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ABSTRACT

This report describes the isolation, sequencing and
preliminary characterization of the first 1 kb of the
5'-regulatory region of the human QM gene. This
region and the 5 '-half of the transcribed region of the
QM gene are enriched for C and G nucleotides with no
bias against CpG dinucleotides—indicative of a CpG
island. Several consensus GC boxes are present
within the sequence. Most are clustered at the distal
end, with one site present in the proximal 200 bp of the
promoter. Electrophoretic mobility shift experiments
and luciferase assays done in insect cells transfected
with an Sp1 expression construct suggest that most of
these sites can bind Sp1 or a closely related factor. In
addition, the promoter is shown to be responsive to
CcAMP via a response element (CRE) in the proximal
promoter. Studies with 5 '-end and internal deletion
mutants suggest that elements in the distal promoter
exert their positive effect through interactions with a
proximal element(s). Candidate proximal elements
include the proximal GC box and a 43 bp region between
a Kpnl site (at —182) and a Smal site (at —139).

INTRODUCTION

GenBank accession no. U37218

The function of QM remains obscure. It has been reported that
QM can bind to c-Junn vitro and repress c-Jun-mediated
transcriptional activation, suggesting that QM may be a novel
transcription factor4). However, as yet, na vivodata, such as
co-immunoprecipitation of c-Jun and QM from cell extracts, has
been presented in support of the obseimedtro association.
Moreover, subfractionation studies done in this laboratory
suggest that QM is located on the membrane of the endoplasmic
reticulum and not in the nucleus (T.M.Loftus and E.J.Stanbridge,
unpublished results). The yeast homolog of QM has also been
localized to the cytosolic compartment by immunocytochemistry
(5). Thus, the apparent association of c-Jun and QM may not be
physiological, although the formal possibility that QM translo-
cates to the nucleus under certain conditions, or in quantities
undetectable by the methods used, cannot be excluded.

Whatever the true role of QM, its normal function is critical to
eukaryotes. This is suggested both by its extreme conservation
across the animal, plant and fungal kingddthartd by the finding
that deletion of the yeast homolog@M is lethal in yeasty). Not
surprisingly QM appears to be expressed in all mammalian tissues
examined 1,6). However, the level oQM expression shows
considerable variation between different tissues, as well as within
tissues at different stages of developm&@)(In particular, there
appears to be an inverse correlation between the lev@Mof
expression and developmental stage. For example, Northern
analysis of normal mouse tissues from different stages of

The QM gene was first identified by subtractive hybridization as development revealed a decreaseQi expression in heart,
gene for which increased expression correlated with the non-tumddieney, liver and skin between embryonic and adult staes (

genic phenotype of a Wilms’ tumor microcell hybridl Southern

Moreover, the mouse homolog@M was isolated by subtractive

analysis showe®M to be a member of a large, multigene familyhybridization as a gene whose expression decreases 70% upor

in mammals1). QM is the only member of this family that is known differentiation of pre-adipocytes into mature adipocyfe®).(A

to be expressed. Other family members so far isolated appear to heid@lar reduction inQM expression was also observed in

arisen by retrotransposition events and may be pseudogenes. differentiating rat adipocytes3), In plants also, decreased
The QM protein is a highly basic, 25 kDa protein that shows rexpression ofQM is associated with differentiation into adult

significant similarity to any other known human proteins. Howevetissues®). Taken together, these findings suggesQiviimay have

QM homologs have been isolated from a diverse array of otharfunction in cell growth or differentiation. However, it remains to

species, encompassing not only the animal, but also the plant deddemonstrated whether the chang€irexpression are a cause

fungal kingdomsZ,3). Amongst these homologs there has beenr consequence of the changes in cell growth/differentiation. As a

striking conservation, such that even yeg8acCharomyces first step toward a better understanding of the possible mechanisms

cerevisiag and human QM are 70% identical at the amino acitbr regulating QM expression we report here on thetisala

level (2). Much of this conservation is within extensive domains o§equencing and preliminary characterization of thedulatory

similarity that stretch over the first 170 residues of the prdtgin ( region of humar@QM.

