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ABSTRACT

MSSP proteins have been identified by their binding to

an upstream element of c-myc. Independently, two
different approaches yielded two cDNA clones highly
homologous to the MSSP cDNAs, suggesting an in-
volvement of MSSP in the regulation of the cell cycle
(scr2) and in the repression of HIV-1 and ILR2  a-promoter
transcription (human YC1). Screening human genomic
libraries, we have isolated clones belonging to two
different gene loci. Whereas the human ~ MSSP gene 1
turned out to be intronless, the organization of the
coding sequence within gene 2 is more complex. It
spans more than 60 kb and contains 16 exons (including
two alternative first exons), ranging from 48 to 287 bp,
respectively. The intron sizes vary from 0.1 to more than

13 kb. Gene 1 has been completely sequenced. A
deletion series of its upstream region was conjugated to

the luciferase gene, but the transfection of the con-
structs did not display any promoter activity. Moreover,
compared with gene 2 and the cDNA sequences known
so far, about 20 point mutations as well as flanking direct
repeats have been detected in the MSSP gene 1,
showing that it possesses all the characteristics of
processed retropseudogenes. Sequence analysis of a
1.7 kb fragment of the 5 ' flanking region of the MSSP
gene 2 revealed that the promoter of gene 2 lacks
consensus sequences for TATA and CCAAT boxes, is
GC-rich, and contains numerous potential transcription
factor binding elements including an Spl binding site.
DNase | footprinting experiments showed that the
putative Spl site was bound by proteins. The results of
primer extension and S1 mapping analyses suggested
the transcription of the gene starts at multiple positions
upstream from the initiator methionine codon. Lucifer-
ase assays employing progressive deletions of the 1.7

kb promoter region allowed us to define the minimal
promoter region of 428 bp (—488/+) and revealed a
complex pattern of the transcriptional regulation the
human MSSP gene 2. Furthermore, it can be concluded
that the MSSP gene 2 encodes both MSSP-1 and
MSSP-2, and moreover scr2 and human YCL.

DDBJ/EMBL/GenBank accession nos D82351-D82362

INTRODUCTION

The involvement of the proto-oncogememyc in crucial
functions such as cell proliferation and differentiation requires a
careful control in every cell type. Its delicately regulated
expression and the elements involved therein have been the
subject of numerous studies-8). A sequence of 21 bp about

2 kb upstream of the humaamycgene has been shown to be
essential for replication and transcription and to constitute both a
putative DNA replication origin and a transcriptional enhancer
(4,5). lts stimulation of SV40 DNA replication6) and the
functional substitution of its core sequence for the AT-stretch of
the SV40 origin 1), in addition to the binding of@mycprotein
complex to it, suggested the role of the 21 bp sequence as a targe
for DNA—protein interactiond). Indeed, several proteins show-
ing direct binding to either of its strands could be identified and
were named MSSR-nyc single-grand binding poteins). Two
cDNA clones coding for members of this protein family (MSSP-1
and MSSP-2) were characterized in respect to their DNA binding
specificity as well as their promoting activity on DNA replication
(9,20). Independently, the phenotypic complementatiocdof

and cdc1l3 mutants ofSchizosaccharomyces pomyielded a

third cDNA clone almost identical to MSSP-1 and MSSP-2,
although containing a longer open reading frame, as well as a
closely related one (scr2 and scr3, respectivély) $uggesting

an involvement of MSSP in the regulation of the cell cycle
(12,13), especially at the {20 S transition, when its expression
level rapidly increases9). The sequence of a fourth highly
homologous clone, termed human YC1, was submitted to
GenBank as a potential human repressor of HIV-1 and ILR2 alpha
promoter transcription (L11289). Though the predicted sequences of
these homologous proteins display some discrepancies, they
share as a common feature a novel RNA binding motif, RNP-1
(14,15), which in addition to other RNP consensus sequences is
required for DNA binding10).

To shed full light upon this complex matter, the knowledge of
the gene structure and mode of expression of MSSP is a
prerequisite. In the present report, human genomic clones
representing two gene loci have been isolated and characterized
in order to gain insight into the regulation of ME8SPgene(s).
WhereadVSSPgene 1 shares all the characteristics of processed
pseudogened)SSPgene 2 codes for all MSSP cDNAs, as well
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as scr2 and YC1. Besides the description of the detailed structéeparation of total RNA
of MSSPgene 2, we have also investigated 'itiamking region

to identify cis elements important to drive transcription by
deletion analysis.

