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ABSTRACT. HMGAZ2 is an architectural nuclear factor which plays an important role in development and

tumorigenesis, but mechanisms regulating its exp
of the mouse and human genes coding for HMGA2

ression are largely unknown. The proximal promoters
contain a conserved polypyrimidine/polypurine (ppyr/

ppur) element which constitutes a multiple binding site for Spl and Sp3 transcription factors. In the

present study we report that this region can adopt

a single-stranded DNA conformation, as demonstrated

in vitro by S1 nuclease sensitivity on supercoiled plasmids, indicative of an intramolecular triple-helical

H-DNA structure. Moreover, we find that PTB (pol

ypyrimidine tract binding protein), a member of the

hnRNP family, binds the pyrimidine strand Binga2as well as similar ppyr/ppur elements of the c-Ki-

ras (R-Y) and cmycP1 promoters. Transfection experiments indicate that non-B-DNA conformers of
the ppyr/ppur tract of thélmga2promoter contribute to positive transcriptional activity. We propose a
transcriptional mechanism, acting on thdmga2 non-B-DNA structure and functioning through
interconversion between double-stranded and single-stranded DNA, that seems to be adopted by an
increasing number of genes, mainly growth-related.

HMGA?2 is a member of the HMGA family of non-
histone chromatin-associated proteins which function as
general transcription factor&)( Three proteins of this family
are known, two of them are HMGAla and HMGA1b,
together reported as HMGAL, because they originate by

responsible also for the correct timing of enhanceosome
assembly and disruptior,(5). They function as structural
factors in protein complexes that modulate the transcription
of a growing number of genes such as tumor necrosis factor
B, E-selectin, insulin receptor, and several othérs6( and

alternative splicing of the same gene and the third componentreferences therein). HMGA2 has been shown to have the

is HMGAZ2, which arises from a different but related gene
(2, 3). All three HMGA proteins share a triplicate common
DNA binding domain, called AThook that interacts with
the minor groove of AT-rich DNA sequences)(

HMGAL proteins are essential structural components of
inducible transcriptional multiprotein complexes and, as
has been shown for the gene of humamnterferon, are

T This work was supported by grants from Associazione Italiana per
la Ricerca sul Cancro (AIRC), Milano, Italy, by Ministero della Ricerca
Scientifica e Tecnologica, Roma (MURST), Italy (Grant 9806279300),
by ASI (Grants ARS-99-47 and I/R/129/00), and by the Univerdita
Trieste, Italy.

* Address correspondence to this author at the Univedsitdi Studi
di Trieste, Dipartimento di Biochimica, Biofisica e Chimica delle
Macromolecole, via Giorgieri, 1-34127 Trieste, Italy. Phone: 39-040-
6763675. Fax: 39-040-6763694. E-mail: manfiole@univ.trieste.it.

* Present address: International Centre for Genetic Engineering and
Biotechnology, AREA Science Park, Padriciano 99, 34012 Trieste, Italy.
! Abbreviations: HMGA, high mobility group A; bp, base pairs;
ppyr/ppur, polypyrimidine/polypurine; NSE, nuclease-sensitive element;

EMSA, electrophoretic mobility shift assay; TBE, T+iborate-EDTA
buffer; EDTA, ethylenediaminetetraacetic acid; HNBF, single strand
Hmga2NSE 1-binding factor; PNK, polynucleotide kinase; RTase,
reverse transcriptase; GST, glutathidghransferase; hnRNP, hetero-
geneous nuclear ribonucleoprotein; PTB, polypyrimidine tract binding
protein; SDS-PAGE, sodium dodecyl sulfatgolyacrylamide gel
electrophoresis; SV40, Simian virus 40; CMV, citomegalovirus; Sp1,
specificity factor 1; CTF/NF-1, CAAT-box binding transcription factor/
nuclear factor 1; TFO, triple-forming oligonucleotide.

10.1021/bi0116660 CCC: $22.00

same role as a transcriptional modulatd@). (Given that
HMGA proteins are responsible for the correct three-
dimensional configuration of proteifDNA complexes, it

is not surprising that they play a key role in important cellular
processes, such as proliferation and differentiation, and
recently also a link to apoptosis of leukemic cells has been
reported 8).

HMGA proteins are expressed at high levels both in
transformed cell lines and in tumors having different origins,
while in normal adult cells they are not present or only barely
detectable §—11). This correlation is so consistent that
elevated levels of HMGA proteins have been suggested as
diagnostic markers of malignant transformatidi-{15).
Direct evidence that HMGA participate in the oncogenic
process was first provided when the expression of antisense
HMGA2 RNA was shown to prevent retrovirally induced
neoplastic transformation of rat thyroid cellsgf, and very
recently the oncogenic properties have been extended to all
three members of the HMGA familyl{). HMGA2 dys-
regulation, as a result of specific chromosomal rearrange-
ments, is also being identified in a variety of common benign
mesenchymal tumors, such as lipomas and uterine leiomyo-
mas, making theHMGAZ2 gene probably one of the most
frequently rearranged genes in human neoplast@. (
Transgenic mice expressing a rearranged form of HMGA2
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develop lipomas with high incidence, demonstrating a direct
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Enzymatic Probing of Non-B-DNA Structuré&ix micro-

role of the protein in the development of these neoplasias grams of plasmid DNA was digested in a final volume of

(19, 20).
The importance oHmga2in proliferation and differentia-

100uL of S1 incubation buffer with 5 units of S1 nuclease
(Roche Molecular Biochemicals) for each microgram of

tion during embryogenesis, with special regard to the adiposeDNA at 45 °C for 25 min. The DNA was extracted with
tissue development, has been confirmed in vivo since phenot-chloroform to remove S1 nuclease and precipitated

genomic loss oHmgaz2gives rise to thgpygmyphenotype
in mice 1), implicating this gene in the control of fat cell
proliferation and the regulation of obesitg2).

with ethanol. The Sl-treated DNA was digested with the
appropriate restriction enzyme, and after ethanol precipitation
the digestions were analyzed by electrophoresis on 6%

To define the molecular mechanisms responsible for its polyacrylamide gels. DNA was blotted onto a nylon mem-
regulation, we have previously isolated and characterized thebrane (Genescreen NEN, Du Pont), and the filters were

genomic DNA of the mousklmga2gene 8) and identified
its promoter region43). One of the most striking findings
obtained from the analysis of thdmga2promoter sequence

hybridized with radiolabeled oligonucleotide AR17 (from
+69 to+47) under standard conditions. Filters were exposed
to an X-ray film (Hyperfiim MP, Amersham Pharmacia

was the presence of a segment of 60 bp with an unusualBiotech) using intensifying screens.