* To whom correspondence should be addressed
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MATERIALS AND METHODS and lysed in 300l of luciferase reporter lysis buffer (Promega). The

. . lysate was clarified by centrifugation, and the supernatant transferred
Generation of wild-type and mutantQM promoter to a new tube. The nuclear pellet was extracted for DNA and used
reporter constructs to standardize transfection efficiency. Luciferase activity of the

A luciferase reporter construct containiiy kb of sequence Supernatant was assayed using Promega’s luciferase assay systes
upstream of th€M transcription start site was generated in twgand @& Monolight 2010 luminometer (Analytical Luminescence
steps. First, a fragment extending fromrd site 995 bases Laboratories).

upstream of the transcription start site ©pal site in the second

exon was cloned into pGL2basic (Promega) atlittand blunted  Standardization of transfection efficiencies

Hindlll sites. This was done as a three-part ligation using
Xhd-Aatl fragment and adatl-Dpnl fragment. Ligation of the
Dpnl half-site to the filled-irHindlll site recreates Hindlll site.
Second, the construct generated in the first step (pGL2QM1)
opened withHindlll and Aatll, and the excised fragment further
digested to generate Aatl-Fsp fragment. This fragment was then
religated into the opened pGL2QM1 together with an oligom

a'QIH3T3 transfection efficiencies were standardized to the quantity
of luciferase DNA present in the nuclei of the transfected cells. To
vﬂg this, the concentration of DNA in one sample was determined
and the volume containingtg DNA calculated. This volume was
then taken from each sample and transferred to a nylon membrane
ytran; Schleicher and Schuell) using a slot blot apparatus

. . - s Schleicher and Schuell). The membrane was then probed using a
encoding from th&sy site to the fifth base of the first exon of QM, . 4 .
followed by aHindlll site. The sequence of this oligomer is: sens 5 kb fHindlll-Clal) luciferase fragment from pGL2basic that

- A ad been random prime labeléd)( After overnight hybridization
;trirgcmgi%%%%pé?géiaggggg?&A £Qgs:23eir$[téind,at 65 C, the blot was washed (once n2SC, 0.2% SDS for 15
nal deletion mutants were generated from this construct by digestf&liq at25C, once in 0.2 SSC, 0.2% SDS for 30 min atZ5and

with various resriction enzymes followed by reclosure of the vectd'c€ in 0-2 SSC, 0.2% SDS for 30 min at*%) and exposed to
(see Fig3). -ray film (X-Omat; Kodak). The resulting autoradiogram was

scanned onto a Macintosh 660AV computer using a Hewlett
Packard flatbed color scanner and densitometry was done on the
image using the program NIH Image 1.5f.

Sequencing was done by the chain termination mefhagifg For the insect cell experiments, luciferase activity was standard-
Sequenase 150(US Biochemical). The primers used were adzed to the quantity of total cellular protein in the luciferase extracts.
follows:

Sequencing

GL1, 3-TGTATCTTATGGTACTGTAACTG; Treatment with cyclic AMP
GL2, 3-CTTTATGTTTTTGGCGTCTTCCA, _ _ _ _
QM35, B-GTAAGAACCATAGAGTCCTGT:; Dibutyryl cyclic AMP (DBCAMP; Sigma) was solvated in 100%
QM2-53, 3-AGCACAGTGGAGTGGGAA: dimethyl sulfoxide (DMSO) and stored at <20 The drug was
QM2-35: 5 TTCCCACTCCACTGTGCT: ’ added to the cells at doses of 0.1-1.0 mM 36 h post-transfection.
QM3-35, 5-CGTTAACTGTGACAGACGTA; Cells were harvested 12 h later and assayed for luciferase activity
QM3-53’ B CTCTCAGAAATATACGTCTG: | as described above. Cells treated with 0.4% DMSO (the final
QM4-35: B GAGAAATCTCCACGGAGA: ' concentration of DMSO in the DBCAMP treatments) acted as a
QMS5-53, 5-CGGGTTGACAAAGGAACG. control.

Primers GL1 and GL2 are specific for the flanking vector sequences

(pGL2Basic). The remaining primers &# specific. Electrophoretic mobility shift assays (EMSAs)

» EMSAs were done using the following oligomers and restriction
Cell culture conditions fragments of th€M promoter as probes:

NIH3T3 cells were maintained in DMEM with 10% bovine calf 6C box consensus oligomet:afiicgatlc GGGGCGGGGCgage (Santa Cruz);
serum (Hyclone). SL2 (Schneider line 2) insect cells were culturétf box mutant oligomer, aitcgatc GGTCGGGGCgage (Santa Cruz);

in Shields and Sang M3 insect medium (Sigma) supplementE&E consensus oligomef;dgagattgccTGACGTCAgagagctag (Santa Cruz);
with 10% inactivated bovine calf serum. CRE mutant oligomer,&gagattgccTGTGTCAgagtag (Santa Cruz);

QM wild-type CRE, 5tatggtcaTGACGTCTgacagagc;

QM mutant CRE, BtatggtcaTGT&GTCTgacagagc.