Hela cells were washed with phosphate-buffered saline (PBS)
and lysed with ISOGEN (Nippon Gene) according to the
instructions of the manufacturer. After purification by an
additional phenol extraction and ethanol precipitation, RNA was
MATERIALS AND METHODS resuspended in sterile water.
Screening of human genomic libraries Primer extension analysis
Primer extension analysis was performed using a 20mer oligo-
A human placental genomic library in EMBL3-SP6/T7 and aucleotide complementary to position +39 to +20 oMB&Pgene
human leukocyte genomic library in EMBL3 were purchase@ (GCCGTGCAGGGTCGCGGACA). The primer was labelled at
from Clontech. The phages were propagated in host bacteti® 8 end with {32PJATP and T4 polynucleotide kinase. The
NM538 and LE392. The infection and plating procedures weigbelled nucleotide was purified on a Sephadex G-50 spin column.
according to the recommendations of the manufacturer. Plaquesquantity of 6 x 1° c.p.m. of the primer nucleotide was
were screened under stringent conditions witF3P]JdCTP-  co-precipitated with 12(g of HeLa total RNA and resuspended in
labelled gel-purified DNA fragments @A c.p.m./ml of 30 pl hybridization buffer (40 mM PIPES, pH 6.4, 0.4 M NaCl,
hybridization solution) as probes. Human MSSP-1 was labellddmM EDTA, and 0.2% SDS). The mixture was heated t€55
with [a-32P]dCTP using a random primer labelling kit fromduring 10 min and annealed ar87for more than 3 h. The RNA
Boehringer Mannheim. MSSP-2 cDNA and genomic DNAand the annealed oligonucleotide were precipitated with isopropanol
fragments (Fig.l) were labelled with g-32P]JdCTP by nick and rinsed with 70% ethanol. The pellet was resuspended in reverse
translation {6). Prehybridization and hybridization were per-transcriptase buffer with 1 mM dNTP, 130 U of RNase inhibitor, and
formed in 50% formamide at 42 (16). Membranes were 25 U Moloney Murine Leukemia virus reverse transcriptase.
washed twice in 8 SSC/0.1% SDS at 3T and twice in Elongation was carried out for 2 h at’87 The reaction products
0.1x SSC/0.1% SDS at 50-88 (depending on the background were phenol/chloroform-extracted, ethanol-precipitated, and resus-
of the respective probe) for 30 min. The filters were thepended in formamide loading buffer. One third was electrophoresed
autoradiographed and analyzed with a bioimaging analyzer (BA® an 8% polyacrylamide—8 M urea sequencing gel along with a
2000, Fuji Film Co.) and/or placed in contact with a Fuji X-raysequencing ladder using the same primer for the dideoxy sequencing
film and an intensifying screen and exposed af€7or 1-3  of a 8-genomic clone.
days. Selected recombinants that hybridized to the screening
probes were rescreened and purified. Phage DNA from ti&1 mapping

purified positive plaques was prepared by the bacteriopha

lysate method 16). Inserts were excised and subcloned im(gﬁ/ISSP—Luc was digested withindlll and treated with bacterial

pUC19 and pBluescript (Stratagene). Subcloned fragments Wéigaline phosphatase before digestion véthd. The Sma-

- ; oo dill fragment of 545 bp containing MSSP-1 promoter was
analyzed and intron lengths were determined by a combination'of L a5 i
restriction endonuclease digestion, Southern blotting, chgd—labelled With}>“PJATP and T4 polynucleotide kinase and

analysis, and nucleotide sequencing. PAC clones were obtaiﬁﬁsAusidgor alp@robe.rgytovfl)larsmlcl?l:lA i(ﬂlitgﬁ)tagd\;atehlabti"end |
from Genome Systems [St. Louis, MO; clone address probe (18 c.p.m.) were co-precipitate ethanol,

ded with 501 of hybridization buffer containing 80%
PAC-85-H1 MSSPgene 2), PAC-280-C1MSSPgene 1) and ;- oPene
PAC-320-C24 {ISSPgene 1)] after screening with a probeformam|de, 40 mM PIPES (pH 6.4), 400 mM NaCl and 1 mM

spanning exons II-IV, which was produced by PCR witlgDTA’ heated at 10@ for 8 min, and hybridized overnight at

| o > i -42°C. The RNA mixtures were then mixed with 40D of
tehxgsnescﬁ)gggg: ggg:rr? da:équ':ﬂeiiep azngllilgiévﬁrg é%ﬂgﬁgavv' ice-cold S1 nuclease buffer containing 0.25 M NaCl and 300 mM

sodium acetate, 3 MM Zng00ug/ml of salmon sperm DNA,
and 10 U S1 nuclease (Takara), and incubatetC 2for
30-60 min. The S1-resistant DNA hybrids were precipitated and

Nucleotide sequence analysis electrophoresed on a 10% polyacrylamide denaturing gel.

Nucleotide sequencing was performed both manually using t
chain termination method of Sangeal. (17) with a Sequenase
2.0 kit (US Biochemical Corp.) arBtaBest kit (Takara Shuzo The promoterless plasmid pGV-B (PicaGBheTOYO INK)

Co., Ltd.) and automatically on a model 373A DNA sequencserved as the vector backbone for all the luciferase expression
(Applied Biosystems) using a fluorescent dideoxy terminator kitonstructs. pMSSP-Luc: Nucleotide sequences of the PCR primers
In the case of thRISSPgene 1, nested deletions were performedised were 'SGCTCGAGGTCTAAACCATAGAAC-3 for

on appropriately double-digested subclones VE#dll for ~ MSSP-N and BGAAGCTTCATGAAGCTGGAAGGG-3 for
different time points, mung bean nuclease-treated, ligated aMBSP-C. After the PCR reaction with the above primers ok the
transformed inEscherichia colistrains DH& or C600. The clone containing the upstream region of MSSP gene 2 as a template,
resultant plasmids were sequenced with universal primers. T product was digested wihd andHindlll and was inserted to
determine the sequence of each exon and adjacent sequence dfit&Xhd—Hindlll sites of pGV-B. gX-Luc: The Xbad—HindlIl
MSSRyene 2, synthetic oligonucleotides corresponding to knowragment of pMSSP-Luc was first inserted toXbea—Hindlll site

cDNA and genomic sequences were used besides universbpBluescript SK(-). Th8ad—Hindlll fragment from the construct
primers (M4, RV, SP6, T3, and T7). was then inserted to tBad—Hindlll sites of pGV-B. aB-Luc: The

rIaéeeporter plasmids construction
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Figure 1. Organization of the humavSSPgenes. Physical maps of the hul®SPgene 1 A) and gene 2B) are shown. Exons (or homologous sequences,
respectively) are represented as black boxes. Regions in gene 1 homologous to sequences downstream of the putative polyadenylation signal in gene 2 are s
shaded boxes. Numbers above the boxes indicate exon numbersviSiSiAgene 2 transcripta. clones used in determining gene structure are shown below the
genomic map. The fragments B, C, E, F, G and H were used for genomic library screenings. Partial restriction maps of the two loci are presented for restriction en:
used in subclonings.

