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1-1. A4S FOEEMMHLE LTOER

ERITEMED LM TDIDF VRV H, B, WS BEBELR 0L oA KES
FEFRALTVWS, ZhHAEKRESFIARICL > TERENLD BRI H o TSR MEE
ED, TOROEEKRSTRIOBREECKGOREIEFITHPIITE TN D, Zh
LAERBSFOBELBELMRATIOICEI PRI REINTE,

FIAKBEH L ATR CAEEL LRISHEEL BRI S Tbh TE L, #l
ZINEZ VR EMAKSFERER THHFE NI T DERRLTIL, TARTF B,
2FTr, v UBRKIGIZES L, charge-relay-system ZFERL L TV 5 Y, Z ZIZH ZFH1T,
EoVERBEOTEMICHNR B, A IF YV KBESZEAL, S AEEHE
L7zAR Y <=—PNTATLHIC charge-relay-system ZYEVHZ 5 & LIzhlRndHd 2, LLZ
DATERIATHERIESCEGEE TE VT 5 Z L3 TERdo T,

IOXIINE TCOEEKRSFIIRNTET e —F TiE, EOHGFREEFTHST
WABEER AN TEOE FLBMNHEBT D 2 ERFOBEELIRET D Z LICEREB
WTEY, EBICRIRROEKERFEBLD I LITTE TV,

F 2 TAHRTIIE DI —HEA T, (LFEHNREEI L > TEAKES FOBECHER
$%®&%kﬁ£<%@ﬁﬁﬁﬁﬁf6:&%%ito%ﬁ@%i@ﬂ?wiﬁ\$%®
BRI IS & 13 BT B BT AR RS & U CHBBE T CHRISE TR 726 Y2 ERnHT
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BI1E A

b b,

D, EEESTEAREORE LITHIOBEIZIGAT S LW O BT R0 ANRBH
RIIT-TERFETLD D, B, HYWOBBEHFETIBEHTH I ELE— X 2F]
ALTEEESTZD, I aBMERRYXTF REMETH LB OREEELIRELED
FIRHTF o5, 20K ERESFOROHBEIhHEABESLLLICL Y REASH

DHEE O ELFATIVUE, BEEME L LTER XS DISHDOTREMSHIF TE 5,

1-2. DNA OEEMEE

AR TIx THEEES T2 ARROBE & ITRIOBEMEMELE L USAT 21 BRORD
\Z DNA #F|fH35, DNA X 1953 FICV R Y e 7 ) v 7 il Ko TEDTELREAME
LEETFE LTOBERBBERA LTSN 9, LIk, BEFRITCS , 20OFIRBR LR
5t & LTO DNA OHFRBPREBHICHES, 4 B OBRIG T LERTFEMEDOL B O AR
Ligofz, BAEE TIC DNA OEMFHNRMBE . $2bLRET L L TORESCEEICH
LTiEL OFE#EIHFELNTVDS %,

ZDXHIZ DNA FAKBELCEHRIDETHIN., ZOBEITER L THD LHEREICKE
B TERBRTIENTEMRIE LTUSHTE 27ENDSH D, X 1-1 I DNA O
EERT, £72 DNA ZHEEMMEIE L UEAT 2 ETHER TN EBENHEREER 11

F L,
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Adenine Thymine

\—H---o Ha

Guanine ! Cytosine
31,

/ et 11 10

V2 N
W

0-p=0 @Double helical strands
::?u o @ Stacked base pairs

2

@ Structural polymorphism

\I/ @Intercalation of dyes
n
@ Mediation of electron transfer

1-1. DNA D8

F1-1 DNAOHENFHEEOFIR

- RY T = KEHE, RAKBREE, X7 V71—
- EORMRME L T oSN (IBERKERS. TOMOMAEIER)
- B R GIRT RS & FTRE (HIBREESR)
(BC) 5 (PCR)
AR, B L
ALFHERFEDRL SN TS (B - #&8)
- BERSMET Gk, BRI
- BN, EALERRIESESELIINRTWS (Tm, UVARE)
ALFIICEE

DNA DO KO EHEEITHMANERBREREDOKBEASICL > THIINEZZEHLEA

ThHd 9 ZIUILBORICZE > T 2 KOEWVEHBKAMEIIOFAZEBNTVEHIERIZ
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HAM R BEEECH D, BBEENOBLPERY (R yX7) ORICIEIHLEDI;
FERICEHBAVIAL, (A F—HL—ay) ZeRE<BBATWS 7, £/ DNA
RO FEEETORVBRROBEZFTHY ., BRIZY ‘/&7’ =X EFOTNDHIEND
FBECRWRIT =AU 0252 EMNTES, &b, ZORIT =AU 2HERT D
X7 VEF RIIERFINCXFTVIT A=%D, ZOZENOREFEFOLEDE DRER
REEERBRRNZEINDAEERIH S Y, I HIZ. DNA OBBIELIIGTERP RS v 7
LTWBZEnD, nBEFREETLAbEOMETFPHRAELSHAER Ty FRE
STEBRATDZZEND, SHFH. BRERESEIRTE D, 0L 2BHNLRE
STREEIATLOGRE ST TIIEY 3 Z LT TE R,

KIZ, DNA OBREICER LTAHD &, D3 FITT 2@V BiE & £ 0S&MENH
FTohbd, ZORBICEIBBEEOHEBHNARES. H2VITERBS OHBEL T LT
FOMOMEERAREEND, ZNOOHMEEROFEEXFIRALTE VI H,| OB,
HAWMER Y OB TILEHEREERT I Z LML TN DS o',

DNA Z{LZEMICERVE S ETOREEH T TAHD L. B—ICEBEE ITMEETO
(LR FENHSL SR TWS 29, 712, UV BINAIEIC X 5 ZEH A ORRR
E (T, HEL CD A7 FUIZ K% DNA #BEDHENT, FNVEXKEN X550 FE&OH
Bl &L Vo B LN, AMLFHREFESELIN TS, FZIT, @E OLFH
REE B+ RETH Y . ELFRIARE TR 7 L7 — Rtk EOMER & b

D RNA ¢ HELTERETHD, 36T, HIREBERZ AW TEARRAIZEIN D 5 VI3EHF
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BAENTRETHD, /2. EEBAMMIAHAV SRS PCR (Polymerase Chain Reaction) % H

W5 Z & TDNA 0l - BRITHZ N TE S,
PIED L 512, DNA OB LESFEEL S E<HATHIE. b6 7 esetEstkt

BEHHE D ATRENNDH D,

1-3. Y7 ¥EFH¥EDNA OBFPFA

DNA REHZ BT 2 HELE LT, A&EPLDNA ZRHL TS 5 HEWE FAKRT I
FA FEIZ L > THERERT 2 HIE OB 5, BIEICIIKEICEND &0 SRR & AR
FNIEBICED Z LR TERNVWEWIRENRH D, BE TITERICEREYEZRFATED
BEEEE LTSAT 520 ARTHELONIEN mg A —F —LDRVWRANRSH D, &
BrETidptsl & LT DNA 2 5 O THIF DT DNA # AR L7, AEHERD DNA it
=R OREORETHEE, FUVKR, A7 r—YREFTHREATVWDS, Zhb
OHFTHEATRFICIEE CREOY 7RI TRY | HEEITER 10 5 F > (5000
FL) b LS, L LZOFEMBEIIAZADIE ((77) LLoTRE-TEY A
ANLENDATY BT BRKEOCEFEDE LTER 10000 FbFETOHATNDS, =
DAFITIZRED DNA BN TE Y, £/ 1,000 Fi2bed, V7T H¥KED DNA
R EFIE U CHREMATBHZ 375 2 & 28 T AEH LUWOEREMA Rt O EEE A AT 7200 T2
, AYEROEPHAL L TRERBEICFETIZenTEd (K 1299,
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g (2(9) 104 T I* > (5,000/ L), 5
ﬁ}ég

HF@#EF) #10,000 k
DNA  # 1,000k

‘/
%

M 1-2. H7Hh5HENS DNA

1-4. DNA OHgE# B L L TOIGH

JT4E. DNA OEE-CHEICER LTHEIE LTAHVE D LT BRBEBREFITONL TN
%. Seeman DI DNA Z@BHF 7T/ MBEDOBEDTZDHO EAF 4T Tay 7 LT
F\WT DNA % "Rt ERHATHRAE L T s~=T7 ) T7re LTRIAT A Z LITRk

HLTW3 (F1-327), £72K%EHIZ DNA MHIREER 2 AT H BICHIRT - HEaTE



FTIE K

AL EFALT—R~ZRITOMBEEZIED DD ENT 4 7Ty 7D=T VTV

PLTORAERRE LTS (X 1-3b"7),

(a)
-Q\-'A- '-q"n A'%"
(b) o o D
OOy -1 g -3 :i :7;
Piomen T Sty
q\-bf Q\.wr_b f““-""\a & 2
Q
&
XD
Qg A ? \Q:\
o
7 ——~ .
agnbiitia --,;I'\_J ?/ '.r’&\'" R
e - S Lo 2
- SN QN
hewrcs 15 9 \O~ “'Q{\D

in aqueous solution

B 1-3. (a) DNA ® = Rt#ERIE ", (b) DNA IZ&k % —R~=RITOAEME ®

DNA OHBEEL Y VBT =4 2EM LT, @BROBA A 2T ) A7 — VOB
FRARE L TR EREHMIELITOR TV, Alivisatos HiX DNA #F|H L T&an
A FRIFEBERSHD ZEICRIHIL TS (B 1-42"), 72 Ben-Yoseph HiT—&
® DNA 28R L L THRA AV /G &, DNA ORI L RWEEROBNTY A Y&

ERZ LICRIILTWS (X 1-467),
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(a) OGold Nanoparticle

HS-3'-TACCGTTG-.5:'}’ \ “AGTCGTTT-3'-SH

ﬁfxﬂﬁ
‘cnﬁﬁ

-ATGGCAAC
A ? ¢ IMlrcaccana-s

B

(b) DNA Ag*
l \
é [+) @O

A go ¢ Hydroquinone / OH"

Conductive silver wire

B 1-4. (a) DNAERASEEEMHMTFOACKES EMRIZL SR . (b) DNA i
Bl LI-M/NMBT A YOER O

—7F . DNA OHEMOERVEIFIRICABFBAF v 7 LIBELRRED I L
738 . DNA B ER OB T AOHTOEFBEN IDAICER STV S, Barton HiX DNA
OIEESEICA v Z—hL— kLI RF—RFL T 72 7% —TOMTREMOENS

FArEsEL TS (®1-52), Hbida AF v 72N LEETFBEL V) ER T 1 -way"

8



F1E FH
Ch LT, EEROIIEEORSFEIZ DNA 2R, KRR LT DNA OEF

BEIZEBEL, FTLZ b= XFFLLTO DNA OFEMHEEZBRITLTWS (X 1-

56).
(a) ST @O e (b)
fCLﬁ‘/~
S B |
Electron Transferthrough "n-way" Fluorescence Quenching

B 1-5. (a) DNA DEENMO nBF &N LA-EFBE 2, (b) BHFEICEEIL L= DNA
THOEFHBH?

ELIIEDNAR IV Ea—FRTFLELTUNATLIENIZEZBLAEN TS, Adleman
X DNA O 4 BEOBEBEE O R 2BRES 2 HERF) LR T, HFEMITIWVD
DB —EEZMEO—HETHD NIV UREEE] 2B T EITRILE P, #ITZ
DZENHDNA 1 g TCD3RBRLDOERETLECTELLEBMEL, EROFEEKa LV
2— X &I LR BEEE RSO R S WREMRH D L LTND ¥,

AED X HiZ DNA Z#EHE LTHVWARBITETETEALR->TEY ., HOH
xR AL D AREMIIRE Y, LALRNB L, DNA %AWV TEERORE R - I #REMH
Bte L CURATAMAEIINETIZL A LT T RY, EOEBE LT, FIlKR

kL LT DNA ZEYHT-OD58 - BRUZ»ND X FBRENWT &, ELFEE
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RTRMEIE LTOREBRTDZENRES TRVWILBHITFT oD, HIZ, DNA H
KB CHEBBEICRETH IO EEBIRFETERVWI LB HIToIh5, DNA T
BEMEME LTHATA ETRIAOOBPAERRLRTNIERER, £0OEDITEX
bIBFBL LTk, DNA DLFEM. 2£F. HE~ORE. thomas & oBEER
EREZDBND,

B 51X DNA ${DY VBT =4 ORI FA L 2D FA MR LM T D &I L
DRICFRBEORY A A arT Ly 7 ZEERL, 7 uadVhRE OFBEEICFE L
RAHZEEFBEL TS (K 1-69), Tz 0arT Ly s ATFBERCETHHZ
ENLERBHOB S bR TE S SV THPIXZDar Ly 7 A2 ARG AR L.
VA BHMIRESEDL X ¥ X MEIZXY DNA lBE= 7Ly 7 A2#EB(LL, b1
AT B2 L TT 4V AHT DNA 2EAET 5 Z LI L7 %7, £ H4BRED /)
HiZZ OERMAL DNA 7 4 VAR EER O 7 4 VLK) bRENRHR LT L 2R ?,
¥ 72/hHi3 DNA-IEEEAE LB EEZ L LEERICEEL LEEELZRELLL 25,
DNA DBEEFAICERBFTENRLT NI &6 DNA-FREEEROEEEIME L L TOR

REMEARLZ P,

10
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(a)

SRRPY
535388

5

/\/\/\/\/\of\,owo/\,ox/\ph'_ 0+-0

.
| é
(0]

\’/,,

(b)

ﬁ;ﬁ;;ﬁ—

51 1-6. (a) DNA-BEEHEAAOEE, b) Fv A T 4 L LEROEXK

11



WI1E T

1-5. EEMEHF L LTODNA

Dhyy -2 Yy Ok, DNA IHBREFERERE UELDBEEZHONTTHL S &
IRV, & 2 AN T ZHE. DNA TELEABICR S TERDBHEND P LW
’:&ﬁ%%&%%ﬂ&ofwéoﬁv7t?vy\ﬁup7;:vy&80nﬁ&%%
STILEEREEOZLRMON TS Y, DNA TELBANTOBRELE L T A
ﬁﬁnﬁ%ﬁﬁﬁﬁﬁotﬁﬁkﬁﬁﬁé:k#%&@ﬁ%ﬂ@xﬁy#yﬁﬁﬁﬂﬁ%
RFEIL. DNA B8 [BFTAX] KRBEVIDOTHSD, DI L I OBENRRE -
7 1953 FELLE~1960 FAREN BB X DR TIZWZH 2, EEA2FERIT 1980 FHEFIC
Ao THEEOEBARMSAREICR Y . BRZ2ESIZ b o7 DNA RRAWTERIHERD L
Szl ThbThH D, EbE bEmDiaE Y 3 Barton 725D 7 N—T7H 1993 FZ Science

WCH LR THD

1-5-1. DNAFOEBM A H =X L

Barton &% DNA OHIEEICA L F—HL—FLEEAT =05 Ru) S (Electron
Donor) & TP w A (Rh) $&fk (Electron Acceptor) fH% 11 WEs (37A) BT R
ErBEABELE (€ 177), fikbidn A8 v 7 2N LEBETBBHLND BT -
way" (BEOEFBERDT Highway &b Cot) &k L1z, DNA OEREED n A

5y&ﬁ%%hk%&éhfwhﬁﬁ%ﬁﬁﬁﬁﬁﬂﬁﬁbﬁw:&WE\ﬁﬁ%ﬁﬁ%

12



BEOSEEICEFELRVWR YLV SICL o TRIB EE LT,

h*l

s
o+-0-A-GET-G-C-C-A-A-G- -GggC-A o
© T-C-A-C-G-G-T-T-C- T

! [

(o)
Donnor -
e

X 1-7. Barton MR 2, Donner=Ru, Bridge=DNA, Acceptor=Rh

Barton 7= HOEEETBEOKERICH LT, EFBBRGEHR > TWEHEENHEL
DEMNEH SN ¥, £20% <X Barton = b DEFBEERNSF CAEKME CH D Z
YRITBEO] 100 FETHDHI L, EEEOREME TE Z2EFBENT 10A TR
BRI RELTLED) IKRDDIIH LT, 40ALL LN M TLEFBHNEZ > T
W5 (BB L > TRELTWARY) ZERRMERL TV, BRICKET L2000
7>, DNA OETBENZ OV TEL ORI TEDREMMIIY LiF 6 iz #9,

ZD# Wasielewski 5D 7N —TDEBIZE > TEFBEIO A I =X LN —HAETELT-
O, REMCOLEELRZVON» (HEIR) . SVETHEMICKTEL CTETFBBHEEN
BT 200 (FEIRK) . BZ VT T&El, FI—2»ofELEZL-TT7 7877 —~&
%@@TéDmmﬂmkrmWWMWmm)%fﬁzomﬁ%ﬁ%i&ﬂf%k(ﬂpwh

13



HB1E Frim

IRETIHER] (FER) LEREI (BER) OLLLBELND»EWSBERIZ TN,
Wasielewski & IC L o CHEEMTO o3 U v 7 BB, REBTORy ©r 7 (BEEID.
D 2 SOREREBELIDENI ZERRERL 9, COREMTORBIEZN LI

Barton H DV D & ZAD DNABFFIATE L THEELTWVWEEZATH D,

T 10 Mkl

D-BM®
IxNF—%

"Bridge" (B)

"Transport"

-3 fi:.3:

Donnor (D)

IERE d Acceptor (A)

K1-8. DNAFRTOBFBEEZHAT S 2 DR >

Lr AT, FHEYH DNA OBETBEELHENDDEZHIZIZE S LTS Donor (D) &
Acceptor (A) BULER 572, BRI L > THRER BRSO IO EH—R 72 -7, DNA
BT TAYE LTRATOTHIUE, DA BPRENZFRTDNA £DbOOEHMY

PRALERDHD, ZOEEHLPITHID, Gese OIS AV—TIXEFEFIEEPN

14



HIE Frm
LTV (BIENEZDZ) 7T =VHEE G KEBL.GDOTFPINVIF A (G+') (Donor)

b GGG == h mmwm)«@%%%ﬁ(::fMH@wm@enmmnkmon
5) ZBELZ?, FER. G (D) &£ GGG (A) DOEIZT Y vyv &5 G HEFENRWE
EDETBEHEER k. 1XEMS | HESMA D TLI—HTOREL. —5 G (D)
£ GGG (A) DTV w2 ted GREENIBEIETBHEEER kB —ETH
BZEND, Gt BL o bBELIE GV F ARy B LTEFBENEE T
5LLTW3, BlEoZ &nt, TR G EENHIVE, BEEIIKFELZ bR &

7 Tixel . BEEEESBEIR vy I TRIAEHERL TS (X 1-9),

4 )

Adenine  Thymine —CAACAACAACCC—
QB”W ’ —GTTGTTGTTGGG—
!
/ ,,I —CAACAACAACCC—
Guanine Cytosine _ =
" —GTTGTTGTTGGG—
/ i_ﬂfﬁ. \ - L N
\_ W ) G C
Radical Cation
Oxidation Potentiais .
of Nucleobase (V) Qi H—NH
Adenine 1.96 N\ />———-\\
Thymiﬂe 2.1 1 /N / + N 10000 N
Cytosine 2.14 ‘-=< )—N\
- Guanine 149 X ”_H ..... o )
in Acetonitorile
Scidel.etal, /. Phvs. Chem.(1996), 100, 5541-5553 Giese, etal, /. Am. Chem. Soc. (1998), 120, 12950-12955

B 1-9. DNADTFATOEFBHOAHN=XL®?

15



B1E Fm

IRHDOHFEICE T, G HEOBTOHR, HERORVWK Yy B FREE D &Nl
IMMnGEE%%%ﬁﬁﬁﬁ%?%éoikimmntBO%ifEﬁ%®%¥§@ﬁﬁ
T3, LLTWERETIREI GHEENRD LS PRVIEEMCERE (Bkz 2 HEITL)

Xt D7 o iz B0,

1-5-2. DNA Z AL F=8BMHH

RTEI TR~ AFZEI VT b DNA BT (Native 24K I2HD L&, Ehibn
DEREE T, FOLIRAD=ALTETRTENDOPHRRIE o7z, KIZEERIZ DNA
¥ EFRTEND wire? LTHWS Z &% E 25 & Native 2B TIXR AT O T
EiElr (EEL) UTHEIE LTHORMOIICATIHE LTHRZD X5 ICTLHLERN
H5, BEL (EEL) OFEORLEERZFEL DNA 2&ERICEELT 2 FHERN
HIFHND 99, ZOHETIE DNA DK & L HEMATS SH £ TENL Te0k
RICEELTWS, SBIH A7V v I7RLEZ AR —%FOTHER ETOBREITRE
DI TVDS 90 (K 1-10),

LA LERIC DNA BHEEICER?D ol —BOBRTFREEMRT S &V ) Rk
BN L &, EEOLER ED DNA OBHEEITIERL VWO RELZRAN TN L ILDICE

EMAMEE LTOBEOBEELRDD Z LB TE TR,

16



BIE FR

B 1-10. &EtR~D DNA OEZEL ¥

FITAEHRTTHOERETHARL, Bk LTO DNA OBHELZEERNDS Z L23K
HHNDD, ZOFITINETI 2 flLr#ESHTWRY (K 1-11), Dekker b, ¥
~NT GHEE CHED D25 (dG)-(dC) 30 bp D < VKK BB E W74 8 nm O
INT A ¥ EfEo TEBEEREZRHB LE ), AIMEEEZELIE S L HHEETIRITIGE
BRSKT S LV BRERTZ LMD, DNA X [NV Ry v TRFOFERET 2
F) LTS, —F Fink HIFEARDOHRIZ/L 572 ADNA O —T%{E> THEDRKR-
Fy FOETHEBRERHLZE Z A, EROL IV i1 E LG, DNA X [WE
DRVEEEK L REOBEEELZFO] LRERLE P, BECL > TEONZEERIT—F
TRV FFYy v 728D, b)) —FTRA—Iv I THD, TOXDICEEELLTD
DNA OBEBMHIE IR MR TITLRTNIR LT, AEGECIIBEIRD

L. DNA FObDDOBEEBEWOFMIIFE LI LITEARVORBIRTH D,

17
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DNA indicates large-bandgap
semiconducting behaviour

Droplet of DNA
Aqueous Solution

J

n 10 nm (dG)>(dC) 30 bp

>

GGGAAGGG
cccceeec

606a666d. 5+
cceceece ) ﬁ%

’ “ahm >

Current/ nA
a4 o

II\I 1 T
2

C. Dekker, etal., Nature, 403, 635 (2000)

5 1-11.

1-6. XB/XDBEH

Voltage/V > -~

r[ DNA is good semiconductor J—\

Droplet of DNA’
Aqueous Solution

0.6 pm

-
o
T

Current/nA
o

10

40 20 0 20 40
Voltage/mv ™ ~

H-W. Fink, etal., Nature, 398, 407 (1999)

Native DNA QN T 7 4 N—2 RV E-BEEOEEEAE °

1-5 THR~7= L 912, Barton HOBEICL > T, RF—L 77277 —5HBAATIK

RIEH D Native DNA ICEKMN TN D FTREMD B Sz 24, 7= Dekker D7 /V—7

& Fink & D 7L —712 X - T Native DNA DK & i X ¥ 72 JEH TV DNA B2

EEMICEEELH -7 LW B|ERRINTND 92,



FI1E Fi
THHEDERIIDNA Y (HTFER L LTHWAZ LB TEXBAREMEEZRLTWAI,

Barton ©I3/KIEHRF TODOEER, Dekker. Fink 6@%%1%{4\& DNA #iffE &, FEF IS
WRF =V ThBHI-OREBCEBEEMEE L URATCE#ETHD, F-hbDE
BRETIIDNA ZDOLODOHEBEBENAEF B L > TERH Y . RIEEE L TWRW,
#ZCAHITIL DNA 2 FICHFETHIREEIDOT AL L LT, ZO7 4NV ADEEM
REML (K 1-12), 74 VAOERIZIE DNA 20 FA4 U HEEE L 0BEHKE LTH
BEELC AR b SR F ¥ X MEEX AV, BEMHOFMICIZT 4 VA ZEM LT DNA
$ax—Hrnchim S, < LEEBIZEE/L T DNA OFMIZG CioBEBEREZ1T -
. BARRICIE, £3° DNABEEBAET 4 NV A DOREEECER 2 OFME1T - 72,
KiZ DNA OFEdEIJH, DNA #ik. DNA #BEEEHAKILTLIREOEER EDOENVLET 4
NADEBEHIC ED LD BT R L, £7- DNAJREBEEKT (VADEESE
NETCEIA F L AEEDDRA I =X DO TORNEI T, EHICT 4 VLD

R a v, BERIO =RV IR BEEIZEZAEEBIZOWVTREEZITo T
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)

AR

DNA-Lipid 7
Complex Cast and Stretch Method

10-3 scm! 10-5~107 s cm1
e gz“é:?f‘?ﬁi

@ Anisotropic

X 7 2 conductivity
4 ' : Y. Okahata,etal.,

J. Am. Chem. Soc.. 120, 6165 (1998)

SRR R R RS R LN ® Electron or
4 DONIIBLIRE Y lon conduction?

<3 09393000+—
R AR R
9V6HVHT

P IRLRRRY

B 1-12. AHROHME
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FI1E K
TRbbLARILTIL, DNA-REEEE T 4 VLA ORBECHHE, IOV TELBEITL,

EHIZIX DNA ZEEHOBEMMEIE LTOSHATS Z &%E%&Lto$ AL T O
BETHRIh T,

% 2 &) Tid. DNA ER{L7 4 VA ZIER L. £ OWNEEBER L UERHERIC SV
T3,

%5 3 %) TiX. DNA BRIt ¢ VA OEEE & EHik L RiiEEZ AV TITV, DNA
U - T2 EEMIC OV THERT D,

%5 4 %) TiZ. DNABEILT 4 VAOBEE OBRERFMEIC OV THRT 5.