For these oligomers, only the sense strand is shown. Upper case
For transfection, 4 10°P NIH3T3 cells or 5 1P SL2 cells were  nucleotides represent the binding site and underlined bases depict
plated in a 60 mm diameter dish and allowed to grow overnighutations. TheQM promoter restriction fragments containing
For each experiment, equimolar quantities of the various promofotential GC boxes wefest (at —925)Bgll (at —844),Fsp (at
constructs were used and the total mass of DNA was standardiz&66)-Pvul (at —702) andPvul (at —203)-Sma (at —139). The
between transfections using pGL2basic DNA. For the insect cglbsitions of these fragments are detailed in Figiré\ll probes
experiments, promoter constructs were transfected either in twere phosphorylated witly-P2P]JATP using T4 polynucleotide
presence or absence of the Spl expression vector pPaGSPhE  kinase (NEB) and purified over Sephadex G-50 columns. Restric-
pGL2promoter vector (Promega), which contains six Spl bindingpn fragment probes were dephosphorylated using calfiinges

sites from the SV40 promoter, served as a positive control for Splkaline phosphatase prior to being labeled. For each reaction, 6.5
activity. All experiments were done in triplicate. The DNA waspmol probe was labeled using TCi [y32PJATP (>5000
transfected by calcium phosphate precipitation, as previousGi/mmol) in a reaction volume of 38. Binding reactions were
described 11). After two days, the cells were washed with PBSdone by mixing Jug HeLa nuclear extract (Promega) witt0

Transient transfection and luciferase assays
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000-40 000 c.p.m. probe in a mixture containing 10 mM Tris, p

7.5,50 mM NaCl, 1 mM DTT, 1 mM NEDTA, 5% glycerol and Xho < 3 bp palindrome >
1 pg poly(dl-dC). The reaction volume wag2@Reactions were -595 | crogageaggatt TCeTCCCOTCOTTCCTGECA - ~AAGGACGOGAGGA ottt

incubated at room temperature for 15 min and then electro- -345 stuagegsae cqogecccac cracagaary grggacagat acctccagat
phoresed through a 6%, 29:1 acrylamide:bis polyacrylamide gel -8%% gceacttcee ceaggacogg cgegracter gogensciot cooaggatye

in 1x TGE (25 mM Tris base, 190 mM glycine, 1 mMpERTA) T843  rgeccadt L ReaRItoeiRggggecotec tiateaacga coceeagacy
at room temperature, with water cooling, f@rh at a constant 200 795 caccogady Gactettgas cacestesad Lagsaagdgc gacutaggRg

V. After electrophoresis, the gel was dried and autoradiographed. For 7% Btseecass cossaacase teatsoasag egpegoccan gacocasers
competition experiments the extracts were first incubated with - ;;;z?:::z: %;:::f::: zgzcgtgga: ::i::i:::: ::::f%%%
excess competitor DNA for 15 min. The probe was then added, and _s, geacqucast gLocgaacee toggtetona ggasacguuy atacggggi
the mixture incubated a further 15 min prior to electrophoresis. FOr  .sis togeteecag casggectan tocagcoter couatagsga satggtcte
Super—Shif[ eXperimentS W|th anti-Spl antiserum (1C6, Santa -85 Sooctecqye chocogggtt gacasaggan CIogugonch gatccoogta
Cruz), 1ug antiserum was mixed with the extract for 15 min at ~ -4a5 rggegerres cegeegagac cretagecta ga & cogagegeg
room temperature, prior to adding the probe. -395 groogagace CgrHCAAget CAGEgAcSS CTOPCEOted cogggages

-34% cacctagget acttteckil bthtocactot cagaaatata cgtatgrbcac

. ~29% agktaacggc aaagoctawy gonAgagtie tacgocsasy atggocagec
Seguence analysis
=243 gyaageqyec bhickogogac catghggoga agoocoatbe gtcagctggs

Analysis of theQM 5'-flanking region and transcribed sequence 7% &digiscose cctagtaens ostenceteigiguigggen catatactis
for G/C content and dinucleotide composition was done using the geracgeced 9aegcAnges coRMgAGCaY CRICHRCTAL SUCCAZIARE
program COMPOSITION 1(3). Sequence comparisons were TP fggnceses cgteencocy SOLremcag gactetasey cictracacy
done l’_lSing BLASTJ(4) AnalySi_S Of the_gregl’"atory regioln for 45 cgoagacaga ccgccta{tat aé’qccatgcg CAGUCOTAGY AgCgeCrort
potential transcription factor binding sites was done using DNA «6 TEgerT

Strider 1.2 for the Macintosh together with a database of Fing
transcription factor binding sites compiled by H.Mangalam (Departkey.__
ment of Microbiology and Molecular Genetics, University of set B TATA
California, Irvine). Az @
crE B
are B
RESULTS palindrame £

Isolation and sequencing of th€M 5'-regulatory region

Figure 1.Sequence of the first 1000 bp of @il 5'-regulatory region X) The
Several groups have mapped the hurtam gene to Xq28 sequence of th@M 5'-regulatory region from akXhd site at position —995