BanHI-Hindlll fragment of pMSSP-Luc was inserted to theprocedure 16), by incubation at 3 until a yellow colour
BanHI-Hindlll site of pBluescript SK(-). TheSad—Hindlll developed. The absorbance of the solution was then measured or
fragment from the construct was then inserted t&#de-Hindlll a double beam spectrophotometer at 420 nm. The luciferase
sites of pGV-B. AS-Luc: pMSSP-Luc was digested wBmaand  activity of the extract was determined by mixing standardized
the larger fragment yielded was self-anneal&P-puc: pMSSP- aliquots in a total of 2Ql lysis buffer with 10Qul of luciferase

Luc was digested witkhd andPst and the larger fragment yielded substrate (PicaGeHé, TOYO INK) in a vial. Inmediately after

was treated with Klenow fragment prior to self-ligation. mixing, the light intensities emitted by the samples were measured
on a luminometer (lumicounter ATP-300, Advantec Toyo Ltd.).
Cell culture and transient transfection Background luciferase activity was assessed in assays from parallel

) -~ cultures transfected with the promoterless plasmid pGV-B.
Human Hela cells were cultured in Dulbecco’s modified Eagle’s

Medium (DMEM) supplemented with 10% calf serum. figef  pNase | footprinting

the respective reporter plasmid angdof thep-galactosidase )

expression vector (0CMB-gal), carrying the cytomegalovirus The 259 bp fragment from —547 to —289 in the MSSP gene 2
(CMV) promoter, were co-transfected to the cells (60% confluenBfomoter was used as a probe for DNase | protection assays. To
by the calcium phosphate Co-precipitation met}iﬂj_ (Four to Create restriction enzyme sites at bOth ends, PCR was carried out
five hours after transfection, the cells were boosted with 2091 PMSSP-Luc as atemplate using primers of FtB@ESATC-

glycerol for 2-3 min at room temperature, then incubated for 48 ®TTGGTGCCAGGCGGCA-3 and FtN (5GCTCGAG-
CAACCGCGAGCCTGGG-3. The PCR product was digested

with Xhd andBanH|I, and inserted to th&hd—BanHI sites of
pBluescript SK(-). The fragment was excised and labelled at
The transfected cells were washed with PBS and lysed in teéher end with T4 polynucleotide kinase agdP]ATP. The
plates using 200ul of a detergent solution (lysis buffer labelled probe[@ x 10* c.p.m.) was mixed with HeLa nuclear
PicaGen&M, TOYO INK). The cell extract was then centrifugedextract (5, 10 or 1fg) in a buffer containing 10 mM HEPES
for 5 s in an Eppendorf microcentrifuge and the supernatant wgsH 7.9), 150 mM KCI, 1 mM DTT, 10 mM Mggll mM EDTA
collected. The transfection efficiency was normalized by and 2 mM poly(dl-dC). After incubation at 25 for 30 min,
[-galactosidase assay, set up in @l&ccording to the standard DNase | was added to finally 10 pbih the reaction. The reaction

Luciferase andp-galactosidase assays

IATG
gene 1 B |l om ™ ¥ [wm m..I_E, o | fm| oA |am|av]  xw
MESP-1 i m ™ ¥ || vEa ]E ® | |m] am | x| v
MSSP-2 | | ® m v v || vaa |B| x|« :-:l[ a0 | xm | ao uY ]
serd E i m o v || emp §| x| :-.1| xn .:-:n|| :n:v|:-:'.'|
human Y C1 in : m | w v W | vua [B| | || xm | xm | P
MSSP-3 ™ m | w v _'L': vip | B| ex (x| xn | xm ]| v

Vi .

Figure 2. Comparison of the exon compositions of the known MSSP-related cDNAs and the structurS8Rgene 1. ATG indicates the position of the start
codon in the MSSP-1 and MSSP-2 cDNAs.
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mixtures were kept a’C for 80 s, then denatured and separategerformed and yielded clones falling into three non-overlapping
in an 8% polyacrylamide denaturing gel. regions. As neither the screening of the placental genomic library
and of a human leukocyte genomic library with other genomic
fragments (F, G, and H) nor PCR amplification across the gaps using
genomic DNA as template proved a successful strategy for obtaining
the missing sections, a PAC library was screened with a probe
L . spanning exons II-IV. PCR and sequence analysis revealed that two
A human placental genomic library in EMBL3 SP6/T7 wasyf these clones belong to gene 1 (clone addresses PAC-280-C14 an
screened with labelled full-length MSSP-1 cDN# (sing the  pAC-320-C24) and one to gene 2 (clone address PAC-85-H1).
plague hybridization method. Three intense clones (A2, A24, anging exonic, intronic andal 5-flanking primers, it could be
A26) were isolated, subcloned and subjected to further analysis. TRgnonstrated that this clone encompasses at least the region from th
restriction analysis and the sequencing of the ends of the subclogesondecdRI restriction site upstream of exan (Fig. 1B) down
revealed that these clones represented two different genomic lggiexon VI, and the existence of the exgslland IV therein was
termedMSSPgene 1 (A2 and A26) ankiSSPgene 2 (A24)  confirmed. These exons had not been covered by the bacteriophage
(Fig. 1). Partial sequence analysis of therid of the genomic clone  ciones. Thus, a contig spanning the whole genomic locus of MSSP