[ 5 2] Tik, SR EELRED 5 5 RNA %IBE L7z DNA-TREEGHEK 7 1 VLD
BEEIZOWVTHERT S,

%5 6 3] TiX. DNA EEALT7 A VAL URRERE NP 7% LEBOEEE
DREZEITV, K= FOHRIZOWTERT Do

[ 7 ] TiX, YA M T4V 2 LD LI 7R ROBHEELRET 572D, DNA-
JREBEERDA Y A at y 7 #I#RE LU DNA ZIEE S FREICEE L7 DNA B LB
DTEOBEEIZ OV THERT D,

5 8 B TiX, £EOKEREZRIE L, DNA BEM{LT 4 VADSHDIERAIZONTE

£9 5,
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EBo2E DNARMLZ AN LDOFYTFTIEYP—T g0

B2ZE DNARRAIEIZAILLDXFVYSY
RYL—, 3

2-1. ¥&5

Z ok TYRRE TIRAIC AV DNA % BOkRRIER S T CRABAILT 5 = &
ZXY ., KRBT mafi N b L OFBEHICWEEL 725 DNA-TREEA K 1E
BL, COABBRERBEEX Y A MEZX o T4 NVIMETHEZEEZRWELTE
<V DNA OV VBT =4 NI L THEEND, BEIZ 4 BT =0 AEEEFO
AFF o MOREEYE AV THENMEEERIZEL > TDNA 286 LT& &,
EHIZ DNA-EEBEEGHK T 4 L LA ORHEEEIZ OV TREBITbh, 74V ANT
DNA B _EHLVAMELHRFT5BE6. 74V AT DNAJEEBEREDOT v P2
NP TF VAN F T LEBEE LD ERRAVWEEIRE 29, ~FH T
EERT H72DIiF, BEFPELNPSEA LIS WIEELAVWD LRV LMy
molz, £TBERARE XD DNAREEHEER T ANV L2 2B EDOIEEL LT
b, TAFABEEENEE LIS WHDOBFE L TWVDENI ZERbroTERY,

L LI D DFERTIE DNA-IREBEEAR T A VA RERT D ITHTz> TOREN
REMELTEDL I RIEENBE L TWANERLEICTES, FEHEED LV #
MRBRF BT TV R o Tz,

AETITE T, DNA ERET 4 VAEERT 572 DIV 2 B E OEE % I
BRT DD, IFEOES., FEOTAFAHEHOEK, TLXIAHEDOK, TLF
NEDELDNE (BADLIZL &) ZHOWTHRHE L, RIZENRENOIEE CER

L7 DNAEFRILZ7 A VADEBTOXF ¥ T 7 X V¥ — 3 2fTo7-, BERICIT,
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woE DNABAILZ ANADFXYTFTIE)E—Tary

7 4 VA DNEHREER T 4 NV LDIEMIZ L D DNA OB MEL ERIL L7z, X
BRD T 4 )V ADSIFERBREIZ DOV T ORI LT

DNA EEfL T 4 W BTEMIZE > T 4 VAP O DNA Sz A S5 LA T
X IOLETANLMIRFEEEO, THET X BEERITIC L > TEMRICE
DI ERPI TV, T 4NV LADRFHIZOVTOERZRFEIX R ST
R te, RE TR L AV THIETO DNA Bk 4 v ADRGHEOK
X SR ERMICTHET 5, ZOBEMSE) O ERBOBBEITOMEN KD o, BEYT
DEFRBORFHEOKRE SITHIETHELL, ZRICEVRBORGHEORE S %
ERANCFHET 5 Z EBRFRETHD 9,

¥7-. DNA-IEEHEASET 4 MV ADOBEIZOWTIE, ZhE TICERREEMEORIE
Ik o TRERITPA TS P, L LI OREREET 2B O T 4V LMIHKE
52 TBloRDFikleld, Bt NFEMRBEREZDITEXDZLHT
Eiphol, T THo Y Y IPARAEREL LT, BROEET A VAT
ETHBEVRBREITS Z LT Lz, ZOREFEEIRDT 7 A VLR L
WONWTEL IO TWARERBRO—RET, NERANHPOBIETHETOKRE

AN DB DO ERISEEZR DD TH D,
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H2E DNARAILZ ANLDXYS 27 2YVP— a3

2-2. RRFXA

2-2-1. DNA-RHEBEARBLUFv A T4 L LDHER

AR THAVEZ DNA XY 7R FHRETHY ., BR) =FuhbBft L TnizZn
7ot DTh D, DNA ORMBFELRE 21 IR L, Zlh OMBEEETo%, —
Fixe A 1 KRR%HET DNA 2AKOE 815755~ G L2VRIETHS T RO
DNA #EV 3 Hike . b5 —Hid%4 DNA DU R Z - THMIIZES &
? DNA 2B TE S5 HETH D,

45 F DNA 282 FETiX, Y7 ORTFEREVTA F—THRREL, KTHRL
Tz ZHUZ 2 M NaCl 2z, 67 =FHREEEAITHS SDS MR TH
FAMZNRIE (TuFIvipl) BRI, ZEELOBEL. ETA
WieTH ) —NEMZT DNA 2SI, HEEHRT D2 LK ##ERD DNA
25T,

&5y 7 DNA 212 5Tk, Y7 OB+ OMRBKEEIC 1 N HCl /M2 T DNA
E—EMASRL, S a T T —EEMATT ey IV 2MAKSHEL. BHFRR
D DNA 2% ) —AHBRIC LY BEL 7, THu—R TS VERKEIZLY, 20
DNA D43+ B34 30,000 bp £ #1500 bp TH D Z &b olz, Z D 2FEHED DNA

% AV T DNA-ITREEARDIERE 1T > 1=,
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FEoE DNABFULZ AN LDXYS7FY P — g

Mincing
Addition ll)f 2M NacCl hydrolyzed with HCI
Addition of S[S Protease
Cenkifuge
(_Protein 3 48 Kbp
30 Kbp
Eth anol Precipitation Ethanol Precipitation 12 Kbp
8 Kbp
Fibrous DNA Powvudery DNA
30000 bp 500 bp

4 Kbp

2 Kbp

1 Kbp
0.5

0.5% Agarose gel, EtBr Staining

2-1. DNA OSBRSS E L DNA DS FE

DNA-IEEBEEEOERGEE U TICE~2 (€ 2-2),

30,000 bp £ 721 500 bp O ¥ 7 FEFHEK DNA (437 & 660bp')250mg % 25ml P
KIZEME LT, 2D DNA KEREZKGELET, v F A MHIEE (DNA OV VBT
=F K UTHREDO I FA U 1.1 BRI D K OICHE) OKBERIZMZS &,
EbBICAGOWERIE LT, O ERIFKGEEE, B0 (3000 rpm. 5%
B) LV EEEEERL, Y=FAT—FTNT 2 BkiELEZOBELEGRLTHA

MEMER (30,000 bp) F2IXHAKER (500bp) @ DNA-IEEEAEKE G-,

30



WwoE DNABMILZ ANV LDXF¥F I ZYP—ay

DNA- Nat
(from Salmon testes) ('{'ﬁ"quﬁ,‘:?ag
in water =
DNA:500 or 30,000 bp

Stirring

Precipitation

‘Centrifugation | 3000 rpm, Smin.

Freeze drying

 Repregipitatio

Aber (30,000 bp)
" Powder (500 bp)

2-2. DNA-IEE#HEAKOEREE

ARETHWEEEGDOBRIRE ZOBEL R 2-1 [T, BENICIE, 7%
NHDOEER—AFH, ZARKH, ZAHOLOE AW, TRENDIRES 4 %7~
FoUAER I RTIVERRDBOEZAV, DNA DY VBT =F 2 L OB
CEVBIHAPRF L, FETAZIAEHORIOBELZE XS Z L T DNA-REHE
GEROUKES ., AREBEA~OEMBIE, 7 4 VA LIZBROYHEDORCERE LT,
FETAXABHOELNE (RELILLKE) 2EZ DD, REOHIDLRDHEH
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#oE DNARIMLZ AN LD F 7 HYE— g

P TR, Z—FTIAREEELLORH SN EFFOT7 4 h—AVBERRY DX F
qu%#VKOwTBﬁ%Ltoéf@%ﬁﬁ%ﬁ%i?:ﬂi?ﬁ%ﬁéﬂt
M, BEOREL LTEBALELOEZZOEEHW,

@23KDN&%H§%W®%?XF74WA®¢%ﬁ%%%Ltomm(mmw
FEEEAE 25 mg 7Ok A [ TH 4 (4: 1, vol/vol) 1 ml IZFERITE
LT, (a) ZO®WKET7ur 77—k 3X15cm) 1 BIZETFL, (b) ¥TRAY
- LA THEEAIMAR TICHBE LREBE T 0 L BRBE2AR I, (o) EE
BT 7urTL— 6N L, DNAIREBESEDX Y A M7 A VAZRE, (d) *
YA RTANDERBBDASTZRBO LTAERIZEL L, B~ -HH—

VLT, TANLEREM L, FORRRRICESREL TEHRT7 A V2 2B T,

{a) ] ] ]
DNA /Lipid Dissolution in Casting Evaporation Self Standing  Stretching
Complex Organic Solvent Film
o Zaois
s - -
o

~ 10 ym 0.17 um

DNA / Lipid Complex Film i Aidatat o)

L —

DNA:30000 bp  DNA: 500 bp
Mw=20x106 Mw=0.3x 105
ca. 10 pm ca.0.17 pm

K 2-3. DNA-IEEHBEEEX VYA 74 LLDOERE
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HoHE DNARMRILZANLDXFYFIEZYP— gy
#®21. APFETHW-EEZO®EE
Lipids
|
—ENMRT7 Y E=I AN ANANANAAN- Cn-N*3C1
n=10-18 |
+
> BN YA ANANANANNNH3 Cn-NH3t
: n=10-16
—kW{T7S=N AN H3 Cn-Ala-NH3*
N=8-18
—EWAIT—-F IR /\/\/\/\/to/\i—all*— C10-4G-N*
WM*
—kN7 1 -2 - Phy-Nt
|
RYSAFLaxb> nuz(clwa@—o sit-(cm)a—uu-;
415
/\/\/\/\/‘\/\ g
TEHARTVE=IAN \/\/\/\/\/\’w\ 2Cn-N*t-2C1
N=10-18
—EFIRTIVN C120Cs 7—NH;,-+
(T—FLEESEH) C10Cs —
----------------- /\/\/\/\/\
=ERMART Y E=IAN AAANAAN - 3CnNtCH
\/\/\/\/\/
nN=g 12
AN
=RIBMT IR /\/\/\/\/\\/\//\/\\/\/\/\/\N|-|+ 3Cn-NH*
N=8-12
' CoHy1gCOOCH, .
=XMBj7T=IR cgmocoocuz>—uﬂa
CohhgCOOCH;

(WETOSRR)
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#WoE DNARIMELZ AN LDF¥F 7R YP—T g

2-2-2. X#RMEIIFAIE
F¥ AR T7 400X BEIFHIEIZ. R-AXIS 4 JLAFZER X REPrEE (BH¥EE

BR) 2AVWTA A= 77— b EICERLE,
REMELIZEMLET7 ANV A2 EZBELET7 A VARBEERE (K 2-4a) [TERY A
J. x, y, zD3FHAND X ME—LERHF L TERENDOAENLOEHF/NF—
RN LTz, EEOBIEZE 2-4b 1R T, B A FRIE 150 mm T X REROBE L
BRIZZFNFN 50kV & 80mA & L, CuKa#ft (1=1.54182nm) % AW TRE L7z,
X BROBRREIL I mHE Lz,
(a)

-1 Iz t—9— .
+ ~u FiEAE *

::::::::::Lffﬂ
K@D 41k

£ 34"
AR=-STTVr -t

K24 T4 ILOBEERSE (a)& XREHTREEEOHE (b)
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#moE DNAERMRLZANLDXYFTIBYP— 3

2-2-3. RABEMESRE
ROCEEMSE IR 2 > THREOXREMME 2D D ORHKRLBEMETH 5,
i IR EBRMSE DA 2T (K] 2-5),

lsotropy Anisotropy

Optical I& Optical ¢
axis axis

Ng, Ny ny m
my-m; ¢
Double Refraction

na-ny=0 n2-ny >0

Polr Miy

B 2-5. ZBRABEBEDONE & BN

ﬁ%ﬁﬁ%ﬁ\ﬁw%®%ML®ﬁﬂ®%k%5Kﬁ%ﬁ%EWtﬁﬁ?$é(@
2-6), HIRERBIOBDREARERAET (K774 9), kL BRKOBORER
ERATF (TFI7A4F) LE&E, BARIIDIFHEDREFMDIEDIH 2 FHER S &
5, TOXOEREFMERELE LWV, EEAZAEVICERSET 2 KoRLkz
MAGHhED LHITFBRL 2V (ZORBEER=a/VELE), LEL, ZThbHD
RO FHRFE (BIFTRIPNOREI SR LY R 5HK) 2Lt

BFERT DX 512725,
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woE DNABRFUELZ ANLDX¥x T2 FVE—Tar

- %*ﬁlﬁk

A FPFSAUDRITAB
P . 594 TOKITHAO
C: REROXENSE

26 EXR=-JILEOEAEK

KT T4 Fh o HEERREREFHRGFERCARTTD L ARENCERT D

E@ﬁ%%010®¥ﬁﬁﬂﬁ#ﬂfﬁﬁ¢6(Ezﬁoit\béﬁﬁﬂowf

AN TICER., COFAERFEE VD, RFHRGFEOF THRIEZLNEND

EE A OBITRICE U CHRITT 5720, REERNOHDIRR T 2O¥HE

ORI ETRE L RHKOEROHICHA LIz (6) BEL .

d=2nd(n,n)/ A (1)

=L AREOKE. diZBFEDOES, n, n, T o@$@ﬁ®ﬁﬁ$%i#

TDOLEREERITV FT—va v Xidh,

R=86 1/2xn=d(nsn,) (2)

TEREND, R IFESEDTTOZOOEHEEDTNEZE ZeR P COEMCRE L E

THD,
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HoE DNARMUL 7 ANV ADXFYF I/ HYP— g

X 2-7. HERONXFHMAME BB OBRMRF

RAEEMSFEL., LROFHICE ST T —2a P OREICELY BFHOFES
MR LY, BREOBENS Y FF— a b OEZFHBILEZY T5-00EBTH
5, VETFT—varpbhrhid, BEOER d LhbE TR (2) LR OKRE
RS, TobLEBITOME (nn) ZRODZLERTE D,

ST, ERX=a/VBIIAAEZE S # b OREFEDR, TOXRFMHB R T 7 A FORE S

Iz LAE O TEMNI L&, BEEOBE TIZIKRADOL 5127k 5,
I =1sin’2 6 sin*( 8 /2) = ,sin*2 0 sin’( TR/ 1) (3)
ORI, EHERONFMNRRT SAFORBI M E —B L& EHHERL
L&, BFEPBERIIRAMBERHDZ ENLND (K 28), ZhEHEEAL

WH, D 45 HRIEROAD S RHMEIHY. ThiAafiind, ok
CRLGEZERIERPOBET L WD IBET D,
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BoE DNAERTELZ AN LADOF%FIZYP— g

&\\
NZ8
=z B
&'%
‘\\_,w.

A

P
‘ A D PS4 YOEINSR

P RIS TDERAR

B 2-8. RAKDIAL & HHAL

BREEDVET—va VRIEERTRIE, avrXve—FLnd, VFF— g
CEEATEAMNMER» ORI EBEZHA VD, VX T— 3 ORIFEIX. RETH
ALY ETF—varkarXre—2TITHHEL, TOROBBY 25HAR5 Z
LIk oTH Y,

AETY Z T —va VOREIERLEORR Ly 7 arue—F WO T
ROar_re—=2Ths (K 29), av_rt—2OEEIA Y LVERTETY
A DLDBIEENK L TEWT, V¥ T —a Y OEBELT 5,

B PR

ARER?

| @&E10°
(B BRI A X0.05° )

AR E—FNLEL

H29 ARNLyharuRytz—4a20IEK
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moE DNABRFRILZT AN LDF XTI HYP— g

Y&F—a ORIEIR, 7V XLEETTREBORDEVEFICRBNTHREL
BEISE, FOBROEEI A YVOEEY 2HLIMEZ LIk > TiThhd (ZD
LERaAV R FDYET—arEBRBOY FT—va Uy BRELLRoTY
%) UTOFEICEIV Y EFT—2a ORERIT- T

FFaALRE-INRIVERL. BRERFPOLCEDE, TOROAE (T
5AHEETAFAHMD=D) EAEEED L DHBTS . TOR-DODSA
EOTHEERD -, ZOEEENSHECABOBRERTI YT — a3 VEEZXK
Dz, ISR (2) BEUHIELERBORENS, #EHTOME (n,n) Z5HEL

7mo FEBRIL-REATE T A VAT L TZDRIEZITH T2,

2-2-4. B|-o8kYHAER

5138 v RBR 1T S # B TEMSILON UTM-4L (ORIENTEC CORPORATION )
% L < X TEMSILON RTM-25 (ORIENTEC CORPORATION ) MW TIT-7z, M
2-10 [CEEEB OBMEH % 7R T, 0.5X4 ecm IV L7274 VADREZRIY | 25 mm
DEIBTZ Y v FAIZEE L. BloED OFEILS5 mm/min.k L, 7 4 VA0S
HETANLOHOBE Ty XIS LTz, L7 4 VL0 NT e = (L-Ly) /L,

T&RL,
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DNABRILTZ 4 VDX 57 F V¥ —a v

H2E

Load cell

B 2-10. 5loi&kY REBEOHKR
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HoE DNAKRHEILTANLOX YT I HYP—ay

2-3. HRLEEE

2-3-1. IBENOEKL S DNA-EEEAE O

TRTOFBRER22ITELD D,

JEE & LT—FEHD 4 %7 =y LERIEE (C-N-3C) ZHAWSE. T
BB C, , TIEIL T L o 7 AR LIS Do Te, Cp Bl EDT7 A% 188
BEOLOIBNETa L T Ly 7 ANWE LT, FEEE~OWHBREILT VX
DEVWSDDEBRMN ST, Cp 3T 2DIZ 10 B2 D 28D 27285 Cyy 16,18
TIX 2 B»D 5 BTRIEFTA_ATER L, TLVIFAHDORWIEEDOGBBHKHTH
DIXTROTZOBRIIRY TH D, Cp 14 3 CXBFBHAD T A VIR TERD (K 2-
11a), C, TH—HHEMEL TRBAR T A VLB TE (E 2-11b), T/VFVEHN
R RBDICHONTIREDOSEHNR 25 L Bbh 5,

—AH 1 %7 IVBIEE (CN'H) ZAVWERE., T3T DNABHEESG &R
By L7=03, 2/ 2-30 % L BINRTE o7, C TIRT VISP E T2 HBKMED
BEOTIRHEBR LIS ERENRDTZOTT7 A VLAEERTEZERTE Mo
o BHONILAL TV 7 ADHREFEAOBRIETHE Y R< 2L BT L0210
BA5 2 BEFTE o7z, Cp TIEBEHD T 4 VAR TENHEL TTL A EEMH
TEJ, C, TR, Cy s THEEMICKRILLET7 s VAR T,

— A7 T = AIEE (C-Ala-N‘H,) ZHWEHE., FhbENETCa Ly s
ANRLE LT, 2hbDary Ly 7 RATEBERICEERZODICKRERT 4L
LEERIT A Z LN TERholz, CDT A NVHIRBENEL . HIZEKPOK
KEEE M EEHDI R 2T, Cp Cp D7 A VAITERATE o723, T & CHEfH

T&Ehot, FRULTAXFAEHOEW C,, Culd 7 4 NV AIEKERIEL TRERIZ
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HoE DNABRAILZAALLDFXF27EZYP—Lay

o TLEST,
%22, L -2TODNABEHEAKOINME
7IVdE ATy T AD HHEEEA EOIZN
) i g
REOBE g R DEMIE OKT
n=8 WA
Cn-N*-3C1 10 9% A BT 4L L
/v\/\/\/\/\,lf_ 12 77% AN E[’ﬁf&’j'f }LL\
! 14 70% O EHE T 4L A
16 53% O - FRE &t
18 69% O EHLE T 2L
+ n=8 2%
Cn-NH3 10 19% A BT T 4 L L
OO 12 26% A BRI
14 36% A XL T
16 30% A TN
Nt n=8 47% x Wil 8 < Enisn
Cn-Ala-NH3 10 62% x BT 4L
W\/\W 12 61% x EHIL T 4 WL
14 70% x L HikE S
16 64% X cH&ERE
1o Q
C10-4G-N* "M Vorwe 68% o ﬁ:ﬂﬁ_f; 74 }l«A o
Phy-N* AA/'V\/‘VVK/‘O:G'- 62% © BHLZ T 4NV
BT AFNLOUXH 17% X
n=10 73% o) BHIZ T 4 VL
2Cn-N*-2C1 12 85% o BWHILT 4 VL
° BHENABHEDE
AN~ 14 84% © K5
VY 16 72% o 2 RS
18 38% (@) EXi:1 1.5 4
Ci190Cg NH. BRAKIZ R TIT
120C6 N R — —
3CnN*C1 n=8 e & TEIAR —_— e
%\"u’- 12 ERAKIC FRTHRERYE T  ——— -
3Cn-NH* n= I -
10 BRAAK KRBT
AT BT E— EE—
R 12 - -
Concooom I NH n=10 BRAKI ABTEREZEST & —— —_
CoHhoCOOCH:
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o DNARMHEZ AN ADXYF o2 Y — g

@)

(b)

K 2-11. (a) BHABT AL LE (b) BBEIELTRBERICR ST (L
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HWoE DNABRFHLZ AN LDX¥F 72 YP—ar

—AKFEHDO—FT NVAFEE (C,4G-N*-3C) BIO—FKHEHOEZP BT 4 F—v
HEEEZRAVEBERRIEL L BHEFBICRVRBOZBAR T 1 VADBRLRIL, A
PAFAvaFYUoRREE LTRHWERS., a7 Ly 7 AR LIERA AV
WRORSEASTEREL TE THBICHE I o, WRIIHT YR Bhol, T
ATy 7 AREBEEICIABE TH o TDOT, TANVLEERT D I LIITE
Rbofz, ZORELAMROT—FAREEHIE L AKIC, IFEOSAHOES
PR INT=DER, FRER~DOERMEICHRERH 12X 5 TH D,

“ASIEE (2C-N*-2C,) EHAWERE. 2Cy2Cs PWThOEEThLa I Ly
7 AN LTz, WRITLENICE THRPoTMB, 2C,y DABERRIZ T, T
ik 2C,, PEIREBR KBTI WD ELBbhd, Bohvicar vy 7 20K
BRI~ ORIV B, 7T 3 BUNIZEEIEME LT, 2C,, 2C,, 2C,
@74»Am§%ﬁokﬁ\%05%xh®74WAﬁﬁEto&¢%m6%kK
b L T& 7, 2C, 2C; D7 4 VA2 mEfRL L TV,

T—FUREEEREDO—RT I VR AFIRE LR L THER, IBERKICHET 2
WOTaryFy 7 REERT LN TERNP T, ZOREIRATHICZ—T v
REEAL, SEEXPBOOTIEIRWILEIFINZS, —&T7 I VEBAKEDT
DARKIARBC > TLESEEZDND, |

=A$D 4 FIEE (BC-N-C) X C BAKIZAE, C, BKRIZARE (K/=& /) —n
WZIXAIE) Thotr, GIXBEBEVOHETa Ly Ly 7 AERER LN, AU
BB N VAT ECEINTE R, £z C, DBEEIX DNA OKEEREIEED
KIT® ) —NBREBEDLZLICE-TarvT Ly 7 RAEERLIS ELERB, &
DHFETIIEEDOHPHH L TETLEY, DNAJREBRA KA ERNT A LN TE

o T,
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F2E DNABIMEZ AN LADZYS I 2 Y P — g

=FRSHD 3BT IBPRE (3C,NHY) i3k, =& /) —, PRy, TR R= R
INVDNTRIZSREThH oo, HFBRNDTKR/ZF ) —VIEIRCISE % B8 X
. €I~ DNA DKBEREMZ =03, LRBITE U ooz,

ZAREO—RT I UBREIT AR Lk & ORAEEIIITIEE S, AORIC
RAETHolk, LoTK/TE P BIRICIEE S BB S Y. ZHiZ DNA DOAEIK
%mztﬁ\%E@&ﬁﬁ&bf%fbwmIWA%E@%@%@%#%:&@T
ERhot,

UTICEEDDEEEITH,

TIFRVEEIZOWTIE, TAXAVENETE D LIRE OBAMN 0 200

Z DNA-fRESAHBLEER LIZS W EBbhots, $ETAFAYODETES LD
CONTHE, SEIREOSAEMREL R TLEI DI T A L ARKEEL LT
Liﬁ:kﬁb#okoﬁOT\E%TEE&%@@DNN%E@@¢74”A%%
DD, BEWTAFASEROBENERSNE LEX LN,

THARNVHEOERFIZONWTIE, —&RH, ZEXYOmS TEHR T A L LAREBLR
2B ZARGFTREAMESE 2 TE S DITIENKICET . DNA LBk
BRRTERNE WS BRBB LN, ZARGIBEITAFAYEZEL LTI
BFBEIICLTYH, SEIEARBTE LR 230 T, DNA 2 HABA(LT 5
FEEE LTHAETHS EEZHNS,

IREBHMOMEIZ >V TIE, —KR#H 4 BT V= A AVERICERTEHR
XFHED T AV LABBONTZDIZH L, —A 1 T IV, TS5= L bICISE
ELTRABETH-7, Zh &b, RV DNA OBEEBAKLIZIZTERIC 4 855
O%Eﬁﬁbfmétwﬁibﬁ%mbahtolﬁ?iy\77:Vﬂ®wfhK
BNTH, BEKPERBEIEETHE L VIRRICZSTWBDT, BIEIC 4
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woE DNAEMILZ ANLDXY T/ FZYE—Vav

&7 =y LMEREOISEEZAVS L DNA OBESBKLB LV ER2ICRY . A
MSYSELC R LT B E VI RN S DD LRV,

HRL LT, — A4 &7 TV AEOTAFAERD 10~14, 18 DHD L,
—APEDT—FNE T B ARG ART =T MEOT VX NAEHEKRD 10
~14 DHLOTEAREBEIIFED 7 A NV ABBONIOT, UROETIEINGIC
SNTORRT D, EEoNbDILT Ly 7 AMROBRILTERSFIC L 1T
V. DNA OV VBT =F 2 LiZiE 11 0FE TRESHENIHEEAL TY

BT BT,

2-3-2. X#BEITHIEIZ &3 T 1 ILLDOEEREN

AIE TR~z & 912, BHCHEIHHDO T A VABR/OLNLIEHD T 4V A
SWTOXBREF 21T 27

DNA 30,000 bp % iV TESRLL 72 DNA-FEEBESHERD X ¥ X R 7 4 v AP TOREE
R EEA X BEHTREC LV RE Lz, K 2-12 KE—FAH—T AV ROEE TS
% C,-4G-N*%& FV iz C-4G-N*/DNA 30,000 bp OF ¥ A b7 L LD X #REH/S
F—V &R LI, ¥¥ A NI 4 NVLOERND X REBH LBE. WEH» LR
L7e, Winb 41 AoBEECRLARORN (BN, AiE)oRE LICEE
X720 5 HORE LD BROREL o TR, HEY RERETRRDP 2T,
IREVZDOT7 4 AANTIE, By FIRO DNA #2841 ABRT Ry 7L TH
BZEREOKE SDLEEEFR L. TNHDRAAL VBT U F ML RITAZ A
& b FEPCEE SR ERICER Lz 2-12 ¢ ICERIR L L S 2EERS

Zbid,

46



o DNARMELZ A NLADXF XTI XYY —T g

KIZ, LT T 4 VLD XBEERT 21T o7, KRR T TC—Y 7Ltk
YANTANVLEEMBEEFELIL EO X BREFREOKREZH 2-13 ITRLTE,
EMAHEFFREEICEY, 74 NVLADOEEBLOHE)S X #E2BRLEEC
A, EHENZR ONF—MEEDOKSHN (B2-12 a, b) XKL, FRELIZ DNA @
“ELBAOD Y FEEELRT ARy NOZBMER SN, Zony FEIEM
EﬁﬁwﬂyFﬁﬁ%kﬁ%K4lAk&byﬁ@ﬁiéﬂypﬁwﬂy%yﬁwﬁ
fbix7enwb ot Bbnsd, M EFMICFITR X BROBSIZH L CidR—o
CHABORTTAE LN, LEORERI Y, C,-4G-N*/DNA 30,000 bp HEH 7 1 /LA
ANTiX DNA - EEa vy 7 20u y FHREMEREICER LK 2-13 d IZ5RL

FEXOBREEL R TNWARZ ERTFRENT,

(a) (b) (C)

B 2-12. C,,;-4G-N*/30,000bp ¥+ A b 7 4 JLLD XEEIFT/NN2—2,
@F ¥y AL T4 LLARIESODL)F YA M T4 LLARICEEICXRERS L
7=. (c) C;4-4G-N*/30000bp ¥+ X b 7 1 L LDOHEEEAX K
Cuka, 40kV, 100 mA, # A7 £ 100 mm
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#0% DNARMILTIANLDXXTIF y¥—ayv

(a) (b) (c) (d)

5 213, I LF C,-4G-N"30,0000p ¥+ & b7 4 )L LD XHREHT /T~ (a-c)

L EDEE (d)
Cuko, 40 kV, 100 mA, # A 7 £ 100 mm

& 2-14 \ZA8E & L CZASAEHE 2C,-N*-2C, PRAWEEOXY AT A NVAD X
BEHT S F — R LT, REMTXYART A JVAUDIE@:BJ:WRIJEZ’J% X #E
e LT e =5, BbRE/F —id Ci-4G-N/DNA 30,000 bp (X 2-12) & A]
B G o7, DNA 1 v FEOMEREIT 2C,,-N2C, TIE 29 AtThol,

FEM LT 7 4 v b BV CEMITE AR Y 74 NVADOERB LT
BIED > X BERE LzL 25, EMWENIA SR O AT C\-4G-N/DNA
30,000 bp DA & FFRIZHRE LI DNA D1 > RS R T ARy BB LNT
- on v FEEREMITOD v PR L R 29 Aol EIEMTIAIC
SEAT R X RO REIT LCikE— R A oEFR A GO, U EOKEREY.

48



HoHE DNARFULZT AN LDX XTI HY¥P—T gy

(a) (b) 4\

% FEF=s
. " @89,_‘-‘—‘-;‘-_==: -
side view 0000
= @900 —
Joee

exagona | ;;{I
(d)

B 2-14. 2C,,-N*-2C,/30,000 bp ¥+ & b 7 1 L LD X BEIHF/$F — .