(6,15,16). In particular, Bioneet al mappedQM to a single  through to an engineerétindill site following the fifth base of the first exon
cosmid within a 450 kb contig stretching from@@PDlocusto s shown. Putative transcription factor binding sites are underlined according to
the color vision gened §). To clone th&)M promoter from this a scheme given in the key. The 33 bp palindromic sequence is also noted. Upper

case letters are used within this sequence to highlight bases that have direct
cosmid, a probe SpeCIfIC for thé-énd of genomiQM was counterparts in the palindrome. The two dashed lines were inserted within the

generated by PCR using primers that lie within the first and fnct}’balmdrome to facilitate its alignment. The TATA sequence is boxed and the
introns of the gene (DC1,-5AGGTCTGTTCTCGTCTTG and  transcription start site is given by an arrdB). A schematic representation of
DC2, 5- AATGTAGAGACTCCAACTGC) The a_mp||f|ed frag- theQM 5’-regq|atoryregion is shown. Putative transcription factor binding sites
ment was ‘TA-cloned into pCRII (Invitrogen) and BR00 bp ~ are noted as in the key.

fragment encoding from intron 1 through to M&l site in the

second intron was isolated by digestion Witii andEcadRl. This

fragment was used to probe restriction digests of the cosmid. Imhigher vertebrates, the ratio CpG:GpC is typidaly25 (L8).

this way, &Noti—EcaRI fragment that extendés kb 3 of theQM  In contrast, this ratio is close to 0.8 within the Qlnpoter and
transcription start site was identified and cloned into pBSKrises further to 1.2 over exons 1-2 (E8). Although G/C content
(Stratagene). Subsequently, a 1 kb fragment encoding fro@ils after exon 2, the CpG:GpC ratio remains highg) through
nucleotides —995 to +5 relative to the transcription start site wagon 4, where it returns abruptly to the more common figli: 2f
cloned into the firefly luciferase reporter vector pGL2Basidhe high CpG:GpC ratio of th@M promoter region was not
(Promega). This fragment was sequenced in both directions, withexpected, since a cluster of rare restriction enzyme sites had beer
the exception of the regiond the CRE (FiglA). The sequence mapped to the'®nd of the genel §,16). Indeed, the cosmid contig

of this segment has been published previodsglyand we found that contains th@M sequence was developed by looking specifi-
no differences between the published sequence and that descrigdly for sequences on the X chromosome that contain CpG islands,

here. as defined by both restriction mapping and the absence of
methylation on CpG dinucleotideka).
Sequence analysis The promoter sequence was screened for potential transcription

factor binding sites. This revealed several putative consensus GC
A striking feature of the sequence shown in Fidurés its high  boxes and AP-2 sites, expected in a G/C-rich sequence. Two putative
G/C content, which averages 65% over its length 9. GC boxes were also found in the G/C-rich region of the transcribed
Within the gene itself the percentage G/C falls, though at 52% séquence. In addition, a consensus cAMP response element (CRE)
continues to remain above the 40% average G/C content for #red a putative glucocorticoid receptor site were identified. There is
human genomé.(). In addition to the high G/C content, the usual canonical TATA box at position —28. However, no CCAAT box is
bias against CpG dinucleotides over GpC is not seenBjg. present; the CCAAT box is a commagulatory element in TATA
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A region contains two further putative AP-2 binding sites and the
b.70 remaining GC box. Activity then drops sharply to just 1-2% of
maximal activity upon deletion up to tBend site (—139), just 43
bp less than thi€pnl fragment. This segment contains a putative
glucocorticoid response element. Further reductions, ultimately
down to the region surrounding the TATA box have little further
effect. Interestingly, an internal deletion that remd&80 bp
between théwvrll site at —281 and th&atll site at —-99 generates
a promoter with only 1% of the activity of the 1000 bp construct.
While it should be borne in mind that this deletion does not retain
#1 1000 2000 3000 distance (bp) the distal elements in the same positions relative to the TATA box

fraction G/C

B as in the wild-type construct, it does suggest that the distal
elements alone are not sufficient to provide promoter activity.
Nonetheless, they do contribute considerably to it, as withessed
g by the effect of deleting therSt{l construct).
<]
Z“ Specific binding to the GC boxes

As discussed above, there is considerable loss of promoter activity

upon removal of the distal half of the promoter. This region is very

G/C rich and, as noted in Figufieand3, contains all but one of the

putative GC boxes. GC boxes bind members of the Sp1 family of

4 H-—1B QM Genomi transcription factors. Thus, it seemed possible that Sp1, or a related
34

+1 1080 2000 3000 distance (bp)

