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Bio-inspired Novel Structural Motifs with Metals

>

£

Hair-pin
B -Sheet

a -Helix
ds-Helix




Chemical Bonding
iIn Molecular Architectures

~
bonding bondin
Atoms ======> Molecules ======> Assemblies
Y,
Covalent Noncovalent
Stronger & Rigid Weaker but Flexible
Irreversible Reversible
Rotation Exchange / Motion

X—=Y, X=Y, etc X—Metal, XH---Y, etc




Quantitative Design of “Elements”

Dynamic Control of “Bonding”
()
New Molecular Functions
()

Molecular Machine (Device)

Functional Materials
()
Advanced Molecular Systems
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Natural and Modified DNA Base Pairs
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A Discrete Self-Assembled Metal Array

in Artificial DNA
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Design & "054
Synthesis
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Pentanuclear Cu?+* Complex

with Duplex d(5°’-GHHHHHC-3’),
s N

C—
0.18 "o_i"_\,-—G ::—on
§ 016 HO—T-O 0 O _~. /—3
g 0 NS 6 S AL
9 0.12 I 5"
(7]
2 0.10 HO-i-O 0o o L —]
' . LY @f o7l
YN o
oo8y \J T 08 -OH
0 2 4 6 8 10 F ¢
3 [Cu?*] / [duplex] oo oo b/
& . olo\"‘\/[oQ Q?
.e \ o-g—on
8 no-?—o o0 °luv\:5
< OV\f'(IogoL.«* B
o "3
no-s'T-o 00 L -
Mo ag goj\j%}i on
ESI-MS g ' ‘i
00 - 3_ - HO-P-0O -
240 260 280 300 320 340 [M-3HJ]" =1483.10 , G—,,

Wavelength /nm

(caled. 1483.11)  O—C

[DNA duplex] = 2.0 uM in 10 mM HEPES (pH 7.0). 50 mM NaCl. 25 °C




Spin-Spin Interactions
on Cu2+ Ions Aligned in Artificial DNAs

X-Band EPR Spectra

M)
l"l‘/"“"“‘""‘"‘*‘
\1‘
‘|ﬂ

il

!

/\

(

FT pulsed EPR/ESTN Spectra

(Electron Spin Transient Nutation)

s

n=1
5'-GHC-3'
n=2 %
5'-GHHC-3'
"= Jégéél
5'-GHHHC-3'
| |
n=4
S'-GHHHHC-3'
| |
n=>,

S'-GHHHHHC- 3'

A

W

3.7+01A

3800 y—mL =
3400 B
0! =12
2600
AV RS
i a1 3
: 2
) :
Ii
) ‘g}
™ %
~ L>
> "{‘_
\
N
P
J0 10 20 30 40 50 60

Magnetic Field / Gauss

Nutation Frequency / MHz

[DNA duplexes] = 100 uM with n eq. CuSO,4 in 10 mM HEPES (pH 7.0), 50 mM NaC(l, at 1.5 K.




CD Spectra of Cu?+,:d(5’-GH,C-3’),

100

A
50 F gg A
8 0k &
E R 00500 -
sl
'1°°§ E:}E
N

250 300 350 400
Wavelength / nm

[DNA duplex] = 8.0 uM in 10 mM HEPES (pH 7.0). 50 mM NaCl. =1 cm. 25 °C




Discrete Metal Arrays in Artificial DNA
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Programmable Heterogeneous Metal Arrays




Heterogeneous Metal Array




Clever and Carell
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Programmable Metal Arrays in Artificial DNAs




pH-dependent Coordination of Nickel(II)
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Triple Helicate

Artificial oligonucleotide

Hydroxypyridone-bearing _ 2% O:{j {yo

nucleoside _O§P\;o«<?{N i
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Triple Helix Formation using Fe(lll)
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Conductivity of a single metallo-DNA duplex
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Halogen-bridged Mixed-valence Pt Complexes
on Artificial Peptides
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news and views

Supramolecular

Magdalena Helmer
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Molecular merry-go-round
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Spinning in Concert informatic
In macroscopic machines, gears are commonly search, is
used to induce the synchronous motion of well- | For good 1
separated components. Hiraoka et al. observe a | wish to co
similar effect at the nanoscale in a stack of four | make it di
ligands held together by mutual ing log fil
coordination to metal ions. at the ¢

The ligands consist of mul- mis

tiple oxazoline or thia- p!
zole rings appended to i
a central phenyl core.
Upon binding silver or
mercuric ions, these
pendant rings adopt
a common cant (shown (
at right) that creates an ac
overall helicity, with the data
central ligands transmitting an informa
orientational bias from one capping allows per
ligand to the other. Using solution-phase quantum 1
nuclear magnetic resonance spectroscopy, the tions (que
authors demonstrate that a helix inversion in entangled
one component of the stack induces a cascade by the dat
of inversions throughout, thereby correlating piece of ir
the motion of molecules spaced more than a scuppered
nanometer apart. — ]SY such a qui
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