(a,b)REMT 1 L L (d-NHEM, (c,g) TAEIOEE.
Cuka, 40 kV, 100 mA, 7 A 7&K 100 mm
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woE DNABRMILTZANLDXFF¥FIHYP— g

2C,,-N*2C,/DNA 30,000 bp JEff 7 4 L AN TH DNA 238 M Lz v FREES &
HZ EDRbhroT,

JEE & LT7 4 h—ABIIEHE Phy-N*'. —AS{D 4 &7V E=UALHE C,-N*-3C,.
ZARBD 4 BT E=Y A 2C-N©-2C, BRWEREM, EI3EM LY X b
ZANED X BREYT /S F — X C,-4G-N*/DNA 30,000 bp (X 2-12, 2-13).
2C,,N*2C,/DNA 30,000 bp (X 2-14) & REEDRERIC/2 o7, 7272 L DNA-JSHAEA K
Dy RONFHIF ARy F 7 OEREE Phy-N"Tid 41 A, C,-N*-3C, T 28
A 20, N-2C, Tid 24 AL rote,

X 2-15 \ZHEE & LT C-N-3C, ZRWVWEROX ¥ 2 N7 4 VAD X #EIFT /¥
— HR LT, REMTHFY R R 74V LOME»IS X MERKNLEZLZA, 74
VARG 33 AoBIREEL R TR — 2 B8N (H2-152), 74V AE
WCEREIZ X BREBHITZLEEOT VX VEHBOEREZRT 4 AoRFTHSHE L
WHN (B 2-15b), ZORRIEL. FX¥ A T A NVLDRBEHIAN T A T BB
HRoEBEEZHODLL TS, ZOT7 AV NIFEERHY | KEAKTICEIOT
TETHMTEIENTEE, M LET 4 VAEBWTEMERZ FFRIRIC
EV T ANLOREN»D X MEBR L ZA, EERENCHH o7 33 DT AT
E%%%Txﬁybﬁéammé<&ot(@zwdo74WAEKEEKJ<ﬁ%
BHELEBEICLENR R EBEICR » FEEBERMEZ ST ARy b3R8 AE (X 2-
15d), FEMAMICETR X BROBKITH L TiL 33 ADERHZHAEORIFrIE
bz (X 2-15e),

UEDE T C¢N-3C, D7 AV AIREMRD L EIIREE LR T A 7#EL &
W 7 4V AENTIE DNA-TEEBEAEIZT v X MZEBERM L TWA R, EHT2Z LI

XV DNASENEMLEe y FRBERZEILT A EbhoTe, ZOREIXIEIRT
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E2E DNAKRMILZANADXRYS 27 HZYP—ar

BETHZZENDTAIANEOKBRBEEEZE LD LERTRERETHL T L XV
HOBE C,-N*-3C, RT IV FIVEHMBFE G0 C-4G-N*,  Phy-N*. 2C,, ,-N*-2C, £ ¥
SEHEDH, L7282 T C-N*-3C, D7 4 )V ADORNEEIEITX 2-15¢ 127 T L D
BRI THEEE L~V T T ABENBELEECR->TND LEILND,

FEE & LT CpN™-3C, R ZAHD 2C,,-N*-2C, & AV T B b AR DEIFT < & — A

Boni, HELSASBROEMITIZNEN A, 33 ALiot,

2-16 IZHEE & LT 2C,-N*-2C, ZFAVWEREO X ¥ X 7 4V AD X BREIFAFZ
—VERLTE, ¥FY AT VLAOREID X MEBFLEZLZA, 74V LEE
HENZ@REE %~ 37 AORBMEREORT E— 7 33 2 k¥ THAZ (K 2-16a),
T ANVAEICEEIC X BEBRTLETAFAHEONy X T ERT 3.7 ADEH
BHEEICEN (K 2-16b), ZORRIL, F¥ X b7 4V LAOEEL RN EHHE
HEROTETATEEERL TS, IREOKERENEEICRN D, ZDT7 4V
LMMIBHOEEHLEIEVEEN I AZRO T AV ALY B TE )P0,
EH 87— B0 E D LTNEZ DI DT A TEERIEFICHANEL < B
IR LTWA Z EBbhd, LirL, DNA ZELEADLHEARIZOURIZT TV
#w@ﬁﬁ@?»%W%Mﬁmﬂy%Vﬁbfﬁf7@&&5:&@?%&“0L
RO TIDF ¥ A BT 4V LOWHEEITH 2-16¢ IZRT X S IZIREN T A T B LMK

T30 —E DNA O TWA EE 2 b5,
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woE DNABRMILZANLDXYFT I E )P —ar

(b)

(a)

(c)

(d)

X 2-15.

4.0 A

—>ffe—
TN AR ToTTn
as A MR -

!%Hmn%nwmm side view
AR A
N1y \ﬁuw
TMRL AR Sy SR MR
i 3
33 A

C,-N*-3C,/DNA 30,000 bp F¥ X b 7 4 L LD XEREIHFT/AF2—2
(a,b) KREMT 1L, (df) BET 1L, (c,g9) EFREILOHEE.
(@, (b) D/ RBRIENENOFLEBOILKE, Cuka, 40kV, 100 mA, F A 7&K 100
mm, (a) ¥¥A L7 4AAAEIG. (b) F¥Y A7 VAEICER, (d) F¥AH
7 AV AMUED SRS AICER, (o) EMFREFFRLICEYR Y X T 0 4 LE
WCEE., () EEHFAICETICXRE AN L,
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EoE DNABRELTZ A NLDOXYS 7 F VP —2 g

(b)

A I N Ty L R N TV T R Y 1N
LTI
1Y) I
[y 14 uuyy

iy
LRI

Yy e

6 o
a7 AI mmnmmmm%y

[ 2-16. 2C,-N*-2C,/ DNA 30,000 bp ¥+ X b T 4 L LD T v I AEEIHT /S5 —
> (a,b)& TDRIE (c)
INSRBEIT (a), TN ENROFLEDILAM, Cuka, 40kV, 100 mA, 7 A T & 100 mm,
@F ¥ A R4 NVAAEPS, O)F ¥ R 7 A AV AEICEEICXSBE AN LE,
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WoE DNARAILZANLOXFYFIHXYYP— 3

£ 23 KXBREFHLH/BONT-NTEEEZE LD, BFEOBEWICLDS 7 4 VA
NOBEIIRE L 32 KBITE B,

—ABEDOT—FT NVEBEE C-4G-N*. 7 4 F—NBIJEHE Phy-N*& W\ o2 b DE
B, TAVXNVEHOEN—AFHEE C,-N*-3C,. —&#HD 4 &7 =0 LERIEYH
2C; N-2C, ZAV T2 T Ly 7 AEER LI L XIRRRECKEFHEDOF ¥ R
R AN ABEBLNTE, ZTORETIEE v FIRO DNA ZEHEAR~F Y TF I
RoFrZ LTI VFAZRALTWAZ ERbhote, ZhEEMTHER Y F
KD DNA $HEIEMFEICER TE D2 e Bbhol, ThoDT7 4 VAT ENBIHE
BB T o7,

TIVRAEHBD LEWV—ARGFRIEE C,N-3C, PZAEHHMIEH 2C,-N*-2C, & H
WTHEBL L 72 7 4V AL B B EHERE A, NS IR S A BRI B L,
TANVAEFRATIET VA AZEBERAILTWAE T ATBBEIIRDIZ BRI oTe, T
N&EMmT 5 L ZHRIEEDHEE L FERIZ DNA 3 ~F 3 TV RICE A L 72 /&
Rl

TILVEAEFNR G - EF 2C-N-2C, ZANELEXI 74V AITATHETHD

FEHOT7 A VAT RSN ENS T e Rbh ot
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Fo2E DNARMILZ A NADF YT o2 YP— 3

%23 #HAeEEERAN=DNA-EEHEARTF Y A M T4 ILLDEE

Lpide d/A ~<{3%{ As Caet.Fiim @S&ewhed Film

l+ 41
T2 0NN 21)

AAAAAAA~NT 4
’ ( (21)

ANAAAAGE 28
n=12 hf (8)

- 33
n=16 (13)
- 40
n=18 (20)

Can not be stretched

— A, “AGHOIEHEIZOWT, TAFAHEHELZEZ-BE D DNAJFEEA KD
v FEIOEBZ R 24 2L, XREF»LE LN DNA-FEEGHOE v F
BOHEREL DNA OBERN 20 ATHDZ L 2EZXTHHEEELRLI,

XBREYT 26/ 57z DNAIREESE RO v FRIOEMIT VX AEHB L IEL
BMmLE, $F—ASETHLZAHTHLTAFABEEORIUEEIC DWW TIIZIER U
DNA v v FHEEMSELN, TRbLIEEDORE L DNA 1y FROEMZIIR
WHHBARIR B B D Z & Ao T,

DNA-IEEE&EDOa v FEIOER»S DNA OKXKS (B 10AX2) &5\ /-8
BRI Eh TNRFERK 10 T4 A, RFEHK12T89 A, RFEFK 14 T13 A, RFEHK 16
T13 A, REH 18 T17-22 Ao, RE-RBEREOEME 125 A, JFED
TR NEBFERIBTE > ToRBERE L TENEROIREOT VEFNVHDOK S
PBETAE, REFK10T125 A, KEFK12TI1S A, REF 4 T175 A, &
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#oE DNAERFRELZ AL DXXTF 2 XY E—Tay

F¥ 16 T20 A, RFEH 18 T225 ALRD, L72H>T DNA B THREIXA v ¥
—FCF—h L, OV EEENTHEEL WA Z ERbhotz, TAFAHEHOEW
BEOHFNEBOEMSHEMBLY LSV oT, SVKEIRERY LicEh
RTVMERRH o -, —EERIEEETYH C,~C ZERICHERIEBTTHLTVD
T, TAFAEHOEWVEEOHFBEHERRENVE W) DEIRLETH D,

F— ARG TH A THL T AFASEOR UIFEIC OV TIZIZIER U DNA 2 v
FREIBEEEREONTZZ 0, TAXIAVHEP —RLEVWZAFREO 7 A VLDHH
T ANVLANOEETBN LIZR2D, X RETFIARZ =06, ZAFIEEOT 4V
LDOFR—EPIEE D7 4 VLY DNA OEAMENS RN EBRONDHB. Zhid”

A VAP OBRENRE VG DNA S EZER I/ TWEDEEELI LN,

*2-4. DNA-EEHAK 714 LLOKEENEXK

Liplds (Dialkyl Structures (Dialkyd Structures (oncalkyd LIpIAS (Ionocalkyl

——

ULV «w@ 24 A
2C10N+201 wA
N rn, ¢ g .
POV :igﬁaz 20 A 5 :—Ffs'*:[ 28A 'WV\N\']E
2C,:N*2C; T i 3 SaER C,oN+3C,

TV { o
~e NS W .
N e __L'I_aﬁ , 33A
2CN*2C, S TRy j
% Z: __J_13A¢ 33A /vvvvv\,-\/xp]l+_
’VVVVVVV% __'IU . _ .‘_ﬂ-}
N¥ | 17A_¢ 37A g f\ 2DA 4 QA vl

CigN+3C,

)o

(sf\FAAN N _,_‘-J-—‘#-_
2csNR2C, 194 "ox
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#mo&E DNABRFILTZ AN LDXYF7FYE—Vay

0.3-3. EAEMEBRICLZ T NVLAOEAENERL

HeB LTk 727 4 Vb B IEM LTEOBBHTOME (yn) EZHE LI BT O
BT —c R Y v —$ oA % EROICFHET D DAV LR., ZOFF n, BXT n,
. TR Y < —#HORR T HIETR FTOBRERRE AT D HAROBITE
b B, MEELRAEOBRE YT 7\ Ui, EMER e = AL/ L L L CHRER
L. BT B L L OB OM (yn) 2R E LT,

FTERBRDT A LV ALANWTOET—F %K 2-17 TR LT Run BEICHD
BEUCH Y IAhDE STETHD I L ETT, EBROME L, 2<FAUCEMEZ
FIELIED T = & XLV O T, EMT 272 Run 23 Ui Dbz & TH
BHER-T, BB, AT »b0ENETND Run REEATHBRE R, —ASE
B, CASIEEoREN T —F L LT C,e4G-N"/ 30,000bp. 2C,,-N*-2C, / 30,000bp

DF—H %X 2-18 IR LT,
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B2HE

DNARBL 7 4 NV ADHF YT XY E—T a3y

(a) ©-008 I I o= (b) 0008 Tgm T 3
o T HO4GN</500 3 ; E
0007 £ L eanan e o 0.007 | : .
- s +  CT104GN+/5000 = ; ]
< 0.006 v C104GN+/30000 L. 0.006 f g 3
& - & C104GN+/30000 i - £ 3 : ]
_§ 0.005 . . g 0.005 1 AR B i A _:.
g .................................. el g F :
- 0.004 e 0‘004 [N s e 1
2 C10-4G-Nt . . . i £} C10-N+-3Cp f
g o.003 : : : 8 0008 frovdninins R0 T :
a : o § £ ]
0.002 S - 0.002 £ 3
0.001 0.001 Frrereeres m """" Ao oo R T
) TP e ]
0 0‘ i i
0 2 4 6 8 10
Strain (AL /Lg)
(c) 0.008 . . 1 (d) 0008 = .
F| —o— k3 E H —8—R3Em ]
0.007 H==w =Pun 1 Fomdommdi s e _: 0.007 =@ =Run | Jrroedn b 3
- - E - H— - ]
= o [ 3 =  ==gmerun s p
.A,:O.OOG -__:__Egjgf E ,“:0.006 H==e=erunsc ]
£ — = & 3 E F E
0005 Hemrgrming o b e - g 0.005 [ s : .
o E s i ]
|3 - P
5 0.004 5 0.004 5 C 1 4-N+-3C 1 5
£ 0.003 £ 0003 F 3
,§ 0.002 8 0.002 £ .
0.001 0.0m —..-:-2.:_-. N 3
o H - — w—— 1
Y 08— W Ty | ]
0 2 4 6 8 10
Strain (AL L) Sran (AL 71L)
0.008 ————— v 1 .
(e) —a— RER (f) L
0.007 H =% *mnn ! -3 2 ]
= - ] - 7 ]
I | ==m==run4g ... 3 < 4 LLni DI
‘i 0.006 LLL LR 3 w /- E
= — = © ] = #,a b
S o_ws ERTYTeren _. 8 l' _-
3 E g ]
£ 0.004 Cls-N+'3C1 - E . A .0"
& b & E R
: 3 E Y s
F 0.008 frovr . 3 ﬁ 0.003 F P
r L "
a ; a - / K 2 ” H ]
0.002 .M_ - . -\ s 0.002 | l"""’"""" oy 3
o ] 4 y 3
0.001 \ ......... >.p-‘—!:¢ -3 0.001 f-mmes " 2C10-N+-2C1 R
':u--'o".o 3 E : : i
4] 1 P 0 PP " " PR SNSRI S R
0 2 4 5 8 10 0 2 4 6 8 10
Stran (AL /Lg) sran(aL /L)
—8—REW
gy =Fur |
- -
(2) - ™ (h) 0008 + [ ; ? 3
] ememmlyn 4 H H ]
3 0.007 H et =foun S ]
-~ : ':: :-‘."Pu’ {\ E
g _: Y 0.006 E gm0 R i e J
g ST, ] €  nangalet ]
s : ‘,f“':— - ...‘,l_l'. g 0.005 T R TSI SRR A
g [ St ] g H & fu ]
£ 2 AR, 2 3 5 0004 P Tl'" SRS SSPTUSPY RSO SRS 3
& 3 H p = 3 = ]
@ d i ] 2 9 - 20 a ]
............................. I b 3 0.003 2 SO
g E 1 & F Nt . 3
b : - 0.002 g [ QPO " ORI NP R B 4
: N+- 3 3 v N+- ]
(101} [ SXCERRERS ISR 2C12 N ZC]. e 0.001 :'-" 2014 N ZCI 3
F ; ; ] E ; ;
Y ST B VP B 0 8 P
0 2 4 6 8 10 0 2 4 6 8 10
Strain (AL /Lg) ’ Sran (AL/Lg)

B 2-17. DNAECFAIET 1 L LDEFAHDET—4%. DNA 30,000 bp.
(a) C10'4G'N+, (b) C10"N+'3C1, (C) C12'N+'301, (d) C14'N+'3C1, (e) C18'N+'SC1,
(f) 2C10'N+"2C1, (g) 2C12"N+'2C1, (h) 2C14'N+'2C1.
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H2H DNABMLZ A NLADX%FS 2 XYV — 50

Anisotropy
Optical f / ALI
axis n,-n, : - LDPE :
« : Ny-n,= 0.002~-0.003
Double Refraction [} < 2
7o Lo=>
\ 4 AN
rm ==N...
, 0.008
+ 4
0002 "o NENT  Cipaa-N* 5 m‘\ 2C1oN*2Cy
N " 7 0.006 30,000 b
£ - 30,000 bp £ L . .p
c ¢! ) c i )
] ] )
° ‘T 0.004 | P
S 0.001 ® /7'« S00bP
® D n 1
o« © ]
2 £ o002} /
8 g
o o 1 1 L 1
10 o 2

2 4 6 8 4 6 8
Strain (AL / Lg) Strain (AL / Lg)

B2-18. &ML DNA 7 1 L LADORFH. DNA 30,000 bp.
(]£) C-4G-N*, (F) 2C,,-N*-2C,

2-18 £V . C,;-4G-N*/ 30,000 bp. 2C,,-N*-2C,/ 30,000 bp EH 5D 7 4 L A DR
BTOHEME (T e LIRS) e=4 ULIZT AV AREHBTE L. Z OBIRHr DfE
BENLLERELS ORI ENDroT, BEXY e=4 DU ETE T AL LARD
DNA E+2ICBM L TR Y, 4% DNA ZEEML L CEEEZHET SBICIE - 0

e=4 LA ETHNITHRTH B ENbhotz,

FEOBRICL DBV ERTHL L, AT —FANRISHE C,4G-N*L —AHE
SREH 2C,,N*-3C, TIXH O ZAGHEE O H B BB OME ERHE) Rk X
By R RIC—AFHBIEE L b AR O SRAERRL., 2 1d X

BEITORREZFEL TV 5B,
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HoE DNARFHLZ A A LDOXF¥S 7 FYP—T 30

F 72185 F & DNA (500 bp) DT A MV AIZONTIToT-EED T v M EEEL
7z&Z5, DNA OEIMNEI> HBDOTH-ThH, FEBR L THNIEFE CHBRICD B
ZERbhots, EEUESTFEDNA O7 4 VAKIZE A SR TE RV EDEMH
Ee=2 $TOEL»ZL, oy MBRDRWEDHBOIZILHDF Lk A—T
X720, SEIAWZES & 30,000bp @ DNA D7 4 VA% 10 fELL M TE 22
LEbb¥n L, FEME LEIREDOBRIZIZ DNA ORFETIIZL IFEOBEED A
NEEEE %, DNA ODFRIZ 7 ANVLADHERMBCOLFELELZTWHLE
ABHTLENTED,

FERARY v —DEL L T, B LZRY =F L TEHBEHTOMEA 0.002~

0003 L2 TEBY., ZOEIIDNA 74V LADLDLEIRTH B,

2-3-4. B|oRYBEKRICKD T 1L LDBRERNT
DNA-IEEBEEGET 4 VA DS RBEZ SR BRI XL v R,
RBEOBRIIZRY CH-EAHBRE S EICLTHAEINDS, TRbLL, /a5

HDHET D £ TOIRWERRIZHZ 5515 Y A TN DB D J1 R E % |

NHEREC, EREOHMTEHEE L L CRRLZER L2 WE-HO#8R (load-

elongation curve) &\ 5, £72, ThE2HE L THENIISAZ LD, AT BUEE

T U TR & - 7= BRI & )5 F1- B4 #i#R (stress-strain curve) &V 9, &

BFOFIEDANATNIKTBRN-BEHEBROBMEREENNTDIE, K 2-19 1ZR-F 3

BORCHETE S, Thbb, M2-19 IR T (@FUIH RN 05~2 %, K& &

b 5 BRELNTRIIT/NELS | BEOERMZRTIZIZE A CERPRE L RT,

WIT (BT, BRAEZTIHERNTH 2, BREICIZE—EN IO T T 100~
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LoE DNARRIMMLZT ANLADZXYTFT I HYP— 5

1,000 %L EDOREVHUNBE L, BEEOD LETTE R VIEHAD L L, g+
5, FRZOHEIOAET, @BLOEOFHRELEZLNDLOTHE, Thbb,
EHARBERTRETLRWT, BIZEMT2EITOBRREEZRL, TORBETS
DT, ZOROHUPRZT—RIT@ELY K&, ©BL/IEN,
FCHETHRERCTRY BENRRD LR RE2RTIEHHVN, RiE
(513 B 519 D BHEERSY 100 mm MU FO&MC, AR5 T OIS -5 A 51
THERDLIICRDB Y,

@% Z7x/—n, FEMRY)ZZATNV, =RFY, RYRF LU 2Y

b ABS #ilE. RV T7TEF—, RVE=ARE

©F XRVx=Fvy, KY7vvr'ry, RII—RF—hr, FAaLipy

R
B
=
m
0
= ©
S
BRI P2
XYEIIEN !

100~500

/%
K219 SH-EHHBROE

DNA 53 FBDRBR DK T 4 VYTV C,-4G-N*/DNA 30,000 bp, 5,000 bp, 2,000-
500 bp BHRIZHADH D H D) , 500 bp DFEREK 2-20@) 2R LTz, BRADIRE
T FRBICE > TERRWDE, FFEVRKEVEELISERD VS Z EXbho
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BoE DNAERMHELTZ AV LDX¥F2FZ YV ¥—ay
P

BEDORRDET 4 NVLY TV CWyd4G-N*, 2C,-N*-2C,, Phy-N*, C,,-N*-3C,/DNA
30,000 bp IZDOWVWTEIE D RBEIT >R L 2-20 (b)ITR L7z, Phy-N*, C,¢-N*-
3C,/DNA 30,000 bp @7 4 /L AITFRE BB WOIZXF L, C\y-4G-N*, 2C,,-
N*-2C,, /DNA 30,000 bp iZBR < HUB E WS Z e Bbhofz, BEHOELNINT 4

NADBEEL bLHHEEHBLTWS,

DNA =30,000 bp

‘ L.
CHICH, 1y, =N =

c1an Effect of Lipid

a
=
-
3 € 8
. lv 1]
G aCtelto g = B
=
C1049G-N* in oHa.;on]: G
2| Effect of Mw of DNA 2 CH:'?CHz): 7N
‘ . 2C 19Nt 2C
é DNA = 30,000 bp
; 1 -~ G 4iGH, nt
E o GRSt
® C104G-N*
1 I | 1 1
7 % 1 2 3 4 5 6 7 8 9
Strain = Strain &

B 2-20. DNA-IEE#HEAEK T 1 L LD N-EHHRR
@ HFEOHE. O©) BEOHE

WIT. 2C,-N*-2C,/ DNA 30,000 bp 7 4 VLA DFEM, BEICLAZPRLAARY <=
— L ORBEKR 2-21 ITRT, BHICE > TT7 A NVLOBEIX LR -T2 (5 fEEMH T
ANVE), LLBIZEL TR EVERREZIR OGN 217,
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#woE DNAERMLZANLDX¥TFTIZYE—Tay

BEEOEETHEERIT-IE A, T ANLOBEITIET Lo ASFERICR L
VB EHIRolz, BEEMT ANV LEEMTHLEETIF YA NTANVLERE
DA BB ECHAMARRICE D L, BUP LR IBHz—Y 7 L RICESM
FTBLRNVIERRENTVWADT, ZORBREAZTUELVZE, LALIORER

LV, DNA-JEEBAKR T 4 V AXBEORBEIFFICRIOT, BECL-TE

PHERK X EDS - ERRESNT, BEICT A ARMEL LTR S BICIZZ

DRDBREIZRDTES D,

DNA-JSEEAE T ANV L EPAR) v—THAIEEERY =F 1 (LDPE) &

RYZRF L2 (PS) @ stress-strain curve Z TS & DNA 7 4V AIIR Y =F L

VEREL LLIEFNULORMENRDH D Z LD ol, ZHISHEHEIZ S T2 > T

FERICHEMBRRIZRDEB LMD,

a0

40 |

Streas / MPa
N
(]

10

1 1 1 ] 1 L L I3 : ’. -
1] f 02 04 06 08 10 50
500 bp AL /Lo

CH3(0“2)11\N(

CHg(CHy; 7 N

K 2-21. 2C,,-N*-2C, /DNA 30,000 bp  Stress-Strain Curve. iEf# - BE DR,

REARYT—ELDOEE
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moE DNAERMLZANLDXYSF7EZYE—Tay

2-4. #5145

DNA OEEMEHEZ X 572912 DNA BEF{E7 4 VA EERIL. £ORNEEEIC
DVWTHEHT L. F1FHO5REE % 5F4f L 72,

#x 2IREE VT DNATREBEERT A VAZERLZS, 4 T E=0 LK
PEBICED. TARAESH ZREOBAMEE b B, MORAE LKL CprCy @
HLORT—F NREGRESPNEEELHEOFZOLNV L OB T 4 L AMERICE L TV
HTZEhBbhrol,

X BREEERIT LY, ZODPWTAXIAHERSBEEANWSG LTI A VAFD
DNA-JEEEEER~F Y I F Mty F o7 L T—HmICER L7#iE%Z b2 DNA
BT 4 WV AREND Z & Nbdrolz, 7 4V AH O DNA 1 v FEOKER L IFE
DT NVENVEDOR SITITHEBERYAH D Z L Bbh o7,

RCEMSEBRIC LY, T AV LDEME £ =4 LI LT DNA OBIREIT—EMHEIC
R+ THDZENbhole, ER_AGIREDOL B —AFIFE L Y DNA ZElA
LT W2 & DNA O4 T &id DNA OERMMICIIERE 5 X W I LbiroTz,

BlEEVRBRLY. DNA OHFRIITANLRECHEVEELRVE, BOoTE
DNA D7 A NV ADHFHRIERD Z EBbholz, REOHEEIZL>T7 4 VLADWHE
K%ﬁﬁékm5:k%bﬁotom%ﬁvv—fﬁéﬁvl?vykmﬁbf%
DNA E2FUE 7 4 W AIEZR ERZE, b LIXENLL LDOBERSH S Z ENbhoT,
FREMIIC L > TEOREIXEOIZA LT,

LBEDETIE, KB TBEHTRERTANVLERDI LR TEL—KFH—T N
FRIPEE C-4G-N*, By odH 57 4 M —ABIRSHE Phy-N*, —ASHESR C,-N*-3C,,

TASES 2C,,-N-2C, EAVWCERLED D,
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moE DNABRFPIELZ ANLDOXFYFI7HZYP— a3y

B2E 2EW

1) K. Ijiro and Y. Okahata, J. Chem. Soc., Chem. Commun., 1339 (1992)

2) K. Tanaka and Y. Okahata, J. Am. Chem. Soc., 118, 10679 (1996)

3) HEHERKES, AR, B TEKRY (1995)

4) B, BRI, TR TERE (1997)

5) Hilise, BRI, BRIEKRE (1999)

6) "RICHRMBEAMNE" 4V oA NFETERXSHR

7) EiESTERYE 8, Botomtt (1) B8 - AFRNHE", &0 FFam, I

R (1997)

65



FoE DNARMMEZ AN LDX S HYUFP—L g

66



F3I3E DNARMLT 4 VAOREBEHRIE

E3E DNAERRIET s IILLOEEMATE

3-1. #E

BEED FIdkc 2B THHIATWS, TRIIES FRRE 2o FEPEH
RoOBE R EORBERD, DR TIEDLOME CIIESE HEE2/FEONL TH S,
WkoESFOFAEE LTIPER CORBT b bEs FHEE D L IEES
BRELREOFABIZLEAETHTe, LOLEREROERIZLY &HFITH i
BRREZMZA DI LT, B FAROHEEDIEZNCH B REL AT 5 Z L a3w]
BBICRol, BYTHED 1061 LT, AL 2EERES T OREINES
biLd, BHFIEHEEEORKRL L THRbATWER, BRI TEFL DT
ANV b R I L 5#RE-SREBERAL P, S FRIRETFRORE
CHEVEEM L RT B FEHR LEEERS F LW O I LWEEREZHE L. 2000
EED ) —~)ALZEEIOEN Tz, ZORRICES TICHT - 2 aE 2 £Hin Uaeri Kl &
LCRVS = & BBREDHAFHRD —>DHRE B >T B,

B2 BT~ & 512 DNA-BEL AL 7 4 /v Aid, BB S L Tidk DNA DRt #ERr
LTEY, MEE LTHATOHaRAFHIHEEREL TS ZEB¥bhole, £k,
BN T DNA 2BRLT2EM b L TWD 2 Lhvh, AETIIEREMEIE LT
DAREMERTTT D, B 1 E (Kl T~k 512 DNA OEEMHIIFEHFITH
Y FREFEYZTHDN, FITHTHRE IOMELE LT DNA OEBEHEZFML 72
HRIIAFELHE—D LD TH Y . AAFFIZ L > T DNA 2 EEMEEMEL L LTH
WS- HDZEEN L5,
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#3&E DNAKEMLT 4 VLAOBEEHHE

AZETiE, IEMIC X o T—HI5 I DNA 23EM L7z DNA-EERL T 4 v ADOEE
BeME R TIME L7z, BRI, DNA OB, DNA 84, DNA ZHEEHAKILT
BIEEOEER DBV T ANV LOEBEMI LD XS CEET IR L, &
7= DNA-ISEBE AR T 4 NV A DBEBHSBETRELA Z AREPD AT =X LIZDN
TORMEITo-, BEMEGSFICBT 2HEHE I —RIC@QETEE, OV F
o 7 A, (A A UABED 3 DDA D= LR TS Y (W 3-1), AET

It DNA-JEEE AT 4 VAREENESTFLE L TEDL ) REE AN =X LER

TERRNTT 5,
Electron Conduction Redox Conduction lonic Conduction
: N o S
e = = R ¢ DN
e- _/ \e:j \) (o] : o—
g \\/o\/
4 N 7 N 7 ] I
N
N AN ) AN J