Structure

5 67 factor, acting through these sites might be responsible for the
transcriptional activity of this region. As a first step towards
Figure 2. Variation in G/C content and CpG:GpC ratio over thee§ulatory answering this question, we tested the ability of these sites to bind
and transcribed regions of &1 gene. ) A histogram depicting the variation  to such a factor. To do this, three restriction fragments were chosen
in G/C content across therggulatory and transcribed regions of@id gene. that together covered all but one of the putative GC boxes. These

(B) A histogram showing the ratio of CpG:GpC across thedulatory and . N _
transcribed regions of tiigM gene. For orientation, a schematic representation werePst (at 925)-Bg|| (at 844),FSH (at _866)PVUI (at 702)

of the QM genomic region is given below the histograms. In this, numbered@nd Pvul (at _20_3)5"“_3l (at —139). The positions of these
solid bars denote exons. fragments are outlined in Figudd. These fragments were gel

purified and labeled with432P]JATP as described in Materials and

Methods and used in EMSAs to determine if Spl or an Spl-like
box-containing promoters. Finally, a 33 bp palindromic sequenégctor could specifically bind to them. Two typical autoradiograms
was found at the very-Bnd of the region sequenced. Neither thisare shown in FiguéB and C. This shows that both feg—Pvul
element, nor the promoter as a whole, share any strong similaritysiad theSma-Pvul fragments bind a factor that can be specifically
other known promoter sequences, as determined by searchingdbghpeted by excess unlabeled consensus Sp1 oligomer, but not by
combined Genbank and EMBL databases using BLASY ds  an excess of a mutant Sp1 oligomer. No similar binding was found
detailed in Materials and Methods. The positions of all the putativging the Pst—Bgll fragment (Fig.4C). Moreover, under the

sites are detailed in Figuté and B. conditions used, no similarly migrating species is seen using a
labeled mutant Spl oligomer as a probe @gyand C). These
Serial deletion analysis of th&@M promoter results suggest that at least some of the putative GC boxes within the

o i i OM promoter can bind Sp1 or an Sp1-like factor that may contribute
To assess the contribution of various regions of the promoter to s activity of th€QM promoter.

overall activity, a series of-Bnd and internal deletion mutants was
generated using appropriate restriction enzymes. These constrygrs
(shown in Figure3) were transfected into NIH3T3 cells, and
promoter activity was measured as described in Materials aimd further investigate the potential functional role of Spl in
Methods. The results of this analysis are tabulated in F8jure regulating activity of th€@M promoter, the luciferase assays were
Fully 60% of the activity seen in the 1000 bp promoter fragmemépeated using SL2 insect cells, which lack endogenous Spl. In
is lost on deletion of the-“Bnost 460 bases of the promoter up tothese experiments, the varioQ#1 promoter constructs were
the uniqueStu site (at —533). This region contains five putativetransfected either in the presence or absence of an Sp1 expressiol
consensus GC boxes, four putative AP-2 sites and has the highesttor. The results are tabulated in FigBréogether with the
GIC content (FigdA and2A). The region containing the 33 bp results from the NIH3T3 experiments described above. In the
palindrome and the most distal AP-2 site at the Veen® of the absence of any exogenous Spl, the activity of all the promoter
sequence analyzed is not responsible for this activity, since losscohstructs is minimal. In contrast, addition of Spl results in a
this sequence alonB4gl construct, Fig3) does not result in any pattern of promoter activity closely resembling that seen in the
loss of promoter activity. In fact, loss of this region gives a mild bltlIH3T3 assays. In particular, a large drop in activity is seen with
significant increase in activity (>95% confidence by Student'semoval of the distal half of the promoter up toApd site, and
t-test), suggesting that it may have a repressor function. both theSma fragment (lacking all GC boxes) and thell-Aat|
Promoter activity declines further (60%) to 14% activity withinternal deletion construct (lacking the proximal GC box) have
removal of sequences up to fenl site at position —182. This little activity either in the presence or absence of Spl. Together

effect of Sp1 expression oM promoter activity
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QM promoter fragments Average promoter activity +/- SEM

3T3 cells SL2 cells#Spl  SL2 cells= Spt

TATA (-28)
E—1—F B 100.00 844 | 100.00 265 | 327 019
-1000 -800 ~600 -400 -200 +1
I 12027 621 | 134.64 345 | 3.88 034
Pst1(-925)
o 36.27 340 N.D. N.D.
I 20.81 680 | 38.88 641 | 3.00 019
Apal(-462)
LOAN —_— 22.49 120 | 2137 229 | 1.77 08
spt1 AvrH (-281)
a2 B 14.01 o070 N.D. N.D.
CiE E KpnI(-182)
GRE ﬁ m 2.15 050 3.56 0.15 0.83 007
palindrome mal(139)
— 1.59 030 291 024 | 0.76 024
Aat 11 (-99)
— 1.10 020 N.D. N.D.
BssH H (-48)
I 1 T .88 0.10 5.09 050 2.50 o.03
Xho I (-995) Avr IL(-281) Aatl (-99)
2.47 020 N.D. N.D.
{ Pst1(-92%) BssH I (-43)

