INTRODUCTION

Recently, interest in G-quadruplex structures has increased greatly due to the discovery of many G-rich biologically significant regions present in
the human genome. These regions include the immunoglobulin switch region, gene promoter regions, sequences associated with various human
diseases and in telomeres at the end of chromosomes."* It has been postulated that G-rich segments of the HIV-1 Central Flap Sequence can form
quadruplex structures and that they can play a role in regulating the reverse transcription process necessary for host cell infection.’ Our goal is to
determine if this particular HIV-1 DNA sequence forms quadruplex structures and to try to target the quadruplex with stabilizing ligands. An
electrospray ionization source coupled to an ion mobility mass spectrometer was used to acquire mass spectra and measure collisional cross-
sections of ODNt+, our quadruplex model d[T(G),TACA(G),A], which was designed to mimic the structural features of the biologically relevant
central flap sequence. The experiments on ODNt+ when compared to the previously studied human telomeric sequence, T2, indicate that two
stranded quadruplex structures are stable and are competitive even in the presence of the complimentary strand.
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ESI Source:

A voltage is applied to
metal coated capillary
containing a solution of ions.
Droplets are pulled from
the capillary tip into the ion
funnel.

fon Funnel
The ion beam is concentrated
radially and accelerated
towards the drift cell using the
force of an electric field.
During this time the solvent
evaporates, leaving the bare
fons to enter the drift cell.

Drift Cell:
lons travel through the drift cell
under the opposing influences
of a weak electric field, and
friction due to collisions with
~5 torr of helium gas.

MS:

lons exiting the drift cell are
mass selected using a
quadrupole.

Electron Multiplier Detector:

Mass spectra and arrival time
distributions are recorded on a
computer.

V = const.
V=KE
K = ion mobility

p(He)

Concepts of lon Mobility

Time is measured starting from when the
ions are pulsed into the drift cell, until they
reach a detector. Inside the drift cell they
encounter ~5 torr of helium gas. Larger
structures will experience more collisions
with the He, increasing the frictional drag,
and lengthening the amount of time they

Drift cell

spend in the cell, as compared to a more
compact structure. This enables us to
temporally separate structures of different
collisional cross-sections.

Get shape information
from ion mobility

1- 5 torr He
Drift cell

Arrival Time Distribution
(ATD)

K=1(T,p. a1 0)

T = temperature

p = pressure

q = ion charge

p = reduced mass

6 = collision cross section

L ion shape
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Two Stranded Quadruplex Formation in Human Telomeric Sequence T2 |
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Review of HIV Infection of Host Cell

. Glycoprotein on surface of HIV-1 viron
interacts with receptor on the surface
of the host cell.

. Induces injection of viral genome and
other particles (proteins) into the host
cell.

. Reverse Transcriptase makes copy of

/ » | tegraion | the RNA(+) strand called DNA(-)
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ODN2+: d[TT(G); TACAGTGCA(G),AAA] - Biological

making more RNA viral genomes to be
packaged and assembled.

ODNt+: d[T(G);TACA(G),A] > Model

CD Spectra of ODNt+ with a short annealing time ODNt (+) and (-) Strands Annealed for 24 Hours

ODNt+: d[TGGGGGGTACAGGGGA] W = Double Stranded Complementary
Sample Prep: Short Annealing Time (3-20min) = Two Stranded Quadruplex
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+ The mass spectrum shows species are retained in the gas phase
that are indicative of quadruplex formation.

+Two stable structures are visible in the ATD which is in agreement
with the ATD of the similar quadruplex T2.

« The presence of two stable structures is also indicated in the CD
spectrum with two features; one at 260 nm which is characteristic of
parallel folds and one at 290 nm which is characteristic of Anti-parallel
folds
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«+ Signifi ities of both y double stranded species and two
stranded quadruplex species are present in solution

« Itis possible that an equilibrium between the two stranded complementary and two
stranded quadruplex species exists

+We can also try to stabilize the quadruplex with specific ligands and try to favor the
quadruplex species over complementary species
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1. It has been shown that the two repeat Human Telomeric sequence, which is analogous
to the HIV-1 central flap sequence, forms stable parallel and anti-parallel quadruplex
structures in solution that are retained in the sol free environment.

2. Stoichiometries in the mass spectrum, structures in the ATD, and features in the CD
spectrum, indicate that the model sequence designed to mimic the biological HIV-1 central
flap sequence forms two stable, two stranded quadruplex species. This is in ag with
the T2 quadruplex.

3. When annealed in the p of the y (-) DNA strand there are two
types of complexes present in the mass spectrum. The two stranded quadruplex species is
competitive with the complimentary double stranded under our li
conditions.

4. Future studies with different model sequences should improve the ease of modeling
permitting assignment of ATD structures. In addition we can now start to look for ligands
that bind specifically to quadruplex structures with the hope of stabilizing the quadruplex.




