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Tannahill D, McCafferty, Balsubramanian S.
Quantitative visualization of DNA G-
quadruplex structures in human cells.

BACKGROUND

Guanine-rich DNA sequences capable of
adapting non-Watson-Crick model of DNA
structures in vitro are prevalent in human
genome. But decades have passed to ascertain
that they exist in vivo in mammalian cells. G-
quadruplexes (G4) are structures which seriously
challenge the age-old dogma that the double
helical structure of DNA is the only model of
DNA capable of existing and influencing cellular
functions considerably in human cells. G4 are
square structures formed only of guanine
residues linked together by Hoogsteen hydrogen
bond and additional stabilizing energy provided
by a monovalent cation coordinated with oxygen
(O6) lone pairs of each guanine residue [1].
Thermodynamically  highly  stable, these
quadruplexes are involved in gene expression,
cell division, maintenance of chromosome
stability and apoptosis [2, 3, 4, 5, 6]. They
actually interrupt the ‘normal’ double helical
structure of DNA forming knots and tangles.

WHY WAS THE STUDY CONDUCTED?

Several years ago, a group of researchers showed
that four-stranded DNA can exist in the
telomeres of macronuclei of ciliates [7]. They
were also produced in test tubes [8]. However,
the presence of G-quadruplex structure in
mammalian cell nuclei was not observed. The
study aimed to engineer a structure-specific
antibody highly selective for DNA G-quadruplex
structures such that quadruplex structures might
be detected in human genome.

HOW WAS THE STUDY DONE?
Giulia Biffi, one of the members of this study

group, produced an antibody called BG4 which
specifically bound with quadruplex DNA and it
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did not tag with RNA hairpin, ssDNA and
dsDNA. BG4 was isolated from a library of
single chain antibody clones by the method of
phage display. With the help of ELISA, it was
assured that BG4 did not bind with any other
nuclear materials except G-quadruplex DNA.
Further experiments also showed that BG4 did
not possess any differential affinity for any
particular G-quadruplex conformation.

A secondary antibody and then a tertiary
fluorochrome-labelled antibody were tagged with
the primary antibody i.e., BG4 and was applied
into the fixed incubated cells to visualize the
DNA G-quadruplex. To confirm the specificity
of BG4, the following series of experiments were
carried out: a. Pre-incubation of the antibody
with excess pre-folded G-quadruplex
oligonucleotides, b. Treatment with DNase I, c.
Treatment with RNase, d. G4 transfection.
Changes in the number of BG4 foci were noted
after each intervention.

To detect the distribution of G-quadruplexes at
the level of individual chromosome, they were
incubated with colcemid and then BG4 was
applied.

To prove the previous hypothesis of replication-
dependent formation of DNA quadruplex, the
amount of DNA quadruplex formed in relation to
the cell cycle progression was measured. To
ascertain the finding, aphidicolin was applied to
inhibit DNA polymerase activity and the amount
of BG4 foci was further investigated.

WHAT DID THE STUDY FIND?

The BG4 antibody was shown to specifically
attach with the regions of DNA rich with G-
quadruplex. Following observations further
strengthen the conclusion:

e  Pre-incubation of the antibody with excess
pre-folded G4 oligonucleotides - Loss of
BG4 foci

e DNase I treatment - Loss of BG4 foci

e RNAse treatment - No change

e G4 transfection - Increase in BG4 foci

On individual chromosome observation, discrete

BG4 foci were observed both within the non-
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telomeric regions and at the telomeres. In some
cases, symmetrical staining of sister chromatids
were observed. This finding suggests the
formation of G4 within the same genetic loci of a
newly replicated DNA. Greater amount of
antigen-antibody complex were formed when a
cell expresses some dysfunctional state and also
when there was increased cell division. Lowest
BG4 staining was observed during G¢/G;
checkpoint and highest during S phase. On
administration of aphidicolin during S phase,
number of BG4 formation was found to decrease.
The study also found that when agents like
pyridostatin, shown to cause cell damage in vitro
by operating on DNA G-quadruplexes [9], were
administered in mammalian cells, marked
increase in nuclear staining was observed. This
finding confirms that agents like pyridostatin
actually work primarily through the stabilization
of G4.

LEARNING POINTS FROM THE STUDY

Production of genetically engineered highly
specific BG4 antibody is a major breakthrough
because it is thought to be an ideal tool to detect
the genome wide distribution of G4 DNA
structures in human in future. The antibody when
applied to the mammalian cell not only helped to
visualize the G4 foci in chromosomes but also it
fostered the quantitative demonstration of G4 and
its replication dependent modulation in
formation. Therefore, the study has confirmed
the physical and functional presence of G4
quadruplex DNA and opened up a huge research
area to design drugs particularly small molecular
agents which stabilize these G4 leading to
cellular damage and subsequent apoptosis.

LIMITATIONS

The study did not actually visualize the G-
quadruplex DNA as such but it concluded its
finding from indirect evidence of antigen-
antibody reaction. Skepticism is going on the
accuracy of these antibodies working with big
structures like the G-quadruplex and their ability
to co-localize with cell division is rife. Although
the finding is remarkable, further repeated
investigations are needed to verify the results.
Indirect evidences from other sources and also
direct evidence is sought for.

WHAT IS THE BOTTOMLINE?

Increased formation of G4 DNA during S phase
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of cell cycle points to the possibility of increased
production of these structures in neoplasia.
Researchers have shown that the production of
G4 DNA suppresses the telomere elongation [10]
and the proliferation of tumor cells [11] by
inhibiting telomerase [12]. Thus, these quadruple
DNA are thought to be potential target for
pharmacotherapeutic agents for newer forms of
cancer therapy in the future. Presence of these
structures in human cells and the fact that their
formation is being modulated with the course of
various phases of cell cycle prompts us to think
whether this might lead us to an era of
personalized cancer chemotherapy.
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