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Nanopore with DNA
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Cluster Machine

______________________________________________________________________________

For computational data transfer - Infiniband i

192.168{2.100 192.16L.2.101 192.16L 2.102 192. 16L 2.103

y y
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| For disk i/0, administration (TCP/IP)
A Firewall oo

External LAN

Fig.1 M.Tanaka
B A#EZ 4 vol.59, pp.898-902 (2004)
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Strong Coulomb Interactions

Coulomb coupling constant  «= Physics (Theorey)
= electrostatic energy e?/ca
/ thermal energy KT > 1

Alternatively, CALYAET

Bjerrum length FFZE4°£38  Chemical physics

length at which Coulomb energy (closer)
equals thermal energy (more distant)

Ay = a2 |/ ek, T ~7A (water at room-temperature)
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Charge Inversion: =2 B9 HIRFE
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lons in the vicinity of a macroion
o

counterions PITD
#Angstrom
coion T+, —
ICRE5T B

charge
inverted

Q(r)/Qo

Coions Counterions

(=) (+)

r/a
Tanaka and Grosberg (J.Chem.Phys. 2001) @ Pe’ak/ Qo ~160%
na



DNA through nano-pores /7 zEYUik(+TAHDNA

First proof: the vital role of electrostatic effects in

biophysics (Rabin and Tanaka, PRL 2005)

- the field is enhanced by a membrane of small dielectric
constant; Saltions are paired; DNA is neutralized, coions are

depleted by electro-static repulsion

o- hemolysin pore in lipid bilayers 3%0LY
- polynucleotide translocatable ECA
- rapid DNA sequence reader ’E!@A}"G

BEITS

15 Ang

ospha
ase

arring

Rabin and Tanaka
(Phys.Rev.Lett. 2005)



Behavior of Salt ions
Empty pore DNA-stuffed pore

& % A o gy Cl [
s =
"L"” 3. L EFR
& y.. > L P - . % ®
e o ﬂ.. — CI_— e - & i
sl | o’ POjacid: e
nanopore » 2 _
P - K+ —] @ [T Sugar ring:
" neutral
. {
i K* 1%
4{ s : Cle o0 : S DNAE
s » o : ; : ‘
e o % SR o 58 Rtk
A eeieto
Positive and negative lons K* ions neutralize DNA thru. the pore
mhake a pair and pass through Cl- 1ons are excluded from the pore
the pore +—AA> o
— AT RT

=2<Y, BiET S



EADYE

‘N



<A

BRIZK D WEEREL DINEL

FEEkELIX, 72 € Tc=858K A TMEAIND ?
BIET YMIDRTEMEEND.
BREFEH — A

Magnetic energy: spin 3d orbital

U==> 3.5+ 0usB
BV Fe,0, =Fe,0, + FEO

Fe,O,/&, Y1005 T
XEFEIMN T ESH B

Tanaka, Kono, and Maruyama
Physical Review B 79, 104420 (2009)
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E=E,sinot, P=P,sin(ot->9)
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Microwave heating of water and ice

Why and how is water heated ?

(1)Liquid water is
heated by delayed rotation of

_ electric dipoles with regard to the
Waters with . .

hydrogen bond H--O

network (freezing).

(3) Salt water (of 1% mol)
increases the heating, not only
of water, but also salt ions.

Tanaka and Sato, J.Chem.Phys. (2007)
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