Volume 301, number 1, 79-82 FEBS 10920
© 1992 Federation of European Biochemicul Socictics 00145793/92/85.00

April 1992

A consensus repeat sequence from the human insulin gene linked
polymorphic region adopts multiple quadriplex DNA structures in vitro
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A hypervariable region consisting of repeats of a 14 buse pair (bp) consensus sequence ACAGGGGT(G/CYT/CYGGGG is located 363 bp upstream
of the human insulin gene. Dilferen! repeat numbers if this oligonucleotide give rise 10 a polymorphism, and so this region is commonly known
as the insulin gene linked polymorphic region (ILPR). Here we present evidence, bused on the mobility in non-denaturing polyacrylamide gels of
wo dissimilarly sized oligonucleotides containing the ILPR consensus sequence, that this sequence can adopt number of quadriplex DNA

structures in vitro.

G4 DNA: Insulin gene linked polymorphic region; Insulin gene: DNA structure

. INTRODUCTION

The insulin gene linked polymorphic region (ILPR),
located 363 base pairs (bp) upstream of the human insu-
lin gene, is composed of tandem repeats of the consen-
sus sequence ACAGGGG(G/C)T/C)GGGG [1]. We
have previously presented evidence, based on the reac-
tivity to bromoucetaldehyde (BAA), and homoduplex
mapping, of a plasmid containing a 4.8 kb human insu-
lin gene [ragment, that the ILPR adopts an altered
DNA structure in vitro [2]. This structure wus present
in the top, G-rich strand, with the C-rich bottom strand
largely single stranded. The presence of a run of G
residues together with fine mapping of the BAA reactiv-
ity to nucleotides flanking the G-rich sequences within
the consensus repeat sequence, prompted us Lo specu-
late the existence of a quadriplex structure [3.4] within
the G-strand of the ILPR [2].

Here we present unequivocal evidence that the ILPR
can adopt a number of quadriplex DNA structures in
vitro. This conclusion is based on the effect of alkali
metal ions on the mobility in non-denaturing poly-
acrylamide gels of two dissimilarly sized oligonucleo-
tides containing the ILPR consensus sequence,
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Present address: Depariment of Molecular Genetics, JI Centre for
Plunt Science Research, Colney Luane, Norwich, Norfolk NR4 7Ul,
UK.

Corvespondence addrexs: K. Docherty., Depariment of Medicine,
Queen Elizabeth Hospital, Birmingham B15 2TH, UK. Fax: (40 (21
414 1355,

Published by Elsevier Science Publishers BV,

2. EXPERIMENTAL

2.1, Synthesis of oligonuclootides

The 1wo oligonucleotides used in this study, oligonucleotide S
{5 ACAGGGGTGTGGG?S’ ) und oligonucleotide L (5 TAGTCCAG-
CACAGGGGTGTGGGGTCAGAT?'), were synthesised on a Phar-
macia LKB Gene Assembler Plus on the 0.2 gmol scale. Following
release rom the support column, oligonucleotides were precipitated
with isopropanol, and purified by elecirophoresis through a 16% dena-
turing polyuacrylamide gel,

2.2, Radivlabelling of oligonueleotides

Oligonucleotides were labelled with y[*P]ATP in a reaction cataly-
sed by T4 polynucleotides kinase [5]. The radiolabelled oligonucleo-
tides were then separated from unincorporated ¥[*PJATP by centrifu-
gation through Sephudex G50 spin columns,

2.3, Nonsdenaturing polyacryvlamide gel electrophoresis

Non-denaturing polyacrylamide gels (8% w/v acrylamide) were run
in 0,5 TBE (45 mM Tris-borate, | mM EDTA). Gels were dried and
subjected to autoradiography using Fuji RX film,

