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I. Guanine oxidation mechanism and the questions we want to address

Guanine nucleobase is the exclusive DNA target
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1. Generation of
guanine ions by ESI 4. Product ions are mass

analyzed & counted

3. Mass-selected ions are guided into an
octopole surrounded by a collision cell,
and scattered from '0, contained within

* Generation of 10,
—-20°C
H,0, + Cl, + 2KOH — 10,/30, + 2KCl + 2H,0

QUEENS

COLLEGE

The City
University

of
New York

(o)
oo <N‘“)]\NH
Q1 Formation of transient endoperoxide? Q2 Concerted [4+2] cycloaddition across . s | —
° e 0 ° e 0 ° \ NS 2-b e NH o ) &
4,8-bond OR stepwise addition initialized gf& - QIKJ\N — WD
- H - o| © 3 a
N jj:N )Oﬂogn Ky H/& by 8-perOdee? 1 fo\ N I w | 7
HN \ “HO HNT Y +H,0 N +HyQ 2 o) . . 0 ) ’
N O%F? 2NJ\N | ’\{IOOH HN)\N/ N\j:o HzN)l\N/ N\>=O‘COZ HzNJ\” 2 N\dR R Gruber, A Monarl, E DumOnt, H/N NJ\
o wR, | ARbsL AMOUdlL, L A oo WY
8-O0OHdGuo quinonoid intermediate  5-OH-8-oxodGuo (majo?ca-:;?)H o JPC A’ 20 1 4, 1 1 8’ 1 1 6 1 2 2-a
I | |4 .
0 0 0 o6 Adenine
HN)jiN>= RN N\>_ HNT H>= i, N 2
)\ ° )\ O = )\ ° )\ s /K ° ° ° ° .
R L T Q3 An endothermic activation barrier £ ol co,
8-OHdGuo 8-oxodGuo dSp ° ° §
(minor) (minor) (minor) (major at pH > 7) for Ode ath n ? § 2
The only evidence was from photooxidation of an 8-methyl il;dumogt,JRL(;'uber, k ]E\}]lgrlloj’ (;h;[zorellé(ﬁ)fllg/lzl;leagé a % [*4
- - onarl, J-L. Ravanat, Nucl. Acidas Res. " N
substituted model guanosine compound at -78°C ’ ’ ’ D ol Sy
Arbitrary reaction coordinate
C. Sheu and C. Foote, JACS, 1993, 115, 10446 0 NP % Ry
A = 1a) [G+H]'(H,0) 10 B oo 0 2 ¢ Ml T | -
] 2= ) 111090 : ' H.9 N5 i NN TS2d- v Lk S S [ <
- 0 +—— Q_NO: oN \ rz// 1 Ho o ©N /Hé 0p” N)\ | N/>_OOH o ! \ ) L r"’ﬁe M, e ale c"{é {141, [ -
q 7 i i \ erxi:\&N,\i\?/H ?;z\ T\)H:N%/O‘o HzN):NiNXH 2 ;NSZC‘ N NN o, | g -768.38 "J(@"sy:m [([Q%H]‘-#’QO}:&; a" i ;;‘ 1 8
?4: 1.5 - 170 S NN o _— L A — ):H/A/ P = : 51‘5%:6”,3’35"&%;;;' [ 8 tast % T A RIPE ST St AN 6
— 5,8-00-[G +H] \\2 PC2- // TS2a @-OO[G-I‘ﬂ'/ TS2b \ e / \\ HoN r\;/ SN \ g 00 E AR gk il 4 Io
o — N—— C_ \ = ol 1955 3 { SN
c 184 2 = | s H;?pm- — B e O B / | W -768.40 AR I e
-‘8 %) D1 pN RN q &R TS<1>;o\\ | \\ 2R oN \ / \\2 - 4 -4 =
3 1.0 - = > 1 AR W0 7N H S
N ] 3 S Ni\} N N\ Y_ UL BN / > 768.42 - i
n 8 GC) g HoN H2N>§N 5,8-O0-[G-HJ \ / N \\ // \g ) I
8 } m E ] eNO N \\ / \\ | -
C 54 S 2 I S H \ I 8-OOH[G-2H]_1 7 -
O i “GC—)‘ | HoN™ N \ // o )
I g | L o <
g 8-OOH[G-2H} W =
0.0 7 o T o £ °
00 / i’"\)iN%ooH &006 c
| e 1S o S
20 10 4 a) \ Y = -8 3 -
[G - H]'(H,O)} 1/5000 -5 T =20 nsec B ]
lic-H1H,0) + 0,
< 15 4 168 1 0 +—\ TS2a(H.0) 1, To201(H0) TS2¢(H,0) 1
’% - 95,8-00-[G -H] \\\\ /h*\ j} c,s/c/ \ 4 S \\ 0 1000 2000 3000 4000 5000 6000
O\O N . Cj‘\\ ;:xlo - \ ? 5','0 / . .
_% 1 > %2_(&@ TS (H,0) b fié;orj])\\ _Hﬂm ol \\ Trajectory Time (fs) 9
o 1.0 1 S PC1(H,0) \f-og[g'H]ftﬁm}szcxH@yL \
e - O -1 o \ (F0) 45 \ / \ 8-OOH[G-2H]_1 .
(7)] i y— ,'H O N £ \ I S\ \
Q - LT} s 5,8-00- \ NG
5 D ] :Hzn)z\ﬁh Ny Fo-HI,0) \\ /I \\\—; -
. 8-QOH[G - H] 8-OOH[G-2H](H,0)_1
] b) | \ A | éH
0.0 += 0.1 = | Hlof 2 L
0.0 '2 :1 ;3 ;3 o 16 \ T Hchi)NiN % Formed a §,¥-endoperoxide
' ' ' ' ' ' 12) 8-OOHIG-2H}(H,0). 1 rather than a 4,?—endoperoxide
Collision Energy (eV) that was proposed for guanosine
D A Product MS and E_ , —dependent cross sections for the reaction of !0, with (a)
+ =
A S monohydrated protonated [G + H]"(H,O) and (b) deprotonated [G — H](H,O).
M\ 0 &y S« The experiment confirmed that the oxidation of guanine has no barrier above reactants, and
5,9 ‘ ' . . . . . .. .
- . ave .1:10“ the reaction is sufficiently exothermic that 1s able to eliminate a water ligand.
> $° TS3b™ (1.24) ms.fQ“’ C. .
S A 0993,% B CCSD(T)//B3LYP calculated PES for the oxidation of isolated and monohydrated [G — H]J-.
T .9 T;3C Top frame shows that 1solated intermediate/products were short-lived and decomposed within
5| o0ge N 059/ 9\ the TOF 1n mass spectrometer. Bottom frame shows relaxation of products via water
/o) " 29 : . .
S |e%e%e $3. 5.0-8-0x0[G- 2H] evaporation (shaded 1n blue).
o’ e ~
(0.00 eV) .~ \ s 0 oo / e 4§ ek : : : : .
— 970%™, ooad b S AN C A dynamics trajectory shows the formation of 5,8-O0-[G — H]- in collision of [G — H]-
8-0x0[G-3H] + H,0 \_ (-0.21) / 5 0700 [ 8 %e0 e , o o
T 000 3000 (H,0) with !0,, and subsequent elimination of water ligand.
=

