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A quantum chemical study of mutation from GC base pair to AT base pair by double proton
transfer in base pair model

(Department of Electtonics and Inromatics, Kokushikan Univ.) OKei Odai, Keisho Umesaki

DNA forms a double helix structure by hydrogen bonding of four bases : guanine (G),
cytosine (C), adenine (A), and thymine (T). About 60 years ago, Lowdin proposed the
hypothesis that a double proton transfer at the hydrogen bond formed between G and C would
cause a mutation to A: T base pairs. We examined the ratio of mutation G-C — A-T occured
based on quantum chemical calculations and reaction kinetics. The reaction coordinates (IRC)
for double proton transfer were calculated. The reaction rate constant was determined based on
the IRCs, and the concentration of the mutated product was determined.

Keywords : Double Proton Transfer, Watson-Crick Base Pair, Density Functional Theory,
Intrinsic Reaction Coordinate

DNA 277 =2(G), ¥ b (C), TT=(A), FTI(T)D 4 >DHEHHKIZLY —
BEOHAMEZER L TW5D, 60 F1F ERIC Per-Olov Lowdin (X G & C ORFIZEHK
SNTARBREGICBWN T _E Y e hBE#NEZ 5L, DNA OERAENRS Z LT
A-THFS~EERAZBE T WO AE LY, Fxld, ZOZEHT e FoB
B L EERAE LD ARtk & & L FRHR & ROSHEFRIZE SO TRHREEL T\ 5,
Figl.O X912 G-CnD AT ~ERT LT, ZEH7 1 b UBENI 6T 5 RSB
(IRC) % B3LYP/6-311++g(d,p) L~V TERE L7z, &0 IRC IZFEDW TR EEL
B, ERTH D GH-C*R° G*-T*/2 & DAF ERER Z KD Tz, KA G-C 5
AT ~OERDOEFREZRDT-OTHRET 5 2,

—<--- DNA replication
GC L > G*C* I:> double proton transfer

¥ < [ E
G*c* <— (GC GCH > (G*C* GT* <— (G*T AC* T—> A*C
YN ¥ooN ¥ ooN ¥ ooN ¥ooN ¥ooN ¥ooN ¥ ooN
G*T' (AC* (GC K (GC G GC G*T) (AC* (GC» (GT* (G*T' AT AT (AC* A*C (GC

Fig 1. Watson-Click like base pairs appearing within replicating twice from a G-C base pair
by double proton transfers.
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