon, this may account for the

from the cDNA sequence. The PCR product includes half of t erogeneity of transcription initiation sites (Fa. Multiple
mRNA. We used human placenta DNA and cDNAs transcrib -boxes are also found in the promoter region between —1855 and
from total RNA of KB and T24 cells as templates (Biganes P, 222 Similar to in the promoter region of the dbpA gene gig.
R1 and R2), and a 773 bp PCR product was consistently obsenvBys could be a reflection of factors controlling the tissue specific
A similar product was also detected when some phage genorfiiPression of these genes. There is no significant homology

DNA clones were used as the template (lanes 1 and 3). between the proximal promoter sequences 'of the YB-1 and dbpA
genes. This divergence in the promoter region between YB-1 and

dbpA may reflect the presence of different regulatory mechanisms.
DISCUSSION Functional analysis of the promoter region in a transient
We have described the isolation and characterization dfithgidh ~ expression system demonstratigghificant promoter activity in

of the YB-1 gene. We isolated overlapping genomic cloneifie region upstream of the first exon (FR3§). The promoter
encompassing 15 kb of thegart of the YB-1 gene and 10 kb of activity of the YB-1 gene is strong and comparatith that of

its 5 flanking regions. We determined the nucleotide sequentiee SV40 promoter. Our initial analysis of this promoter revealed
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Figure 5. Detection of a pseudogene in genomic clones. PCR was performed
with a primer pair derived from cDNA on human placenta DNA, total cDNA
and genomic phage DNAs. The 1.2% agarose gel shown here displays the
following: RT-PCR using total cDNA of KB cells (R1) and T24 cells (R2). P,
human placenta DNA; lanes 1-14, genomic phage DNAs (independent positive
clones); M, 100 bp DNA size marker. Arrow indicates PCR product.

either from intronless pseudogenes or from a single big exon. If the
exon—intron structure of YB-1 is similar to that of the dbpA gene,
these results indicate the existence of pseudogenesekald@4)

have reported that 16 YB-1 genomic clones contained intronless
processed genes. Isolation and characterization of these pseudogene
iS now in progress in our laboratory.

Figure 4. Mapping of the gene region encoding human YB-1 by fluorescence  We have previously reported that both steady state level of YB-1
ey e Euontencs S o e S memgnelgVA and DNA bincing aciviy of YE-L proien were increase
chromosomes are in[()jicatéd by arrow headsg Based on observations ma(?e wiyen cells were treated V\_"th_ either UV Irradlatl_on or ar_ltlcancer
more than 10 metaphase chromosomes, the band is 1p34. agents 10,11). YB-1 protein is also known to involve in cell
proliferation (,2). YB-1 protein is expected to influence stress
response to anticancer agents or UV irradiation as well as cell
proliferation through signal transduction cascade. The characteriz-

complex regulation. When a region between —119 and +24 walon of this promoter region allows further exploration  of
echanisms governing the YB-1 expression.

deleted, CAT activity was diminished to 45%. This result ma{]ﬂ'
reflect variation in the amount of transcriptional initiation. Thus,
the reg_ior_l be_tv_v_een +24 and_ +12_7 may act as a promoter of _W@KNOWLEDGEMENTS
transcription initiated from minor sites. A unique structure of this
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