=10, intensity was determined by its emission
before leaking into scattering cell
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Intrinsic Reaction Coordinates

II. Intra-pair proton transfer and non-statistical Kinetics of deprotonated [Guanine-Cytosine — H]" pair

* Deprotonation of base pairs 1s one consequence of 10nizing radiation interacting with cells, occuring after dissociative electron attachment.

* Deprotonation of a nucleobase prompts intra-pair proton transfer = Shift of actual deprotonation site & Structural perturbation
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1) TS re-crossing for intra-pair PT was observed in trajectories
TS geometries are twisted that bring about a dynamic bottleneck along the constrained configuration.

F Intra-pair PT and
dissociation PESs for
deprotonated base pairs.

4 product branching ratios as
a function of £,

H CID thresholds and
cross sections for base

D Evolution of gas-phase products to end product spiroiminodihydantoin (SP) in solution.

E 10, oxidation of guanine nucleoside (A model study)
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Oxidation of protonated [9MG + H]" 1s similar to free guanine:
reaction 1s mediated by a [4 + 2] cycloaddition leading to formation of
5,8-endoperoxide.

Oxidation of deprotonated [9IMG — H]- is different and proceeds stepwise,
starting with a terminal peroxide that subsequently evolves to a 4,8-
endoperoxide.
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