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DNA Cleavage Catalyzed by ATCUN
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Figure 1. Cleavage activity of [GGH—Cu]™ monitored by 0.8% agarose
gel electrophoresis, where [DNA] = 50 uM, [[GGH—Cu] "] = 25 uM, and
[ascorbate] = 250 M. Time course measured in 10 mM Tris buffer, pH =
7.4, 37 °C, showing the disappearance of supercoiled DNA (S) at (1) 0
min, (2) 2 min, (3) 4 min, (4) 6 min, (5) 8 min, (6) 10 min, (7) 13 min, (8)
16 min, (9) 19 min, (10) 22 min, (11) 25 min, and (12) 28 min. (A) Gel
image showing nicked (N) and supercoiled (S) DNA. (B) Reaction curve,
showing a pseudo-first-order kinetic profile (R* = 0.952), kobs ~0.07 min~!.

Jin Y. et al., JACS, 129, 8353 (2007)



ATCUN Motif
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Fenton-type Prooxidation Reaction

Cu"* + H-»0,

2

Cu"t+ 4+ OH°® + OH-
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Fenton-type Reaction on ATCUN

Cu'l + H->0>

2

Cu''t + OH°® + OH-



Redox Potential & Reactivity

Table 4.

Influence of Lys Positioning and Stereochemistry on the
Redox Activities and DNA Cleavage Reactivities of Cu(ll)- and
Ni(ll)-ATCUN Metallopeptides?

AE® (M3+2) (mV) relative to M(III/II)-Gly-Gly-His

peptide D-Lys
Cu(Il)-Gly-Lys-His —11 (ko = 46) —36 (ko = 57)
Cu(Il)-Lys-Gly-His —17 (ko = 67) —35(kp="777)
Cu(Il)-Lys-Lys-His —51 (k, = 116) —75 (ko = 200)
Cu(Il)-Lys-Gly-His-Lys —19 (ko = 109)
Ni(II)-Gly-Lys-His +10 (kp =19) +70 (kp = 23)
Ni(IT)-Lys-Gly-His +10 (kp = 21) —20 (kr = 26)
Ni(II)-Lys-Lys-His —10 (kp = 35) —40 (k; = 34)
Ni(II)-Lys-Gly-His-Lys —20 (kp = 34)

Jin Y. et al., JACS, 129, 8353 (2007)



Redox Potential vs Reactivity
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Jin Y. et al., JACS, 129, 8353 (2007)



Models & Methods

Cu-ATCUN Models

DFT Calculations

Redox Potentials
Electrophilicity Index
Electronegativity & Hardness
Local Electrophilicity Index

General APT Charge



Cu-ATCUN Models

Cul/1I . Gly-Gly-His

Cul/1I . Gly-L-Lys-His CulV/I . Gly-D-Lys-His

CulVIl . | - vs-Gly-His Cul/I . D-| ys-Gly-His

Cul/Il . | -l ys-L-Lys-His Cul/1I . D-Lys-D-Lys-His



DFT Calculations

m Gaussian 03 E.O1
B Geom. Opt.; Normal Mode Anal.
m Solvation Effect | SCRF=IEF-PCM (Radii=UFF)
B (U)B3LYP / Dunning’s CC Basis Sets
= cc-pVDZ | H [2s1p], C [3s2pld]
= aug-cc-pVDZ | N, O [4s3p2d]
= aug-cc-pVIZ | Cu [8s7p5d3f2g]
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Results

B Optimized Geometry
= Cu'!'-Gly-Lys-His
= Cu!l-Lys-Gly-His
= Cull-Lys-Lys-His

B Redox Potential



Cu!l-Gly-Lys-His




Cu'l-Lys-Gly-His

L-Form D-Form




Cu'!-Lys-Lys-His

D-Form

L-Form




Relative Redox Potential

[mV] L-Form D-Form
Gly-Gly-His
Gly-Lys-His -48 /1
Lys-Gly-His 30 /3
Lys-Lys-His 310 260




Discussion

B Redox-coupled Proton Transfer
B Coexistence of Isomeric Forms

B Structural Transition of Side Chain



Redox-coupled Proton Transfer

Cu*! Complex Cu'! Complex



Coexistence of Isomeric Forms

Minimum [soform




Structural Transition of Side Chain

Folded Extended




Todo
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Cull-(Gly-Gly-Gly) + H50,




0O-0 Cleavage Reaction




DFT Calculations

B Gaussian 03 E.O1

B Partial Geometry Optimization
= Freeze | Cu-ATCUN (& Solvated Waters)
= Optimize | H>,0,

m UB3LYP / Huzinaga-Dunning & Hay-Wadt ECP
= DO5V(d,p) | H[2s1p], C[3s2pld]
= DO5V+(d) | O, N [3s3pld]
= | anlL2DZ | Cu [3s3p2d]



Reaction with Solvated Waters




cf.) Reaction Iin Gas Phase




Potential Energy Surface
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Todo / Plan
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= ab initio QM-MD Z{£> ?




Proton Transfer