sequence composition of one strand containing only pyri-

High-Resolution MappinglTwelve micrograms of super-

midine residues and a complementary purine-rich strand coiled plasmid BaP was treated with 12 units of S1 nuclease
(ppyr/ppur). This segment resides just a few base pairsin 200uL of S1 incubation buffer at 48C for 5 min. After

upstream of the major transcription initiation site and is
highly homologous to a region present in the epidermal
growth factor receptor (EGF-R) promoter as well as in the

phenot-chloroform extraction and ethanol precipitation the
DNA was digested wittHindlll. Half of the digestion was
treated with 2.5 units of calf intestinal phosphatase (Amer-

5' flanking sequences of other growth-related genes including sham Pharmacia Biotech), pherachloroform extracted,

c-myc, insulin receptor (I-R), androgen receptor (AR), c-src,
c-Ki-ras, transforming growth factor (TGIBB, and platelet-
derived growth factor (PDGF) A-chain, where it constitutes
a functionally significant elemen24—31). In particular, this

ethanol precipitated, and labeled with 10 units of polynucleo-
tide kinase (Epicenter Technologies) usinegffP]ATP (3000
Ci/mmol, NEN Life Science Products)ifd h at 37°C. The
other half-digestion was labeled at the=Bds using 20 units

element has been shown to be essential for gene activity, toof M-MuLV reverse transcriptase (Roche Molecular Bio-

interact with transcriptional regulators, to adopt non-B-DNA
conformations, such as triple-helical H-DNA, and therefore
to be sensitive to S1 nuclease in vitro.

In this report we identify two nuclease-sensitive elements,
NSE 1 and NSE 2 in thelmga2promoter region, of which
NSE 1 is centered within the ppyr/ppur tract. A detailed
analysis of NSE 1 by high-resolution mapping and EMSA
suggests an intramolecular triple-helical H-DNA conforma-
tion of this tract. Moreover, we find that PTB (polypyrimi-
dine tract binding protein) binds not only to the polypyri-
midinic strand of thedmga2promoter but also to other ppyr-
containing sequences from the mouse c&S-and human

c-myc P1 promoters, suggesting a common mechanism of

chemicals) with §-3?P]JdCTP (3000 Ci/mmol), and then cold
dATP and dGTP were added to fill in only the first three
positions of the protruding extremities of thidindlll
fragment, in 1QuL final volume at 42°C for 1 h. Finally,
both reactions were treated wipé and loaded on a 1%
agarose gel to recover the690 bpSpé—Hindlll fragment
of interest. The same procedure without initial S1 nicking
was performed as a control. A total of 5000 cpm of the four
different Spé—Hindlll fragments was then separated on a
6% sequencing gel, dried, and autoradiographed. The soft-
ware Quantity One from Bio-Rad was used for the quantita-
tive analysis of the results.

Electrophoretic Mobility Shift Assay of Triplex Formation.

regulation for these genes. Finally, transfection assaysOligonucleotides used in triplex-forming assays were as

indicate a positive role of this non-B-DNA structure in
transcription activity.

EXPERIMENTAL PROCEDURES

Recombinant Plasmid ConstrucBaP, 4P, HaP, and AaP,
containingHmga2regulatory regions cloned upstream of a

follows: T(A)s, 3-GCCTCCTCCTTTCCTCCTCCTCCTC-
3 (from —84 to —62); T(A)as, 5>GAGGAGGAGGAG-
GAAAGGAGGAGGC-3; T(BC)as, 5>GGAGGAGGAA-
GAGAGGAGGAGGA-3 (from —60 to —38); GAS3, 5-
TGGGGAGGGTGGGGAAGGTGGGGAGGAGAATT-3
For EMSA the labeled oligonucleotide T(A)ds had first

luciferase reporter gene of the pGL2 basic vector (Promega),to be PAGE-purified. Briefly, 15 pmol of both sense T(A)s

were previously describe@38). Mutant constructs-63mut,
—45mut,—38mut, and-24mut were constructed as follows:

and antisense T(A)as oligonucleotides was labeled with 20
pmol of [y-*?P]JATP (3000 Ci/mmol) and annealed. The

supercoiled plasmid BaP was treated with S1 nuclease andvhole probe was separated on a 15% native PAGE, and

afterward was cleaved witlspé (Amersham Pharmacia

duplex oligonucleotide T(A)ds was recovered from the gel

Biotech). The resulting products were separated on a 1%by the crush-and-soak method. For triplex formation 100
agarose gel, extracted, and purified, and their extremitiesfmol (5 x 10° cpm) of T(A)ds was mixed with increasing

were blunted with T4 DNA polymerase and religated. After
transformation of Escherichia coli (DIH-101) cells the

amounts of cold T(BC)as or GA3 in 50 mM Trigcetate,
pH 7.4, 50 mM NaCl, 10 mM MgG|] 2 mM spermidine,

plasmid DNA of several colonies was sequenced, and clonesand 6% glycerol in 1%L and incubated overnight at 3T.

differing in the deletion introduced inside the ppyr/ppur tract

The samples were electrophoresed through a native 15%

were selected. Sp1lmut was produced by PCR-mediated sitepolyacrylamide gel in incubation buffer at 7 V/cm af@.

directed mutagenesis, introducing BcoRl endonuclease
recognition site into HaP, from40 to —35, and confirmed
by sequencing.

The gels were then fixed, dried, and autoradiographed.
Protein Expression and Preparation of Nuclear Extracts.
Glutathione Stransferase (GST), GSThnRNP K, and
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GST—PTB were purified by glutathioneagarose affinity

Biochemistry, Vol. 41, No. 4, 20021231

Southwestern Blot Analysi§hirty micrograms of nuclear

chromatography (glutathione Sepharose 4B, Amershamextracts was separated onto a 15% SIPAGE. The samples

Pharmacia Biotech) from extracts &f coli (BL21 strain
DE3) transformed with pGEX-2TK, pGEX-hnRNP 1B3),
and pGEX-KG-PTB 83). Fusion proteins were eluted with
10 mM glutathione and checked for purity, correct size, and
concentration by SDSPAGE.

Nuclear extracts from confluent NIH-3T3, FRTL5 CI2
KiMol, PC CI3 Ela+ raf, and QT6 cells were prepared in
a cold room as describe#l3), and protein concentration was
determined by the Bradford microassay procedure.

