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Quantum M echanics
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Quantum effects: what arethey?
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Physical guantities (eneray,
moementum, etc.) assume discrete
values rather than being continuous

Uncertainty principle: E,
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\Wave-particle-duality:

IMICroscopl ¢ objects may behave
like waves or particles

Entanglement:
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Quantum effects
(microscopiic 6)ects)

s Elementary particles (Particle Physics)
s Nucla (Nuclear Paysies)

s Atoms (Atemic Paysics)

s Molecules (Chemistry, Biology)

s Nanoparticles (Nanotechnol ogy)




Applications

m |_asey

= | ransistor

s Electron Micrescepe

= Scanning Tunneling Micrescepe (SITM)
= Magnetic Resonance Imaging (MRI)

= Superconductivity.

= | eleportation




Signal Trransduction’ Biolegy.

ST Biolegy: Isiconcerned withithe transmission of
extracellular signals inte intracellular bielogical
effects;
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Signal Triransauction inithe Cell

Proteins
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Fluid Mosaic Model by Singer
and Nicolson (1972)




Receptorsoen thecal s surface

s | on channel-linked receptors

Nobel Prize 2003 for Chemi sty awarded to
MiacKinnon (K* channel) and Agre (water
channel — aguaporin)

s G-preten:linked receptors

s Enzyme-linked receptors




Nanoelectr onics

Miniaturization of electronic
devices and their components




Nanoelectr onics

Atom:-hased hettom:up appreach:
s, Atom eectronics (Eigler, Wada, et al.)

Mol ecular-based hottom:-Up approacnes:
s Molecular electronics (Aviram:-Ratner, 1974)

synthetic molecular-scale devices (rectifiers, wires,
switches, ete.)

s Biomolecular e ectronics (Birge, Nicolini, et al.)

piomolecules (proteins, DNA, etc.) are the
components of nanoscale devices




[Sithis eneugn?

= NGt only size but alse functional ity matters!

= [Violecular components must Work tegether and,
hence, need to be intercennected with each
other while keeping their own individuality
(Integration of components & signals)

s |nteraction with the externall world reqguires the
amplification of signals (signal amplification)
= | hermodynamic and structural; siability




Nature has already. solved these

complex problems!




Membrane

Signal integration

DOWNSTREAM SIGNAL PROPAGATION

Membrane




Signal amplification

Membrane Membrane

E.g. Visual transduction cascade:
Rhodopsin > eee > 10> cGMP hydrolized molecules!!!




IThe SIH2 demain in SiF Biolegy.

SH2 domain of
p56-Lck Kinase

Phospho-peptide
(pYEEI)

Ref. Tong et al. J. Mol. Biol. 256 (1996) 601-610




Role of the' SH2 domain in
ST Biology

Sour ce: Pawson, Cell (2004)




PY EEI-SH2 interactions
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[Discevery: of Quantum) Effiects
N ST Biolegy.

[Pichierm, Biophys.Chem: 109/(2004) 295-304]

u=110 Debye

u=136 Debye

SH2 (free) SH2-pYEEI (complex)




Proven Miacredipoles
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Bio-Nanoe&l ectronics:
arrray’ off macredipelies

n SH2 + n Peptide —> n (SH2:Peptide)
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Protonation &
de-protonation

Electron
transfer

Molecular
recognition

Protein-based devices

Conformational

Polarization




Blosensor

Detection (Macro-scale)

NO YES

Transduction
element

\

Sensing
element

0

Molecular recognition & binding (Nano-scale)




Biomimetics
Bios(=life) + Mimesis(=imitation)

Nanotechnoloegy
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