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Nanopore with DNA
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PEPIRRE QT-hevi256.mov 2L

EF7
-> FEUELS 4500eV, or
/ FhLP YD 4.5eV

i
23 3 &
4500 eV, 10+°/cm _ /é\

E£F 4200,09=-1
(44> 150, g=4
Zaky 3600, g=1

B 1 (S
- AL & B



2. EIRETEHDFIFE




> -l 1 _90)%4:

1960’s NI E 1—%3 (mainframe) =
IBM System/360 i =

VIR T7EELEBZ, VILFIRY,
k#8518, HDD, A SAV DI AT s

1970’5 EE::'%""J @%EE—'—ﬁ*ﬂ% 8 bits=1 byte, 3 bits=1 word
J N f I Lt
0.1234567e-77 ZEN/IE = FEE’_'EITT

VA = = = =B

MNEERIMNLEDZEFE
Simple instruction A& KL T,

C F BRI L1
+—*/+/ vector, matrix, IF...

L AR AE!) DCray-1



TEEEREH?

BIEDETER - £

PC: O%{fli AEHEME (AERUDIZT—HY<-1=8)
IN—: OEfEE AEEHLAEL
(IN)T4IT5—Z[ET D)

.|j_

@:

S (DSR2 —) DEER ZESL, ...

=SRE CPUNNZEDLE, HhOBEEHRL

<- NfZ[EA50 !

EfEE 1AM~ 1A DEHKITEICMAS
KHEEH eco(RE-&

1) <- ZEER DEER



WHEHEH: T—AEEBRAD2ERYNT—S
NICA—FIZ, IPPFLADEIY HTOH NS

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
=H =

y
e 1

192.16F.1.100 192. 1r8 1.101 192. lr8 1.102 192. 1r8 1.103

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

External LAN

Fig.1 M.Tanaka
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World Top 500 Computers

http://www.top500.0rg/ 2013 top
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Japan’s K Computer Tops 10 Petaflop/s to Stay

Atop TOP300 List oy e .
Fri, 2011-11-11 11:11 =1 &R 10°EEE

BERKELEY, Calif_;
KNOXVILLE, Tenn_;
and MANNHEIM,
Germany (Nov. 14,
2011 —Japan’s "K
Computer’
maintained its
position atop the newest edition of the TOPS00 List of the world's most
powerful supercomputers, thanks to a full build-out that makes it four
times as powerful as its nearest competitor. Installed at the RIKEN
Advanced Institute for Computational Science (AICS) in Kobe, Japan, the

K Computer it achieved an impressive 10.51 Petaflop/s on the Linpack
benchmark using 705,024 SPARCE4 processing cores.

Power: 12.66 MW for entire system cf. Nuclear power plant (Japan): 900 MW
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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, TO7A (water at room-temperature)
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Charge Inversion: ¥ 5

TEIC R d HIEHR
A BDRNEEREHEE/ERIZLY,
IOOAF D EFTDRBAAD, [HF

= | IS

: i . - FRADER TEESD !
lons in the vicinity of a macroion
o

counterions I
#Angstrom
coion ct, =
ICRE5T B

charge
inverted

Q(r)/Qo

Coions Counterions

(=) (+)

r/a
Tanaka and Grosberg (J.Chem.Phys. 2001) Q peat/ Qo ~160%

in a



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

BEI5

15 Ang

ospha
ase

arring

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



Behavior of Salt ions
Empty pore DNA-stuffed pore
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Magnetic energy: spin 3d orbital

U :—ZJijsi[sj +Zgﬂ53i
s ULVEEYE Fe,0, ='Fe,0, + FeO

Fe,O,/& V10015 T
XEFN T HESAS

Tanaka, Kono and Maruyama
Physical Review B 79, 104420 (2009)
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@ KDFDZ2: MFBFH 5K < 270048 345C
Bi5 -> WiBF CFET 5
E=E,sinot, P=Psin(owt-7)
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-- 4 cpu parallel (Pentium 3GHz)




@ TiBF HV Y —75E E)
Bz -> BB F
E=E,sinwt, P=P,sin(ot-/9)

dw dP _
T <EDE> FFfE CEBT 5

= E,P,o <sin ot cos(wt —0) >

= E,P,w < sin wt (coswt cos o +sin wtsin ) >

1 ]
=—E.P.wsino >0
p 0T 0? JIE !

Slo~rt, =4ra’n/kT ~0.1



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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Murakami and Tanaka (APL, 2013)
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