Electrophoretic Mobility Shift Assays (EMSAJfty fem-
tomoles of radiolabeled oligonucleotide (30000 cpm) was
incubated with 4 ug of protein nuclear extract or-#4 ng
of recombinant protein in 2L reactions as described
previously @3). For competition binding reactions the

were then transferred to a nitrocellulose filter (Schleicher &
Schuell) using the Trans-Blot SD semi-dry transfer cell (Bio-
Rad). The membrane was then soaked in decreasing con-
centrations of guanidine hydrochloride and blocked for 1 h
at 4 °C in blocking solution (5% skim milk powder, 0.2%
BSA, and 0.1% Tween 20 in phosphate-buffered saline).
Subsequently, the membrane was prehybridized fo at 4
°C in binding buffer (50 mM Hepes, pH 7.2, 0.1 M KCI, 1
mM MgCl,, 1 mM DTT, and 10% glycerol) and then
hybridized overnight in the same conditions with single-
stranded, end-labeled probe §tpm/mL). The blot was then
rinsed twice in binding buffer for 15 min at 4C and
autoradiographed.

Cell Cultures and Transient TransfectiorSRTL5 CI2

unlabeled competitor was included in the reaction at the KiMol and PC CI3 Elat raf were cultured as described
indicated molar excess of the labeled probe. After incubation (9). QT6 and NIH-3T3 cells were grown in Dulbecco’s
for 20 min at room temperature, samples were loaded ontomodified Eagle’s medium supplemented with 10% fetal calf

a native 6% polyacrylamide gel in 45 mM Triborate buffer
and 1 mM EDTA, pH 8.3 (0.5 TBE), electrophoresed at

serum at 37°C in a humidified 5% CQ® incubator. For
transfections NIH-3T3 cells were plated at a density of 0.5

4 °C and at 15 V/cm, dried, and autoradiographed. When x 1 cells per 60 mm diameter culture dish and transfected

used, anti-PTB antibodie84), 1:300 dilution, were incu-

by the calcium phosphate coprecipitation procedure as

bated 20 min at room temperature with the nuclear extractsalready described2@). Briefly, transfection precipitates,

prior to addition of the labeled probe. For Western blot

containing 5ug of reporter plasmid and 0.4g of either

analysis of EMSA, a band-shift assay was performed as usualSV40 or CMV 5-galactosidase expression vector (Promega)
but with 100 fmol of probe, and subsequently, proteins were to normalize for transfection efficiency, were applied to

transferred overnight by capillary to a nitrocellulose mem-
brane in X TBE buffer containing 0.5 mM DTT. The

subconfluent cells and harvested respectively either 48 or
16 h after transfection. For cotransfection experiments the

membrane was then blocked and incubated with a 1:300same amounts of reporter and normalization vectors were

dilution of anti-PTB antibodies. After washings the mem-

used together with Bg of Sp1 expression vector pEVR Spl

brane was incubated with a 1:5000 dilution of the horseradish or empty vector pRc/CMV. After transfection, cells were
peroxidase-conjugated secondary antibody, and immuno-harvested, lysed with lysis buffer (Promega), and assayed
complexes were visualized with the SuperSignal West Femtoas described23).

substrate (Pierce).

The following oligonucleotides were used in EMSA
experiments (mutations are underlined): CST6TCTTCC-
TCCTCCCCTCTCTCTTTTT-3 Cas, 5>AAAAAGAG-
AGAGGGGAGGAGGAAGAGA-3; Cs-mutl, 5TCTCTT-
CCTCCGAATTCCTCTCTTTTT-3 AP1, B-CGCTTGAT-
GAGTCAGCCGGAA-3; K-ras, 3-GCTCCCTCCCTC-
CCTCCTTCCCTCCCTCCC-318Y, 5-CTTTCTTCCCT-
TCCTTTC-3; BCR7, B-AAAGGGTTTTCCGTGTTCCC-
TGCCCCCCTCCC-3 CT3, 5B-AATTCTCCTCCCCACC-
TTCCCCACCCTCCCCA-3TC1, 53-GGCTTCCTCCTTC-
CTCCTCCTCCCC-3 AdMLP, 5-GCGTTCGTCCTCA-
CTCTCTTCCGCATCGTG; AdMLPmut,'sGCGTTCGTC-
CTCACTCTGAGCCGCATCGTG;aul3, 5-CTCTGTCC-
TCCTGTCCTCCTGTCATCCTGTCCTCCTGTCCT.

In Situ UV Cross-LinkingEMSA with labeled Cs oligo-

RESULTS

Analysis of Hmga2 Promoter Truncation Mutan®/e
have previously reported that basal transcription of the
Hmga2 minimal promoter depends essentially on a ppyr/
ppur tract of 60 bp, from-84 to —25, which constitutes a
multiple binding site for Spl transcription factors, and a
functional CTF/NF-1 binding site only few nucleotides
downstreamZ3). To ascertain the importance for transcrip-
tion of the whole ppyr/ppur sequence, we have tested in
transfection experiments the luciferase activity of the minimal
promoter (HaP) with some deletion mutants. Transient
transfections were done with63mut, —45mut, —38mut,
and—24mut in HMGAZ2-expressing NIH-3T3 mouse fibro-
blasts 85), and results are reported in Figure 1. Removal of

nucleotide was performed as above. The wet gel was20 bp from HaP {63mut) already results in a 2-fold

autoradiographed at€C, and the retarded band was excised
from the gel. The proteinoligonucleotide complex was
cross-linked within the gel slice by irradiation with an UV
lamp (300 nm, 50 W) for 7.5 min at a 10 cm distance. The

decrease of promoter activity. Further deletions of the ppyr/
ppur tract 45mut and—38mut) lead to a stepwise decrease
in transcriptional activity, while a total deletion of the ppyr/
ppur tract (-24mut) is accompanied by a very low tran-

cross-linked complex was eluted by the crush-and-soak scriptional activity, comparable to that of the promoter-less

method in SDSPAGE sample buffer overnight. Half-
preparation was run in a denaturing 12% SHFAGE
alongside protein molecular weight markers (Amersham
Pharmacia Biotech) fo2 h at 20V/cm. At the end the gel

construct AaP.

