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Singlet O, and DNA damage
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https://nasa.tumblr.com/post/151016092994/why-sequencing-dna-in-space-is-a-big-deal

Guanine is the exclusive DNA target for 1O,

« Mutation such as G-C & A-T transversion
* DNA-protein cross-link

* Cell death



Guanine oxidation mechanism and questions
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NMR of photooxidation of a model compound
at-78 °C, C. Sheu and C. Foote, JACS,
1993, 115, 10446
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A approach different than solution-phase photooxidation

Collisions of single biomolecule
with 10, in the gas phase

mass spectrometry computation
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Guided-Ion-Beam Tandem Mass Spectrometer
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Potential Energy (eV)

1. What we wanted to do first

was to capture reaction intermediates
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RRKM analysis and implications
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Direct dynamics simulation of guanine ion-beam scattering
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Form a 5,8-endoperoxide rather

~—— than a 4,8-endoperoxide that was
proposed for neutral guanosine



Reactions of 'O, with [G + H]*(H,O) and [G - H]-(H,O)
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Collision Energy (eV)

Capture of transient endoperoxides
via water evaporation cooling

> Experimental assessment of the
activation barrier associated with O,
addition to guanine

Wenchao Lu and J. Liu, Chem. Eur. J., 2016, 22, 3127-3138
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2. More about O, addition mechanism:
— A model study using IMG

Guanine base Guanosine 15 _
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9-Methylguanine (9MG) has

similar hydration, ionization,

pK, and reaction AH as

guanosine Wenchao Lu, Huayu Teng, and J. Liu, PCCP, 2016, 18, 15223-15234



Potential Energy (eV)

pH-dependent 'O, addition
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[OMG + H]* and [G + H]*: a concerted cycloaddition to a 5,8-endoperoxide
different than neutral guanosine which leads to a 4,8-endoperoixde
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r(C8-0) (A)

r(C8-0) (A)

Switches to stepwise addition upon deprotonation
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3. From gas-phase dynamics to
solution-phase kinetics and product distributions
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Fangwei Liu, Wenchao Lu, Vincent Yin, and J. Liu, J. Am. Soc. Mass. Spec., 2016, 27, 59-72.



Normalized Abundance

Kinetics of IMG + 10,
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Potential Energy (kJ/mol)

Solution-phase PES & kinetics
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Deprotonated guanine favors formation of Sp.
Oxidation of protonated guanine is blocked by early-stage barriers.
Initial 10, addition is rate-limiting.
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Oxidation rate constant
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Summary

Guided by PES,
kinetics & dynamics simulation
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Gas-phase scattering probed
early-stage dynamics & intermediates

that is missing in condensed phase study e
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