A26 down to the uniqu€al site (223 bp downstream from the gene 2 was finally established with the overlapping bacteriophage
putative translation start in MSSP-1 cDNA) (Fig\) revealed an 5314 PAC clones.

intronless region identical to thé-énd of the MSSP-1 cDNA
(except for three mismatches) and indicated that this genomic clone
extends about 3.5 kb upstream of the start of the cDNA. Attemtharacterization of the humanMSSPgenes
to screen for a sequence homologous to the head sequence of scr2
(112) (exon bx in Fig.2) in the far distal Bregion of gene 1 with the The sequences in and around the exons dfi®Pgene 2 and
genomic fragment B (Fid.A) and by genomic PCR did not yield those of the junctions of bacteriophage and plasmid subclones were
the expected result. Following genomic Southern experimendetermined. The comparison of the sequence of the BS&R
showed the uniqueness of this sequence in the human genomgere 2 (Fig3) with those of the cDNAs published so far shows that
well as the uniqueness of another short region specific for MSSRH& humamSSPgene 2 is organized into 16 exons (including two
cDNA (10) (exon X in Fig2), missing in both MSSP-1 cDNA and alternative first exons, two optional ones and one with an internal
gene 1 (data not shown). The discovery of the co-occurrence of theplice site) (Fig2) and 15 intervening sequences, spanning a total
two stretches in one cDNA clone (MSSP-2) theoretically excludeaf more than 60 kb. The exons are distributed sparsely atehd 5
the possibility of the existence of a sequence homologous to the sof#he gene but rather densely at therfl (Fig1B). Their sizes are
head upstream of gene 1 (Y. rather small (Tablel). All the exon—intron junction sequences
Since A24 encompassed only the last eight exons of the hunw@mform to the GT/AG rulel@) (Table2). The sequence of the
MSSPgene 2 (FiglB), further screenings with genomic fragmentsknown exons coincides with those of all the known cDNAs, except
(C and E) and a fragment, containifg)0 bp of the Bend of the for some mismatches most probably introduced by cloning
MSSP-2 cDNA down to the uniqirst site (L0) (D series), were procedures or sequence misreadings.

RESULTS

Isolation of human MSSPgenomic DNA clones

Table 1.The sizes of exons and introns in the hukt88Pgene 2

Exon Length (bp) Amino acid positioA Intron Type® Length (kb)
la 132 -33t0-9 1 0 >13

1B =103 -31t0-9 1/B 0 >5

Il 110 2 - >5

I 176 (-8)1to51 3 2 >12

v 151 51 to 101 4 0 >0.5

\ 158 102 to 154 5 2 3

\ 80 154 to 181 6 1 13

Vil a(B) 116 (107% 181 to 219 (216) 7 0 (0) 2.0
VI 50 220 to 236 8 2 0.125
IX 94 236 to 267 9 0 2.8

X 48 268 to 283 10 0 0.892
Xl 51 284 to 300 11 0 2.9
Xl 111 301 to 337 12 0 14
Xl 81 338 to 364 13 0 17
XV 85 365 to 389 14 - 0.865
XV 287

aBased upon the humanSSPgene 2 sequence in Figure 3.

bIntervening sequence type is defined where type 0 indicates placement between codons, type 1 interrupts a codon between the first and second r
tide, and type 2 occurs between the second and third nucleotide of a codon (39).
CAlternative splicing sites (Table 2)
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Figure 3.Intronless sequences of the hut8SRyenes. The A residue which corresponds to the first nucleotide in the start codon of the MSSP-1 and MSSP-2 cDNA
(Fig. 2) has been assigned as residue +1. Exon—exon junctions are marked by vertical lines (a broken line for an internal/&plide Stéarking region of

exon b is linked to the sequences of the exandlland Il down to —1, which corresponds to the splicing pattern of the MSSP-2 cDNA (FR). R)gament of

the sequences of the humM8SPgenes. The sequence of gene 2 is composed by linkage ‘efiimkiBig sequence of exofd &nd the 3flanking sequence of exon

XV to the exon sequences of gene 2 spliced according to the pattern found in the MSSP-1 cDNA (Fig. 2), except for the insertion of the sequence of exon X. More
the positive part of gene 2 down to the polyadenylation signal corresponds to the MSSP-2 cDNA and can also be regarded as a continuation of A. Dots denote se
identity, and deletions are marked by dashes. The putative start codons (—93 and 1 for gene 1 (B), —209 and 1 for gene 2 (A or B, respectively), the stop codon
and two potential polyadenylation signals (1414 and 1469) are italicized. The 11 bp direct repeats flavii8S¢tleme 1 are boxed.
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Table 2.Exon-intron boundaries of the humisisSPgene 2