Similar results were obtained by transfecting the same
constructs in another HMGA2-expressing cell line, PC CI3
Ela+ raf, derived from rat thyroid epithelial cells trans-

was stained with Coomassie blue to visualize the molecular formed with the oncogeneg1A and v+af (9) (data not

weight markers, dried, and autoradiographed.

shown).
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Ficure 1: Promoter activity of truncation mutants of the minimal
Hmga2promoter. NIH-3T3 cells were transiently transfected with
the promoter construct HaP and a series of its deletion mutants, as

represented schematically on the left part of the figure. Open boxes g:$¥ -—
indicate the ppyr/ppur region, and numbering refers to the major pr— -

transcription initiation siteZ3). Transfected cells were collected 404 —

48 h after transfection, and transcriptional activity of each clone 331 — <+
is expressed as a percentage of luciferase activity measured for 242 —

the early SV40 promoter (pGL2 promoter, Promega), which was
arbitrarily set to 100%. Columns and bars represent the mean and
the standard deviation, respectively, of at least three independent
experiments. As additional control two separately obtained con- FIGURE 2: S1 nuclease sensitivity of thémga2 promoter. (A)
structs, identical to-38mut and—24mut, were assayed in trans- Schematic representation of the three plasmids used in the S1
fection experiments. A vector expressifiggalactosidase from nuclease sensitivity experiment. The numbers refer to the major
an SV40 promoter was included to normalize for transfection transcription initiation sitet1), indicated by a bent arrow. The
efficiency. position of AR17 is denoted by a black bar. The luciferase reporter
. gene (LUC) is indicated by a black box, while the pyrimidine-rich
Taken together, these results show the importance of theelement (ppyr/ppur) is given by a hatched one. Two open boxes

integrity of the ppyr/ppur region for a positive regulation of indicate the position of the two mapped S1-sensitive elements NSE
the transcriptiona| activity of thngaZpromoter_ 1 and NSE 2. Thebd restriction site within the luciferase gene

PR _ Qs is indicated. (B) Ethidium bromide stained 6% polyacrylamide gel.
Identification of Two S1 Nuclease-SensitSites, NSE 1 Lane M is DNA size markers (MBI, Fermentas), whose principal

and NSE 2, in the Hmga2 Promoten addition to the  yeights (bp) are indicated on the left. Lanes 4P, HaP, and AaP
importance of the ppyr/ppur tract as a multiple binding site show the result of treatment with S1 nuclease and subsequent
for Sp1 transcription factors, such regions of unusual DNA restriction withXba of the supercoiled plasmids 4P, HaP, and AaP
sequence composiion are known (o corfer the abilty to 15 egae <o (©) Bouien oL o e 98 % perel
adopt non-B-DNA conformations, such as slipped helices, p)e/mel A). The two arrows on thg right indicate the position of the
H-DNA, or others which generate extrusions of single- fragments released by the above-mentioned treatment.
stranded DNA 86, 37). Studies about the role of these non-

B-DNA structures in gene regulation indicate that they may cutting in a region at the'®nd of the promoter sequence in
be important regulatory elements and are often sensitive toclone 4P (NSE 2), which contains a tract quite rich in
the treatment with single strand specific nucleases, such agyrimidine bases. The preference of S1 nuclease for NSE 1
nucleases S1 or P1, provided that there is conformational/is even more evident by comparing the intensity of the two
torsional stress3g, 37). Therefore, to verify the presence bands recognized by oligonucleotide AR17, derived from a
of such structures also in thelmga2 gene, supercoiled region common to all three plasmids, in the Southern blot
plasmids containing regulatory regions of tHenga2gene, of Figure 2C. No bands were observed when supercoiled
previously used to characterize the promoter regi®8), ( plasmids were linearized witlHindlIll, cutting in the
were treated with S1 nuclease (Figure 2A). Constructs 4P polylinker of the cloning vector, prior to S1 nuclease
and HaP, containing respectively 280 and 84 bp of the 5 treatment (data not shown). Thus, formation of the single-
flanking region of theHmga2 promoter upstream of a  stranded region is dependent on supercoiling.

luciferase reporter gene, as well as a deletion construct, AaP, Since NSE 1 maps in the ppyr/ppur region, which has a
in which the ppyr/ppur region has been deleted, were treatedfunctional activity in theHmga2promoter, we decided to
with S1 nuclease, digested wibd, which cuts only once  further characterize this element.

inside the luciferase coding sequence, and separated on a High-Resolution Mapping of NSE 1n an effort to

6% native polyacrylamide gel (Figure 2B). Plasmid 4P precisely map NSE 1, we next determined which strand and
produced two fragments of 280 and 520 bp, HaP one which nucleotides were cleaved by S1 nuclease. For this
fragment of 280 bp, and AaP no fragments at all. The purpose supercoiled plasmid Baf3), containing thedmga2
generation of the 280 bp fragment is consistent with S1 promoter region from-495 to+157, was partially digested
cutting in the ppyr/ppur region, which was therefore indicated with S1 nuclease to generate a population of nicked but not
as NSE 1 (nuclease-sensitive element 1). Consistently, thislinearized DNAs (Figure 3A). The plasmid was then treated
sequence is present only in constructs 4P and HaP but notwith Hindlll, which cuts only once at the end of the
in AaP (Figure 2A). In addition, also a weaker band of 520 polylinker of the cloning vector. To visualize the S1-created
bp was generated only in the digestion of construct 4P. The nicks separately on the coding (pyr) and on the noncoding
presence of this band can be explained by assuming Sistrands (pur), one half of the digestion products was labeled
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Ficure 3: High-resolution mapping of the S1 nuclease-sensitive element NSE 1 withidrttya2 ppyr/ppur element. (A) Schematic
representation of theilmga2promoter containing plasmid BaP. The black box represents the luciferase coding region of pGL2 basic vector
(Promega). The open box indicates the nuclease-sensitive element 1. The restricti8pdsiteg50) andHindlll (pGL2 basic polylinker)

used in the fine mapping experiment are shown, and the expected fragment lengths are indicated. The lower part of panel A shows the
fragments resulting from the experiment, and bold bars indicate schematically the S1-freed, labeled strands which are visible in the figure
of panel B. (B) Lanes 44 and 9-12 are sequencing reactions used as molecular size markers. L-aBehdw the fragments of the S1

fine mapping experiment resolved on the same 6% sequencing gel as the sequencing reactions. Equal amounts of cpm have been loaded
in each lane. Lanes 5 and 6 are the fragments deriving from the labeling of the purinic strands with PNK. Lanes 7 and 8 show the RTase-
labeled pyrimidine fragments. Lanes 5 and 7 are the S1 mock-treated controls. (C) Schematic interpretation of the experiment of panel B.
The sequence dimga2from —88 to +1 is shown. Arrows above and below the DNA sequence represent S1 cleavage sites on the upper
(pyr) and on the lower (pur) strand, respectively. The length of the arrows corresponds to the intensity of the bands as quantified by the
Quantity One software.