3. RESULTS

Quadriplex (tetrastrand DNA) structures are formed
only by oligomers containing one or several runs of
guanine residues. These structures are slabilised by
Hoogsteen base pairing, involving the N-7 positions of
the contributing G residues. The exact nature of the
quadriplex formed depends on the number of G runs
within the oligomers and environmental conditions
such as salt concentration, temperature and torsional
stress. The three main quadriplex structures identified
at present are: (i) tetrastrand parallel quadriplexes (G4-
DNA); (i) unimolecular antiparallel quadriplexes (g4'-
DNA); and (iii) bimolecular antiparallel quadriplexes
(G'2-DNA) (we adopt here the nomenciaiure of Sen
and Gilbert [3)]).
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Fig. 1. The clectrophoretic mobility of oligonucleotides S and L in
non-denaturing polyacrylamide gel electrophoresis. **P-Labelled ol-
igonucleotide S, L or S and L (S/L) in 20 ¢} 10 mM Tris-HCl. pH 8.0,
I MEDTA and 0.5 M NaCl were evaporated to dryness at 66°C over
18 h, The sumples were then dissolved in 10 mM Tris-HCI. pH 80,
I mM EDTA and 0.1 M NuCl und subjected to clectiophoresis on un
8% polyacrylumide gel. The position of the various single- und tetru-
strand products are indicated (see text).

The consensus ILPR repeat sequence, ACAGGGG-
TGTGGGG. is very similar to repeat sequences in te-
lomeric DNA [6], and to the sequence of the oligonucle-
olides used originally to confirm the existence of quad-
riplexes [3.7]. Thus we expected the single stranded
ILPR consensus oligomer to behave similarly and form
G4-DNA in vitro. Indeed, we have shown earlier [2]
that, although the ILPR exists as double stranded DNA
within the genome, under torsional stress in vitro the
ILPR exists largely as a single stranded region with the
top strand exhibiting a complex secondary structure,
which we believe to be G4'-DNA.

The hypothesis that the ILPR can exist as a quadri-
plex structure was tested using the method of Sen and
Gilbert [3]. Sequiences capable of forming G4-DNA ex-
hibit a characteristic slower mobility in non-denaturing
polyacrylamide gels than unstructured DNA. Further-
more, when two oligonucleotides (L, for long and S, for
short) containing the same run of guanines but dissim-
ilar in length are mixed and incubated under conditions
which favour quadriplex formation, then five distinct
four-stranded products, corresponding to L4, L3S,
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Fig. 2. The effect ol ulkali metal ions on the mobility of oligonucleo-
tides S and L in non-denaturing polyacrylamide gel clectrophoraesis,
2P.Labelled oligonucleotide L, S or S and L (S/L) in 20 41 10 mM
Tris—=HCI, pH 8.0, | M EDTA and 0.5 M of the indicuted salt, i.e
RbCI (Rb), KCI (K), NaCl (Na) and LiCl (Li). were evaporated to
dryness ul 60°C over 18 I, The sumples were then dissolved in 10 mM
Tris-HCI, pH 8.0, | mM EDTA und 0.1 M ol the appropriate suli,
und subjected to clecirophioresis on un 8% polyacrylumide gel.
The position of the various single- und tetra-strund products are
indicuted,

L282, LS3 and S4, should be resolved by non-denatur-
ing polyacrylamide gel electrophoresis.

Two oligonucleotides were therefore synthesised. Ol-
igonucleotide S contained the 14 bp ILPR consensus
sequence S’ ACAGGGGTGTGGGG 3', while oligonu-
cleotide L, a 29-mer with the sequence 5'TAGTCCAG-
CACAGGGGTGTGGGGTCAGAT 3', contained the
consensus sequence (bold) flanked by 9 unrelated nucle-
otides on the §' side and 6 unrelated nucleotides on the
3’ side. When each oligonucleotide was incubated indi-
vidually and subjected to non-denaturing poly-
acrylamide gel electrophoresis, both oligonucleotide S
and oligonucleotide L migraled as two components
(Fig. 1). However, importantly, only oligonucleotide S
gave rise to a number of additional, albeit less abun-
dant, bands (Fig. 1, complex B). When oligonucleotide
S and oligonucleotide L were incubated together 5 addi-
tional bands were observed corresponding to L4, L3S,
L2S2, L83, and S4. This showed that the ILPR consen-
sus sequence can indeed form quadriplex structures, the
most abundant of’ which is G4-DNA (Fig. 1).

We next examined the salt dependence for the forma-
tion of G4-DNA in oligonucleotide L and oligonucleo-
tide S. The results show that the quadriplex structure
formed in the presence of sodium ions, but not in the
presence of rubidium, lithium, or potassium (Fig. 2).
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Fig. 3. Schematic representation of the most likely structures adopted
by the ILPR consensus ofigonucleotide S, (A) Tetrumolecular, parallel
G4-DNA, The two bold sequences of oligonucleotides are ubove the
plune ol the puper, The hydrogen bonding between the G residues is
indicated by lines, (B) Bimolecular antiparallel K-type DNA [3] as in
complex A ol Fig. . This antiparallel structure would be further
stubilised by Wautson-Crick buse pairing between the ACA and TGT
trinucleotides. (C) Tetramolecular antiparallel (complex B of Fig.1).
The antiparalle] oligonucleotides (bold sequence above the plane off
the paper) are stucked und stabilised by Walson-Crick buse pairing
between the trinucleotides, The overhunging G tetrads lorm the "sticky
ends’ necessury for the formation of multimers of this structure,

These findings are compatible with the known proper-
ties of G4-DNA [3.4].