5

31

=3f=135 =/=134
exon Ia CAR GCC AMG:gtaaagggocgccggygaga introm i gtteoctretatttootggag: TTT GGA AGE axcon IX
=3f=25 -B/-24
axon IE CGC AAG CAG:gtgaggoygoggongggaan intron 1/2p tectgatotttgtittocaqiCAG TCT CTG exon III
-/-25 =B/-24
exon II CaAG AAA AAT:gtatgtataaatctteococtg intron 2 tockgatetetgttttocaqiCAG TCT CTG exon ITI
517192 1027304
exon IIX TGT CAR CC igtaagtagtagttgttocta intron 3/4 aacactotcttoctgttteag:CAL CAG GAM axon ¥
1545461 184/462
axcn V TTT GCT AG :tgtaagoctiotgoccaghct intron 5 totatttttattataaatag: G ATG GAA exon VI
1414541 1al/542
axen VI GIT TCT G :gtatgttgtitgtotgaaac intron & atttttctotgtttacttag: COC COC ACA axon VIIa/fB
ZLE/657 220/658
exon VIIe  GTG AGA CTTigtaagtcctttcettgaaact intron  7a tttotttototttoccatag: GOT GGA ATG exon VILI
216/648 2207658
axon VIIF (GAM GGA GAG!gtgagacttgtaagtcottt intron B titotttototttocorataq i GCT GGA ATG) exon VIII
236/707 2367708
axon VILI CaG ARC GG tqtabgtogttaaaataaatcc intron @ ggottttgtgtttgttetag) A TTT TAT axon IX
2677801 2687802
exon IX GOC TAC CAGigttigtacctitaggattog intron 5 ttaactttggtotgocttagGTG GCA ARG exon X
ZB3SAE 2E47950
exon X GCT ATC AAGigtaaatogoaatacattott intren 10 caaaatoctocotttiotagiGTG CRA AGT excn XI
3na/900 L7901
excn XI CaAG CAC COTigtaagttttttatottaaty intren 11 tectgtetecaactooceag 66T GOC GTG axon XIT
23771011 33871012
axon XII ACC GGA ACA:gtaggtggcaaataattatc intron 12 gaccteattettotttotagsTAC ATG CCT exon KIIL
IELF1092 36571093
exen XIII  CCT GTT GAG:gttggtagagaccatccagt intren 13 ttotgotthgtttgtigtag: GAG GCA AST exon XIV
-/1177 -41178
axon XIV ACT GTG AG :gtatgaqgggasasaggtottca intren 14 ctttratttttctoteccag: A TGT ACA axon XV

Exon sequence is presented in upper case letters and intron sequence in lower case.

The numbers identify codons within the coding sequence or the nucleotidesvi8&fRgene 2 in Figure 3, respectively.
The less common type introt8,Avhich only occurs in scr2 and MSSP-3, is in parentheses.

Table 3. Amino acid exchanges in the humd®SPgene 1

Number Position Nucleotide Amino acid Amino acid
exchange number exchange

1 -73 AGT - AGC -25 no

2 54 AGT - AGC 18 no

3 177 AAG - AAC 59 Lys— Asn

4 187 GAT - CAT 63 Asp-> His

5 361 GAG - AAG 121 Glu- Lys

6 427 TCC-GCC 143 Ser Ala

7 464 ATG-ACG 155 Met- Thr

8 494 ATT-ACT 165 lle- Thr

9 571 GCT-TCT 191 Ala- Ser
10 658 GCT-ACT 220 Ala- Thr
11 702 CAG - CAA 234 no
12 779 &CA-GTA 260 Ala- Val
13 864 (816) TG-TCT 288 (272) no
14 869 (821) AG-ACG 290 (274) Met Thr
15 900 (852) CC-CCC 300 (284) no
16 1061 (1013) GA - GAA 354 (338) Ala- Glu
17 1082 (1034) GTT-GCT 361 (345) Val - Ala

Nucleotides subject to exchanges are indicated in bold type.
The amino acid number and position identify codons within the coding sequence or nucleotidstsS&Rgene 2 (Fig. 3B), respectively. Differing values for the
MSSPgene 1 are shown in parentheses.

The completion of the sequencing of the coding region of theo effect on the amino acid composition of a possible gene
MSSRgene 1 and its 3lanking region down to the firdbd site product, whereas 12 nucleotide exchanges would lead to amino
(Fig. 1A) revealed that gene 1 is intronless. FigdBeshows a  acid exchanges (TabB, one of which would destroy an RNP
sequence comparison of the hurkE8SPgenes at the nucleotide consensus (M&°—Thrl%9. While there are neither insertions
level. TheMSSPgene 1 harbours five nucleotide exchanges withor deletions in the coding sequence, added or missing nucleo-
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AATCIREANTTTETC TARAD CATAIAN JATTATARIGIT <1651
Abal
AR T CT T AT T T T T AT T T T AR A TATC TTACTAMRCC TATTITARAATETIATCATATARALRTAATAACTS ~1601
cmd_DEIWAP_US6 NF-E1LSO0EBF WAP USE GATA-ITATAMdIa S US/AJIMLF
TTTAACRARAMTRATEC AT T AT TOAGT TIAATTTACC TTRTAC TATTARCARAAGR TCTTC AARRAMCCRARKTOACK <1511
GI-CSHI CH-H-mar
AR AR A S T TATTTARTAAC AAAC A CAGTTTTTTATTACKTTTTATTAGA TG TGO CRAAACCC TANTTTAAGGAT ~1441
HMF-5 Eis-1
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EXA

Figure 4. The B-regulatory region of the humMBSRyene 2. Nucleotides are numbered in the right margin relative to the transcription start site determined by primel
extension, 57 bp upstream from the translation start codon incefiteditized). Consensus sequences for selected putative transcription factors are underlined, with
abbreviations of the corresponding transcription factors shown below the sequences. Restriction enzyme sites are denoted in outlined letters and labelled. The se
complementary to the oligonucleotide used in the primer extension analysis is represented in bold letters. The start site of transcription is marked by a hooked
TG and GGA repeats are boxed. Intronic sequences are shown in lower case.