(a) (b) ()

E 3-19. BHFIcsH28BAH=XL, (QBFEHE. D)L Ry Y REHE (o)1
2 e |
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$3E DNARMILT 4 VAOHEHRE

3-2. EEAKX

3-2-1. BEEOEMAELTILMIE

BEE o (TEBRBOEHME R ONFTH D, BEEOHHIIBRCEE LY
ANVACBEERHMUZBEOREERME»D 7 AV LAOEGUEEL S L O TR L,
B OEPUIR S d 2SI 2 LML, Wimhk A B8+ 2 LB+, #-oT,

R= p X(d/A) (1)
HHIES o 2B OBBIERL VS, BEE o JEHAROH LR DT,
o=d/RA (2)
o DHEALIISem'(1S=1Q")TH 5,

BEELEBEENOYA X d L ADPDHEEFHET 2013, ERLSMBRHERTD,
BETERY, £ZTHEMOEERELEOHEEL (0*= 0.001408 S/cm, 0.01 M KCI K
WY FESTEAZMEL. QXDd/AZELVERCELT,

0.001408 = C / R* 3)
MDHWET D, R*X KCl KBROEH TH D, C DEMIE em' THD, RLEALT
RBOEHA R 2 51F, BEE

c=C/R 4)
L%,

AHFZE TRV - BB 300 ym OB TIXZ OFETENMFELZ B2 572,001
M KCI K¥#IE 6 =0.001408 S cm” (25°C) 2SBEANZRD T DED L ENVEREZBEH
L7z, 7527 BE LIZEBMIZ 001 MKCl aq 2B OE, V7 2ENSETI Y v
THRATE, ThEBHERIIEY FL, BETRT U a v A Ey ML=,

EEEZHML, EXEREZHIE L, EEIX-100"100 mV OFFE T 10 SRRi#EE D,
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3% DNAKMBLT 4 NV AOEEWRE

IVE#HE2 7oy bL, BEROBEE 1/RPOELVEREZRME L, B ER Cid 2500
cm™ 10000 cm™ OFEFAIZ A2 > 72,

BB 5 pm OB TIXEERBAREAER IR VD, 001 MKCBRIZE > T
BB CEERPIEBLTCLEVELRENE#ETH o=, 22 TIOERTIZEO),
GHREANVTOENLFHEL YT SEBEE S pm., < LOIED 2mm, £ D& A% 1 pm,
LA 65 X7RDTT 4 VLD 65X2-1=129 HDOEHZHEEL TWVWD L LTUTOR
FOEELL,
o= (CEEFME / FIMEE) X (BEOWERE / < LOXNOEE)

= CEBRME / HIINERE) X (SpumX2mmX1 pm/129) (5)

3-2-2. DNA-FEEHEERF YA M T4 LLOBWHER L~0EEL
DNA-IREEEGE 7 A VADOBRHRMEZRE TS5 - DICEREEOREEIT o7,
EEEOREIZIIFE 2ETRREL 1T 4 V2O DNAJFEEGERE Lo L HE
FNIAF Y I FNAEEICTEHEETHD Cy-4G-N*, 2C,,-N*-2C,. Phy-N*, C,-N*-3C,
% VY, DNA (I3 FEBSKE WIEHER D 30,000 bp (REBELZ 10 pym) BL T
FIROE 500bp (REBLE0.17pm) AW, |
AHETEEEOHEIZANZL LIEEROEREZK 3-2 TR Lz, ERiT& T,
HIAZEEENTVEEEADOL LENAE S LHC L TEREHEEZBV TS
e, YT FNEHENRTV, BERHER 5 pm O LIEER (B— - =— - = 2%
B F7-IXEMEREERE 300 um CEREBTX - KEM»OTEVWE) o 2 @EE2 v,
 LBRIXEBEERZ A ¥ /) — A TE gL, BEREL T v HFH (B
Hile : WML AKFE=1: 3, V/V) TS5 SRS L& I VRTKTHRORT#EL 2 H
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3% DNARMILT 4 VADOMBEMHIE

BORLTZ, TOBREDEEKESY ML TEBRANERIZIOLIRVEIZ
Lice FOHAZ ) —)b, Z7unfVADECEREELZESEL, BEEEN 7 0
RN ALATERTNS I bIZZ o R/ ARKTHEMIC LN ¥y —LHNTHF ¥ R
FZANDERIGTIZ, ZOF ¥ A PT AVNIREBOS D, 3~4 fFEMLT
+/31Z DNA ZERILS®ETT7 422Dy b L, < LIEE®L LEER L7- DNA
DEEICELWTHELTSHM (L) B3I LL DNA BETICRD FA ().
REMOEE, O 3 MEEFR LT, TOREBE AT V7 — & N THZERR
L. Aa V8RB L2V — VP TCRELTESEREICH V=, #l
EOBIZIIINR—FHOH T AR T AN LDENLNSETIZ ) vy TEBRELT
TANLIRERBIEEFEIND LS L TEHEREICHWE, 2B, < LIEEM&T
REBEUFE CERBNAR RN L2 IEID, F¥ ATV LOEEKRED
BB,

4 Pairs

K 3-2. DNA-fEE#HAK I LLOEEB~DOREEIL
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#3E DNARRA{LT 4 VADEBEHHIE

3-2-3. EREICLDTANLOBEERE

EXRCEEREOKBERRZR 3-3a TR LT, 3-2-1 BiTHERLZC LIBEEOD 2
WMTERTva AN AEy b (HEFRHE NPGFZ-2501-A) (ZH##t L.
FIMEE*EIELEOIEERDOMELZ XY L a—4% (GRAPHTECH #H
WX1100) [ZFE@k L7z, EBROMEEILLBL. EXERIBLONDIBE. B
RERPEONIHBEVTHRL —EHEICEL-REERMEL Lz (K 3-3b), EE%
ExBEOINEBRE -V #BRE LTI L HE »oEMER OFF L/ T, 3-2-1
HOR@)E i) b BREERDE (K 330, T~TOMET LFHEIL L
T UNEEE, TANVLEEEELTOWRVIREBTHONLDTZ7 - 7HIFEL, B
WARFAL LN L 2R L, ETc7 4 VA EEELLL L%E*Q@%?iﬁiﬁﬂﬁiw
B, 74N bEIOORLLATHWRL, EJ UNBR TOWEHFIC L > THUER

DT 7 7REEITV. BRARNRN & 2R LT

(a) (b) Time Course
Potention Meter -
:
3 | TCurrent
X-Y Recorder [_1ooimv | F
z Time
R - (c) KV Curve
Potention ‘ § -'.'
Galvanostat al o |1/R
'f Voltage
a‘.’
[
(S em? d
ceml) = —— ——
p R A

d : distance of Electrode
A : Area of Electrode

3-3. ERAEOEREBEK(2), BEEROKEEI(D), BEERLICHT I
EEBRME (-VER)c)
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®3E DNARRILT 4 NV LHOMEEMHIE

3-2-4. XRFHEITEDTAILLDEEERE

ZRBETIEIA LV E—F AT F T4 F—CHMT D RHABEEEEZ . BRN
BT EBB L2 RIBHELHET 2, AT BHOLIITKREREFENLE
B4 3 A=A EFORBICAEDRFETH D, K 34a ITRT RIS B —F
Y AT F A ¥— (Schlumberger L8 SI 1260) % FH\V-CHIMEE 1V, RHEKEEZ
10Hz~10MHz £ TBILEEEDOA L E—F U ADOKE S & E#, B TFEm Lo~
JhnvklLTa—-a—nAray hefi&, TOREOYHAOERERT Bl
HENGESEEZRDZ ? (K 3-4b), ZOBFERRECNHL Ty b5 L,
BE DA A B TCIIEFRORBGVREIEKET S -OERICBEEIARA OGNS (K
340), —HBEFEEO L 5 BT AR K LRV EB 257308 TR E 0

RWEHBMNEONS, BRIZIEEa bo—J 288 L, 25 °C~60 °C TRIE L =,

(a) (b) Cole-Cole Plot
]
PC ‘) § d
m——— g R s«
........... s L. .
- . ®
N | ‘; >
4
....—2.5..: Z' Real

mﬂitti" Illeter (c) Temperature Dependance

/ Impedance

Analyzer
Voltage =1V,
Froe:]aug:ncy= 2 -
10 Hz ~10 MHz 2 ®.q
R
..
:
Q
Temp.
S 1 1 d
amt)s ————
P R A

d : distance of Electrode
A : Area of Electrode

M 34 THAETODEBREBHEER (), 1 v E—F > XD Cole-Cole 7B k(b), B
EXiicad2BEHEOMKE IOy b (PLZuXTOY ) (0
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£ 3E DNARKRFBILT 4 ViOMEHPIE

33 HBRLER

3-3-1. EMBOHR

EREIE 5 ym OBBICEREZEM L ZBEOREREK 3-5 1R L, ZOERMR
T1X 30,000 bp D DNA B FE 2T IZARD EBELE 10 um H S DT, 5 pum O EMERH Z
EEGEL T 2BMICRo TV D,

HIR 25 °C T DNA $#H{2ER % BEICHE L3255\ (L) I2ER S 255,50 mV
DEFAIAICH LT mA A—F —DEFH BRI Wiz, DNA P EBEZBEL L2
WEATHE () i & A CBRBTRNR o7, A F AZED X 5 ICERER TE
FROMFNBE Z o TOIUZRFEIITBET 525, Z OREIC—EDERI K
NAZEBIFICBEFEMEEEIRA WS 2L, TROLEFBHOEH THDLHLE
Zbohd,

EINEEL 5 mV 25 100 mV £ TEX2 2L, Boh2BRIDTEEICLEIT 54
—I v I REBEol, ZOBEELLEHECHE 1 /REL LD, Th L) ERE
MMt S ERMEME CHEL CTEEESZ L D7, DNA PERBLBELT55 M TIE
54X10°Scm’ & KX RBEENELNZOIR LT, BEFANL 10°Sem AT &,
500 fELA LD RGER T/ LT, |
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$3E DNAKMILT 4 VAOHBEHRIE

10 um (DNA 30,000 bp) Electron
¢ N Conduction

Applied 50 mV &% 06
04 V- 74
0.4
| <
g o2 £ 02
-~ e
) b
€ o2 5 o
= oe—> ‘g
=] -
O o1} y 4 Qo 02
E 0.4
[+ J Spu——
A__ Bare Electrode 06
o 5 10 15 20
Time/s Voltage / mV

3-5. 5um K LILBEZAL=BED C,-4G-N*/ 30,000 bp ML 7 « L LIZER
EEZHMN L EBROBEES)

3-3-2. [EEDEWVIZLDIIE

DNA % BK(LT B0 FA U HIREEE X TZHBEIC OV TRHT LR EK 3-6 12
Uk, IREMEE —ASISE. “ABIEE. BAPhoboE, LELEHE
TH 3-3-1 LRI &S IR LRVWKRE REFBRIKN 2, ThEhOBEEE TV
Thb 4~7X10°S em' & BIXRBEDEE Ro72Z &0, IFEBEOEVZLD

BEEDEIIRL, BEEIIDNA DARIZL>THREF-TNBRLEEZBND,
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#E3E DNARKRMELT 4 VADEEMAIE

10 um (DNA 30,000 bp? Electron
m Conduction
SOBO000CC '} _
O M O |
>s |,lm'e
Applied 60 mV at 26 °C
A A G ﬁ Conductivity /
Lipids 103 S ot
g 03} CrodGNY z X cm
. " ke 2 N+
‘g 02 ~ s ﬁ%ﬂ? Cie-N* matcuza.s-—{i% 7.7
E e , C104G-N+ matcnz)geof\,r{li- 54
O oir o CHy(CHYy
: ‘ 2C-N*+ cn3(0ﬂ2>“>‘< 5.0

B 3-6. 30,000 bp DNA-BCAME 7 4 L AICEREEZENML-BOBEDENC L
BB . 5um OEBREHL-.

3-3-3. EBMEROIIE

EREREIRE 300 ym OEBICEREZHIE LZBROKRE2K 3-7 IR Lz, ZOERIT
DNAL 2838 X% 10 ym H 22 HEH 5T, 300 ym OEBHEIZBEL TEX 2R
BEZ 2o T B,

500 mV DEFREEIMT S LIEEIT/NEV nA OBFRBFHEN., DTN TREL
oo THITEREHIO 5 HICEBH TETFROBEN Kb TS ZEZ2RL TS,
TOEENIBE S DNA OU VBICAMULE D F A MIEER IS DRE 72 Na
AFBREENLIEAFTMRETHDEEZOND, HINT5EESL 100, 200, 300
mV ¢ZE235L, BONSBREIIBECHFILDA—I v o REL RN, F
LN-BHEEXHLLHDHE 29X107S em' &2 D, 3-3-1 D 5 pm OERDOBE L H
RTH IMET T 2HEINSVEBEELMEON RN L BDbMo T,
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F3E DNARMHLT 4 VLAOEBEHRE

lon-
Conduction

150
—= > 30 I at25°C
‘.s'wv . m
- | @ <10 | Conductivity
= ~ =1/R
o E 0
= o 78 em-1
3 S50r 10 29x10-/Scm
O o | A
20 L R
0
, E ; 30 1 1 1 1 1
0 5 10 15 20 300 -200 -100 0 100 200 300
Time/s Voltage / mV

K 3-7. BEEMOKAZL 300 um O < LILEBEH =R, C,-4G-N*/ 30,000 bp
DNA-BEERE 7 4 L AICEREBEEZONM L -EBOEEES).

3-3-4. DNASREDOHE

RIZ DNA D43FE2 500 bp LBNVHL D2 WO EEX 3-8 IRLE, &
DIESr 78 DNA BBERBE > T IZBETHIE XL 0.17 ym Tﬂ 5 ym DEMEBE %
BEEBELT DI LIITERY, 300 mV OEBREHMT S L, 3-3-1 OFZTFED
ERTIE mA A—F — K& REFBRBTN IO & IIMBIIC, FEFIT/NEW pA
DE RPN, DTPEHTHEEL 7, ZHIREREO S HICERBFE TEFEOB
BB oTWA I L ERLTWD, ZOXENT 3-3-3 LFERIZ DNA OV BRIZAT
MUIZLKADBEST- N A F o REENLIA T pETHEEEZXDND, FIMN
BEXEZ2T, BOoNBEEZLLEDDH L, 41X10°S cm! L2V, 3-3-1 OEL
FE DNA DFEF LTI b/ ko,
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#3% DNAKMBHLT 4 VAOEBMHRE

ion

Conduction
0.17 um (DNA 500 b
ey um P) (5085 433545
XX XC o NC e < - 20091
S IGRRELY & SKERIR
1 X X XC M . ] 1< - 2080
=75 ym TULTET AW
2 3
at25°C
0.1}
15}
§. < | Conductivity
~ -
5 c 0
‘g 300 mv g 2.1 x107 S cm-1
(&) 200 mY 3 1
0.5 mv O __R_
100 mV Bars Electrods 0.1
0 1 M N { L) 1 ] ] 1 i
V] 5 10 15 20 300 -200 -100 0 100 200 300
Time/s Voltage / mV

B 3-8. DNASFEBDORE. C,;-4G-N* /500 bp BEdm{L 7 1 L AICEREEZMML

=BROEEZEF). DNA 500 bp &9 FHEMN 0.17 uym. < LIEBEIZ 5 uym
DHEDERAW.

3-3-5. XMEIZKDAEHR
1) EEMHERR S5 um TORIE

BAREIFRE 5 um OBERBICZWEEIMLIZEEDA B —F U ZAREDRKREZE 3-9 IZ
Rl AV E—F AT FI5AP—TRIBEE |V ORFRLZEI L, A% 10H
ME 10MHz £ TEZ 1, BRETI—L - 3—A 70y b EHE. b5 ERETA
YU U ADEERDH 012725 RTOERELEHMER & L7,

30,000 bp D&V DNA BERBEZBE L T5H M7 4 VA EZEE LRSI,
S s I Ty MIBERSEIEL A ST, EERS OIEIE—RUITIR
THEBE o, TREV DAV E—F U R TafRvarT ool iR
BRSEIZEALFET, SRHMBREREATHD Z LE2RT, T ORROEGEIL 10°
Q&Y. 25°C, 40°C, 60 °C LIBERMELL THb2EBRLNRh T,
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#E3E DNAKRMILT 4 VLOEEBEHHIFE

—7% DNA I EREBEL LRWEELS R TIHARNRa—La— LT ey b3
T, ZOEIA AU EEREOa T Y LEHEAEREFIORKICFE T 2,
CORROEHUEIT 10°kQ EHFFIZKREL, BELF L L HITEGENBDTE LW
IEERFEENR SN,

BHER OFE»OEEELAN L, BECHLTHE S ey F LT 7 X0,
DNA PEBZBE L T25HMOBEBHEIT. 20~60 °C DREFER T IEERFMH
Biedole, TOBEEIL 1.4X10°S cm' L 20 | 3-3-1 OEFRE CH LN EE
ELHLR—HLE, —HBEFRTIL25C TLIX10'Sem' AT & 720, #1000
ORI HENH/ LT,

DNA HEM L7z FmO&H TREIEFLRVWKRELRBEENE ORI NG,
ZZTHDNASNTOETCHEOEENA LN bDEEZ LN S,

10 m (DNA 30,000 bp)

< 300
= iz oo
5 200 ; - : gt
(=] g § «
=) ol
g 100 g - N
N o . ! i i ¥ . 1 " u -

0 100 200 30 400 &0 600 (7)) 5 ;
~ s awere ZO(rea) /2 O -~ b
g Wit o |
S %0 5 =
’§ 400 - 2 o4 25°Ce : o o

o ]

& 3°~ C ’ —ﬁ oW
g 200 T ® ‘ 9)
L4 \ ’ i |
& 0 1 ¢ 1 1 X S 3
N 60 800 1000 1200 3.1 3.2 3.3 34

0 Z%eah /kQ 1000 / T (K1)

B 39. C,-4G-N*/30,000 bp E2R{E 7 1 L AIZKREEEZHM L RO EXEER).
CLIEBRIESum DL DO ERN-.
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¥ 3% DNARKRMNET 4 VAOMEEHRAIE

2) B 300 ym TORIE
BN 300 pm OEBRICZHEZAN T LEBOKERER 3-10 IR LT, ZOER

% DNA1 5 F CIEBHEM 2 M0 L T 2\ BB 72 5 T B,

a— - a—AFay bk, 25 °C, 40 °C, 50 C LIREEXEZD LEHELHE
YF5, ThoLBEEN ERTI LWIIREKRFESRLONT,

EEELRECHLTHE ey b5 L, DNA BNEBLHE LT DHM, BE
F & HIBEEIL 10°S com' A —F—Th Y EFUEMIZEAERONRP T, &
= ZOEITERME CHONBEE L bIZIF—& LT,

DNA OEAEICER AR BEICKFELINSREEEREONTLI L6, DNA
$HNTIE72< DNA $f2REA AV EERBZ - TEY, BRICR2 EBEENK

XL RDBOFAF L OBINKELL R->TNDDLEEIDLND,

10 um (30,000 bp)

Cole-Cole (impedance) plot
30 — ,
0 ‘ o?‘ ' ’
2.1 a .
:'\ 0 = e o
g 25°C D s
= R . 40 °C R ’ o
g 10 |- 50 °C ’ e’ g! ;
=0 [ R a '. & o S5
N | aede 6 s 7
s V ' )
ok 1 P 1 L ST
0 100 200 300 400 500 } 31 32 33
Z (read 7KQ 1000 / T (K1)

B9 3-10 C,-4G-N* /30,000 bp E2AME T « L AISKFEEZ B L RO ERER).
CLFERIZ 300 um DD ERLM=.
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F3¥E DNAKMILT 4 LV LAOEBMRIE

3-4. #1F

AETHONIRRERI1ITE LD,

%31 DNABEILT 4 L AOEHE A H =X L. 30,000 bp DNA = # 10 um. 500 bp
DNA = # 0.17 pm.

Electrode Conductivity /S cm-1
Distance Direct  Alternating
10-3 103 Electron

10 NA 30,000 bp) Conduction

o omoE, 000008 J—'_ £ sx;si?mm
. 1 (| I [ | \ E %
e T o _ ] - RRARATRRE
| " x]x“s'm t.bxﬂ
17 um (DNA 500 bp)
XXX XX
O X X lon
= 107 10-6 Conduction
z 118488 18844
. 10 011 6 009 .k g \ .
=y 5 g BOIGERTAATAR
10%!0!!1\30,000 bp) Tons 8 ppee TIANEY €48
2000000C
000000 M1
& 300 pm g

BRI 5 um O BRI 30,000 bp DELV DNA bi'%’i@rﬁ%ﬁ@:%iﬁuréﬁrﬁu:
74 NVAERBEE LIRS, BEREINCH L TR E REF BRI, ZHRAZHM
T3 LIREKRFEN2 . DNA OERAFHOHCEHEN RGN, UEEVZD
ZENIDNAY | X FHATOEFBH THILEZOND,

—. 500 bp DHLV > DNA % FV 2354& . DNA % < L & FATICELM /72356, 300
pm DK EWEEZFAVWEHAICB O TIE, DNA 0 BER[AZEEL Tk
ST, BERZEMNT 5 LHWEL TOLBNERB TR, RiZEMT 5 L REICK

81



% 3% DNABEMRLT 4 VAOEEMRITE

FLTBEENREATIZ 00, A3V IREBOEHBRBETET,

UtoXoic, AETREBHERERE S LILY/PE<THILICE>TDNA Y
FATOEFEEZEL 10°S cm” LIRE L. DNA 53 FREIDOA F (¥ ZEB) % 10 S
em! ERELT, HFA, FRICBIT2BHEOREILEESEA I =2 %

NENRRBILTHERT DI ENTET

BIE 2EXM

1) H. Shirakawa, E. J. Louis, A. G. MacDiarmid, C. K. Chiang, and A. J. Heeger, J. Chem.
Soc., Chem. Commun., 578 (1977)

2) BN SEH, “FT LSRR, 42, 120 (1983)

3) FA, NEEE AW ERLERERE, BFHERBEYES

4) B FRE AR FORBIRY (1997)

5 %5 EE, BEMES T, EREY AT 4T 407 (1990)
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B4aE Rt L HEBE OB BKFN

% 4 F DNA BEERET 4 L LDORME L
B EORE R

4-1. %

(]

3 ETHRAZL DT, DNABFIL T 4V AIXERD S 60° C £ TOHiBH T DNA
SFATIHRERFEORNETCEEE (BE S ym OFR) 27RL. DNA /1
[ CIIREE & 3T 5 A A =85 8) (B 300 pm DFR) &7~ L7, T D DNA
Bt 7 ¢ v AEEHORERMEIL. FEMD 60° C £ TORE CIIEEHH
Be L TUSHATE AR R L, L Ltk LToMETi, v &R, £
RIERL Y BEBERTOBEHORELLI T T ANV LEDLDDOREMNIRD L
hd, % 2ETHRNLSIZ DNA BEMET 4 VAIXEIRTIIMEIE LTUSAT 3
572 FERRE 2R o TV DB RAR M EHE 2 YD 512 T - TEM R R EH
bROOLND, AETIL. DNA EM{LT 4 v L OBMMEOFTAM & BHE OREKTT
HEF~T,

CHETHPICLY DNARERESREZABEEICHEM L T UV A7 MV ORE
EEFEHENRA~NLONRTWVWD Y, DNA-IEEB AT Native DNA XY b EWVRE TRE
WRAET LT 2 & S DEAKICT S LIC L) SEENERIARS = & AR SR
oo ETMRIZE S THEF XY R N T A NV LADBEZTEEBEOAFHEEME L T8N
HHENTNONT 2, ZOREICLVREMDT 4 VA XY HEEM LT DNA HE
ML ANVDDEPREETHD Z EBbhroTl,

AETIEHEORERFHELZRADI LD, JVFEMRT AV AOBN 2t
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BaE Ptk BEEORBEERFN

AT, BARRICIE, BEEICKESEET S LEDILS DNA OEMA EDBRER
Eh % ERMIRT L,

¥ ¥ DNAJEEBEARDEM 7 1 L A0 DNA $OBRE OB 2R EMIC SN T
ARz, T4NVLERY PAT—VOLEICEE, FAAEMSLERAEDE TRIMH
DIRERFHEZ RN, DE OB 2 ORITOEMETH D DSC BIEEIT
ofr, Elo, ZANVAZBENTRBD UV AT MVORIEERITY 2 &L > T,
DNA “HHOZEMHIZOWTERTHZ LIz Lk, BEIZ. 74V AOBHBIT
TENRHEEZEDETRAD D, 74NV LAOBBRBEC OV THIMEL .

INHOBRHRYHORREEE 2T, HiRL Y bEiRA, KB/ DNA EMfk
TANLDBEBEELREL., WHENEBEEECED X ) ITEET L ERT,
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B4E Rt BEEOREKRTNE

4-2. HBRFGE

4-2-1. RABHEIC L IEREOREKFLEDAE

7 4 )V AH D DNA B EORERILE I, TANVLEEME =5 (b LIX
EHTELIRRDEZAS) ETEML, TORETRATIA FHTRCEE L, &
» FAFT—Y (A +T7— -+ FLFHE) 2ANTHCFLOEEE 5 C/min. TET

TWE, 10 CZEIZRAEEESE CEOERFTOMEER - (X 4-1),

Ol —

Hot Stage

Polarized Microscopy

M 4-1. BABEHBELAY FATF—CE2BHEDELRRERE
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BAE ML BEEOEBEKFH

4-2-2. DSC AlIE

DSC BIFEiX DSC-120 REBEEBRIH (B 2—BFH8) AW UTok, ¥
IO ANIZERDT A I8 ALIS-CAPSULE (kA a—BFR) AW, ¥
YITNVDEREDDIZAL Ty 7 AWREEET VI NCHR ¥ A ML, BAI
LDBMREDELLIZDIIT VIR T EHEREEEHR L, MLEALTHRND
TNIN Y77 LR Lz (K 4-2), BIEDRESRMEIT 5~210 ° C THIE

HEX 50 ° C/min. & L7z,
Reference Sample

Heater ‘

Heat-Resistance

4-2. DSC AEXE

4-2-3. ARY MILVAIE

UV 27 R VRIZEE Photal IMUC-7000 (RFEFR) AW TITo7, AR (1
X4 cm) WarFLy 7 ABREBEEXF YA ML, Ay PAT—VEHANTYH T
NVOREE LT, 10 ° C Z&IZ 200~400 nm OPOLEZRIE L7z, 72 DNA
PARBBEPOAERIZEF Y AL, RBROAEEITIZLICX-TYI 77 LR E
L7,
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BaE Poti L EREOREKTN

4-2-4, FhsHEMRIE
SR E R — R FiEE LT BIE LEWEIZAEN S HEMZ,
FOEFRDESVBE I REINEFARDIFERDD Y, FIZIETTLONNRDL S 22

BIZISNEMZD &7 v 7 OBERIBKILT 5,

S=Ey (D

ThOLEBOER (NRRLIEAROMBY) yIIEN S ICHHlT5, £/-Z
DLBIES E ZHEELES, &2 TEoZBER L T—ROIIIHMEOEL DL
WL XE2RTETH D, BENZEEARTHIVIIE A ZMZ 5 & ETRH BRE R
Y., 22 LBHEENCERRHEAT S I LI D,
FIHEOBVREIZOWT, ISNENTDEHBEEZL, WHEDOENTHE

EREE RV, BOFERO LD R TIIUTOXBRILT D,

dy (2)

A E > TRIEER DN ZRAF = BRTAFHT RV T — L 2o THIHT
EDWMAR L AT, A TIIMI IV F— IR XV F— & 2o Tk T
A

LB L, @E L b EENLEH L T ITHEICOVWTTHY . EEOEY
Fi3 b o LB EE R RT, FIAIEAR A EHmIZEE L ZDFEEZD L,
R—WIHEIZ S 72 > TBkRIR Y (AL L TOEES) | TR2ITIITOR SR
LPRRTHILET D Gt L LTOZEE), o TERE OME THIITHMEK L
MAROE ST OFEBERL, ThERSEEELIES, O X5 AT FOEEDORE
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BaE Bt L BN ORBKFNE

MBI EFHATEEDICVL ONDOEFANREIHENTE -, FOPTH—HKH
?i<ﬁ%énfw5%?wkvfMumu%?&ﬁéﬁanéo::f%ﬁt
Maxwell EFMIEHFE Y KE L RWERIZOWTHRIL TS, Maxwell &7 /L Tl

BRFPETAFRE BHERER T vy vaRy MAEFICERE SO TWS (X 4-3),

I E' (Elasticity)

I E' (Viscosity)

tand= — : T
E 0

4-3. Maxwell ETIL

Maxwell &7 /L Tl T& 2 WE ORBUEEEIT, 2EBEPHUET & KR
B OMTRD,
::?bé%EKE%%KEm¢émﬁS=&€“%5ié:&%%iéoﬂﬁ
HIBMEERCHITER vy LERFEEIILUTORXTEZ LN D,

Y= —e* =1@—e™ (3)

OIS & R TEREEZ 90° A TINAEZ RO,
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BaE Phts L BEEOREKFNYE

dy _S
T BAMOREEN (BIX = 2 b o OREER] = SRIT B L5k

Za— hAEER) ICIEZRISHE G A D L EREEREEIILUTO L 51Tk 5,

S ay _ S . (4)
)/—-—lnme dt_T]e

ZOREERHEENIGH EEIUAHERDL, EREENIS ALY 90° Bh b,
KIZ Maxwell E7 NV TIEBIL 7256, ZOMEICEZBORER v=vy, " 5%
BERTNILUTORD L S22 5,
_p@ivter o o _m (5)
S =E Tr0r y=38 +1i§ (‘C—?