by a fill-in reaction with reverse transcriptase and the other and/or mirror repeats. Such symmetries, especially within a
half at the 5ends with polynucleotide kinase. Subsequently, ppyr/ppur context, make the formation of several different
the DNA of both halves was digested wiBipd, cutting at triple helices of this tract very likely to occur, which could
—457, to obtain only one labeled extremity (Figure 3A), and account for the single strandedness of NSEB7).(
the partially nickedSpé—Hindlll fragments were resolved The ppyr/ppur Element of the Hmga2 Promoter Forms
on a sequencing polyacrylamide gel (Figure 3B). The results Triple-Helical DNA in Vitra To strengthen the hypothesis
show a collection of labeled DNA fragments that are present of an intramolecular triplex conformation of the NSE 1 in
on both strands of the S1-digested DNA (Figure 3B, lanes 6 the supercoiled plasmid, we performed a band-shift experi-
and 8) but not in the S1-mock-treated controls (Figure 3B, ment of intermolecular triplex formation on the basis of the
lanes 5 and 7). The sites at which S1 nuclease nicked eacthigh-resolution mapping results. Therefore, the labeled
strand of the DNA are indicated in Figure 3C. The major duplex oligonucleotide T(A)ds, derived from the84 to —62
nicking sites appear to be withinr52 and—25 on both region of the ppyr/ppur tract, was used as a double-stranded
strands, although some faint bands were detected alsaarget and incubated with increasing amounts of cold
downstream and upstream on the noncoding strand. It isoligonucleotide T(BC)as (from-60 to—38) as a TFO. This
interesting to note that while the nicking on the noncoding experiment should mimic the situation of a purinic H-DNA
strand occurred symmetrically (mirror symmetry around form of NSE 1, as shown in the model of Figure 4A, which
nucleotides—38/—39), that on the coding strand shows an is more likely to occur at physiological pH38). The
asymmetrical distribution, having two distant nicking sites reactions were then separated on native 10% polyacrylamide
at—10 and—9. gel in order to discern shifts of the labeled oligonucleotides
A detailed inspection of the sequence composition of the obtained by triplex formation (Figure 4B). Indeed, oligo-
ppyr/ppur tract reveals the presence of several different directnucleotide T(BC)as, although having 2 mismatches over 25
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of tRNA or single-stranded poly(eiC) (lanes 8 and 9) was
ineffective as well as the use of double-stranded oligonucleo-
tide (Cds) derived from the same region (lane 10), indicating
specific interaction between Cs and a single strand specific
binding factor(s). The presence of two complexes with lower
mobility and weaker intensity can also be observed (lanes
2—4, 6, 12), but their formation is not reproducible using
different preparations of nuclear extract from the same cell
line. Using the purine strand (Cas) as a probe and incubating
with same nuclear extracts, some specific but very weak
complexes were detected (data not shown). Since complex
A was the predominant single strand binding activity
detected, using both sense and antisense oligonucleotides,
we focused our attention on this complex, while the nature
of the others was not explored further. Therefore, we
performed several competition band-shift experiments using
oligonucleotide Cs as probe with nuclear extracts from either
mouse NIH-3T3 or another HMGAZ2-expressing rat thyroid
cell line, FRTL5 CI2 KiMol (9), and different single-stranded
oligonucleotides as competitors, obtaining essentially the

H stands for Hoogsten bondings. The numbering refers to the majorsame results for both cell types (Figure 5, lanes-33).

transcription initiation point of théimga2gene, arrows show the

position of S1 nuclease-created nicks. (B) Band-shift analysis of

intermolecular triplex formation with double-stranded probe T(A)-
ds, from—84 to —62 of theHmga2promoter. Lane 1, free probe.
Lanes 2-5: labeled T(A)ds was incubated with increasing amounts
of TFO T(BC)as, derived from-60 to—38 of Hmga2 in 1:1, 1:10,
1:100, and 1:1000 molar ratios. Lanes& labeled T(A)ds was
incubated with increasing amounts of a GA-rich oligonucleotide
derived from the ppyr/ppur tract close to the humamye P1
promoter @5) with 1:10, 1:100, and 1:1000 molar ratios. Lanes 9

and 10 show the migration of single-stranded, labeled oligonucleo-
tides T(A)s and T(A)as, respectively. The arrows on the left indicate

the position of single-stranded (ss), duplex (ds), and triplex (ts)
DNA.

pairings, with regard to oligonucleotide T(A)ds (Figure 4A),

We used oligonucleotide 18Y, consisting of only pyrimidine
nucleotides without any marked repetition and oligonucleo-
tide BCR7, derived from the promoter sequence of the human
BCR gene 40) and characterized by some stretches of ir-
regular pyrimidine nucleotide arrays. 18Y slightly competes
at a 100-fold molar excess (lanes 15 and 16), while BCR7
is completely ineffective even at a 100-fold molar excess
(lanes 17 and 18). As a control an unrelated single-stranded
oligonucleatide with the consensus for the transcription factor
AP1 was included (lane 19). These experiments demonstrate
therefore that there is a sequence-specific interaction between
the identified nuclear protein(s) and the single-stranded
polypyrimidine sequence Cs of thénga2promoter and that

assuming formation of antiparallel reverse Hoogsten bond- the factor(s) does (do) not simply recognize single-stranded
ings, was able to shift the probe with a 10-fold molar excess DNA or pyrimidine stretches, but rather either a specific
(Figure 4B, lane 3). The double-stranded target is not shifted structure or a specific pyrimidine-rich sequence or a com-
completely at 1000-fold concentration, probably because of bination of both.
autoassociation of the G-rich TFO, as already repo2&j ( We next evaluated if other natural ppyr/ppur-containing
On the contrary, a GA-rich oligonucleotide, derived from promoters, known to be regulated through ppyr/ppur regula-
the ppyr/ppur element of the humamg/cP1 promoter 32), tory elements, share the interaction with the same complex-
was not able to retard the migration of labeled T(A)ds even forming factor(s) as Cs. Therefore, three pyrimidine-rich
at a 1000-fold molar excess (Figure 4B, lanes 8§, single-stranded oligonucleotides, TC-1, K-ras, and CT3, were
demonstrating that the interaction between T(A)ds and included as competitors (Figure 5, lanes—33). Oligo-
T(BC)as is a high affinity, specific interaction. nucleotide TC1 represents the ppyr element of the human
Sequence-Specific Nuclear Factors Bind to Single- c-Src promoter and has been chosen because of sequence
Stranded DNA in the ppyr/ppur Tract of the Hmga2 Minimal homology with Cs and because it has been shown to be a
Promoter.Since it appears from fine mapping results that specific binding site for the novel pyrimidine binding protein
the promoter region present in a single-stranded form Spy 28). Oligonucleotide K-ras derives from the pyrimidine
involves nucleotides from-52 to —25, band-shift assays strand of the murine c-Kias R-Y promoter site and contains
were carried out using as probes either the sense (Cs) or thesix repeats of the tetranucleotide TCCEZR). Finally, also
antisense strand (Cas) of this region to search for potentialoligonucleotide CT3, containing several repeats of the so-
single strand binding factors that could be involvetéiimga2 called CT element, which derives from the P1 promoter of
gene regulation. When the pyrimidine strand was labeled (Cs)human emycgene, was included®). While oligonucleotide
and incubated with nuclear extracts prepared from severalK-ras is able to efficiently compete for complex A formation
HMGA2-expressing cell lines such as NIH-3T3, PC Cl 3 already at a 20-fold molar excess (lanes-28) showing
E1A + raf, and QT6 9, 23, 35), a specific predominant  an affinity similar to Cs (lanes 2224), CT3 (lanes 3133)
complex, called “A”, was detected for each extract (Figure has an intermediate affinity, and TC1 weakly competes for
5, lanes 2-4). This complex has the same mobility and the formation of complex A (lanes 2%27). It appears
similar intensity in all nuclear extracts tested and was therefore that the factor in complex A, which we call now
efficiently competed by a 50-fold molar excess of the self- HNBF (single strandtHmga2NSE1hinding factor), in ad-
cold probe (lane 7). Competition with a 50-fold molar excess dition to the NSE 1 oHmga2binds to c-Ki-ras RY with
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FiGure 5: Sequence-specific, single strand binding factors interact with the NSEHIngh2 Band-shift experiments using the single-
stranded oligonucleotide Cs (from51 to —25) as a probe. Lane 1: free probe. Lane#t2 Cs was incubated with 2g of nuclear extract

