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A G-Quadruplex, or G4, is an alternative DNA 

structure to the more famous double helix. G4s can 

form in specific DNA sequences where the DNA base 

guanine is highly concentrated. 

DNA structure and function are closely linked - a different structure will have many effects
3
. 
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There is now a strong body of evidence to say that G4 DNA exists inside living cells, with 

tens
1
 or hundreds of thousands

2
 of potential G4-forming DNA sequences existing in the 

human genome. 

G4s are often thought of as a “DNA knot”.  

Quadruplexes alter gene expression - 

decreasing it by blocking the expression 

machinery, or increasing by alerting the 

machinery to start copying a gene, 

depending on the location. 

Chromosomes are protected by telomeres - 

similar to the caps on shoelaces which protect 

the ends from fraying. These contain repetitive 

G4-forming sequences believed to play a role 

in their regulation and are linked closely with 

ageing and with cancer. 

Truly understanding the role of G4 DNA in our cells requires us to be able to directly image this 

structure specifically inside living cells. We use molecules that light up - fluoresce - when they bind 

to DNA. Developing a probe like this for G4s is an exceptionally difficult problem. Our probe 

must: 

Conventionally, you image a species in a cell by 

using a chemical probe which binds to it with high 

specificity and gives out a signal - often 

fluorescence. For G4 DNA, it is practically 

impossible to achieve high enough specificity for 

reliable results. 

We need a more sophisticated approach - fluorescence lifetime. 

We have developed a probe, DAOTA-M2, that fluoresces when it binds to DNA and has a 

longer fluorescence lifetime when bound to G4 DNA than when bound to double helix DNA 

inside cells
4
. This lets us observe how the cells handle and interact with these G4 structures. 

Enter the nucleus of the cell without causing damage or 

altering the DNA content there. 

Image only the G4 DNA and not any of the other DNA. 

G4 DNA is rare and transient, whilst the rest of the DNA 

is abundant and chemically almost identical. 

This is like finding a needle in a haystack, but the needle is also made of hay. 

Lifetime - how long 

fluorescence lasts - is 

determined by the 

fluorescent molecule’s 

environment. A probe 

which fluoresces for 

longer bound to G4 would 

be able to image the 

different DNA structures 

without needing to bind 

with improbable selectivity. 

DAOTA-M2 

When DAOTA-M2 is added to DNA, its 

fluorescence lifetime clearly discriminates G4 DNA 

from other single or double stranded DNA 

structures. 
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Using this new tool we have been able to... 

Directly observe the machinery in the cell 

responsible for untangling the G4 knots for 

the first time - G4 helicase proteins. 

Without them present to unwind G4, we see 

more G4s in the cell
5
. 

Screen other molecules to see if they 

can bind to G4s inside live cells. If they 

do, the G4s will become masked and 

DAOTA-M2 cannot see them
5
. 

These molecules could be used as 

drugs, using the biological importance 

of G4s as a target. 

Methods to study G4 DNA have 

evolved from computer prediction to 

looking inside fixed (dead) cells with 

antibodies - the next frontier is to study 

it directly in live cells. 