ZHUIIE AN ERIZR U TR UMM 2R 72 25058 S & ALAEA 90° #A PR
WS bz eEl LTEHERLY S 6 ZiFiENEL, 2720 8 IZLLTFTORT
EET D,

tan5=—S'—=

= (©)
ISNEEROHE L THEREERT D E. ZORESORMERIFERK LRV A
A o DB TH 5,

EBEORBEREIX, 7 A NVABOY U TPVDOBILT 4 VORI D ERVERE
VoV E2HONUHEZTEE, 2 ZICEAMICARK . XTIy , DIEXE
BOTHEZEZXDZ L TITS (RHIRENE), IWE L LTHLNDIE/IX Maxwell £

FNADIETEOTHOBENG
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F4E Pt L BEEORBERTNE

S =yo{E'sin( wt)+E"cos(wr)}

(7
22
B = 03T E'= T
1+w?*1? 1+w?%7?

LEREIND, EBRIZEONDHEIX EE E"ThHIBENENL TR, HERHYE
LKEFES, EHEMIIITERER BT I 2R L, HAMEREITRO NI EERT,
TROLEVT A VAT ERKRELS Y| XODPWT ANV AE EBREL D,
FoEAEMR B L ITERHMSER B OLEFHRKEEEFEY, IO S LUTO XD
RBUEA B B, tan 8 ITEMMICIIFTHE DT 22 F L, DSC BIETD Tg I12HY
ERAR

tané =E"/E' (8)

FEERO KR E XK A AL o FHRASHREGHZEATIC T Solids Analyser RSAII
(Rheometrics &) % AW THIE L 72, 4-4 |ZHEBEBOBKXERT, 740
YTNE 05X4 cm DRE ST > TRIERBIZ L V27, IDOL ST 4 VA
EEDERVESICEEL. AUIOF v v 7 ICEHINICIRE (ERRICET 208
H) 2EZT, ZFOIRABE S —FZEO LI ELEPERE LE&R Lz, B
HI7E BB EIE 1 Hz THIE#EIL 4 °C /min. TRE L7, REMT 4 Vb LM T 4

W BIZDOWTRREZITV, BT 4 VL LT3 FEHBOLDE AT,
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BaE Bt L BEEOREKFH

4cm

4cm

1cm
Thickness = 80 pm

\
- Vibrating at 1 Hz

— a Film Sample
__ Fixed

D
S air

-20~160°C

M 4-4. HEMEREES
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H4E Btk L BEEOEERFENE

4-2-5. BEEORERFEMY

33 B TILEIR 25 °C 75 60 °C £ CORERR CIHBREREEOLVDFHOE
FEENRONT, L VIAVIBRERIE TO DNA Bk 4 VA OEBME 2T -
B, miRA & R CEEE 2 RIE L,

KRBRIEBEOWKEZN 4-5127R Lz, BEUOREITEMLEZT 4 VA% 5 um OF
BIZ0OW, ZOBEZRY NATF—PICEELTEE?D 160 °C £ T 5C/4HTRE
LTWERBRE CERMEEZ T o7, KRMOBIEIL S ym OBBIZ 7 4 L 220w
PRI N—RHTZAD PRI CTEBEBEFE L, -50 °C % CHIEFREAAE
WEEHEEBBIZT 70T — 7 THREFMICTEBBE —H L, BEERITD-LY
ANTHRDH-100 °C I E T 5-15 °C / min, DIEE THL LA20 bARE CER

HE 21T - Tz,

Direct Current Measurement at HiQ’h"Tamperatﬁre o

-V Curve

Y
ns
X )

Potentlonmeter

-

Hot
Stage

=

X-Y Hecorder ‘

8 " at Low Temperature

PotentioGalvanostat

4
-

X 4-5. BEEOCEEKFEEFANZEBER.
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FAFE Btk BENEOREKFN

4-3. HERLER

4-31. T4 LLDOBADEELE

EIZ L > THLNFRMEFBIICENTZETRERDOPERSL2H, BEML
727 4 NV BIEE T TR R E DR ERFE 2RI,

REML2IBE E L T—AEHO— T NEREE OEMIL T 4 V5 Cg-4G-N* / DNA
(30,000 bp, 500 bp) I L P AGFHRHE DELML T 1 /LA 2C,,-N*-2C, / DNA (30,000 bp,
500 bp) D7 4 NV AIZDONTOFREREK 4-6 IZ7RT,

C,-4G-N*& 2C,-N*-2C, DIRE DE VNI H o722, EDT 4 5% 120~150 °C D
FH CHBITOELSSBIC TR Y, T4 NV LORFUN R RoTe, EMIZE-T
Boh/- DNA HOEMIIZDEE TS T TLES bDE Bbh b,

K45 F & DNA (500 bp) D7 A NV AIZOVWTHREUEAERL, B TFEOHRIT
Rohieholz, DNA O FEIIEROBMRZEMIZIIZEE E ATV RNWESE
2o,

BEZXI5IZEFTH. 74441 160 C U TOHATIEIRZBOEEREIZE
IHRNWIERbMhoTs, LL 160 C 2 Z 2 TRHIF—74 2L EAIEAL T
ANVLITREICEN L, ZOZ Db, T A/VATBENT 160 °C X TIIHML T
WRWEF XD,

U EDORERIIMDOIEE 2 AW 27 4 VA THRBRORRIB/ONT,
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$aE Bt L BEEORBKIFE

0.007
| I'"l:'
- 0.006 }
c ! =84
'y
£ o005}
c
(] +2Cq /
2 ool 2C42-N*+-2C1 /30,000 bp
@
S
~2C1 /500
B oomt 2201500 bp
2
r- L
§ 0.002
0.001

20 40 60 80 100 120 140 160 180
Polarized Microscopy Temp /°C

4-6. BEIETANLLORAEDEEEIL

4-3-2. DSCRIEIZ& 2T 1 LLORKNEE)

DNA 7 4 VA QEWZEME DSC FIEIC LV RDT, REHNRT—FLLT,
C,-4G-N*, 2C,,N"2C,/DNA 30,000 bp DF ¥ A b7 4 /L A% 5 °C 15 210 °C £ THR
L 7zBFD DSC #ifR % X 4-7 IR LT,

PHLEDT A NATYH, BIENHEE > TTSIRBMIAEY, 90 CHIETE—7
L. FO% 160 °C Hik THEARSEEMICAN S BEREH T, TOWDHRNE
WED 27 13, BEE FTF T IO TR T VX Ao L < iX DNA £
PDRFAF 4V IRBLoTNBEHTIERONEEZLND, ¥£72 160 °C HIfE
CIREAE— 7 BR LN, RAREMSECLAERNEDT —Z 15 160 °C LT

A VBIISR L TR WD L REND TWDEDT, 20D 160° CIZBWTTZ AV LD
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HAE Pt L BN OREKFM

BEBBZoTNBHEEZ NS,

L
£
£
g ' 2C12-N*-2C4
NN/ 30,000 bp
v C1o-4G-N*
/30000bp
Heat-Resistance 0 50 100 150 200

Temp./C

X 4-7. DNA-IEEHEEHE T 1 ILLD DSC BR#R

4-3-3. T4 ILLDUV AXRYT ML

BEEZ NPT IREBTT AV AHD DNA B _EHBEDOEENE I »ERLH-D, B
20T TO UV AR M ORIEEST o7, LS FROY 7T DNA OKEHEIC
SWTBEE L8 S¥HEIIE, 88 °C #if% T 260 nm OB LE T M ASEL R L,
“EHOMBIRDOOLND Y, REMLT—F L UTIHEDR Cy-N-3C,. 2C,+N*-2C,
DIER %X 4-8 12777, DNA ZABEK» X ¥ A L7V, DNA-IBEESHEK L HHE
BN D ¥ ¥ X b LEBEICE, WLEIX ERAYT, DNA ZESHOMMRITIBZ - T
WiNWZ bbb ofz, Native DNA OF ¥ X 7 4 /L ATH DNA “ESHOMARIT
BZoTWieholeZ & LY, DNA iIKGORVRETIIRAEL LT THORMMEL 2

LEZDBND,
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B4E Ptk SEEOREKFN

7. DNA-JEEHEEEOF ¥ A F 7 4 VA TiE, 160 °C §i#4 T DNA I LA E

260 nm DWINN 2 Ipofr, KoTZDFHETTZ 4 V5D DNA OHEBRIB I -

TWBEEZHNS, Zhit DSC BIE. EABEMBEHEORERL HOETHLRYT

H5D,

1.6
15
14
13
1.2

11

Relative Absorbance at 260 nm

0.8

.- ! /[ #C4o-NT2C/ DNA
1L ' /DNAO"‘V H

[ in Aqueous
| 1 s el
L ¥ 4 in 0.15 M NaCY
! , J. Marmws and P. Doty .
' S MeA. Brend 8, 100 (1962)
] /] Cast Film
C1g-N*3C{/ DNA

Decompaosition
1 Y L i L

1 i L i 'l " 1

20 40 60 80 100 120 140 160

Temperature / °C

X 4-8. DNA-lEHBEAER T4 NLLD UV ARS ML

4-3-4. T 4 L LDOERIRL M RIE
1) SRARY T —E DS

DNA-lEEBHAER 7 A VLA LEPAR) =—THEARI ZAF LR ZF LU OH

HEHE L7,

X 49 IZLARY =—THARITF L, RYRFLBL DNAJEEELS &
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BAE Ptk L BEEORBEKTHE

7 4V AOBRKEHEREORKRER L, EBEOF ¥ — FTiX, HEOBREL D
FTW o IVOEOENEEEZH OO L, ZOMEBEHVIEE T 4V LDFREN
W LT, BENEATACONTHIRE TERENMET T2, ZhidR
Vo—OEFHPBBEL TT7 ANV LBHY, BEFMETIL5ZL25007,

REBEORY = F VTR E R BT TITICEV, BB L TE Y Mgk
IV 7 ANDEMBELNL Z2oTN ZEERLTVS, £hIZx LT DNA / lFEHE
BET A NLERLTENT 7 AEETHDIRY AF L OFMHITMEBL TS 100 °C
EE TR LNz Lot

LLEDZ &35 DNA [ FREBEKRT 4 VAR AFERICRAR Y w— L ik L T+
SIRKERMER R o TR Y | ML TS 100 °C FBRAE E TIIHENEAD L2 WER %

BrEHOZ ENghot,

' (Blastiolty)
!' 4
tnd= L:Tg
& (Viscosity) E

Polyethylene Polystyrene

DNA / C1o-4G-N*
(3000 bp, Mw 2 X 105) .

-
3

3
-~
3

E TmeesC 1e
gwﬁ ‘35 {3
ﬂ 102 413 4
- P 22
o © i e
S 10 ] j : ‘t_ 5

= R Bt

w1 N e :

0.1 i SRR P 0

50 0 S0 100 150 150
T.MI.C Tg=118°C

|
-

amorphous  mejting glassy melting of

of crystal state polymer chain

B 49. C,-4G-N*/30,000 bp 7 1 L LDEIRGEEBME & RARY T — & DLEE
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®aE Buptt L EBEEORBEKRTFNS

2) DNA O3 FEDHR

[ 4-10 I~ DNA-JSEB AR T 4 /L 5D DNA O FREE X 7 BRORBIERE R
BARLE, IBEE LTZ—F VARSHE C,-4G-N* / DNA 500 bp, 30,000 bp DRIEfH
TANDEEMT 4 V2 EBN, ETREBMOZ A NVLTIE, ROEBZTED
30,000bp Db DX 100 °C P EFE TEEIMEZNLTHD DI LT, O DNA
DT 4 NAEIXFOBRETT ANVLABINTLES T, ZOZLENLHFROKE
VDNA ZWVTEFR T A VLN EWVD ZERbhoT,

WIZEM U727 4 VAT, @ LTEDT7 AL bHMERER L, 100 °C LU
FECEHRTICHETE L, EREMLZEBICIZE DS TFED DNA THREREN
RN ERbh o,

T4 NLEREMT S 2L Tr Y FIRO DNA S EMFHICIR > THEICEMT 52
b, 74 VANTOESERBLORESELS 2 ry FEORMABEIZ< <

BB IO T ANLREL oz B ZLND,

10000

E' / MPa (Elasticity)

Temp /°C Temp/°C
B 4-10 C,;-4G-N*/DNA 7 1 L LADEIEHME. S FEBOHR.
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BaE Ptk L EEEOEEKFN

3) IEEDRHER
Bl 4-11 X7 A NLDIREEZEATBROKBERNEDRK L R LI, FELLTT

—FNVEIEE C-4G-N'. 7 4 b—NRIIEHE Phy-N*, “ASESE 2C,-N*-2C,. —
AGESH C (-N*-3C, 2=, DNA & LTIEESTED 30,000 bp Db D TH—
L7,

FPREMDO T 4 VAT, TRENOHEOKEEITKIR TIZER 2V, B
ERERTAEIEOBEBEICL > THEBMET I 2RENRRD ZLBRbh o,
HER L7277 4 VAT, 2FELTEDT7 4V LAHHMEN LR L 100 °C 5L £ TY)
hPICHAIETE /o, REMDT 4V, BELET 4 VA EBIREIC K o THMEIZ
ERboln, THIBERLTOMEEHOBEOESGVRHTHEHDLED

nd,

§ 1000 % 1000
g @
o e
.E 100 E 100
w CHGH S, o &I
CH:OL‘H;,%.;N( "i
2C}3N+2Ct“
1 1 [ -
107 0 40 80 120
Temp/°C

5 4-11. DNA (30,000 bp)-fEE 7 « L L DBIRGEREME. FEEOEV DR
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B4 Ptk L EEEOBREKTE

2L LT, ED7 405 % 100 °C FRiZ RICITRBMER E OENBD LB T,
RIEEMFEBRICLY . ZORETIIELT 1 VA O DNA HOBRRIZL TH T
RNZEBRDbRo TS, - T EQOEOHADOEEB L LTk, DNAREEEHD
RIS Sy DBFRIZ L > TT AV AHD DNABEHDATAT 4 7B Y, BEMD<
FTHRREVWEBETT A VARBIL LD Tid v tExbhd, DSC BIEIZBWT

HZDREIZE—I7BHY, TOBEEIXFLTND,

4-3-5. HR&Y LEBRATOESM

AR OB EE ORIERREZR 4-12 1R LT,

EEETIFRE,OEESY EIFTH 10°S ecm’ T—EDEEZKROD, BLE 90 C T
—RICBEEN 10°S em A5 10°S em™ ~ 10K T L7z, HEEOERTHTH LK
FLTISRKBEZ TN EEETIL LIRS, THET 42 HiTHS
7=k 91z, DNA Bk T 4 Lo 0B (RCERMEESIE. DSC. UV AIE) 12X
> TZDRETDNABEBERDRTAT 4 IRBI>TND I L BHEND LN
TW5, RLEMSEC T DNA OERMIE 140 °C (5 E TR TWD Z & 2 #R
LTVBDT, DNA HFRTHEEIEC 72 5 < 2 L IC L > THRORIE
EBENRANREER LD EEZIOLND,
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BaE Bt L BEREORBEKFN

Direct Current Measurement

at High Temperature
LK Curve
101 T T T LIRS |
-3 Heating
- e 08 o S 0D “OH 1
E 1771 Smrssammgcsd ;
© ! ® e
2 103 r ' 1
z . :
ERRT ol ¢ ¢ 1
® p codlinggE— o s
=
2wt | cmpeettiiCl.
8 108 | f Tf 1
103C 3
87‘C96.,c ;
10.7 ..AI.A.AJ..pA-.l.‘ll...lL.L
0 20 40 60 80 100 120 140
Temp/°C

X4-12. BEFOREKRFYE. BELY HZEA.

4-3-3. HERLYLEERATHOESY

RIERIOBERRE K 4-13 1R Uiz, KRRATIIEZSEOMMEIZL &M D
BLOD. WEETFIF T £-53 °C UTORECREESR | 72 EFL, BOR
Ex EFTHLRICRORWVWE S I ZENBEETE ., B DRERRPAE E-
50 °C AT OIRENFFE TE RV OBEIE CRBEHEEL R T L I NTbhrbR2) o
2o L UBRBEZRERNOBREBLZ£-100 C THEHEELZF-TVWDZ LITENID D

TENTET,
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BaE Ptk L BUEOREKRFM

Direct Current Measurement

13 Curve

at Low Temperature

10-1

103

TTITV T TTTY

Conductivity / S cm-1

[ ppegerey WY I
w02 md |‘un‘

T Yy L ST W

u;-oco-o-«d:

—> 1
Heating

X 4-13. BEFEOREKFN. BELY HERMA.
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BT Pttt EREOREKFNY

4-4. ¥IE

RICERMRFEBIEE, DSC JIE. BIRREBMERIE. UV A7 FARIEIZ L Y . DNA-
SEBEEERT A NV AOBMBRYHEII OV TIHMEL 72 (K 4-14), BET TN &,
if1m°cifmﬁgwxw?4yﬁb%nmﬁ5DMA%@Z?%?4V?$B
20, BRBAL ThAaNWGEETT 4 VABRE L L7z, 120~150 °C OiFA CTHEMIZ L
> TH L= DNA HOBRML THhAE LT, 160 °C HijfE T 4 /L AH D DNA D5y
RNRBZ 5T, UV AT MAVRIELY . ZOMZ7 4V A D DNA ZEHSITH

L TWIRWZ EE2EENDT,

L - L ; r— ol -
Temp./°C

K 4-14. DNA-IBEHAEF VYA N T4 LLORKNYEDE LD

DNA-JEEBEEED X ¥ A b 7 4 NV LADOEBEEDOREKRFHEL2BWMMEL L HIZK 4-
1I5IZE L7,
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BAE Bk BREOEEREN

DNA-IEEBEHEDF v X b 7 4 L Afnsk LIEBRDOBFREEZR~DB &, HR,D
90 °C ¥ TILDNAIZ—FMIzEf LSk ETH Y ETBBIOEB % {F553 DNA
HORES & £ 721 DNA &@iﬁgw{ﬂ?%&:iof DNA ${N Tl k- v | BiMpr
A—RUT 10MET Lz, Z QW T Ic T B4, 140 °C ffiL % Tg+3 &
7 ANABRTHEIT T DNA $IOBIAS K DI S - DIC £ DBIRE 280 U< b Bl
BERTIZRS Z Lt o iz, —ﬁﬁiﬂﬁﬁf‘@%ﬂfx‘ﬁti\ -50 °C LAT DRE T
HORRILLEICT L AnBEEKRIEL 721 BEEER—-KIZ 1 ¥ZETFTLTHY
BEZ EFTHIRICRL 2V EWNS 2 L ibho iz,

ULIZE Y, DNA AL 4 L 21350 °C 258 90 oC ETORVREFRR TET

BROFEBE RTEBMMB L LT VOENHEETHD I L Nbhote,

Solid—> <«——— Liquid Crystal
e-
DNA%M Flim
~ 104
£
o :N
& = 1108
102 ¢ S ®
: @ Cooling g 102 %
T i ~< 8
g 10-3 .‘N- - &) E
P - 2 o
; 10'4 E a 'g
£ L R 8 |
§ 105¢F Heating !
3
2
8 106 | o=F phnrati,
N Cooling ,
10_7 1 1 1 1 1 PECE S0 L B |
-100 -50 0 50 100 150 200
Temperature / °C

R 4-15. BEEOBEKEMEE LD
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AT P L EEE OB KT

F4E BEM

1) HA RERER, #7500, R TERS (1995)

2) /MR B, ELRSC, B TEKRYE (1997)

3) PHIEERE, IFAME, B 7 RBREE 8 %, IR (1982)
4) J. Marmur and P. Doty, J. Mol. Biol., 5, 109-118 (1962)

5) MEER, By TOREEE L B5TFEREE 16 #, LSTHRR (1984)
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% SE DNA *RNA 7 4L LADMEEHHIFE

% 5 Z DNA - RNA-lEB#EAEKF v X K
T4 ILLOEEMAIE

5-1. ¥8

INETHE2E, FI3E, F4ETHRA L O IZ DNAEEEASE T 1 /L A1X DNA
OEA LGRS EEEE R D, WEY - BICLERMEE LUSREAR T
Do LLNOZOBEBEEITHEMESSTLWVIIE+SR2LDTIERRY, 22
TIHLIKEEEZ ETF57-9IZiE, DNA HTHHE VIS FRTEY JVWEHE X
252 50ENHD, 30,000 bp DELGTEDNA XK EZ 10 pm O FES -
BY, ZO145FH5 pm OEBHEEZBEL L2 L 2 I2OBKERBEE 10°S cm’!
DEFEVEER), BHEL T2 300pm OEETIE 10°S cm? DA A M28h%
AT EFEIETHENRZ, LMLLTODNADFRL LEERETHELES LT
WA DT T2V, £ZTDNASFREEBELT I LS RH-RYFORNEE
Alee ED—DL LT—ARHEHD RNA 53 T 03%F 515, RNA #7 L K L7 DNA-
FEEBART £ /L ATk DNA & DNA D46 SH T & Y k& M E i % 74 T ARt
BHHEEXT (K 5-1)s RNA 53FIiX DNA LiZE A YR ULEMREZE > TV 3
bOD, TONLEHEIEILDNA “ELFALY LIEFICT LI LT RBIEOREES

&V 55,
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# 5% DNA *RNA 7 4V AOEBHHIE

DNA 6661 16861 lon Conduction
30861 16861 MO8 107
T 16861 26861 [ 183458 344448
1 B r\ “ﬁﬁ“g‘ (\i_ asixsﬁx&i{iéﬁx-%-
300 pm e € £ (PR £ £ 3
y
+ RNA
DNA + RNA

High Conduction?

X 5-1. DNAIZRNAZRELTESFELEEEMY, SBEORLEEBET

AZTIE DNA D8V IZ RNA ZHVWTH RNAJEHBEASER T 4 VAN ERITE
BT L EIR, RNA 43F% DNA (ZIEE L7- DNA * RNAJEEBESED 7 4 Vv L

B TEODNAZELIZRVWAOFLLTEID REVWEBRATRTZ L 2B LT
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% 5S#E DNA - RNA 7 A L AOQMEMHIE

5-1-1. RNA O &Y

1958 #E1Z Crick iZ [DNA 13H CHRIT 5 & L2 RNA DEE 24 L. RNA i34
YRITBEREERTD] LIV DLYBEURFA RS RBELE 9, Z0%
m RNA DRE &, RNAIZTRTOZ U R BBICHETAEERYWHE THL - &
BREBA S 7 ™, E7- rRNA R° (RNA I3ET b Y2 U v JROEEM 2 HRT 5
ZEIZ&Y DNA LITB ST ORERMEEZTR L. BRICEET 2B/ MLNT
Vo, S5HIT 1980 FRIZL D, FEBHDOT FF & AF (RNA DI )L—F 1A b
RYDATZAL L TIZRBNT, Cech BITARATFA 07 e ) B IR
WHREZER L 9, ZOZLIZED RNA OPIZiZY BHFA L LIRS L5 7
MRELEZETDLOREET DI L bbho T3 2,

ZOEDIT RNA IIARRRA 7R EREELHE Y WETH BN, TOBEICEALT
BB LIEBICRBORBA T LRAETIENTE, MEHE LTUSHTE 5 AHEMR
b5, K52 12Hl& LT RNA OfEEL . RNA ZH8HE LTSHT 5 ECoEr
¥z R,

RNA OBERLFHEE LU TIZET 5, 8 —I2. RNA 1T+ 0OAEKKES B4
DIEDIENTNRBAI R EmREEEL &5, HIZIT RNA 117 I 7 BOBICHHE L
TR 20 BEEOESIZFHOIZLBbL LT, R— 04 KKEL KRBT 27202 TR 5-2
WKARLIEL D RBKREBEEZ LD ZEBMON TS, £ L TEOMEE O el
T 572012 RNA X DNA IZIFELRWE I RIEV Yo 2 Y v 7 BOE N2
KY D, £le®/v—a=y MPOKEEIT 260 nm TICy PR ERL, UL
BT =F A A U ERREEE TS,

—77 RNA I35 20 8 D RNase DIRAIC & D B BITHIA SR S0 5 Hs s b
THEY ., ZOERRARLEE ISP ONEIIKRE BT LRELI LR S,
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52 DNA *RNA 7 4 L AQMEEMHIE

UEDZ L XY, RNA OFEHLESFHEL O XHARTHIE, 67k
B AR HE D AR S 5,

@ HEMN RS RIS

QT LYoy I RESUH 4 RIEREN
@ UVIEIREE

@ 1 A U iEAKE

ORExX_&

B 5-2. RNA Of&E
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#SE DNA *RNA 7 A AV LADEEHHE

5-1-2. AMERMNDKEBIZEN D RNA DFEDFIA

RNA ZHICBEBEYWHE L L TE L2 TEREINE TOAEIMFERNFEOHI T,
RNA 2 KBEHET TS 70T AHBBEAr— VTR ZIEBRM-o T, & ZAMHIH 5-
1-1 TR X 512 RNA BB LTRHWSIZIZS 7 AR — 1V OBRBHE
2723, TDX D RKED RNA IHMEEERRT 4 v ¥ a A7 — ) TOMRH TIX
WY 7242 L ixEEEES, RIXBEEETROFE E R SVTDREE» O RED
RNA BEEIN TS (X 5-3),

Fa BNEBERANTOAIRITIAMOAINVTNBELNE N, ZOBRBIZEBNTAI
YA —AREOESEEIERBPRECRET D, TORKI~FolrEOL
S RBRREMELFIEREITOREICHN T Z LA TERY, TZITHETIZZ
DOEELZELREZER S LTHEPFIA L TER 2000 b OBRMSEEIh, ZoF
235 200 b H D RNA B LEMIZAEIN TV D, ZO RNA MRS LY E
Je—fbahizt, BEZL oM., Z7 = VBRIEIHEEORARDE LT, 7
TNVEBIEIBT I /LT, /oo BE T2 LI KV BEDOEAMS & LTHHA
ENTVD, —F5 RNA ZIMKGHESTDZLRARY ==L WO TETHREMEIE LT
FOTHNIZNETITARYY, ZODRNA B LTHWS Z R cEhid, BEO
FER bR TE 5,

ZFZTARETIIRY v—&LTOD RNA IZHEBL, DNA 74 LV ADEENS T
BI2DEME LTI TiE72< . RNA &F7- 28 B LUSRAT3 2L %%
HEFIZAN T RNAREEGHREERIT 5 2 LT L,
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$F5E DNA*RNA 7 4 L LDEBEMAE

Pulp Liquid Waste
Pulp WOOd Hemice"lﬂose Paper

P

Yeast (2,000 t / year)

@@l

"RNA (200 t/‘year)”
Hydrolysis / \
Seasoning
4,*‘*""’"“" y o Y Use as Polymer
¢ o Materials?