Xho I (-995)

Figure 3.QM 5'-regulatory region deletion mutants and promoter activity in NIH3T3 and SL2 cells. The Vaendsfd internal deletion mutants generated from

the 1000 bp promoter fragment are shown below a schematic of the region. Putative transcription factor binding sites and the position of the 33 bp palindrom
shown, as detailed in the key. Figures in parentheses give the distance in bases of the various restriction sites from the transcription start site. All sequences end fo
the fifth base of the first exon in thiindlll site of pGL2Basic, into which all the fragments were cloned. The activities of the various promoter constructs in NIH3T3
and SL2 cells, as a percentage of the luciferase activity obtained with the 2XI8® foagment, are tabulated to the right. For each construct, the ayeBadé

activity derived from triplicate assays is shown. Assays in SL2 insect cells were either in the presence or absence of exogenous Sp1l, as noted in the table. For the I
experiments, transfection efficiencies were standardized between samples to the amount of luciferase DNA in each sample. For the SL2 experiments, transf
efficiencies were standardized to total cellular protein. N.D., not determined.

with the EMSA data, these data strongly suggest that the GC bosesimilar band pattern with a HeLa cell nuclear extract. In both cases,
identified are functional Spl binding sites and that synergye upper doublet can be competed by either excess consensu:
between the distal GC boxes and an element(s) in the proxinmigomer or excess wild-tyggM oligomer. However, neither excess
promoter is important for promoter function. mutant consensus oligomer nor excess m@ahtoligomer can

Interestingly, thést fragment (lacking the palindrome sequence)compete this binding. Moreover, the upper band of the doublet is not
still shows significantly greater activity than led fragment, seen in shifts done using the mut@h oligomer as the probe.

as was seen in the NIH3T3 experiments. Based on previous studies9), we suspect that the upper band
represents CREB/ATF dimers and the lower band CREB/ATF
QM transcription can be induced by cAMP monomers, which bind to the CRE half-site with low affinity. The

_ _ mutantQM CRE retains an intact half-site and thus should be able
As mentioned above, there is a near-consensus CRIBL&- 1o bind CREB/ATF monomers. Together these data suggest that the
GTCT-3) in the proximal region of tH@M promoter (position—-99 QM CRE is able to bind members of CREB/ATF family and that
with respect to the transcription start site). We have obtainegtivation of these via cAMP-dependent phosphorylation mediates

evidence thaM transcription is responsive to CAMP through thisthe increase iM transcription in response to cAMP.
site. As shown in Figuré, the 1000 bp promoter fragment is

responsive to the CAMP analog DBCAMP at doses 0f5 mM.

This effect is not seen with DMSO alone, used to solubilize th%lSCUSSION

DBcAMP. The effect of DBCAMP (0.5 mM) was also tested on th&he humarQM gene has been mapped to a single cosmid within a

various deletion mutants. As shown in Figbfeand B, deletion 450 kb contig on Xg28 that was generated by probing an

up to theSmad site (position —139) does not block the response t#%g28-specific cosmid library with probes for CpG islaridd.(In

DBcAMP. However, deletions that remove the CREaf], all cases, the CpG island probes mapped to'thrds of genes

A(Avrll-Aatll) and AAatll] result in a loss of responsiveness (Fig.contained within the contidl6). For QM, the presence of a CpG

6B and C). Significantly, thAAatll construct (in which the CRE island was inferred by the presence of a cluster of rare restriction

alone was destroyed by opening the promoter construct at thezyme sites'®f the genel(5,16). The sequencing data presented

overlappingAatll site, blunting by fill-in with Klenow fragment here shows that th®M promoter, as well as the first 1 kb of

and reclosing of the vector) has the same basal activity as thenscribed sequence, is G/C rich (averaging 65% G/C) and lacks the

wild-type promoter yet fails to respond to DBCAMP (F&@). usual bias seen against CpG dinucleotides. This confirms the
The functionality of the putative CRE was also assayed hyresence of a CpG island at theid of theQM gene.

EMSA. As shown in Figur@, both a labeled consensus CRE It has been estimated that up to 50% of all human genes are

oligomer and an oligomer encoding the wild-tg) site produce associated with CpG island®)}f. Most of these are housekeeping
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Figure 5. Dose-response characteristics of the 1000-tgn&ilatory fragment

to DBcAMP. Histogram showing the response of the 1000'{bpgsilatory
region to DBCAMP. Each treatment was assayed in triplicate and average
activities are plotted. Error bars represent SEMs. Treatments with DBCAMP
were for 12 h with 0.1, 0.5 or 1.0 mM DBcAMP.