tides can be observed at the end of the region homologous to 8exjuence of the 'Slanking region of the MSSPgene 2

longest cDNAs (region 1402-1470 in FBR). The theoretical

length of 404 or 373 amino acids corresponds exactly to the sixecleotide sequence analysis of thesd of D26, containing

of the coding sequence of the correspondingly spliced product@f.7 kb of the 5flanking region, exond and part of intron 1
gene 2 or the MSSP-1 cDNA, respectively. Although consens(@own to the firsEcdRl site) (Fig1B) of theMSSRyene 2, shows
sequences for transcriptional factors were discovered in thigat this region is GC-rich and does not contain TATA and CAAT
5'-flanking region of gene 1, deletion studies with luciferasdoxes at their characteristic positions in relation to the transcrip-
constructs did not display any promoter activity, neither werton initiation site (Figd). However, it contains several consensus
specific bands detected by nuclease S1 mapping analysis (datasgafuences for transcription factor binding sites such as Spl and
shown). The discovery of the existence of flanking 11 bp dire&P-2. Two series of GGA repeats with sequence homology to the
repeats definitely confirmed that the hunvBSPgene 1 shares Epstein-Barr virus IR3 and a stretch of the Herpes simplex virus
all the characteristics of processed pseudog@feg?d). 2 genome were noted from —173 to —102, surrounding two
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potential PEA3 binding sites. Another intriguing element found f
in theMSSRgene 2 promoter is an alternating GT residues stretchg !

of 26 bp located between nucleotides —1001 and —976. A similal !
sequence has been found in thitelhking region of several other l,."'
genes 23-27). It has been suggested that such ‘TG element’ =2 ° - F
sequences may have a Z-DNA conformation and serve as al
enhancer elemenf2§). With the exception of these simple
sequence repeats upstream of exgnmnbne of the new DNA
sequence showed statistically significant similarity to those
already in GenBank.

]
S

t qu'.'ﬂu__l_!il i

L]

Mapping of the transcription initiation sites in the
5'-flanking region of the MSSPgene 2

To determine the transcription initiation sites in thdlabiking \
region of gene 2, primer extension and S1 nuclease mapping wet
performed. Primer extension using a 20 bp oligomer complementan h
to the sequence from position + 20 to +39 gave a major initiation !
site at A (Fig5A) localized 57 nucleotides upstream of the first

putative ATG initiation codon in exonl Accordingly, this base

was designated as +1 bp and corresponded td t#red%of the  Figure 5. Determination of the transcription start sites in tHéabking region
longest cDNAs human YC1 and MSSP-3 [unpublished clonéf the humarMSSPgene 2. &) Primer extension analysis. Total RNA from

; : _ ; ; HelLa cells was hybridized to & ®nd-labelled 20mer oligonucleotide
isolated along with MSSP Z'Q)] S1 mapping using the prObe corresponding to positions +39 to +20 in Figure 4. The primer was extended

spanning from _488_ to +61 re\{ealed Several_ Iniiation Sit€gith reverse transcriptase and analyzed by electrophoresis on a denaturing
including the +1 position determined by the primer extensiorpolyacrylamide gel (lane R). Sequencing of @eéhomic clone with this

analysis above (FighB), and the major initiation sites were nucleotide was used for calibration (lanes G, A, T and C). The start site of
nucleotide A at +11 and nucleotide A at +12. The Sequenc%anscription is marked by an arrow, and the corresponding nucleotide is

. T . - - indicated by a bent arrovB) S1 nuclease mapping. Total RNA was hybridized
surrounding the initiation sites matches nucleotides with the 1006’32 jabelled probe of the sequence spanning from —488 to +61, digested

consensus sequences defining an initiator eleragay. with S1 nuclease, and run on a denaturing polyacrylamide gel (sample). A
control reaction without RNA was also performed and similarly analyzed
. . . . (probe). The G and G+A reactions (Maxam-Gilbert chemical cleavages) of the
Functional analysis of the promoter in the 5flanking probe were run on the same gel in parallel as size markers.

region of theMSSPgene 2

l?.n

AP FEadnaEFrOd- I'Fl'.-h"il]-ﬂ T 7 T 0 e o e o0 B 0 o
a
-

To determine the region bearing an active promoter iIM8®P | footprinting analysis using HeLa nuclear extract (FjgThe

gene 2, various segments upstream from the gene were clomg@leotides from —473 to —431 in upper strand, and those from
into a promoterless vector pGV-B containing the firefly luciferase473 to —440 in lower strand, were protected from DNase |
gene and the constructs were examined for expression of the enzyfigestion by the proteins in HeLa nuclear extract. The protected
activity. The chimeric MSSP promoter-luciferase plasmids Wer%gment contains an Sp]_ recognition sequence, imp|ying the

introduced into HeLa cells by the calcium-phosphate transfectigfvolvement of Sp1 in the transcriptional regulation of the MSSP
method, and the luciferase activity of the cell lysate was assaygshe 2.