from NIH-3T3, PC CI3 Elat raf, and QT6 cells, respectively. Lanes33: competition band-shift experiments with labeled probe Cs,

using 4ug of nuclear extract from NIH-3T3 cells, are shown. Lanes 5, 11, and 20: free probe. Competitions are with the self-Cs single-
stranded oligonucleotide, lane 7, with nonspecific single-stranded competitors, lanes 8 and 9, and with double-stranded oligo Cds, lane 10,
at 100-fold molar excess. Lanes 13 and 14: competition with the self-Cs. Lard®91%ompetition with ppyr containing (18Y and BCR

7) and noncontaining (AP1) single-stranded oligonucleotides at the indicated molar excess. La&3s@npetition with single-stranded

ppyr oligonucleotides derived from specific promoter elements=@souseHmga2 TC1 = human csrc, K-ras= mouse c-Kiras, and

CT3 = human cmycP1 promoters, at the indicated molar excess.

similar affinity and, also, albeit with much lower affinity to A w + — B

the CT element of enyc probe
Molecular Characterization of HNBFAs a first approach —176 M eres, ar

to unravel the identity of HNBF, we thought to determine Bles [|—974

its composition and molecular weight by in situ UV cross- 6 —o04

linking. UV-irradiated complex A from an EMSA experiment -4 | o] — 67

with probe Cs with nuclear extracts from NIH-3T3 cells was

eluted, and the DNA cross-linked proteins were analyzed * -30
on a SDS-PAGE. A radioactive doublet was observed with =25 -20
a migration distance of 73 and 78 kDa, as inferred from the —14
calibration curve obtained from the migration in the same —145 1 2 3

; . 1 2
gel of protein molecular weight standards, that corresponds

to proteins of 63 and 68 kDa, taking into account the F'GU|RE_61 ;\/'_0|99U'aLfJ{J/haraCteltiZI?_tion ?fHNBllz- (/X ?B@/?E?AESA

; : analysis of in situ cross-linking of complex A from
m(_)lecular W.elgh.t O.f the DNA probe (Figure 6A, lane 1). with NIH-3T3 nuclear extract. Protein size markers (kDa) are
Without UV irradiation, no retarded complex was observed, ingicated on the right of the figure; arrowheads show the position
showing that native interactions were effectively disrupted of the protein-DNA complexes. Lane 1: UV crodinked product
in denaturing SDS gels (Figure 6A, lane 2). A possible of complex A formed by probe Cs. Lane 2: the same as in lane 1
explanation for the doublet observed for the HNEPNA but without UV cross-linking. (B) Southwestern analysis with probe

. . ... Cs. 30ug of the indicated nuclear extracts was separated on a 15%
complex could simply be the presence of different subunits SDS-PAGE and transferred to a nitrocellulose membrane. The

or, alternatively, the presence of differently migrating membrane was then probed with radiolabeled Cs. The arrowhead
HNBF—DNA populations. The presence of a doublet in UV indicates the recognized band. Protein size markers (kDa) are

cross-linking experiments has in fact already been reportedindicated on the right of the figure.

for polypyrimidine tract binding protein (PTB), a member

of the heterogeneous nuclear ribonucleoprotein (hnRNP)tuted by different subunits and has an apparent molecular
family, and explained assuming that each band correspondsmass of 62 kDa.

to the binding of the DNA strand to different DNA binding HNBF Corresponds to Polypyrimidine Tract Binding
domains of PTB41). To investigate these possibilities and (PTB) Protein.From a combined literature search looking
to have a more precise evaluation of the molecular weight, for proteins which are able to bind single-stranded polypy-
we have performed a Southwestern blot analysis. Severalrimidine DNA and having the estimated molecular mass, we
crude nuclear extracts already tested for the presence ofrestricted our attention to two members of the hnRNP family,
HNBF were therefore assayed with radiolabeled Cs probe PTB, also known as hnRNP I, and hnRNP K. Both in fact
(Figure 6B). One band, with a migration distance indicative have a molecular mass very similar to that we estimated for
of an apparent molecular mass of 62 kDa, is recognized by HNBF, and both specifically bind polypyrimidine single-
probe Cs in all extracts tested (Figure 6B, lane8)L From stranded DNA tracts4(l, 42). We therefore tested whether
these experiments it thus appears that HNBF is not consti-these proteins were able to bind Cs oligonucleotide from the
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Ficure 7: ldentification of HNBF as PTB. (A) Band-shift analysis with single-stranded labeled probe Cs with increasing amounts of
purified recombinant PTB fused to GST (lanes4), as indicated. Lane 1: free probe. Lanesl3 show competition band-shifts with
different oligonucleotides at the indicated molar excess. In lane 12, df GST protein was used as a negative control. (B) Band-shift
analysis with single-stranded labeled probe Cs with increasing amounts of NIH-3T3 nuclear extract-(dpesandicated. Lane 1: free
probe. Lanes 511 show competition band-shifts with different oligonucleotides at the indicated molar excess. (C) Band-shift analysis with
probe Cs, nuclear extract from NIH-3T3 cells, and anti-PTB antibodies. Lane 1: free prageofhuclear extracts was incubated with

the probe in lanes-35. Anti-PTB-specific antibodies were added in lanes 2 and 4 while preimmune serum was added in lane 5. (D)
Western blot of EMSA. EMSA was performed with the Cs probe, NIH-3T3 nuclear extracts, and recombinant PTB (upper panel, 3 h
exposure). Western blot analysis with anti-PTB antibodies of the same gel blotted to a nitrocellulose membrane (lovées papekure).