Figure 4.Binding to GC boxes in th@M promoter. EMS assays showing the

binding of Spl or a related factor to regions of @ promoter and to a

consensus Spl oligomeA)(A schematic of th€M promoter showing the

positions of the GC boxes (numbered 1-6) and the three restriction fragmentsnd why the islands of tissue-specific genesdegipbin) remain
used in the EMSAsB) EMSA. Sp1 consensus oligomer (lanes 1-4); mutant unmethylated even in tissues where they are not expressed.
Spl oligomer (lanes 5-6QM Pvul-Sma fragment (lanes 7-10QM . . . .
Fsp—Pvul fragment (lanes 11-14). Free probe (lanes 1, 5, 7 and 14); probe + An mfterestlng feature of many genes associated with CpG
extract only (lanes 2, 6, 8 and 11); extract +80labelled consensus Sp1  islands is the lack of TATA and CCAAT box sequences. The lack
oligomer (lanes 3, 9 and 12); extract + 25@labelled mutant Sp1 oligomer  of a TATA box in these promoters results in a wide variation in the
(lanes 4, 10 and 13CY EMSA. Sp1 consensus oligomer (lanes 1-4); mutant position of transcription initiatiorQ(S). TheQM gene, however,

Sp1 oligomer (lane 5PM Psi—Bgll fragment (lanes 6-9). Free probe (lanes : o ot : :
1 and 6): probe + extract only (lanes 2, 5 and 7): extract » @s@belled retains a TATA box and initiates transcription from a single site

consensus Sp1 oligomer (lanes 3 and 8); extraqig-3p1 antiserum (1C6;  (1)- Likewise, the promoter for triose phosphate isomerase (TPI)
Santa Cruz) (lane 4); extract + 25@nlabelled mutant Sp1 oligomer (lane 9). iS also G/C rich, but has both TATA and CCAAT boxes and
The positions of GC box-specific shifts in (B) and (C) are denoted by the solidnitiates transcription from a singlée 6). The mechanisms that
black arrow heads. In (C) the Spl-specific supershift is marked by a graysnaple some G/C-rich promoters to function in the absence of a
arrowhead. TATA box remain to be defined. The importance of GC coritét (

and the presence of long palindromic sequences in the region of
genes, all of which have CpG islandg)( However, 40% of all transcript initiation 28) and polypurine/polypyrimidine tractg&9)
sequenced tissue-restricted genes ¢(egjobin) are also asso- have all been proposed. It would be interesting to determine if the
ciated with CpG islandd.{,22). Whereas bulk vertebrate DNA TATA boxes in G/C-rich promoters such as thoséerandTPI
is highly methylated, CpG islands are almost never methylatedaat functionally redundant or still required for efficient transcription
cytosinesin vivo (except on the inactivated mammalian Xof these genes. If the TATA box is required, then comparison of the
chromosome and, in some instances, of imprintihg3). Thus, difference between TATA-less and TATA-containing G/C-rich
CpG islands appear to be remnants of ancestral invertebrate Ddmoters may yield insights into the mechanism of TATA-indepen-
which, unlike vertebrate DNA, is mostly unmethylated atlent transcription in G/C-rich promoters.
cytosine residues and shows no bias against CpG dinucleotide€onsistent with its high G/C content, there are multiple putative
(23). It is the methylation of CpG within the vertebrate genom&C boxes within th€M promoter. These are binding sites for
that accounts for the observed paucity, since 5-methylcytosinenieembers of the Spl family of transcription factors. InQive
prone to mutation via deamination to thymidir&})( Thus, promoter, most of these sites are clustered in'thalbof the
methylated CpG dinucleotides become replaced over time Bgquence, which is the most G/C rich. The clustering of distal GC
TpG and CpA dinucleotides. By remaining unmethylated, Cp®oxes is quite commoB(). In addition, a single GC box is often
islands escape this mutational loss and so are not biased agdmsnd in the proximal promoteB(), as is seen here 1M (Fig.
CpG. Why vertebrates should have methylated most of thef). Synergism between adjacent Spl sites, as well as between dista
DNA except for these short stretches that overlap’tbads of and proximal sites, can occur through the formation of multimeric
many genes remains unclear. Their localization to'tbads of Spl complexes, dependent on activation domains in38pITrhis
genes is provocative. However, it is not clear whether transcriptionay be occurring in tH@M promoter. Deligon analysis shows that
at these sites is the result or the cause of the lack of methylatitime region containing the distal GC boxes accounts for 60% of
Thus, it remains to be explained why only some genes have islafidsal transcription activity. Moreover, an internal deletion
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Figure 7. Binding of CREB to the CRE in tf@M promoter. EMSA showing
the binding of CREB to the CRE in tigdvl promoter and to a consensus CRE
Xhol AAatll oligomer. Consensus CRE oligomer (lanes 1-6); wild-@MeCRE (lanes