Guanylic Acid Inosinic Acid

Shiitake Mushroom  Bonito Seasoning
Seasoning

5-3. AMERM DD RNA DAE
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E 55 DNA *RNA 7 4 L AOEEHRIE

5-1-3. RNA OHEREMMH & LTOA

INFETIZENZ L SIZ RNA OFEGFHEE LTORRITEZIZE A ETTORT
BHF. RNA ZEZEORL b olemmy FHEEMELE LTOSAT 3 EIRE< &hT
Wi, EOBEBE LTIE, £7 RNA IMEERICARLE T, BHITMKGBRINT
LES ZEMRRBITOND, 72 RNA IIKEETHEBERIIAETH 2O, lipH
KRITHZEBETOND, RNA ZETFHRESEME L LTRIATS ETIIZhD
DOFRE TR LRITIITR B2,

B2 BB TR X 9IC, AP TIZ DNA OEH DOV U BEICHENIZBKY
HFAMREE 1:1 THAEL. Boh7- DNAREEA®RN 7 aa RV LD
AAEIZOLTRET2EE RV LE Y, £HP 5L DNA-REBHE KO
WP CTHORNRT PADNTHREFTL, DNA DIV 74+ A—a VR_EBELEADE
BT, BEMRRCKERRY, BERREICL > TRESEMTLIIEEZRELT
AT I

RNA i DNA OFFF L U R—RABREVR—RRIZ, FILEUITUNVITHRIT
R TEO#EEITE THLIEUTVS, > T DNA LRERDOFIET RNA b RNA-

FREBREERE L THEHETE 5 Z L3RS h 5,
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# 5% DNA *RNA 7 4 L AOEEMHIE

5-2. RNA-JEBHEAER I A ILNLDERHEFYSHR)P—2 Y

5-2-1. RNA Ot - R E & CFHE

RNA (MEZENCHERICREETH VBT NI U M0 B D RNase DIRAIC &
DEZIMAKGFESND ZEBMBNTND, ZD-H RNA &S THEE LTE
A LTSI < . RNA 2B FEOEE 7 T ARy — /L CThHIH, B8 LM
D BT S TR,

AETITE TEERERD RNA 2 HERULERE T, BRI U7, BB s
H1D RNA Z &HEKICHE U, EERRRESRFIC U TR O A 2 B S5 HIETH Y |
TF ) = NVIEBIRIZHA~E 2 R N TKRED RNA #RBICEx 5 &5, SDS
HIZESFR DNA 2T L ZICAVORTEY ., BOFE RNA MRERITE 5
LI END, =TS ) —NIEBEERVA DA MR r2r0+ES L)
RRBHD, WITHERL7- RNA OHER IO FBOME2 A L7, EBROBEKK

X 5-4 IR,

1) EBESHILEBRBEORYEL

AABERASH L DV TEW AR/ 1 Kg R IEHL=% 27— 1 L &M
A, 2L E—=A—9T24 FFEHEELAE, BEIEBL CHBREEN L, ZhicE
HLxzd /—/ 500 mL 202 T2 BEREIHE#E L, RI1HB L T EER Lz, B
FHLTZ /) —/V 1L 2N T2 RRER L. SH%ERS 88 L THBEEERL 7=,
Nz y— VU ECES BT THB®R, 737 —F R TRELEREL “X28 %
DB & 572,

NE  2113g N 21%
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B/ SE DNA*RNA 7 4 LV AOEEMRE

( Yeast )

|
EtOH

(Dry Yeast ) 1kg @®
10% NaCl aq @ @

Centrifuge

Yeast Organera
Hydrophobic Proteins

HCI Precipitation

(Crude RNA ) 10 g (Protein 8 %)

Washing with CHCI;

¢ 3 g (Protein <1 %)
RNA HCI Salts

( mainly tRNA \
76 base

¥ 5-4. RNA O8R5 EHKE

2) SZIREES A SHH RNA OERY H L

2L ZA7 T A a TRIREERE 100 g 1 10 %NaCl AKEEIE 1 L 2%, 60 °C OIEIE
T4 BREHEAEL. GHEE LD (4000 rpm, 15 min) LT EEL (BEEH) %
EUX L7z, AL 2AOFEMBEMZ T pH 2 & LT, 10 RIS LE, B3O8
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# 5% DNA*RNA 7 4 AL LDOEEHRFE

(4800rpm, 10 min) L CILEE (B6) 2EUR L7z, HkWA o nmR2ichli?d
T (HEBREKEKRCTRE) BVEBELK: =& /—nA=1:1THELE, tB%
wHHLZZ ) =2 1 BRIRL, BAkT¥ ) -V RRYFLT—F T 1 BT
¥ UBELZ84E U CHitE RNA (BRIEE) 287,

IXE  0922g £ 0922%

3) Hiti RNA D¥EH

filtH RNA 0.5 g % 10 mL OAREKIZIRE L (pH3) &7 v T =7 A% M Z T pH
7 &L L RNA 2% RARK W7, REMmziz o458 (4000 rppm,10 min) TR
ELHODPLD IS ATELEZmrARV LS mL & p-_UZ /) —V 05 mL 3% <C
30 mL 3R T 15 5B LS IRE 5 L7z, BEH—E%EE L (4000 rpm,5 min)
T5EERE EH). PHE (BR). TR (&%) KBoMELZ, L& RNA K&
B, PRIEHEMES RV E, TERZuuRlVABThbdlEL, LBE/RY
BNy TR L7, 13 BZOBELBYIRLZEFERERIR - T& -0 T
Reibdiz, ZZIZHEMEMZ, pH2 & LT 10 2y M#E# L, 3.0 (5000 rpm, 10 min)
LT ZEI L7z, 50 %% ) — NV THEILHA AU BRI RDET R
PAWIETHRE) Tl L, Mkxy ), DTFAT—FLT | EFoUR R
JERHR LU TRBIRNA (BEKHEK) %2157, EE#%ITe GED (5000 rpm, 10 min) &
XY EEI L7,

& 0.158 g =R 31.6 %

4) RNARDR RO EBOAIE

5 237 & BRI Bio-Rad DC Protein Assay (based on Lowry method) % FV T,
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% 5% DNA *RNA 7 1 /L AOBEEHRE

BB > TIT o 72, BREHRIL BSA standard (2.0 mg / mL in a 0.9 % aqueous NaCl
solution, Albumin Standard, Code. 23209, Pierce) V77, BB OFRRZFITHER RNA
% TE buffer |Z¥AME L CHREE L7, WEEIL 96 Well ASSAY PLATE (Iwaki &) ET

FL— b —F—THE LT,

5) BRNA O FE2HDAIE
urea M 10 RV 77 U NVT I ALV ERKENZ LV FESGAZHIE L, &
FE~— b3 L 725 DNA /D TIRNA R Y A 53— 2 HWTEE L 72 78 mer

L 22 mer @ RNA # 7=,

(D FE<—H—RNA DFHE)
% & LT 78 mer ® RNA = — W —DERFEEZTT,
s$SDNA D PCR : =y FAT7F 2 —ZUU T OMBE THEKZ TR L. 94°CT 5 min
JME% . 94 °C 30 sec — 60 °C 30 sec — 72 °C 30 sec &\ DA 7% 10 BV K

L. T7 promoter DDV 7z dsDNA % B 7=,

Template 40 (20 nM) 5.0 uL
T7 promoter-41 (20 u M) 5.0uL
Primer 42 (20 u M) 5.0 uL
10 X Buffer 10.0 yL
dNTP 8.0 uL
DEPC #L# K up to 100.0 pL

Taq DNA Polymerase 0.5uL
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5% DNA - RNA 7 4 L LADMEBEHFE

H\ 7= DNA DOEH % LI TR,

Template 40 5 - TGGCA CACTT ACAGC AGGAC CTCG - N,, — CGAG

AT TCCAT CCAGT TT! -3
T7 promoter-41 5 - TCTA ATACG ACTCA CTATA [GGGAA ACTGG ATGGA

-3
Primer 42 5 - TGGCA CACTT ACAGC AGGAC - 3

BE: Ty RV TFa—T L FTOME CEREEZFR L. 37 °C T 60 min £ >

FaX—hLEE, 4 CIZLTRIGZIED T,

10 X Buffer 10.0 yL

10XDTT 10.0 pL

Template DNA(PCR 7&#&) 8.0 uL

NTP 4.0 uL

DEPC LEiK up to 100.0 pL

T7 RNA Polymerase 1.0pL
(BUKBN 7 ILOFRE)

TZINANTIRNE/ =58 g & N, N-AFLUERTZYUNLT I K 2 g il DEPC
MEAKZMZT200ml & LT30 %727 UNAT I FEERETFEL, 4 C TOELL

THREFELE, UTOMRTI0%T 7 VLT I RENVEFRE L,
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#SE DNA*RNA 7 4 LV LADOMEEHRFE

/730 %7 7 UAT I NEH 6.67mL

10 X TBEbuffer (Tris 89 mM. A& V& 55 g. EDTA - 2Na 2 mM. DEPC
Kuptoil) 2mL

RE (TM) 8.408g (KRZEM PAGE Tiikx<)

DEPC 43K up to 20 mL

APS (10 %) 200 uL
\_TEMED 10 uL

KEMEIEI =X T 7TERKEERE BE210 B ((BR) 442757 ) 2R\, ik

&) buffer X TBEbuffer # AV, €EE 200V T30 mE7FLVZ7 LTz,

(> TLOAR)
UTOMBETT 774 T 2WRERABML T,
(~ YN 1.5ug in 1.5yl DEPC AAEEKE foid~— —8#K 1.5 uL
5X2 %BPB . 2% XC & 3L

10 X TBE buffer 1.5 puL

. /AT IF 9.0uL
& 65 °C T 15 BIEMEKKIZOITFT TRE LT, DNA v—b—{iZ oW Tii7

Fa— I mBEEIE L ENTH SO TR L 2N DL T 54 LT,
(kBB L UVHE)

EEE 200 V T 50 4rvkE) LYefald SYBR Green T30 B I 2o7-, BEIZT

TENARAT T T,
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#5%E DNA*RNA 7 4 VADEBHHE

(BERELER)
YR L 72 RNA O NVERKBIOMRREZK 5-5 18T, RlF U7 FRORRE
DTERAORREELOTE 5-1 WY, BRET IV BEREILDZF 7
BORIE T B ASHERA ST RV L7,

500 base —pp» Lane 1 : Mw Marker 0.2-10 kbase

200 base = Lane 2 : Mw Marker 22, 78 bas

Lane 3 : Crude RNA

78 base ==
Lane 4 : Pure RNA

22 base ==

Urea denaturated 10 % Polyacrylamide gel,
SYBRGREEN I Staining

B 5-5. RNADBRKBIDOHER
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#5E DNA*RNA 7 AV AOEEHRIE

£51. ANV EEBBLUDFEOHFBROF LD
o088 (ER%) e
i, TemEms
#h HRNA 7.8 8.4 TR
MEIRNA 6.7 6.6 e} {A

TNEKIIKBORERD D (RNA (B8 76 mer) HBRAICHH I TE T
52 ENbhnol, RNAIZYRY —AZ U7 BLESERELTER LI SAERHH
DB E LTRYBRPNTZEZEZ OS5, mRNA iEb &b EERD W EIZ
RNase ([ XY GIr Sz 72 S Rd o 72Dh b Ly, fEREIC (RNA H
¥ D RNA D BIRANER SN2 HK 5-5 D lane3 & 4 Z 5 LRI Do B
MR TR L T FEDOGMITES RoTWBHZ Lbhnd, KEOHE L

U PRRIGEZOWTRT A Z X Leho Tz,

5-2-2. RNA-lEEHEAEO/ER
RNA CBAKBID FA4 L HIEE Y HBEOICRES I A - L2k ) BERILIC AL
B ENHIREEIND RNAIBEEGEROIERZIT o7, EROMKXKZX 5-6 (127

RNA 100 mg % DEPC ALK 5 ml (IZ¥EMR L7 (S EIAVVZ RNA IZEBE TH D72
DKICHBETH D, TDT-H NaOH KSR EZ M2 . pH % 712 L THEMEER),
Z D RNA /KSR ZKGTEHET, RNALTEED-Y 1.1 YBIZRD XS ZHELZ
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# 5 DNA * RNA 7 4V AOEEMRRE

ISE C,;-4G-N* E721% 2C ,-N*-2C, /KFS#E 10 ml [T T L7, & U 7= b %55 D4y B
(4000 rpm. 10 min) =&V 4E L, DEPC 48K T 3 ¥ Lictk. 1 BRoRFERLER
Lz, =—F L THEH%, 77 —% — T &E RNAFREEGRORRZ R

RNA : JEEDLIZ TR AT ORIV EH LT,

Llpld Dlgpers‘ed in Water -
‘1.1eq./10 mlaq.

i Stirring

 Precipitation .

centnfugatlo“ |

‘Wfr'_ hing with Water

' Freeze Drying.

‘Washing with Ether’
i

B 5-6. RNA-fEEEAEDERTE
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B SE DNA-RNA 7 4 L AOMEEMHE

5-2-3. RNA-IEEHEAADERBEFTOMY

FoTe RNASEEBEA KL ARSIV L= & & O RNA OREREE)IZHU
T, KPR L 7= Native RNA & 227 b A% LB LTz,
1)UV ARG R LAIE

FEIX, UV-240 (BEEBUMERTD) 2V Z, ¥ 7T B AR RNA (native RNA)
FIZIL H AR RNA / 2C,,-N*-2C, (RNA-IEEHAE) % AV . BT, native RNA
([CDVTIX TE buffer, RNA complex iZ W TiXFH 54 DR ML AKRERE T
)= NEILBTHFADARY "R aaRlA Ak Z0EE5 A, B
i HEA OEIRE CCM-2 THIS L 72,

Native RNA & RNA /2C,,-N*-2C, ® 260 nm DOWRIX DR FEFK M % X 5-7 12573, 10°C
(233 5 Native RNA DOE/VIERNEE R 100 & L7,

Native RNA {320 °C 25 70 CIZHiF TRAHREZR L, 2D Z & 55 Native
RNA IHIE TEHRBELZR T2 0FB L LICHMEL 70 °C U ETIZELr— A8
BEL D Enbholz,

—77 RNAMEEBEGHEIIARL CHOBAMBERSRI o/, ZDZ L5 RNA-
FREEEERIIFRBET CRRL THL—ABE,» “ASBEO L L L1 EFR L
ﬁﬁé%ﬁb#otoEEB@%E%kémm%%&étbKCDX&&Fwww

EEITHo 77,
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5% DNA:RNA 7 4 VADOEEBEHRE

Native RNA
25 °C 70 °C

g\l ’ |
?“‘\ T T
’s& > ‘
R o

Native RNA o
130 } in TE Buffer 130 LT s

3 R
g S~
2 2 ;
2 8 120
E E
g 3
; g

110
g P
T T

100

Temp/°C

B 5-7. Native RNA (f£). RNA-fEE#EAH (B) D 260nm ORI DB EKREFM

2) CD ARYJ MILAIE

4518 1% J-720 Spectropolarimeter (B AL H) Az, 4o 7B LUEBHEIT UV
A7 FVER L RNA [ 2C,-N*-2C, # iV, BEOHIBEIIEVEBEaY bu—F
—PTC-348WT (JASCONZ X VATV, FREREEIZEL TH 6 10 ZHEKRE L - ZRAIE L
BA#A L 72, Native RNA isJ:iﬁ RNA-IREBAERD 25 CIZBIT 5 CD A7 bk
5-8 127" T,

Native RNA 1% 25 CIZEBWNT 260 nm (CED 2y 3R E2FESARO 2 ELE
MCHFBRIZ2 CD AT bV ERLTZ, 25 CHH 70 CIZIREZ EiFTn< & 260

nm fHEDEDa Y FFHRENPBA L., 6270 CHhH90 CIIBEEZHITLE
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# 5% DNA *RNA 7 4 L AORBEHRE

[XART MVOEIT ehote, TOZENLKABERPT A BO2ELBAMB/ET
& o 7= Native RNA IZFB & T L 70 C LLETIImER—ASFEEL 2oTW
HlEZDI, UVORBRE I —HKLE,

RNA-FEE B G 1T Native RNA B —AGHEEL L 570 C LV I biz/haRay b
VIR LAVRE ehot, TOZE D RNABEESEEBIAL S I3 — g

2EDHLEZLND,

- 20 -
» b
]
g 10 ,g 10
N
[
5 . 5,
'y &
° °
3 0} 2 -0
b S
)  TE Butter )
re—— .20 2 2 A . - [——] _20 5
220 240 260 280 300 320 340 220 240 260 280 300 320 340
Wavelength / nm Wavelength / nm

BJ 5-8. Native RNA (£). RNA-BEEHESH& (RA) @ CD ARY bILOREKRTFE.
TR /—I)H, 25°C.
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% 5% DNA * RNA 7 4 /L AOEBEHRIFE

5-2-4. RNA-EEHEESHEF v X b7 4 LLDER

RNAJEEBEHEX ¥ X b7 4 M A OEBIEZK 5-9 1[T7 T

5.0.0 B CIERIL7- RNA-ISEESEK 25 mg 27 undib [ =2/ — 41,
volfvol) 1 mL IZ522W AR LTz, ZOWKET 7ry 71—k 3X15cm) 248U
BFL. 9 2%v— LR CREMMEKTICHELERTY - LIREEARRE
X7, ERETF 7oL L— RhbiIEnL, EBEHEHO RNAEEEGEOX ¥
A RTANDERE, ¥XANT A NLEKEITBHOA > FHT THAAR
ZIZ& 6 L B~ — 7Lz, 7 4 VD EEM L7, B 5-10 iZ RNA-
EEESEDF v A N T 4 VADOEMGEERYD T 4 NV bER LI, BEERO

B O XERO RNA 7 A VA EERTZ 2 LTI LT,

/'O-P=O
3

: 2C12N* H

MMM
v e
C1o4GN* !
N < 76 base
{Mw 26,000)
RNA / Lipid

/ Complex

Dissolution in Casting Evaporation Self Standing
Organic Solvent Film

] 5-9. RNA-ISE#EAAF v X b T4 ILLOERE
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B 5E DNA - RNA 7 4 L AOEEHAIE

RNA

- Lipid Complex Film

P S

] 5-10. RNA-BBE#EEHAF YA N T4 ILLDEE

5-2-5. X #REHTAIE

X A FT7 VA0 X BREHFTRIEIL. R-AXIS 4 JAAFRE X BETERE (B¥EE
WE) ZMHVTDNABRLY 4 VA ERERIC L TIT - 72,

RIEM LT IIIEM LI 7 A VA EBELEE T 4 VABEEEBIZERY 3, x,y,z0
3 b X RE—LERBN L TENTROAEN S OEPFZ — 1 2T Lz,
B AT EIE150mm T X HEROEE L EHIZTZN TN 40kV & 100mA & L. CuKa
BEROCTRIE Lz, X ROBHERIL 3 SME L,

HEE & L T—ASHT—T VB D C-4G-N"EB LA D 2C,,-N-2C, Z = &
E ORI L VIEM 7 4 VLD X BEFOREREZK 5-11 BLUE 5-12 TR
FYAPLEEEOREMD T 4 VDOV TIHRLAE ORI AF — B K
HEEEZ AW L 213 33A, —FR$x—TVEISE % Bz & &% 40A ORI

BoT, ELET A NDIZOWTIZZ ANV LADREB LI OER D X i R
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4 5% DNA * RNA 7 4V AOEEHAE

L7 & % RO AEE EOEF ¥ — i3z, Rl SRV ERS EhER 33A0
Y 40ADIEEHCERNTE, ZhbOEF/Y — X DNA KOW TR UEREE A
W EDEFAY—E ETHEIBTND (F5-2),

& 0 BTRA L HIC, DNAEEBAERIIAEMBEP T ELRABERZ LY.,
DNA 7 4 L AHIZBNTHZ DO -ELEAMBEIIMRE Shiz ¥ DNAREEEG K
Dy REFRT S, $ERAVAEED T LVEASHOREIEFEL T, DNA 7 4V
ANO DNAEEBEAKOD v FREMIEDS Z L Bbho TS 9, TN L)
o L HBEEZBDE. RNA 7 4 VAT RNA-SREESHIIEARIIR LI L O 1Z
RIEM 7 4 L AN TH RNA FAEAKFES LT RNATREREGKROR v FEFBARLL.
oy FREREN 33AH 30T 0ADERTHEIC Ay ¥ 7 LT, 74 VAN
CERITMICKEL B FAERRNTNS EE L OND, EEMT 1V LN TIL RNA-

IEEEA RO T v FHRERGFHICERNL TN EEILND,

ol &
.

0-13-1

As cast

Stretching
under Steam

K 5-11. RNA / C,,4G-N'OREMT 4L (L) EEMT 4 NL (T) OXiERE
e & FOEAXE
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HBSE DNA:*RNA 7 A LV LAOEBHHIE

As cast
Stretching MOty
under Steam CHa(CH)” N
33A .
>| l<

i el

B 5-12. RNA / 2C,,N'2C, OREMT 4 VL (L) EEMT 4 LA (F) DX
B L FnERXK

& 52. RNA-FEHEEARK T 1 ILL, DNA-ISEEEE T 4 L LOREBIE S

RNA Mw : 26,000 DNA Mw : 20X10’
(A-form) <76 base (B-form) 3% < 30,000 bp
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# 5% DNA * RNA 7 AV AOEEHRE

5-2-6. WABEMBERAVEELEOEERL
60 °C FIFIKAR T CTEM L7274V AORCEMBEFTH LR 5-13 17T, 45 &

FEiGESH2 L ICHEARE L, 202 N/ LT 4 /L ANT RNA S E

fAEEICERL TS EEX LD,

OO
45° +45°

K513, EM L= RNA-IEEESEK I 1 LLOEFM
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HSE DNA-*RNA 7 4V AOEEHRIE

KV EREL ERT D I OITEMERFEL R, R EZK 5-14 1277, RNA
D7 A NV AE—AEHT—T NVREE, “AHT VXA RFEE I DNA 7 4 v 8
EMIZRARH O, 4 FULEMRTHZ B TERDPoT, UL LEMTE 26HN
IZBWTIE DNA 7 4 Vb L RIFEORERMMEZ R L., XHEBERITORERRAK, 0

ZEMBYH RNA 7 AV LAONEEIED DNA 74 VL EETHWADO TRV EE

Zbhd,

Anisotropy

ox;l:al f n-N,;:

Double Refraction
nzl M

LDPE : n, - n,=0.02~0.03

(=]
g
L
2
§

Double Refraction (n, - ny)
o
g

10 0 2 10

4 6 8 4 (1 8
Strain (AL / L) Strain (AL / Lo)

B 5-14. RNA/C,;-4G-N"7 1)L L (). BNA/2C,,-N*-2C, 7 1 IL L () DOBEE
BRI
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#/5F DNA *RNA 7 4 L ADEBHRIE

5-2-7. T4 )LVLOEMEDREE

FEFE DR ERIL R DT DICU T ORBREIT o7, DNA D7 4 )V AEEMT
EBHADELZAETEML, TORBTAFA FHFR LICEHE LR, &y b3
T—VERAVTH U IAVOEEL S °C / min. TEFTWE | 10 °C Z & ITRICERMSE
TEOHIBIT O E T,

Bl B DREERFHEORBER LK 5-15 27T, —A$H-—T VEREE % AV -
DNA 7 A VA3 150 °C fHI TREICFEHTHNT /2 5723 RNA 7 4 VA1 200 °C 1T
TREIZFEFTHNT R o T, ZASREE % FVW 2RI DNA L [F U X 912 130~140 °C
TERAEIRAHIZET L, 156°C TRHERICEFNICR o, TOBIIT 4 VAT

SERICHBL WA L2 ABRIC IV FER L,

0.008 -
Tt 5
& 0.008 | S* 0.008 |
[ =4 Lo
S s
Q 0.004f § 0.004
Pl P
2 o002} 2 0.002 f
3 3
a i bp o
0 0
0 50 100 150 200 0 50 150 200

100
Temp/°C Temp/°C

B 5-15. RNA/C,;-4G-N"7 1 JLL (Z£). RNA/2C,,-N*-2C, 7 4 L L (£) DERA
EoEBREN
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W5 DNA *RNA 7 4 VAOEEHRIE

5-2-8. RNA 7 4 JLLDB| -5k Y HER

519k Y MEREBRIL IFEHRBE TEMSILON UTM-4L (ORIENTEC CORPORATION
&) % L <% TEMSILON RTM-25 (ORIENTEC CORPORATION #) % B\ TiTo7z,
%E. FRIFEAFE 2ETHVWELOLAKETH D, 05X4 ecm iIZHIVH LT 41
LADOBREZBY . 25mm OB TZ VY v FICEE LT, 5o Y OFEIL S mm/min.
L, TANVDIDPPEINETANLOBRPE 0y ZIZEE&E L, ELT7 41
LD ¢ = (L-Ly) /L, TR LTz,

PIEIZ2TRIRA 20 °C 25 25 °C D TITo7, RNA DF ¥ A h 7 4 L AITD
WTBIBEDRBREITo7 L Z A, BED 30%RWEORITT 4 VAR XY R 2o
TLEVWHIETDZ ENTERD ST, Lo THEIZBER 40%IZBWTITo 72,
FZDIENDH RNA 7 A VATBEORELEZITRTWVWI LA bhoT,

X 5-16 (= — A= —F AVRISE R L O AGRISE 2 F\ 7 4 VADISH-BEH
B E R Y, —AEHT—TARIEE, “ARGRIEE 2 Mo & EHIT RNA 7 4 VA4
& DNA 7 4V AXIZIEF UBEEZ b > TW2ds, DNA 7 ANV LADOER LS ETS

ENbhroT,
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#SE DNA *RNA 7 4V ADOEEHRE

N
3 3
"0' '|"
et ‘OA"E'."' RNA 76 bass N
@ C10-4G-N* @ 2C12N*2C4
a 2 a 2
E E DNA 30,000 bp
® ®
o 1
2 RNA 76 base £
N 1 w1
0 L 0 ] 1
0 1 2 3 e—5 0 1 2 3
Strain € (AL /L) Strain € (AL / Lg)

B 5-16. RNA/C10-4G-N+7 1 LA (&), RNA/2C12-N+-2C1 T 1)L L (R) D
i 138 A HRAR

5-2-9. BHRYABEMERIE

RNA 7 4V ADOBIRKEREDOREEZRA 720, ZAHBEEE AVWHE., —&K
P — T NVEEEE AVWGERICRET D LB TERP 2Tz, Thidd 7w
BEBRZEREME T CTHEZLAHERBE T SITUNTLE LD TH D, =
DZEDDHYH RNA 7 AV LDBEERDTZDICEERKGPLETHD Z &b

Do
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#5%E DNA-:RNA 7 4NV ADOEEHAIE

5-210. ITFPULTATA FKABKIZES RNA 7 1 ILLDOEBEER
DNA 7 A /VAIX7 4V ANT DNA B OHABEZ MR L. HEMREN R Z
YERUVTLTNBREDIF VAT RABRIZEY R BBINDZ LMD
HnoTW5 Y RNA 74 bLbF VU saTu<ws RiIZkoTRETHIZEZ 4 LA
NTHERLHBRAY vyF L L TNAENE I hEEEMICHNTCES22E Lk,
FITRNA ZANLETF AT v FABKRTRAEL TH,
TFVULTaTA FKEBETRNA 74 VAB I DNA 7 A VAR BRELTERE
BEK5-17 12577, DNA 7 A VA= F VLT, KO 2 —hL— gy
WE DRI PBRINZS, RNA 74 VLB FE ORI BPB IR, ZDZE
26 RNA 7 AV ARICZF U7 u<wA NAKBRIIA L F—HL—THZ LR
<HEBEMHBEERRETRELEETEEEZLND, LoTRNA 7 A VANTE

BROBIBERERELIZIRAZ XL T LTV RWEEZORNS,

DNA
Film
NH
HN ‘i
Ethidium
Bromide
RNA
Film

B517. TF2o o ALATOTA RIZEBRNA T4 LL (L) BEUDNA 74 LA (F)
DEABFEREEAFXOFEERK
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5% DNA *RNA 7 4 VAOEBHAE

5-3. DNA - RNA-FEE#HEH T 1 L LDOEEBHRIE

5-2. Tl ~7z & 512 RNA 13 DNA [ZHATHEFIZZTRIVNEW (76 base) ITH
b 5T RNAJEEESEN O HOXFEO 7 4 VAR TE =, ZhiL RNA-JEESE
EENSFETAEREAICI-TEBLTESTEEL TS D EEZLND,
0, [RNA-FEEEHEGERSFHITEBLTVWDZ L] 2FDITHAVIIE, DNA
& RNA Z{BA L7 L &2 DNAJREBEEK T 1 L A TIZ DNA & DNA BRBEEN T

LD REREEEEZRTAIEELND D LB R

5-3-1. RBHE

DNA * RNA B 7 AV AIZiX 1) ABIRF TDNA & RNA %2 1: 1 EELTHS
gL a7 Ly X Lib?D, 2) DNAEEHEEGIKR L RNAJJEEBE AR EHEA
HhC1:1BAELELD, 3) RNAFIFTDaryFLy 72, O3EEAERLE (K