(Fig. 6). The transfection efficiency was monitoredBayalactosi-
dase activity due to the co-transfected plasmid containing ti§scussion
B-galactosidase gene driven by the CMV promoter. In preliminary
experiments, two constructs harboring large MSSP gene seggreening human genomic libraries with the MSSP-1 and
ments, starting at the secoBdnHI site upstream of exom] MSSP-2 cDNAs and several genomic fragments, clones from
yielded a reasonably high level of luciferase synthesis. The regitwo different genomic loci were obtained. Whereas the human
from —1709 to +61 were then tested for promoter activity (FigulSSPgene 1 turned out to be intronless, the organization of the
6A). When the sequence was deleted from upstream as farcagling sequence within gene 2 is more complex. Gene 1 has beer
position —1283 Xbd site), a higher level of promoter activity completely sequenced. The alignment of gene 1 with the
appeared than that due to the whole region, suggesting thgtstream region of the alternative first exdh dnd the
negative regulatory element(s) exist in the region from —1709 tiownstream region of the last exon of gene 2 shows homology
—1024. Deletion as far as the position —10B&4nHHl site) close to identity (Fig3B). Compared with the exonic sequences
decreased the luciferase activity, which implies positive element(@)gene 2 and the cDNA sequences known so far, including those
therein. The transcription activity was drastically reduced bgf recently published expressed sequence tags (EST) and that of
deleting the 292 bp fragment between —488 and —196. PositiMSSP-3, theMSSPgene 1 contains about 20 point mutations,
regulatory element(s) of importance were thus suggested to exisne of which interrupts the reading frame nor causes frame-
between the positions —488 and —196, where a cluster gffifts, which demonstrates that none of the cDNAs results from
consensus binding sites for various transcription factors includirggtranscript of this gene. The region of gene 1 which corresponds
Spl and AP-2 (Fig}) is located. to the cDNA sequences is bounded by 11 bp direct repeats, the
Potential protein binding to the sequence between —545 ahdmology between the two genes, however, extends even beyond
—369 in the MSSP gene 2 promoter region was tested by DNdkem. The 5direct repeat is surrounded by sequences related to
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Figure 6. Promoter activities of upstream regions of\f&SPgene 2. The schematic diagram represents the HU®8Rgene 2 promoter from —1709 to +61. The
numbers refer to the position of the ends of the construct inserts relative to the transcription initiation site. Restriction sites used for subcloning are also indicated.
cells were co-transfected with the indicated luciferase plasmids and g&jd\tuciferase activity is expressed as the average percentage of the chemiluminescence
count for each construct standardized by thafABfpuc (set at 100) after correction of transfection efficiency. Data represent the mean from at least three independer
transfection experiments.

exon B. The situation of the sequence around tliiréct repeat is  nuclease-sensitive sites. After the discovery of a second copy of
more complex. The homology between gene 1 and gene 2 in thés region in the human genome (ex@hit was realized that an
3'-flanking region continues beyond the putative polyadenylatiomdependent analysis of this region is impossible and that an
signal, spanning about 470 bp interrupted 8280 bp by a 299 bp optimal choice of the probe and an accurate interpretation of the
insert, which comprises the downstream direct repeat sequence. Témults has to await the determination of the pretisedof the

lack of this tract in gene 2 could be interpreted by its deletion imomology between the two genes and the functional analysis of
gene 2 rather than by its insertion in gene 1 after the formationtbe IB5'-flanking region. Since only the fortuitous placement of
gene 1. Interestingly, the bounding sequences of the gap show eetrosequence next to an active promoter could theoretically
high degree of homology. As long as no sequence data offexorrésult in transcription, the absence of deletions, insertions or
upstream of —200 in FiguBB are available, further homology in mutations to stop codons within the reading frame is only of
the B-flanking region cannot be excluded, either. The lack of aecondary importance. In the case of gene 1, even on the
poly-A stretch before the 8irect repeat might be due to reverseassumption that it may be transcribed at a very low level, which
transcription before its addition to the fully spliced RNA.cannot be ruled out completely, the mutation ¥ofet Thrld5
Negative Northern data, no hybridization of the homologoudisrupts an RNP consensus and most probably precludes
3'-flanking sequences to HelLa RNA, would support thigranslation of the putative transcript into a functional polypeptide.
hypothesis. The percentage identity to the mRNA at thim conclusion, although the precise reconstruction of its formation
nucleotide level is 98.6% considering only the coding sequencesay be difficult to accomplish, thdSSPgene 1 arguably shares

a typical value for a processed retrogene, suggesting that tilethe hallmarks of retropseudogenes.

MSSP gene 1 has arisen relatively recently in evolution. A setof recombinant DNA clones that contain the eNB&P
Commonly, the analysis of retrogenes does not go beyondgane 2 were isolated, and the gene 2 was shown to span more thal
sequence comparison. Experiments to demonstrate the lack66fkb and to contain a total of 16 exons (including two alternative
promoter activities or transcription sites are hardly performed. first exons), ranging from 48 to 287 bp. The intron sizes vary from
view of the absence of deletions, insertions or mutations to stodl to more than 13 kb. Theflanking region of th&1SSPgene
codons in the reading frame of gene 1, these approaches w2reontains a functional promoter: A relatively high promoter
considered necessary to provide further evidence for a finattivity was observed in the region from —488 to +61 (relative to
conclusion. Deletion series (from thé @nd the 3end) of its the transcription site), which can be divided into a sequence
upstream region were cloned upstream of the luciferase gene iasential for transcription (the region up to —196) and the other
vectors with and without the SV40 promoter, but never was arsequence necessary for maintenance of a high expression level
significant activity above background level obtained with construc{s-488 to —196). The complex patterns of transcriptional activity
of the SV40-promoterless series. An S1 mapping was startedohthe 5 deletion mutants suggests that both positive and negative
a very early stage, before the knowledge of the structure of geglements are involved in the regulation MSSP gene 2