Lane 1: 100 fmol of free probe. 1&g of NIH-3T3 nuclear extract (lanes 2 and 3) and 80 ng of GST-PTB (lanes 4 and 5) were used.

Hmga2 gene. In the experiment shown in Figure 7A,

8). Oligo a4I13 competes very efficiently already at a 20-

increasing amounts of purified recombinant PTB fused to fold molar excess (lane 9). The same competitors were used

GST were incubated with labeled oligonucleotide Cs. A
complex is produced (lanes-2) which can be effectively

in an EMSA with nuclear extract obtaining the same result
(Figure 7B), demonstrating therefore that HNBF and PTB

competed by 100-fold molar excess of the self-cold probe have the same DNA binding specificity and affinity. Re-

Cs and oligo K-ras (lanes 5 and 6) while recombinant GST
alone is not able to shift the probe (lane 12). Oligo AAMLP
from the adenovirus major late promotdd) and oligoa,|3
from the proteinasey-inhibitor 3 variant | gene33), which

are low and high affinity binding sites, respectively, for PTB,
were included as competitors. Oligo AAMLP is able to
specifically compete for complex formation (lane 7) even
though at higher molar excess, while the mutated oligo
AdMLPmut, harboring a PTB-specific mutation, is not (lane

combinant hnRNP K fused to GST was also used in a similar
experiment, but no binding was detected with oligo Cs (data
not shown).

The identity of HNBF was further investigated using
specific antibodies against PTB4). Preincubation of nuclear
extracts with PTB-specific antibodies resulted in abrogation
of complex A formation (Figure 7C, lane 4). The result is
specific since the antiserum was not able to produce any
effect in the absence of nuclear extract (lane 2) and the pre-
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; ; ; FIGURE9: Promoter activity correlates with the ability to form non-
immune serum did not affect complex A formation (lane 5). B-DNA structures. Transfection experimentskfinga2promoter

To furthgr confirm the identity of the F’.mte'”’ a, band-shift reporter constructs are shown. The transfected cells were harvested
was carried out, transferred by capillarity to a nitrocellulose 16 h after transfection and assayed for luciferase activity. The mean
membrane and subjected to Western blot analysis with PTB-values of at least three independent experiments are shown. Error
specific antibodies. As can be seen in Figure 7D, no band bars represent the range of standard errors from three different

was detected with anti-PTB antibodies in the absence of the€XPeriments. A vector expressirfygalactosidase from a CMV
promoter was included as internal control. (A) NIH-3T3 cells were

DNA probe (lane 3), whereas in the presence of Cs a bandi angjently transfected with luciferase reporter plasmids either

was obtained (lane 2) in the same position of that obtained linearized withSal, lanes -4, or supercoiled, lanes-B. Reporters

in EMSA (compare the upper with the lower panel of Figure are schematically represented in the lower part of the figure along

7D). As a control, the recombinant GSPTB protein was ~ With S1 ”Uddt?]asi lser;sglvnt);;hthcle OIF]’F” box repr‘ise”ts the (po)yrl\/IFI)lgur
H : 14 Fegion an e Dlac 0X the luciterase reporter gene. -

_re_cognl_ze_d only in the presence of probe Cs (lane 4)_ while 3T3 cells were transiently cotransfected with the indicaietha2

itis notin its absence (lane 5). From the _repor.ted experimentsyeporter plasmids, in the supercoiled, lanes8l and in the

it appears therefore that HNBF is either identical to or highly linearized form, lanes 916, along with either 5ug of Spl

related to PTB. expression vector (pEVR Spl) or the empty vector (pRc/CMV),

Promoter Actiity Correlates with Non-B-DNA Structure. ~ as indicated in the lower part of the figure.

To test whether the non-B-DNA structure, we evidenced in ) ) )
vitro, could have an effect in transcription, implying therefore Stranded form does not any more interact with Sp1 (Figure

a role for DNA topology inHmga2 promoter activity, 83, Iangs 6-8). The resulting construct Splmut th.e_re_:fore
transfection experiments were performed using both Super_stlll retains the whole ppyr/ppur tract and the sensitivity to
coiled and linearized reporter vectors. In addition to Hap S1 nuclease (data not shown) but has lost-t4@ to —35

and AaP, two mutant reporter constructs4smut and ~ SP1 consensus binding site.

Splmut, have been transfectegd5mut has only 21 bp of Equal amounts of the described reporter vectors were
the ppyr/ppur tract of thelmga2promoter left, has lost the  transfected, either in their supercoiled or& linearized

S1 nuclease sensitivity (data not shown), and still retains forms, and cells were harvested 16 h after addition of the
the ability to bind Sp1 transcription factors, since it contains Precipitates because the transfected, supercoiled DNA be-
the sequence from-40 to —35, which is the strongest Ccomes progressively relaxed during the first day post-
binding site in the ppyr/ppur trac28, data not shown).  transfection, and therefore, collecting cells after 48 h, the
Splmut was created in order to abolish binding of Sp1 to effect of supercoiling on the transcription of the reporter
this site but maintaining the ability to bind PTB and the cannot be establishedJ).

