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Photostability of DNA

Fundamental Question

How did adenine, guanine, cytosine and thymine survive on
the early earth which had no ozone layer to screen out uv.
Suggestion: T-pegt batvieoma ImeeE
which converts the energy absorbed from uv into

Energy

vibrational energy followed by dissipation to environment.

Practical Importance

Radiation damages the DNA in cells and causes
disease if the cell is not able to repair it.

It is important to understand the damage process
which involves a coupling between UV radiation
and long wavelength (IR and THz) vibrational
modes.

Example
A common radiation damage defect in DNAis the 'nhx*

formation of thymine dimers from adjacent thymines.
This is an ultrafast photoreaction strongly coupled to
vibrational states.

So

Schreier et al SCIENCE15625 (2007)



Photostability of DNA

Radiation damage in DNA is an important but poorly understood process
Photostability of double stranded DNA employs fundamentally different nonradiative deca

mechanisms to those in its constituent bases.
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Relaxation pathways for excess electronic energy in DNA are determine
primarily by its p stacked architecture and not by the properties of its bases.

Experiments

UV excitation coupled to IR and THz with control of wavelength and phase and sub p sec
time delays. No existing source offers this capabillity.

IR is extremely sensitive to DNA structure

Transient IR vibrational spectroscopy- a powerful probe of kinetics of DNA damage
Takaya et al PNA30510285 2008



Fundamental Studies of Enzyme Catalysis

Current understanding of enzyme mechanisms

Good appreciation of reaction mechanisms ie electron flow

Good appreciation of structures from protein crystallography

Very poor understanding of the dynamics

ie Enzymes increase reaction rates over reference reactions by <210

New theories suggests quantum mechan
There is some indirect experimental evidence

What is needed is access to puragrobe experiments on < ns timescale NLS

Courtesy Nigel Scrutton



Fast tunnelling models for enzyme catalysis: H and electretiansfer
A Protein motion (millisecond to sub picosecond) modulates barrier
properties(le.0squeezingo6) to facilitate t

A Fast (subpicosecond) smalscale promoting vibrations/motions promote
H-transfer and electron transfer by quantum tunnelling mechanisms

A Large-scale motion also narrows the barrier in electron transfer

HC

Masgrau et alScience 312 237 (2006)

: Leys, Sutcliffe and Scrutton Nature Struct. B{@003
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