4, DISCUSSION

We nave shown direct evidence lor the ability of the
consensus oligonucleotide of the ILPR to form quadri-
plex DNA of the G4 type in vitro. In G4-DNA, which
is an intermolecular complex consisting of 4 oligonucle-
otides, the four strands are aligned in a parallel fashion
(Fig. 3A). Whilst this structure is the predominant one
formed under the conditions used here. within the [ILPR
in its natural context, because all oligonucleotides are
present within one continuous DNA strand, the quadri-
plex structure must involve antiparallel orientation of
strands, and thus be of the G4’ type [3].

Both oligonucleotide S and L gave rise to a second
less intense band than the G43 complex (complex A in
Fig. 1). For oligonucleotide S 1his is clearly visible
above the G4 complex. whereas for oligonucleotide L,
because it ran very close to the uncomplex linear ol-
igonucleotide, it was only visible in shorter exposures of
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the autoradiograph (data not shown). Complex A could
represent G'2 DNA, where two oligonucleotides fold
back on themselves and then pair in a parallel fashion
lo form a quadriplex structure containing only two ol-
igonucleotides. However, we favour the interpretation
that complex A is similar to product K observed by Sen
and Gilbert [3], where the two oligonucleotides pair in
an antiparallel manner. This latter structure would be
further stabilised by base pairing between the ACA and
TGT nucleotides between the runs of G’s (Fig. 3B).

In addition, oligonucleotide S forms a series of com-
plexes with slower mobility than G4 or complex A
(complex B in Fig. 1). We believe these to be examples
of tetramolecular antiparallel structures not previously
reported. Apart from forming a quadriplex structure,
complex B is able to multimerise, as clearly evidenced
by the appearance of a ladder. This structure would be
stabilised by base pairing between all the nucleotides
between the runs of G's, and therefore must involve
antiparallel orientation of strands. The most likely
siructure adopted by complex B is shown in Fig. 3C.
Further support for the existence of this structure comes
from the fact that oligonucleotide L does not form a
complex B. This would be expected because the unre-
lated nucleotides on each side of the ILPR consensus
oligonucleotide would not allow the formation of mul-
limers.

The data presented here show thut the ILPR can
adopt quadriplex structures, Taken with our previous
findings that a plasmid harbouring the human insuiin
gene und the ILPR exhibited an altered DNA structure
under torsional stress [2), these results show that quad-
riplex structures exist within the context of the human
insulin gene in the ILPR. Moreover, our further demon-
stration that the G4' structure is exhibited in plasmid
DNA assembled into chromatin in vitro (Hammond-
Kosuck, unpublished observation) suggests that this
quadriplex structure could be exhibited by the ILPR in
vivo. It will be of particular interest to determine
whether this structure is exhibited constitutively or
whether its presence is dependent on (or a prerequisite
for) gene expression or the cell cycle stage. So far there
is no evidence to suggest that the ILPR serves as a
cis-acling element for insulin gene expression [8]. It is,
however, feasible to envisage that the bending induced
within the ILPR by formation of the G4’ structure
could bring cis regulatory elements of the proximal and
distal promoter into close proximity.

Quadriplex structures were first detected in oligonu-
cleotides from the telomeric ends of chromosomes.
However, their biological function is not known. It is
possible that these quadriplex complexes could ferm
during chromosome pairing involving telomeric ends of
both chromosoimes, thereby anchoring the chromosome
to facilitale homologous recombination or similar proc-
esses. The ILPR could therefore serve as a further an-
choring point. It is interesting to note that while long
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tandem repeat stretches of quadriplex-forming oligonu-
cleotides have only been reported for telomeres and the
ILPR, many genes carry an oligonucleotide with close
homology to these within their proximal 5' regions. It
would be of interest to investigate whether more tandem
repeats of the consensus oligonucleotide are present
within each chromosome.
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