5-18),

1) (DNA+RNA) Mixed in Water

SRS

2) (DNA)+(RNA) Mixed in Organic Solvent

=,

+ | £

o
3) (RNA)-Lipid Complex

w’+é__,§w

7

-~

X 5-18. DNA ‘- RNA-IEEHHEAHO/ER
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#SE DNA *RNA 7 4 LV AOMEEHEIE

1) DNA/RNA B&KBELI O DEEEESHEDER
DNA ®° RNA O/KEKFE, K TOREW e EOBEIZIE DEPC K (RNase % RiE
#Ak) &RFViz, DNA (37 BFH¥K,> 7=, 30,000bp) D/KEHKEIZ 50 mg/20ml (3.8
mM bp') . RNA-EEE (BEREsk, B ARHK, 76base) X 0.1M NaOH % #J 10 FHAN
LCHRLZRS LML, S0 mg/3ml (7.6 mM base W L N ENERES C—
BT TR LTz, TROZ2BALEZBICHABETILIZ—BRrEBW, ZOKEK
12 1.1 Y B OIEE KR C,-4G-N* (151.6 mg / 6mL) %I 2 T Lk % 3= 05 B (3000rpm,
5min) L CEIUR, KETT—7 /T2 BFOH, WELELHBVIRLZ, RNAE
B AKX RNA10Omg, BEE C,-4G-N*151.6 mg % AV CHEERICIER L 7=,
2) DNA/RNA-BEREHEER T 1 L LDHER
ECHRREEICUTHERLEZa 7Ly 7 X2 HWT, 1) DNA / RNA-IEE B
A1k, 2) DNAIREBEAAL RNASREBA LA T T 1:1 IBE. 3) RNA-
FREBEEE, O 3BEDO T A VAR LT, ThEho=a 7Ly 7 R 25mg i 2ml
Dy FRNVL/TE ) —)=4:1 ZMi, B<EBLRZEL 2 BT TE2CHE
fEL Tz, WK% Iml FCHEREISETHD 1.5X3em DT 70 AR 2 BTV v — L Hif
FAK T XY A ML T—HEELL,
3) F¥Y AN T4 LLOEMEEB~DETIL
BoNlXF X A M7 40 5% 10 mmX5 mm 2% v b LTHldEZ BEE L TREER
DLETEI-8ED 3-4 fFHEM L7z, BERIIER 5 ym O< LEERBE 7213 300um D 2
BEZ AW, BREREICZ7oarlie—fH% L L, 3 mmX3 mm KAy bLE
T 4 VAERD T BEEFMEL T LIBERD LOMZER L7 DNA
/ RNA BEE LT DM (L) R e Lk, TOREREYBT V7 —FNTHZE

L, AU fFELRVEIC Uy — LR TREL CTEEEAEICHAV,
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#SE DNA *RNA 7 AV LADOEEHRIE

5-3-2. HERLEEE

5 um OEBOEFHEOREREK 5-19 12, 300 ym OEBORERZK 5-2012, F
_RTOFEREZRK 53R LT,

Spum DEBOBR LI Y, BEEITWTIL DNATZITOZ7 4V A ERT 10°S cm”
F—Z—THY. RNA ZRE LTI L HEITRD 27, RNA DHDT 4/ LTI
CALBHEERELNRPSZIEDND S ym OBBEFBEL T LS TEIL
LTV, BROKXE R 300 ym DERTIIWVTHE DNA 72O 7 4 v A LR
L 10°~107S em’ A —#—TH Y, RNA ZIBRE L7-FIC KL DEITLh o7z, RNA K
DNA [ZH_RTHFEMNIWVICHBO LT 7 4 L ADHFEN 2L DNA 7 4V
LEFAETHDILEHOENTVDY, BRI TIILNHF L L S 2EE
BEoLERIIR N7,

intramolecular

DNA™Y RNA

s
i V¥ 0 Wl = T
<15 um
(DNA)(RNA)
- Applied 50 mV at 25°C at 25 °C ;
- (DNA)HRNA) 2r 0-3$ cm-1
10 - NA

- ; cm-1
< DNA E 1F Conductivity (DNA+RNA)
E E =1/R p
- r £ 0l-e - cm
§ 05~ § —® ANA
t ™ r S _1
3 DNA+RNA =3 <0.01x103§ cm
a oNamNy | 3| 3

RNA
0 + R e s 2+
, . A___Bare Ejectrode , .
0 5 10 15 20 -100 -50 0 50 100
Time/s Voltage / mV

E 5-19. 5 pm OE&R (DNA HFA) TO DNA - RNA-BEEHEEH®H 7 1 LLDER
FIEDRER
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%58 DNA * RNA 7 4V AOEBHRIE

Intermolecular

DNA™N RNA
f&W e
:\‘w v .

| €————> |
300 um
[ Applied 100 mV at25°C o L 8t25°C
- .
10 jp—g
= scm
< < Conductivity NA+HRNA)
c c 615 cm-1
~ . [\DNA S =1/R
E o5 (DNA+RNA) £ 0
S o5f ]
= L RNA ,.; S cm-1
3 (DNA}{RNA) o L (DNA)+RNA)
0.68 x 10-65 cm-1
0 01}
, , A___Bare Ejectrode , \ , ‘
0 5 10 15 20 -100 -50 0 50 100
Time/s Voltage / mV

B 5-19. 300 uym OBE&R (DNA 9FR) TDH DNA - RNA-IEEHAK I A ILLDE
TR DR

#*53. RNABA 74 /ILLOEHEE

Conductivity
Sample d=5pm (103 S cm-1) d =300 pm (106 S em*1)
e w:': oo 10 um (DNA 30,Q0° bp) 10 (DNA 30,000 bp)
Pl 555%1::%”‘ o '
= 32'; 12 q00g Joooo0e 7.0 ,_%ﬂ,
__ _DNARWM SHeym = 00um” .
(&%) 28

300 um
LN RN Bl e eeecmeeseeaeemecaaaaaan.
S s ,RNA
%M+é -3 2.0 ,\mm@ff
RNA Film
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#SHE DNA-:RNA 7 4 VLAOHEEHHE

5-4. #FE

AFETIZ RNA ZHML T DNA 73 FHEIZZ2E L T DNA 7 4 VA DOEEBEME BT
5L BRBIZ, £ RNA ZMEHET 5720 RNABEEEEE T + L ADER LY
PEFFMiZ 1T o 72, RNA & DNA ORFEER S4IZE L BT,

RNA-fEEEAEIIS FED 76 base BEL/NSWZHED LT DNA-BEEEGE
(5T & 30000 bp) ERICEIIZF ¥ A MEICLY BEXFHEDOZ s V20K LR
L ENbrol, £85IV ABRIZEIY RNA ¥¥ R h7 4 VAT DNA 7«
N ERIFEOBEZ DI BRI,

DNA-IEEBARIIAMAEFT CTEOCHAMEELHRF LI XY A M7 4L AICLT
LBV EOHEMFEIENRAZ v F U T L 2BELCEABEEHBELGET S Z L2 H
FOIEVBHOMNIIN TS, —F RNAJEEEGHIIEMAEF CTREERT ¥
LHEIER L A3 RNA 7 4 LV ANTIE RNAJEEBE G AT RNA R KEHKEL T
RNA-TEEBEGHOT y REBR L 7 4 L AN TZRITIKEL RHRERVTNS
EWV) ZEN X BEHTRIE Db o7, £72 RNA 7 4 WV AREMT 25 & RNA-AE
BHEAEROT v FIXEMFICER TS Z EBbh ok, WICEMSEE BV CERM
& ERBAL LR R RNA 7 1 LV AND RNA $4id DNA 7 1 /L. AN D DNA $ & [k
OEAEE RTZ R ol, ¥REEZ LT TO LIEEOREICKFELTH

DIRETT A VAR LERERSHICET TSI L B8bho T,
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¥ 5% DNA*RNA 7 4V AOEBEHHFE

# 5-4. RNA &£ DNADRKBOELD

DNA RNA
30,000 bp <76 base

N
& Native RNA(Z & /x ¥ it
52

N %
ﬂk\\é% W<  SRNA/Lipid Complex(s
S LRE

ii"‘

Native

in Org. Solv.

:
:

PGFRBNENDIC
Za4NVALITRD
JEMEIIDNA A N L ERL
BN NPTI<KER
DERERITS
SESMMENE

DNARNA-IEE B AR OB EE % JIE L1725 . DNA & RNA 2{EA 7 1 VAL DNA
P07 4 VA ERLU 10°Scm” A—4—ToH Y. RNA ZRE LIFIZ L 5ET2n
o7, RNA DHDT 4 NV AiTIFE A EBEZENEFEONR) -T2, LEAD RNA-IR
BHEAE T A NVLE, BHTEIELTVEEESTHSum DBEREZBELTDIEL
DESTFELIZL TRV, RNA 2 EE LTHAWSGE, EEHOMEIE LTT

272 < ESRIEDRERCIEY DIRBERE R E~DRIAO ST BED L Bbh b,
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#SE DNA*RNA 7 4 L ADOMENHIE

BE5E ZEXM

1)

2)

3)
4)
5)

6)

(a) Crick, F., Nature, 227, 561-563 (1970)

(b) Brenner, S., Jacob, F., and Meselson, M., Nature, 190, 576-581 (1960)
(a) Cech, T. R., Annu. Rev. Biochem., 59, 543-568 (1990)

(b) Cech, T. R., Sci. Am. 255(5): 64-75 (1986)

K. Tanaka and Y. Okahata, J. Am. Chem. Soc., 118, 10679 (1996)

H P REKES, AR, R TREKRTE (1995)

e, B3, B TEKRE (1998)

FHWm, EFERIL, FARTHEKRE (2000)
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HoHE MHWEMICBIETF—vLro8R

FH6E DNABFIET 4 ILLDOEEMIC
BXIFT F—FEFUTDOFE

6-1. #%5

H 5 ETIEIRNA Z DNA 7 A VAICIRAE L CEEES FIF L9 ERL85 £<
W22 72, DNA 74 NV LOEBME LV KEL TH-DEENZ K- 7%
BRI ZDBEZFIRY THF LR EDEBEENS T2 & TR TR TR,
—RICEBERE S FIXESHTMICHEROM U BEE L TRY, nBIFNEBEIC
BEND, ZOBEFHEERRBICF—1U e LTavE, BEALO sy
R SiO, R EDE TRSIFIEHRASES L BFMICEFNBL HRENRTE (P B
FEE), TO+E2EDLO L LTETFREHTR > TRLA KB EDICESF I %
BN 5 2?2 (Ke6-1),

<

CT™Y et
cm-1

103 S

3l, + 2e™ — 21"
K61 RIUF7EFLUADIIEDR—EUY
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X 62 iZ DNA 3 FATTFRINDIEFBEHOA I =X L%Z/RLI., DNA TiX 4
DOMBBEEO P T GIRENE BB TBAIMEN Y (X 6-2a), ZD GHEHENDL
BF BB EH®MPNT G FVINITETFBFFRAERyEL T LTI AD =X A
M Giese HIZL > TREBENTWVS ¥ (K 6-2b), DNA IIZERRIEE DT FR n BN
BETHHILEND, GUVRICL > THEEREERGH T LRARICETFZ -85 &
RO TRNEBEFRRACT RLFRENNH D, B 3 ETHZ. DNA ZFHTO

103Scm?. DNA D FETHD 10°Secm OEBEE DR L2 L7 (K 6-2¢),

(b) |
4 ™
Adenine Thymine —CAACAACAACCC—

Me—tro —GTTGTTGTTGGG—
/%””'"’ﬁ( 1

c C
Guani H i /
uanme” Cytosine —GTTGJ‘TTGTTGGG_“
FR )

N—Hex @ » 4 N
\. W J G C
Oxidation Potentiale .
of Nucleobase (V) / O H—NH
Adenine 1.96 (
N / }-N—H ----- / \

Thymine 2.11 /

Cytosine 2.14
“Guanine  1.49 N

in Acetonitorile
Seidel, etal, J. Phys. Chem. (1996), 100, 5541-5553 Giese, et.al, J. Am. Chem. Soc. (1998), 120, 12950-12955

C
(©) Intramolecular

Intermolecular

6-2. DNASFRTOBFEREHDOAH =X L.
(a) EREEORILBTEM. 0)G FIINVENLEETBBH A= XA ) FRPTHE~DO F—Y L 7HE
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PToE WEMIIBIIETF—YL 70838

%7z DNA OBERREEMICITFEROGBRILEHHR A L F—I L — T35 Z L34
LTV %, DNA D_EH L ¥ A TIIHEENOFEA b A Ol & ITITBEITER L,
BEDOBEXTE D LETIC 34 AOHBTHAER>TWVW5, FEROBRILEDIL
ZORBENENCHA SN TEERBEICRD Y (K 6-3), £HKNTIX DNA IaFE(L
BB F—HL— b T5Z L TREFORBELEENHEINDEDHIZ, Zh
L DERILEWI—RIZET A EHETH D O £{LFEOFERTIL DNA ORH~—
H—L L TINODBERA LV Z—AL—F—BHNLATEY, = FV AT~
AR, T7IDP0F Vo PRETEORRERLDOTHS, AETIIZhbDAR
FEFBDNAIKA VZ—HL— 1+ TBH5ZLIZE>TDNA G THOBEFRENEDLY |

XY RERBEEENBOND L2/ LI,

Ethidium Bromide

B 6-3. DNAZELHBAICNTIEEMRBESFDA 0 2—hL—>3Y
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HoelE WEMHIIBIFTFRF—EUTOHR

6-2. KBRAE

6-2-1. DNA-BEEBAK T A LL~DIIRD K—EVY
HIZRDREEHRNEI LTI VROBRANF =2 7 — e BERICIY |
C-4G-N* / DNA30,000 bp 7 A VA EREE LT 7 R EHK 10 SSERICANh T3
URERCH T (®6-4), 74 NMLIEHFITIURPERE SN TEBRAIZR T,
URIIBEENENOTER L THW., BEHT2BFEIETEFI 7 PR TIT-
7o

DNA-Lipid Cast and Stretch Method lodide
Complex

64 AIFRRKR—FTLI-DNA-IBEHESRKIT YA N T4 ILLADOEHR
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FoE HWEMIIBIIFTF-YLr7o8HE

6-2-2. KEFRERFIZCLZIVROBREEDEE

6-2-1 TIAUEN DNA 74 NVAIZ K=V T TERILEBDIroTDT, 74V
AIBRETHIVROBREZERMT IO OMHz KERBETEH D Z LITLT,

KEaFEW T (Quartz Crystal Microbalance = QCM) XV KBIROEEIZ &% KA
L7eT A A 2T, BWOEIZEENFT25 EHAUE LS RBET S, KEREFOL
BRIREBBIIE DOBBBIICHENTET D L EOERITHA L TREESEA TS
TEBRMBITND D AEH THUVZ 9 MHz KBRERFIIEEBD 1cm?*H 7D 6.2ng
OEENEMT D EEEES 1 2B T35 ¢006, ng A—F—0EEE{LEZKRE
T&5F /XFETH 5,

IURIIHERCRELRLTL, RIEL- I vREIWEICRE LT VB H -
TW3 8 ZZ T DNABREBAEU|RZ A VA R—Y U 745 avROBRERE K
BART 2 AV CEREME UGBS 2 L 2B 1k, REOEBEE 65 ORL
720

C,-4G-N* /30000 bp ® 0.5mg /mL 7 B af/L A/ H ) —) (4/1) K3 UL % 9
MHz KEFERE T OEERIZF ¥ A b L7, TD DNA 7 4V ABEEMKBRIEFZ
FIERBDIUVENEKER -7 1SmL DT FRAF v 7 Fa—TRICANREZ, ZOEHE
5 DNA 7 4 VAKKRET 2 I VROERYBEEENE L LTHIELZ, TR

Fv 7 Fa—TI3ER LIRBTKRERT DX 7 ZIT8EHE LT,
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Feorm WEMIIBIET - 7OHR

DNA - Lipid complex
Casting

() IS

Gold Electrode
9 MHz QCM

= A Am
R :fundamental frequency
A :electrode area

Pq : density of quartz

: shear modulus of quartz

Hq

1 Hz=6.2 ng cm?

B 6-5. 9MHz K&RIETFI= &L 23V ROBRREREDREHREN
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FoeHE WEMHIBIIFT R IOHE

6-2-3. IAVRDOF—EVITEZEWLEALDOEEERE

9 MHz KBRIRTFTIVERD F—E 72 BT HOBRENCITY., EEEE=
VT LRBOCBEEDORELIT T2, EREBOEBZKN 6-6 [TRL1IZ, K&
REFBLOCEEERAERD 300 pm OBEE AN 250 mL BRI AN TR %2 I
LERTHEMA L, ZORFHEROREIZ, IvROT—FTNLEKR (RE 10 mg / mL)
AV O smL ERBFBLER Lz, ZOENBOXICI) U PEBEELT—HToa Y
RBREBSBEICEL LTavREFEIE, 6-2-1, 622 TIHEKEHKROI VR
FHEIFTEZOERRICTIANLESTTR—EU LR, KHOERTIIKE
RA T ABIZKGBREF L 7 A VLABEEILERE AN TS 1-DITHRD I RN
AELLATPEEZ ANVLIHEDIETRXEIA LTI IBAELTLES>DTZ—T
NI LT3 VRBEPODOAETLIYVEIREFEIRES L9127, EFEIL S uym
F7211 300 pm O < LIHEER AL, DNA 7< LR EEICHELT 251 (1), F
FTHIE (). REMD 3 BEOTANAVLEEELE, BRIIETHLALHT 5
JHERE LTz, $TLBRICZ A NLEORTINEEI URARL T2 H TEEICIZ
2L BEENRRONBRVWILERRB L (T—FIIRERV), ZThoDERE AW
TINETLRRICEROBEEEREZIT T
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HoHE WEMIIBIETFRF—-YL70%R

Direct Current Measurement 9 MHz QCM

/-¥ Curve :
<°| Potentionmeter :[ S

4 B
)
)
l ] g
X-Y Recorder e $

PotentioGalvanostat

lodide
Solution

66 KERIEFTIAVROBREEZE=-AVVILGHNCBEEEEZAET D
BB
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BoE WEMIIBIETF—-YL 7008

6-2-4. BF%E R—F L7~ DNA-JREEAEK T 1 L LOER

DNA OEBEEIIHAUELL n X ¥ v 7 LTHEAER>TWDEA, ZOBICER
ROBRITHEA (LA F—TL—1F) THZ LR TVWD, AEHTIX, DNA
WA EZ—HL—bPLTRHETHAZEBALONTVWSAEE R 7 LTI 4V
LADOBEEN ENRDZ L EHF L,

6-7 WABET = ZICAVW-ARILEYWOREELZ R LT, =FV U LT 0
AR, T2V F LU PIE—K DNA ERETHDICAVWONGARTHY . R
HELTHBALTEOEEAW, [Rubpy)(dppz)]*. [Ru(bpy)(dppz)]*it G HEL
HEOWEBLETTEMEZ B S, Barton HIZX > TEFBBO NS —LT7 7872 —L L
THWHNA TS ), ZhLIIEMRETERINIZLDE AV,

C,4GN* /30,000 bp D> 7T Ly 7 ZX25 mg % 25 ml D7 aaR)h/TF ) —)b
41 CHR L. T ORI A BROTY ) —VEIE FRER 1 dye /200 bp, 1 dye /
10bp (DNA bp IZXT2EROFTE) LD EHITREL., iK% 1 RFESE L
%X ¥ A b L7, Ru &K, Rh $5RITUBEBEALZHLOLABLEZ, Bohixy
ANT 4NV A% SEEMR L TEERREL THOEEERS pm O LIBEEEBDO L
DNA DM&HE L9 2 FHiCBEE L TERRIE Z1T - 7,
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NH,
+ Br (CHY Nﬁ:@w(cwk
“bN’@éi“{cz& : cr
Ethydium Bromide Acridine Orange

o R e

[Ru (bpy)o(dpp2)P+ 2BF 4 [Rh (phi)(bpy)P+ 3PFg~

6-7. F—EVIJIAVEERIEEYOBIE

6-3. EREER

6-3-1. KEREFICLEIAVRBRBEENEE

DNA 7 A NV L~DIVRDOBERLY 9 MHz KERIRFTEELZ, K6-8BLT
K 6-1IZDNA 74 Vb F v AL LIEAKBERBETICNT 53 VROREIZ L DIRE)
BoEERLE,

6-8, 6-12 LV, IUROMIMRERIIBLE 1500Hz, F—E 7R (BER)
ELT75% (ww) ERBbIE, ZHIXDNA 1 BEEMIC4Boa vRS+1, 27
D 1) BONTNWBHZ LiZRed, UTFTTIHEF—E 7RI D, DNA 1 HERH
D 3 TRBEHNTV B D> (LIt mol / DNA bp) TEid 5. RO I UFE
YRR 03 mg UTORT DL 7 4 L A~DEEN 600 Hz UL F ThiviFtafic g+
LHENCRERE BRERICHETEEZ N5,
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FoE MWEMHIIBIETF—Y 7088

AF /Hz

0+ 4_ 40 - 0
i a
lodide Powder 0
0.1mg E? 41 <«
-500 {2% Z
— — = -
0.3 mg = {2 =
g! O
=
-1000 150 2 o
G 13 =
o o)
0 —
75 8’ 14 E
'1500 B n D q,
o
— 5 D
_2om I 1 { 1 1 100

0 10 20 30 40 50
Time /min.

Dope ratioc % (w/w)= (Am (ng) / Cast film (ng)) x 100
Dope ratic  (lomol / DNA bp)y (Am /Mw L) / (Castfilm ¢ Mw complex (bp1))

68 DNAJAILLEXFvXPMLEKBRIEFADIAVRDOREFES
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Fok WEMIZBIETFRF-—YL 7088

%6-1. DNAJAILL~ADIVFZEOREE

$a — iz At Castfilm %REP Dope ratlo Dope ratlo
2 oRE (M) ng) JFEBR % (w/w) (gmol/DNADP)
01 1988 139 7 0.37
03 2010 556 28 1.5
09 2000 1521 76 42
16 2707 1448 53 3.0
19 2003 1168 58 3.2

Dope mtic % (W /W )= (AMy, ax (Ng) 7 Cast film (ng) ) x 100
Dope ratio (Iomol {DNA bp)- (Am / Mw 1) 7 (Cast flm / Mw complex (op-1)

6-3-2. IAVRF—TOREDR

6-3-1 DFERE S &I, KGRIRTOREBEENL (AF) B—EKIZ 600 Hz Z#EZ 72
WEOBBENMICHIE LR EEELRIE L2, B 69 23 VRBERE T O
FLTW o ZBORRFREKOEMENE R LT, IUVROT—T NVERE RIE
B T LT FIETH EL F—E U 7 BRHIMTE 2, IWEKE (AP 549
1200 Hz £ CTHRANCEL., 6-3-1 OFRE —HK L7z, WEEE(L (AF) 2% 0, 314, 552,
915Hz (F—E U Z7RIIZNF1 0.0.87,1.5,26mol /DNAbp) D& & (69 DDO-

@) ZHEL-ERISE %K 6-10 IR LT,
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0 10 —oa
Q
.200._ _10"\"' <
ke =
400 z 418
N B 120 & ~
£ 2 | 32
Y 600 | 430 O ~
1% §_2:
800 |- v + 40 L)
-
R | B
1000 1‘1""‘ = <

-1000 | i + 50
FoA 1s &
@ O
-1200 | I 1 ! ! 60 o

Time / min.

6-9. DNA DAL LEZF v AN LEKERIEFADIIEDRELET.
| TAVERKERT. 1O-OTOEEAEO@ARE L (K 6-10)

6-10 IZIRBEE(LAF, §R0OHLI VRO F—E L ZHE (mol / DNA bp) % B
FIZEMN SR B OERICEBROENNEZR L, IVRO - 7EBEZHME
HETH 5 ym OEBRTIINEBRBPEBIL L2272, —F 300 pm ODER T F—r°

YURE L HINEBRBEML T,
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HeE MEMICBIETF-EL7OBHR

Intramolecular Intermolecular
103 s em™ Increase ? 106 S cm™1 Increase ? w
AT« = A .
D <Oosesisn I ISHL OO
L
Sum 300 um )
0.1
Applied 300mV
100 | @ 261/bp
<75 @ Without Doping §
S
g 50 e—> go.os
.
§ = \\\@)1.5 b /bp
O 25 @ (&)
d=Sym 087 I/ bp
0
®___ Bare Electrode o ® B":‘:“E’mﬂ""
] 1 1 L 1 1 i ) e ]
0 5 10 15 20 0 20 2 60 80 100
Time/s Time/s

6-10. IVEOREEICHTIEREEEROEL.
5 pm OEBOFER (£) 300 pm OEROWER () . TR LEMEEIX 300 mV, 7
4 VX DNA B3 LABE LT 505,

K 6-10 TELNIISEBR,OCBEEL LD, aVRDOF— vy SREBHE
DB AR 611 107 L. 5 um OEETIE F— ¥ 7RI BRz S ERED 10° S
em’ DA —F—TE LR -T2, —F 300 pm OB TIL F— U TREEBICE
WL R L. RESELAE 700 Hz 772 H F—E 2 7 1.9 mol / DNA bp @
L X7 DNA 23< LEMIELT55M (L) OBEEN 10°S em' DA —F—50 10
3§ em DA —F—IT 60 {5 LR LTz, —HFATHM () TREFEIRIL 124
FRLEFEG o, ZOBROBEEN RSN (L SN X 50 fEL e ot RED
FEAL A 1000 Hz 725 K — ¥ 7% 2.8 mol / DNA bp D & & {34&HK L3 55

(1) OBEREIT 110 {FETER L, —HHTHW () TEBIFTI/LEAL.
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F—t U FRPEND EFTHR () I8 F—Yr 7OMRNBMHBEDZ, I6ITF
—bE U TERR BT D LEATHR () OBEEIBELSE (L) [TBVOn s,
Ut X3z, avEDR—Y U 7I2X>TDNABBILT 4 VADOEBEIL 5 um
DERBTIZ 107 S cm” TEET, 300 pym PEBTIL 10° S em' 225 10° S ecm' £ T
ERLE, Z20oZ L33 UvROF—E U 70 DNA G THIZIIIEN L, DNA &
FRIZHNTWB Z & 2R, F—EUrFERAMICGEL TOWRVWERTIIBEL
Fa (L) OFBBROTH D, &> TZOHEKTIT I URIZ K 52 EHEOHMIZ DNA
DEMBENTEY ., I URIX DNA OFFITR - BETBEZMHBT5%BE LT

VW5,

Intramolecular Intermolecular
increase

Se»
Without Doping

Me6-11. AVROBREE L EXZEOMRK
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M 6-12123 UFED F—E 2 7 FE) 4 mol / DNA bp UL LDiZiFfafnE T+ F—

By LEGEOBELAR (L), FThHm (/) OBBEEAEDOHRENLI,

53 F & BD 2912 300 ym O K X 72 EME AV 2, 2.6 mol / DNA bp £ TIXRE G

KRERENPRONDH, +RICF—E 7 EE724 mol / DNA bp LETIHESLL

DHAETHEEEII LR L, EFOERD LI RoT,

'Y N ™
[ L
3 10 um (DNA 20,000 bp) ?
. o]
3 . 00 0 000
&7 oot By 26 BP0
Perpendicular ——— — Paralell I — <—
Direction < 300 pm Direction I~ 300 um “1
(1) )
0.1 0.1
< 4 mol / bp (Saturated Iy)
K[\ i < 4 mol / bp (Saturated Ip)
3 @261 /bp Ry
‘£0.05 €005
£ @1512/b £
= - Sla/bp 5
3 3 @ 2613/bp
@ 1.513/bp
2087 Ip /bp %)om ia/bp
® without Doping bkt
i L * [T~ pwernande
0 20 40 60 80 100 0 20 40 60 80 100
Time/s Time/s J
. J

K6-12. AHEFCHRIZTIVRER—EVSLEDNA A ILLOBHEE

X 6-10. X 6-11. X 6-12 DR S DNA B 7 4 VAR TH3I R F—F

VIDHRER2ICFE LD,
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#%6-2. DNABCRME 7 4 L ALIZHTBIAIER—EPUTONHE

Without Doping Low Dope Ratio : High Dope Ratio
0 (I, mol/ DNA bp) 1 ~ 3 (I, mol /DNA bp) < 4 (1) mol/ DNA bp)

Intra-molecular
1544

PN
~ 5y .
Electron 33
Conduction Conductio'l—r—gg—-———dpm
$
Inter- Perpendiculari} :
irection {
molecular rection g YA 5 3
Electron ._W_; Electron
I(?gn duction Conduction 300 um Conduction um
- U
2

Electron —
Conduction U0 pm

AURF—FELZLTH 5 pm OB T DNA B FHNOEEE L H T HRB2H
2722 &5, DNA BME T 4 v A ERZBE L L TWIVTEFIXERD O s
S, F—E U 7R LOBEFEHEOEHLEDLLRNWI BRI o7, 6-1 TR~z
X2 aUvREN GEENPLEFEFIEHKNTG 22V, BHEO G EBENRKL
CEBFEZEL T AN =ALIL 5B EEDO ERIT DNA BEEHLT 4 VA TIEA S
nnrot,

300 ym DEETIEI F—VY L TOHREBH ST &0 b, 7 4 /VANT DNA & F
BRI URICL>TORBNIRBIZRY, F—E 7R LDOAF U EEEEND
BEFEEDI10°S cem! ORERBEEL O L BLD 0Tz, Ehot+ofafnE Tr—
BT L REMNRR RoTeZ D, 2D DNA L FREIOEE L DNA O

BRI A RICBIRRVIEERELS R TWA Z EN oo T,
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6-33. BRERR—EVITOMR

RERRA VE—HL—F—L L T=FVVLTuwA, FLT 7V F LY
%4y5—wv—béﬁk74WA@E%Mﬁ@%%%®@BK%Lto

T2V AL P TREREMZTORNT VA LFERRD 10° S cm” DEF &
EOXBE R LY, BEERIF—EYUIRiEEDLLT P 7 OBRIIHZ2N
ofr, TF Y ATREENMNET STBET 4 AV EEOEBOABR LN,
W R—E v ZIIH R o Tz, BHEEILSX10°S eom' AT 72>z, DNA D%
BEENRRAY v X FLEEBENRRE, TFPVLRA U F—HL—bTHT L
LoTHML TWARIREMED D D, [Rulbpy)(dppz)]**. [Ru(bpy)(dppz)*. i bH %