sensitivity to S1. This construct was obtained by replacing  From the results reported in Figure 9A the activity of the
the sequence'arCCCCT-3 (from —40 to —35) with 5- linearized reporter constructs (lanes4) is directly related
GAATTC-3. From the EMSA experiments reported in to the integrity of the ppyr/ppur tract. In fact, both mutants,
Figure 8, it can be clearly inferred that single-stranded Splmutand-45mut (lanes 2 and 3), have a lower luciferase
oligonucleotide Cs-mutl, carrying this mutation, is still able activity than the wild-type HaP (lane 1). Comparing the
to bind PTB (Figure 8A, lane 2) albeit with reduced affinity, reporter activities of transfections with supercoiled plasmids
as determined by the cross-competitions with Cs-mutl and (lanes 5-8) with those of the linearized counterpart (lanes
Cs (Figure 8A, lanes-36 and 710), whereas in its double-  1—4), there is a 2-fold increase of transcriptional activity
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for the supercoiled constructs. This was expected since it isseems to be essential in TATA-less promoters for the
known that gene expression, starting from transfected DNA, stabilization of the TFIID complex at the transcription
depends on DNA topology and supercoiling is known to initiation site @6). The existence of ppyr/ppur stretches in
increase this expressiod4), while the efficiency of trans-  promoter proximal locations in a number of TATA-less
fection for both supercoiled and linear DNA is the sadi8).( mammalian genes has been reported. In additiddnma2
Apart from these considerations, it is surprising that the these include EGF-R, c-myc, malic enzyme, I-R, AR, c-src,
activity of Splmut is higher than HaP (Figure 9A, lanes 6 c-Ki-ras, TGFB3, PDGF A-chain, and several other genes,
and 5), suggesting therefore a positive contribution to the mainly growth-related24—31, 47). It has now become clear
reporter activity of non-B-DNA structures of thdmga2 that such regions are able to adopt unorthodox DNA
promoter. On the contrary;45mut, which has lost the ability  structures such as H-DNA and slipped helices, and here we
to form non-B-DNA structures, shows, as in the transfections show that also the ppyr/ppur tract present in thega2
with the linearized reporter, a level of activation comprised promoter is able to adopt such structures under torsional
between HaP and AaP (lane 7). This result may be explainedstress. To explain digestions on both the pyrimidinic and
assuming that in the supercoiled plasmids HaP and Splmutpurinic strands, we have to assume that more than one such
there is an equilibrium between B-DNA and single strand structure coexists in a conformational equilibrium and attack
extruding conformers, equilibrium which depends on the on both strands by S1 nuclease during the state of transition
local concentration of B-DNA binding factors, such as Spl, can occur48, 49). The presence of several direct and mirror
and single strand interacting proteins. In Splmut this repeats in the sequence suggests by itself the potential for
equilibrium is expected to be shifted toward single-stranded generating such structure37; however, the capability of
DNA, because the mutation impairs binding of Spl to its adopting an H-DNA conformation is strongly suggested by
consensus binding site; the contribution of the single strand our in vitro experiments using a TFO which is able to form
regulatory element is therefore more evident than in HaP. an intermolecular triplex DNA.

If it holds true that single-strandeis elements of Splmut Studies that examined the role of these structures in gene
are responsible for the observed transcriptional increase,regulation indicate that they may be important regulatory
compared to the wild-type promoter, then shifting the balance elements that enhance the transcription of some get&s (
toward the B-DNA structure should revert the situation. 50, 51) and act as repressors of otheis2,(53). The
Therefore, we decided to cotransfect an Spl expressiondifferences in the effect of the non-B-DNA structures on
vector, with the idea that overexpression of this factor, in promoter activity may depend on cell lineages, the position
addition to endogenous Sp1, should lead to a higher promoterof the element in relation to other elements such as the TATA
occupancy of the whole ppyr/ppur tract by Sp1 proteins and box, or other double strand specific transcription factor
to a shift toward B-DNA even in Sp1mut. Cotransfection of binding sites and, overall, on the nature of nuclear factors
the Sp1 expression vector with supercoiled reporters deter-recognizing the non-B-DNA structure itself. The case of
mines an increase in HaP (Figure 9B, lanes 1 and 2) andHmga2is particularly similar to that of the mycgene; in
—45mut (lanes 5 and 6) and not on AaP (lanes 7 and 8).fact, the CT element of mycis a binding site for Sp1 when
This increase is modest, probably due to the already highthe DNA is double stranded and for hnRNP K when single
levels of endogenous Sp1 protein, for all the reporters exceptstranded. Clearly, the binding of single strand- and double
for AaP where no binding sites for Sp1 are present. Thesestrand-requiring proteins is mutually exclusive. hnRNP K
results are consistent with our previous data usimy@so- activates transcription through single-strandedelements
phila cell line which is devoid of endogenous Si3). In in vivo, and therefore the transition between single and
agreement with our expectations Sp1mut behaves differently,double strands provides a regulatory device that allows a
being repressed by Sp1 overexpression (lanes 3 and 4). Thisingle DNA segment to bind different factors and confer
result demonstrates therefore that Sp1, by binding sequencesalternative properties to regulatory sequeneks;. (
adjacent to the NSE 1, acts as a clamp, holding together the We have demonstrated that the ppyr/ppur element of
double-stranded DNA and shifting therefore the preexisting Hmga2 when single stranded, is a binding site for PTB
equilibrium toward the double-stranded DNA. The results which is an abundant and highly conserved factor. PTB was
obtained cotransfecting Sp1 along with the linearized reporter originally identified as a protein interacting with polypyri-
vectors (Figure 8B, lanes-9L6) are in agreement with this  midine tracts present in pre-mRNAs and proposed to be
explanation since all reporters, even Splmut, are activatedinvolved in different aspects of RNA metabolism, particularly

by Sp1l. in the regulation of several alternatively spliced genes but
also in the process of internal ribosome en&¥)( PTB has
DISCUSSION also been shown to interact with single strand pyrimidine-

rich DNA sequences of the rat tyrosine aminotransferase liver

In this report we demonstrate that the ppyr/ppur tract enhancer, the human transferrin promoter, and the adenovirus
present in the mouseimga2 proximal promoter region is  major late promoter and in thé ggion of the rat proteinase
able to adopt non-B-DNA conformations which lead to the o-inhibitor 3 variant | gene33, 41, 55, 56). These elements
formation of a single-stranded DNA tract that is specifically play a positive role in transcription, but the function of PTB
recognized by the single strand polypyrimidine binding in this context has still to be elucidated; in fact, there is no
protein PTB and that has a positive effect on transcription evidence that these elements may exist in vitro or in vivo as
in transfected cells. single-stranded DNA. In this paper we show that an element

Results presented in our previous wo2B demonstrated  which is important in the transcription of thémga2gene
that in theHmga2gene this ppyr/ppur tract is a multiple may adopt, at least in vitro, a conformation which involves
binding site for Sp1 transcription factors, whose recruitment single-stranded DNA able to bind PTB with high affinity,
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implicating therefore for the first time more directly this oligonucleotides that form triple helices at the ppyr/ppur
factor in transcription. Cross-talk between transcriptional and element. This method has in fact been successfully used to
posttranscriptional processes has been suggesS®dand restrict the expression of several genes by inhibiting tran-
an increasing number of proteins appear in fact to be multi- scription factor binding or by interfering with formation of
functional, participating in transcriptional and posttranscrip- the initiation complex or blocking elongation, so that
tional events. TFIIl is required for both the transcription of oligonucleotides in the last years have become attractive as
5S rRNA genes and the packaging of 5S rRNA, the tumor potential therapeutic agent§4). The ability of a TFO to
suppressor gene WT1 first identified as a transcription factor target the double-stranded ppyr/ppur tract that we demon-
has been involved in splicing, and finally hnRNP K, a pre- strate suggests the possibility of using such an approach to
MRNA binding protein, appears to be a transcription factor block the expression of the protein and therefore expand the
(57), only to mention some of the most important cases. It therapeutic possibilities for a variety of tumors overexpress-
is possible therefore that PTB could play a similar role. ing HMGAZ2.

One of the crucial steps in transcription initiation is melting
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