2, assuming the uniqueness of theséguence of gene 1. We transcription. The presence of consensus binding sites for various
primarily obtained numerous non-specific bands due to Stanscription factors implies, but does not prove, their involve-
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A& uppor strand B lower strand conformational changes play a role in transcriptional regulation,
either as part of an enhancer or as part of a silencer. Additional
e i arhat | investigations by deletion analysis and site-directed mutagenesis
L . will be required to define more precisely tli®acting elements
R o B and trans-acting factors important in the cell cycle-regulated
—_—— —w—in expression of the humanSSPgene 2.
e Potential polyadenylation sequences (AACAAA and AAG-
- AAA) in the 3 end of the humaMSSPgenes differ from the
-+ P ad putative poly(A) signal AAUAAA. However, polyadenylation
= i . gy sites different from the canonical poly(A) signal have been
e | reported 84,35), suggesting that a perfect hexanucleotide
o i AAUAAA is not an absolutely essential element in the efficient
E'R - i polyadenylation of MSSP transcripts.
- _! I | . The divergence of the cDNA sequences at the point where the 5
e A LR < ; :
: | & o exons splice onto exon Il (or also onto exon Il in the case of exon
..,...;. -i-r* la) suggested that gene 2 might have an additidesdos located
— | somewhere upstream of exon lll. The 12 bp head sequence in the
== l:ﬁ MSSP-1 cDNA (corresponds to the region —25 to —36 irBBjy.
g — which is only slightly different from the 8nd of exon & (135 to
S —149 in Fig3A), also exists in gene 1. Assuming that the homology
= = between the two genes continues farther towards tred5an 18
— gy o bp primer homologous to the 12 bp and 6 additional bp in gene 1
— &= (—25 to —42 in Fig3B) was designed and used for sequencing the

— .:ﬂ PAC clone containing gene 2. Gratifyingly, this approach finally
resulted in the discovery of exofd 4nd extended the known scope
of homology between the tWwdSSPgenes up to —200 in FigB.

All cDNAs cloned so far are consequently not transcripts of different

NG ol genes but alternatively spliced products of the same gene. In other
e ; ey words, gene 2 encodes MSSP-1, MSSP-2 and MSSP-3, as well as
¥ Ll GECOOAGEETT %

i — scr2 and YCL.

Further studies will be necessary to pinpoint ex@ntd
perform functional analysis of it$-Banking region and to map
Figure 7. DNase | footprinting analysis of the region from —547 to —289 in ItS tran_scr_|pt|0n sta_rt site(s), although we could not detec_t_any
MSSP gene 2. Théhd (upper strand) or thiarrHI (lower strand) site ateither  transcript in the region upstream of exon 1l under the conditions
end was fabelled Apﬁfox'mate'y’elfo“ C.p.m. of either labelled probe was _;sed in this experiment. These should also include: a comparison
incubated with the nuclear extract of HeLa cells, partially digested with DNase - . . -
| and separated on a 10% denaturing polyacrylamide gel. A+G and G indicatgf the expressm'n patterns of &nd B transcripts; their rglaﬂ_ve
the positions of A and G residues of the fragment analyzed as determined @bundance {J‘t’[ dlffe_zren_t developmental stage_s a_nd/or in dlffer_ent
Maxam-Gilbert chemical cleavages. + or — shows the presence or absence tifsues; the identification of the set or combination of transcrip-
the npclear extract of HeL_a cells i_n DNase reacti_ons. The sequences bou_nd Bon factors for each promoter; and a comparison of their
proteins are indicated by lines beside the gel and in the lower panel of the f'gur%econdary structures. Thus, the meaning and importance of the
differential promoter usage could be determined. The differential

ment in the regulation of the promoter activity. The presence Hfilization of two alternative promoter sequences may even

overlapping binding sites (e. g. Spl, AP-2, GC-box etc. at _46850VIde a mechanism for translational regulatlon oleSiSP
suggests a balance activity of these transcription factors in differ&ftn® 2- Due to the non-excludable possibly non-coding nature of
physiological conditions. Among the putative binding sites, at lea€k0n b and B (all fusion proteins of MSSP usedimvito
the Sp1 binding site was protected from DNase | digestion by tRédies lacked the scr2 head sequence and started at +1 in Fig
nuclear proteins from HeLa cells, suggesting the involvement of SgIB), transcription initiation from both promoters might even

in the MSSP gene 2 transcription. Other notable features of tFeSult in identical protein products. Thus, the transcription under
nucleotide sequence in theffanking region of théSSPgene  the control of multiple promoters would result in an alternative

2 are the presence of a 26 bp TG repeat (TG-element) at positiicing of sequences within thelbl R, which might regulate the
—1001 to —976 and two series of GGA repeats from —173 to —1@Xpression of thb1SSPgene 2 at the translational level. Lastly,
Tandem repeat sequences of 2-5 reiterated nucleotides @@termining the sequence of the alternate candidate promoter in
frequently found in eukaryote genomes. The most common tyglee B 5-flanking region should reveal the precise range of
is the dinucleotide CA repeat which can appear in up %o 1t omology between the twdSSPgenes and should eventually
different locations, each of which contains up to 6@hp Their  allow the development of more specific probes to prove or
varying length provides a useful system for the generation dfsprove the possibility of a transcription of gene 1.

genetic markers which can be used for mapping and linkageAlong with the knowledge of the gene structure, the dissection
analysis 82). These elements can induce a conformationaif the structure and transcriptional activity of M8SPgene 2
change from right-handed B-DNA to left-handed Z-DNA andoromoter region reported herein will facilitate further study on its
negative supercoiling3@). It is not clear whether these regulation, thus contributing to a better understanding of the
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