7-9); mutanQM CRE (lanes 10 and 11). Free probe (lanes 1 and 10); probe +
extract only (lanes 2, 7 and 11); extract +>25@labelled consensus CRE

Figure 6. Effect of DBCAMP on the activity of various deletion mutants. oligomer (lanes 3 and 8); extract + 250nlabelled mutant CRE oligomer

Histogram showing the response of various deletion mutants dDhe (lanes 4 and 9); extract + 25Qnlabelled wild-typ@M CRE oligomer (lane

5'-regulatory region to 0.5 mM DBCAMP for 12 h. Each bar represents an 9); €xtract + 258 unlabelled mutar@M CRE oligomer (lane 6) The dimeric

average of triplicate assays. Error bars represent SEMs. Activities are given a§REB complexis denoted by a solid black arrow head. The lower most pair of

percentage activity relative to the 1000 bp fragment in the absence of DBcAMPPands appear to be non-specific.

(A) Kpnl fragmentt DBCAMP. (B) Sma, Aatll and A(Avrll-Aatll) mutantst

DBcAMP. (C) Full-length Xhd) fragment and\Aatll mutant+ DBCAMP. For

each experiment, gray bars represent activity of the untreated control and bla . e L g ..
bars represent the activity following DBCAMP treatment. ?—ﬁg. 4A) did not show GC box-specific binding. Thus, this site may

not be functional. From the present data, it is not possible to
determine which GC box(es) in tHespg—Pvul fragment is
[A(Avrl-Aatl) construct] that removes proximal sequences, inresponsible for the binding seen with this fragment. Interestingly, all
cluding the proximal GC box, results in almost no activity fronthe QM promoter GC boxes, except the non-functional distal-most
the promoter, even though the distal GC boxes remain. This welement, share the same core sequerneBGBCGG-3. This
the case in both NIH3T3 and SL2 cells transiently transfectestquence, recognized by the second and third zinc fingers of Sp1 anc
with an Spl expression construct. One caveat, however, is thelated proteins, is the most critical determinant of bindiigy (
this deletion alters the spacing between the distal elements andThes, it is possible that all of these sizs5] are functional. Work
TATA box. It is possible that other elements may also be involvazhgoing in the laboratory will address this question. Although our
in the apparent synergy between proximal and distal elementsgel shift competition experiments demonstrate specific binding to
particular, the 43 bp region betweenklpal site at —182 and the theQM GC boxes, we were unable to identify the factor binding to
Sma site at —139 seems to be important. This region is also losttilese sequences in the gel shifts. However, the results of the
the A(Avrll-Aatll) construct. Moreover, while deletion up to the promoter activity experiments obtained using insect cells not only
Kpnl site removes all GC boxes, the promoter still retains sonwnfirm the functional role of the distal and proximal GC boxes in
15% of its full activity. Yet, this is all lost when the promoter isregulatingQM transcription, but also support the argument that Sp1
further deleted up to th8ma site (see Fig3). Finer deletion is able to transactiva@M promoter activity through these sites.
analysis, site-directed mutagenesis and EMSAs should furtheThe QM promoter was found to be responsive to cAMP.
resolve the functions and interactions of these elements. Sequence analysis revealed the presence of a near-consensu
Additional support for the functional activity of at least some oCRE in the proximal promoter'(3GACGTCT-3), as well as
the GC boxes has come from gel shift analysis using variofige putative AP-2 sites. Responses to cCAMP can occur through
restriction fragments of th@M promoter (presented in Fig). and  both types of site30). In the case of th@M promoter, only the
from luciferase assays done on the promoter fragments transfed®RIE appears to respond to cAMP, since deletion of this element,
into insect cells in the presence or absence of Spl3jFihe alone, abolishes the cAMP response. In contrashddeletions
EMSA studies revealed GC box-specific binding both to thef the promoter that remove the AP-2 sites but which retain the
proximal GC box (box 6, see Figh), present on #vdl-Sma  CRE do not affect cCAMP responsiveness. Gel shift data further
fragment, and to aRspg—Pvul fragment covering GC boxes 2—4. support the functionality of tf@M CRE. The wild-typ&M CRE
A Pst—Bgll fragment containing the most distal GC box (box 1, segenerates an identical pattern of shifted complexes with nuclear

o
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