YEBASLELDIZOVWTIEZF VUL LY L EIHI/NEIREEEIZR-T,

10 um (DNA 30,000 bp)
OO OM):}
0';‘"0 OOD: M

i J
Applied 60 mV Applied 60 mV
04} o4t [ Q?ﬁ .2527
{CHa:N M{CH ),
! of
< o3} < 03} With Acridine Orange
E Without Dye E 6.6 x1035cm-
.1 -
£ o2l 54x1038cm t 02} NHe
Q [7] a-
= = HAN "QH
= = s
O 0.1t O 0.1 S
With Ethydhini Brothide
o o 0.0038 x 103 § cm™1
) — Bare Electrode ) —Bare Electrods
0 5 10 16 20 0 5 10 16 20
Time/s Time/s

X 6-13. BAFEAVA—HL—2—0DOHR
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X 6-14 \CRFEOBREIIXN L TEEEL oy b LIEEREZRT, 1 dye /200 bp, 1
dye / 10 bp DEVEE TEREZ AN D L DNA OBEBEED n 27 v X 7 OEBEN
RAEWBR L T ATEEMRH S, b & & 30,000 bp & &V XDNA % 1 dye /200 bp, 1 dye
/10bp LBREA L F—DL—FIFDBZ LITL>TERER 200 bp, 10 bp DL
DNA {ZHIT L TV AR TIIRWVAEEZ TS, ThoDRE LD LERETE
FEroA =L — b ZEEHEAIT DNA BERINAEIRD e o CTEEE X

BT LAV 55, S%ERETDT—F ML CHRTILERD S,

10 um (DNA 30,000 bp)

<———>
>l 5 p.m'(_
102 4
. ... ... g -
* Acridine Orange

103 L,
el N
~ Ethydium Bromide
> 105 | . ot
= -- .
= O -8 .
D 106}
= ‘\ ~ N e e . . - - ! ______ [ 3
'E N Ruthenium
8 107 +

- .
'+ Rhdium’ - # - .
108 | T w
Ru+Rh
109 L 1 4 ®

0 ”10-5 104 103 102 107 1
Dye Concentration / (mol / bp)

H6-14. BAFRA VA4 —HL—2—DREDR

161



HelE MWEMIZBIIET YU 70%R

6-4. IE

DNA-EEBER T ANV LAOBHEEY BT 27D F—E U 7 21To T, KeEFER
FIZX ¥ A ML DNA 74 A b~DIUROBERZBHTHZL T, aVROF
— L IREFEBNICHER X, 7A4NVA~DITVED =7 LT 4 mol /
DNAbp (DNA 1 HHEIZ 4ED I UR) BEMTH D Z LBbhoT,

IUELZBLZ 2mol /DNA bp (DNA 1 HEEMIZ2@OIUR) F—E 715
¢ DNA L FROEEEIZ 10°Sem DEEZN . - FBOEHEIL 10°S em' 525 107
S em!' ~ERTBIENbhroT, TDEEIC DNA HELR LM & £ DEE M
DRI S0fFIZE LT, EHIZ4mol /DNAbp LAE, +RICF—E T 4D LR
FHOZERIFZEAERL Rofe, TG FRICHK 3 URD F—E 2 721 DNA
DELRFFICBIRRVIEERE S RoTWVDE ZEZTT,

BREA T —HL— FEET DNA FFATOEEEL LRIEDHZ Li3TER
Pofe, BIFL TV F—r7opRixHT. EEFEIZ0EE»HICA A
P TFICIE T L=, DNA OBBIEENRAZ v X 7 L BB R E, BRBA 5
—HL— TR Lo THRLTEEEREDL TV HAEELDH DL, (17—
HL— b T HEENMEBETIIERRBIV IS WIEESH Y, 58 DbLLE
RTHIBENRD D,
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B6E BEXM

1) Hf —%, BoFOEBETH, HIHK (199%4)

2) HE BEE, HEMSRSFOERLICH, 74— — (1987)

3) C. A.M. Seidel, A. Schulz, and H. M. Sauer, J. Phys. Chem., 100, 5541-5553, (1996)

4) E. Meggers, M. E. Michel-Beyerle, and B. Giese, J. Am. Chem. Soc., 120, 12950-12955
(1998)

5) W, Buii—, e, a7 o H— 727 7 —7H M, (1987)

6) M. ]. Waring, Annu. Rev. Biochem., 50, 159-192 (1981)

7) G. Sauerbrey, Z. Physik., 155 (1959)

8) {LFREH, BHFRILFRA (1989)

9) C.J. Murphy, M. R. Arkin, Y. Jenkins, N. D. Ghatlia, S. H. Bossmann, N. J. Turro, and J.

K. Barton, Science, 262, 1025 (1993)
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FBTEDNA ARy 7HBBIUDNA F/ VA Y OEEM

B7E DNAAVRIOEwIH#i#RE LU DNA
T/ 04 VYOEREEDESHAE

7-1. #=

EIBETRARZLIIC, BHICL>THF ¥ A M7 /L ANT DNA $HEERLIHE
% Z & TRRFFZ - 72ABiE 1 C DNA HiTm > T-BESHMHE LR &N TE R, =
DZ LI LTEBER T A VAPMERTEL LW RTEETHD, —FHTE
VI aRHGT LT DNA BH{OBEIHIMEEFARD ZLBEEND, ZOY A X
F—F—TOYEDOBSHIFEBNL L EEROR WA L BECBRL TR, oF
TV o= RELTH /)77 0Ky NREROD 1 2L 72-5TWN 5,

AETHEF YA ZANVAIV B LY I pBEP CEEE LT 572D, DNA
vA7uvAY (A RAaby 7)) BELU DNA 7/ U1 % (DNA Em{LES

T ZERL, b 0BEHEEZR~ (K 7-1),
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BTEDNA A Ry 7B L UDNA 7/ UL Y OMEH

DNA-aligned Monolayer

Cast and Stretched Film
™ ( (Langmuir-Blodgett Film) )

- N

Mesoscopic Pattern Film

|

s

Dilute Solution Evaporation

N\

B7-1. <20, AV, 7/ LRILTODNA OHEEMHAIE

7-1-1. F/T70/00—Ii8Fd3RFIL A= X
RIEOLEEMETHDIL Va0 Y757 40— (BB X388 T
BIE 01 pm EFTOMIARAT, WTFht 1 XZRE 5 HERE ORBER R L3
BITBIIRDEEZONTVDS, o, LOVBMARMINTERLZL LTHLENICHE
IRBERENERT D0, i T& 2B EME & BRHK L DT U XIZRA
BRDEZZONTWVDS, EZTH—DOHFEESRLEVMBYETEYVTEF /T
7/ = Lo TEVPIVRFERELL ETH2RARSF=L Y b=y
AT NA ZADEBZ 2> T0D Y, TRbbAREEl > THMETREREXZ2IE5
&5 (bottom-down) TIE2R< | MK TIC L > TRAEZIEY LiF2E
2J (bottom-up) TH D, ZORTFTNARERANWESFTLY bu=y ANRER
THIE, BEDOYZAT AD 1/1000 LT OEIRT 1000 £5 0 & B IE SAABH ATHE7S & R
BEhTnws?,
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PBTEDNA ARy 7HIBBLUDNA 7/ U A ¥ OMEH

EBRICH—GFDTNRA RE LT, KEHTHLEHRRTNIEF, B—5HF
7 MEAF— ] OBELZEE LAY TIEHA LD 1976 FIZEHDIES Y,
D%, 1980 FERIZA S THTT /NS RAI—BMIZT — AT o 208, Bk
DESRE—FOREDOEITEORBES NS T —MidE o7, TOH% 90 FEHR1% %I
Ao TEE O RVBEMEE STM OFEHA YL > TRT - S FERERROERL, ¥
BEEWRORANRRZTELIZL b Ho THBSFT LY bu=7 XAF /N1 AR
D ER-TER, 222, 3FEFTF—Vvy, =R F ) Fa—-ThEDF ) HE
DEELYERHB IR EN ', o TF /MBERAWESFOF A 2%

TEDRBDBBEAN > TE T,

7-1-2. BE—5HF AT OHEH
BFTHESTETF A ZAOREEZAELT3L. 2V T LATHRITWIT AR VE

LTCKRD 4 >DOERENRD B,

1. B—a T ORFFHEOBIELE, BIESEM O

2. 3 FTEFHS (RAvF, FFUVRF— ARV —-REDFEF) 2EHZ L
3. ENENDFRFEERTH L

4. FRTF OEBLBI D FIE

DA4RDBDHDL, BEDT )T 7 7 ud—0BRIIBZAD 1. B—oFOEAREIC S
WTOBERRETHD, ZOWMEFL LTk, BHFENEG LI E 0008z
EBESNSH L LTIIMLILEEE—3F THhOo—ADUAL YL LT, I—RF/
Fa—TBRTOND P, Dekker HIXH—R T ) F2—7 % 250 nm DEBEIHE
BELEETH 7L Z A, HHED 110 kQ (BXZ 3X10'S cm?) &IEFIT/HEWN

SRRV EBMEREB LR Lz, EBEEEITIZEALRERFERR LN R T,
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HBIEDNA AV Raby 7HBBLDNA T/ VA YOEEH

7-1-3. BHFOA VR Y iR
THOFRY ZFLVURTEBREEORY) A Far T vy 7 A0 7 aa kL L
BEBABEERECF YA MTBZEICEVRAIMAE Ry b, N=h A ARTA
TREDBEEERTEAS Ry I NREI—UBREREINEZEEZRANWELTER
(& 7-2'), 722>TH DNA DNXF—=2 752 BE L7 DNA ECTAFALT U E=
U AJEE 2C18N+ LD Ty 7 RZEWTIINE 500 nm. & X 2-5 nm OHAH
BRANGATNRE—VRTEDLZENRRWESRE, ZOFAIEES > DNA iR

TOEFBENIZ OV T Conducting AFM 2 IV TREI STV S 19,

{CHzCH)-
Dilute Solution Evaporation ?
00
V‘ S S S Pattern b
H;:ng - Formation \c,,
a 2CqgN*2C4/PSS”

Shm
|

Regular Polymer Stripes on Mica /
Optical Micrograph

M. Shimomura et. al, Thin. Solid. Films., 854, 327 (1998)

B72 BHFOAVRACYINRZ—2OFH
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PTEDNA A Ay 7HBRBIDNA 7/ VA Y OMEH

AETII DNAEEESGEOF LWL LTAY R aty JHBRERY, xR
FZ4N0AED B I 7 0L XA TOMBEES> T—AROMIRT D DNA OETBEH)
RSN, L9 I/ nREEP T DNA OBEXHIMEEZRRDL 2 LBHFTE 5,
¥72. DNA Db RB AV XAty 7 BROER & & OBKREHEORIEITB Y 718
ERGFT /3 ZADBLED D b BKER,

7-1-4. DNA T/ 74 Y DOfER
—7 DNA % #EA CERL T 2 5I0OFE L LT Langmuir-Blodgett ¥1Z X 5 Bl

{2338 B, Langmuir-Blodgett ¥I3/KE HIZ/ER L 7By FRL BEEOEKR LIZ 1 &
TORBL., FEBHERLERTIHFETHD 9, BOoFERLVTOEEOH
HHRFARETHY . L2 bER - EEOCRMREZHFTERORHENTE S W2 L5 DNA
OEMFEIMICE L~ HETH D, LB RORFELIME L CHIBFBERKIESHV D
N5, ZOHFEIREEREZ KBRS FBICK L TRBEICE TSR ZLICLHE
NTEEE LIRS FETHD (K 7-3), DNA 2B LI2AKHE LI FA HREZ
K BICERT A L, BEMEEAICK VKA LI DNAIREESKREBR L, BE
BREIEIC L2 RBEICL > T DNA D&M L7z LB BEEZERITE 5 P, $R2bbLI0DKH
BIZ X > TH—F? DNA Z—FAICEm L, ZRANZ DNA BSEEEEL I
EREERTE B,

Z @ DNA DOE b % AV T DNA OBEFBEI L ASbENIE, BittaH
SEFBENG L L THATE 5 EMENH 5, DNA 47 FELRLET DNA % @Al
MEETER 2 nm ® DNA T/ VA VEERL, EREEEORELTDIILNHR

Eb-o L bEEMLRDNAZHAWEF 727 /0 do—Th5,
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BTEDNAAYV Ray ZHBBIUDNA 7/ VA ¥ OEEH

DNA-aligned Monolayer
(Langmuir-Blodgett Film)

| Single
| I Molecule

K 7-3. DNABALEALFENSD DNA T/ 74 Y O/EHR

7-2. EEBRAEE

7-2-1. DNARA /074 YOEREBR
ERBEZILEERFBFRZEREFRFO THARSEICTHREL TRV,
DNA I3 7K FH3¥ED DNA 30,0000p (7<), ThE@BEHLE L= DNA 5,000
bp . BEITHEW 60bp DERAY Tv— (BPUT 4 —FT 7 /n—) O3EKALH
W, DNA O3 TEOEBEWVZ L > THIBR NS — TBEVWAHDS 0 E ) RET LT,

ZOBIZIIIEE L C-4G-N* THE— L7z, £720EEH & LT C\y-4G-N"DIEAT Phy-N*,
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ETEDNA AV ZRaby 7HBEBIDNA F/ VA Y OHEEM

| C,-N*-3C1, 2C,N*-2C, # AW THRHEIC L MR T — OBVARH B0 E 5 KRGt
L7z, ZDOBRIZIX DNA i% DNA 5,000 bp THi— L7, DNA-FREBESEE2 7 uok
NAIH ) —VIBETREZEN L, 500~1000 mg /L DA by VBB ERE L,
IDLEFEN T —T L LT Acridine Orange % 10° M ORETIMZ /=, ZDA B
v VR EFNL T 10~1000mg /L DREOHEREZAEL, RS L IXEEHE
AREAR Ay L — b ETHRICMB L THERER LA AREIZV Y PT
8 pl ¥ AL, BEAARRIET, TOR~AIREMEHICEMBE THEL
HAIWZRA NG A T RE - B TEDIEHEIB LT,

HAISY — L OERICIE, 1) VU FAOREE, 2) RIREE, 3) BEAMER. 4)
B AR IEDIRE, 5) BNORBLEE, 6) VY VP TOER~DOHTE. 7)
EROFBEL VD LORXE DERBH DB, 5) ~7) OFHEEZ—EIZLT1) ~4)
DEGEEELI T, 5) ~7) OFMHFIL. 5 K[E 21~23 °C, BE 29~31%. 6) 8
UL T—E&. 7) EWRix~A b, L L, ZOFBTHERLIE~A I EDOR NS AT
RE— U ERNEMBEBE, AFM BEIZZOEEAVE,

RIS EE1IT BH-2-UMA (OLYMPUS #8) %A=, BEBEICITHEOL
Ta—TTHDT 7V VAV VEBRET DD B BEEAOT 4 Vv —2H
THENRBEEZRE Lz, AFM BB IR FEABEME (B a—BFHE) Z2HV,

Tapping Mode THIE L 7=,

7-2-2. Conducting AFM IZ & 2 EEE AlE
BEXIZEEORIFEIT Conducting AFM DEE (X 7-4) TIiT-o72, REZEEDFH
ZLUTIZR AR5, #HED Contact mode AFM DO F v FIZ&%E#AE L TERICL, Z

DF v TR TINVOMMBIZETT, bH)—FHOBRIIV IV ERTTHEI—X
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BTEDNA AV Raby JHIBREBLUDNA T/ VA Y OEEH

FEDIT 2, BEXHIA LT AFM OF v 7R EEY I D L BRI
N, ThEHMNETE R8340A (ADVANTEST #H) THRHL. ZOBEBREOKE

X% AFM OE X DFE#RE L TREHEBITIEZ S,

Dilute Solution  Evaporation

Pattern
Formation

Conductive materisis " neulator
(Polymer) (Subatrate)

B 7-4. Conducting AFM %8

7-2-3. DNAT/ 74 Vv DERLEBR

A LICESFEAERTA-DDORELE LT TAIARAEE 2C,-N-2C, #H
W, FAFIZAVS DNA X% B+H3% DNA (30,000 bp, &34 10 ym) % H
VN, %) 5 mg % TE buffer + 10mM NaClIZ¥E L T 02mg/ml DA~y 78K & LT,
TDRA LY ZEIEE 6X108M 2725 X 512 TE buffer THR L T200mL IZART v
ZFL. ZHIZENE T2 —7 YOYO-1 (Molecular Probes) % 1 dye / 10 DNA bp DFREE
B EHITMAT 6 BefIKE L7,
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BTEDNA AV Rty 7HIBREB L UDNA T/ VA Y OMEH

HOTROERIZAWS b T 7 OB EZR 7-5a (TR Lo, By FBROFRIZ
X773 aT7RET7 7 (B ZAFHEIRSR) 35 LT PRESSURE AMPRIFTER FSD-
22 (= REHFIAR), PC286 /X— Y F /L a s Ea—F (EPSON #:#) THIE L7~
FILM BALANCE CONTROLLER FSD-20 (%> =X #HHI#E) AW, FF7 70K
FEHEAIT 100 mmX 166 mm THY FFT7RKT v a7V T7RTRTTF 7y a—
F&EH T3, DNA OKEBEE T 7IZEE, 20 C TI0FIEERESETHLNE
H 2C,-N*-2C, D 95mg/10mL D7 v RV AWK 12uL Z B L., 5 3 FEEE oz
BEFOTHOENY T OMHE 0.1 mm / sec. TREES mN /m £TEM L, RBIE
HORBMOHESTHROREE T20 = 0.5 CDRETITo 7,

REIHABERICIRESR LIEBEDOR T A FH TR (25X3 cm) 2 Bz E
RibLO, BEEREICES ym O LIBERERE AV, ZORBERE EEHIC
MTCTFAMBIZAS A RAZ AE 1.5 cm, BARIZ 05 cm EEKE TIZRLTEEL
7o WMOFEOREEN SmN/miZ/ieo7z2& 2 AT 100 mm / min. DEETH T A %&
BEIE LT TUERRE L, BRELEESFERIITZANVIANT AV RT LD
SEEMHE— REAWTEMRL, REEEZ 5 = 02 mN/m (ZHERF Lz, K 7-5b 12
2C,-N*-2C, By THED n -A B Z R L7z, TAED Milli-Q KDBEIZH~R, TE X
v 77 —0& EFENEELZMZIER CEic o,

DNA ERLES FEEZRBELIEAT A RTFRADS LAY TRIO—KEY T
& L. Ar488nm (%) THHEL T 509 nm (§) DHLEZERMET 10X 100 fif THIE

L7,
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% 7 E DNA AV 2y 7 B8 I DNA T/ UA v DEEH

DNA-aligned Monolayer

50 +

Subphase Milli-Q Water
Subphase DNA 6 x 108 u{

Pressure (mN/m)
8

--------

o.,.l...l..‘l.. A
02 04 06 08 1 12 14 18

N NP

Area (nm2/ miecule)

X 7-5. (a) DNA FE{L B FEOESR & (b) 2C,,-N-2C, D T-A Hh#R

7.0.4. DNAT+/ 74 VYOEEEAE
BRI 5 um < UBEMEIC R L7 DNA BR{LES e — R BRER LT
. FHRIEEEC O M TEEZEM L TE OROSE B R LT
BRI 5 LD ET U RKT 5 AREE T 28EL 2 BT - CRRRR
5 CIRfE L CH X, FE% Digital Instruments #£5¢ Nanoscope Illa AFM TERELUH
GChB T L ERBALTHLAVE, WERESST, ¥y ErTE-FTAT,

F7-< U BRI RBERNCT 7 v 7 BIE LCERENEONZNT & bREB LIS
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BTIEDNAAV Ry 7HBRBIU'DNA +/ VA ¥ OEEMH

7-3. RBRLER

7-3-1. DNARA /074 YOEHER

1) Y7 LnES

DNA O£ & % 30,000, 5,000, 7V T 60bp LEX T & AT~ DTEHIZHE
BRLIA (K7-6), #RE LT, DNA 30,000bp / C\i-4G-N*DHDBR—F LR b
FATHTER, —F, BEOBWILSRFZ—OBRWIR LN 227z (K 7-7),
2) BHRBE

RIVAFrarF vy 7 AOMBRY =V #EDICEIBBLZFOERLE LT 10~
1000 mg /L DBWETH>EL WL ZEBDLNRoTVEIR Y, ARG TR TEHRE
HHEBENLOLHNITIZADDOTHRBEDOEBNTAE—VRTERVLDOLD
72, DNA-EEBEEDY 7N TiL, 50~100 mg /L DBEDRIZT 5 £ ”%
—VBRTE, TREVBENETAUBRERICRY, BTEDETA T4 D
RICE DI PNBEL, BIREFO L D RRXF— 22> TLEDS ZLdbh
27z (K 7-8),
3) AEARRL

BT — BB ICIZa L Uy 7 ABRBRIZILKBEITTWD Z E B KATR:
DT, BFIZK Wb DX 2 BT TEL @M LTz, DNA-SREBEEEKRDOY T id,
TANLEFYRAPTHEOICANTS kb | =& /)= =4/1 (VW)
DGR, Jeakvhs | =& /) —/L =100/0,96/4, 80/20,50/50,25/75,
16 / 84 (viv) R L7z, EDLAEWSH 50 /50 DL EIT) EMBNRF—U B TE
e THEV B 7B BRNVARENE, BELSBITHRRERRIEHDIZT A B

HEVREETICPLEHTERL 2o TEORONERKIZ 2o T, Wi ) —0
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HTEDNA AV 2y ZHBREB L DNA ./ UA Y O#EN

(a)

(c)

100um —

7-6. DNAREEZZELENDAVRIAL Y I R —VDEL, JEEIE C,-4G-N'
[=#— L 7. (a)DNA 30,000 bp, (b)DNA 5,000 bp, (c)7 ! = 60 bp,
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HBTEDNA AV 2ty 7B LTRDNA ./ VA Y OEEH

BENE T A VITHBHE TE DM, ELRIT isolate SN bDIIPRL . FID
FAVEDRIIRYy NT—27 2R LT LE SEANH - 7=,
4) BEESELSEZR

WHEZZALSED DR RL —FREITER A N —HBDOKy F 27—
Y01 CHALTEEaY br—LTEB) LTS WEREMALTIT-7, B
BEIL 40 °C ~100 °C OHFEFHT 10 °C A THRMZ S LTz, 40 °C BREE TIHIAEA
ALY D OPEL THLIICBEEL TTA VIETERD 25, 60 C ~80 °C DR

TTIAVBTERTWVWI RO DT, 60 °C 2EBEEMEL LT,

100um —

77 BRHEHEEALEOMB/IZ—2 DR, DNA (FLVFh$ DNA 5,000 bp I=
#— L7 (a) C,o-4G-N, (b) Phy-N*, (c) C,s-N*-3C,, (d) 2C,,-N*-2C,
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FTEDNA A ZRaEy 7HBRBIDNA F/ VA YOEEMY

100um=L—

7-8. BHRBENBNEZTODNREI—

5) DNATA 2 074 ¥D AFM &R

C,-4G-N*/DNA 30,000 bp ZFHWVTH ot b9 ELMBR AT — B TEZHD (K
7-6) %. AFM (Tapping mode) TEE L (K79, Zh kv, FERESH 13uym T
—AEDOKEIN 1~2 ym DT B TETNBZ LBbnd, DNA-BEE%E%ﬁi@E
BRIIXBEERITORBER,S 4nm THEZENDLIDTF A VIiT—AD DNA-IEEHB
A TIEA < DNABREHEA AP KRERAFIRDO FAAL 2R LTI A HHIZE
ETOLRTVWAIRETH S, 71 RITR->TIEWDRE, BEZDRB>TWH
5D TRV, 5ERIT isolate INTIEBLT, AFICbaryFLy 7 AnH5 L

WHZENRDLND,

178



BTEDNA AV Ay ZHIBB L U'DNA 7/ VA Y OEEH

Dilute Solution Evaporation
] S S S Pattern
m Homng “Sll. Formation *4{1~2 um
[Complex] = 60mgA, From CHCI3/EtOH
= 50/50 (Vol / Vol), Temp = 60°C 30 pm
-20
3
179 ~10
124
89
45
° L 0
Fluorescent Microscopy 30 pm

(stained with Acridine Orange)

B 7-9. MBRNZ—DAFME (B0 pmXx30um) 2y EVTE— R, BRH

7-3-2. Conducting AFM 2 &k 2 BEEAIE

[X] 7-10 iZ Conducting AFM DR %73, X 7-10a Tix Topography (& Z1F#)
#RLTEY, BHED Contact mode AFM 8., bbb ¥ 7L REDOMMOFH
PFRLTNS, 7-10b Z{X Conducting AFM THONWIZCEEDOBETRL -,
7-10b TIiXE 7-10a TFA U BRADETAPRABZLRoTWD, T2bLH IO
MEHEENBNT, BROME L TUIERICKRE RERRN T, ZOFRICIEE
BMERHo, LOrLEERELTEIZ, 74 08K< T Topography 251 - &
WR2DLZATIIBRESKETECHBELHALS RoTLEY, a2 7R}
BEN2hoT, B, HIZERMEIZa TR IBENDIERIET A o 03#<
T Topography B R.2 2o fe, THODRERILXT A L USNDE Z AT TV

o 7 APRIRNE D2 isolate SNTEARNTFA TN TERDPSTZZEITH B,
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PBTEDNAA/ Ay 7HIBREB L UDNA T/ VA ¥ OEEH

99.1
79.3
59.5
39.6
19.8

0 -0
nm L ¥ 1

v I T T 1
0 10 20 30 pm 0 10 20 30 pm

AFM Image Conducting AFM Image

5 7-10. C,,-4G-N*/30,000 bp & Conducting AFM 1 A —3 . (a) AFM A A — (%
& 1&H) , (b) Conducting AFM «( A —2 (EFE)

7-3-3. DNAT+/ 74 vYOEER
HOENLHEREAPIZANLTIEE, 2C,-N*-2C, DHy TEL BERHEE TRHE
Liz & ZICRIBCEIE i bh 5 DNA OBERK 7-11 (27, (EEKE Tid DNA
RERE->TEBOLTEEIRICR>TVWD (B 7-11a), KiEHH 0.5 cm IEFETHRD
LEENRHEL 22> T DNA BN TNE Z &35 (K 7-11b), KEHH 1.5 cm
1E £ T C DNA BEVEIL THOE - TEIR L TW A ERFAR LR (K 7-110), Z
NEREOBIES SOMIZEFRICRE L. & 572 30,000 bp D DNA DR E %2

ARNZSAELTH 7-12 ICE L BT, DNA HEOEHMEIX 73 ym &80, PHL
TWIEIE 10 pm (2 —8& L 7=,
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BTEDNA A/ Rat’y 7HBB L U'DNA F/ VA ¥ OREH:

(a)

1Um
(b)

1zm
(c)

10 ym

B7-11. RMEORHER, 10X100 45. (a) —(FKEERT. (b) KEH>TF 0.5¢m,
(c) KEMHTF 1.5cm
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HTEDNA AV Ry 7HBRBLUDNA T/ VA ¥ OEEH

Fluorecence Image

10 pm DNA (30,000 bp)

]
-
c
=]
o
(3]
\
o
Q
=
o
%
W

5 10 15 20
DNA Length / ym

K7-12. REEORNEERL DNAEHEOELA NS A

7-3-4. DNAF+/ 74 YOEEEAIE
EHIZ DNA 2 BT A8NC. 37 LAV TOBRD 75y &, BRI LH

i, B 7-13 ICEBOFRE AFMBER LT, X 7-13b IKREDOR, B 7-14c 12
EXHFHOB#RER L, RESNEZEXIIETT7T Y R THY, T UNEES
3% ZEE VS EEREGEORBERW b o, £OEIIEH 0.1 pm £V DH T
EbRENDTZ,DNA30,000bp T 1 BT TRBELZ10umH D Z & 26 &DORIFEA 5 pm,

EOEIB01uym TH 1 3 FTHELTEDLEXLND,
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FETEDNA A/ Ravy 7HBEB LI DNA F/ VA Y OMEY

(@)

65 Pairs

10 um
> | i
II—I.I—I-T—I- 0.1 um
> |«
5um

(b)

Cursor Narker Speatrum Zaow Center Line

Offset Clasar

(c)

[ITHL I T S

e
Cursor; fixed Zoow: 2il Cen line: Off oOffset: Off

& 7-13. (a) BEERS uym O LEBBOEH, (b) AFM &, (c) B AMOKERN
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FETEDNA A A2y 7HIBBLDNA T/ VA Y DiMEEH

Bl L 7= DNA 7/ U A ¥ % REEEL L72< LIEEBIZETRZ N L ZBEOMR
EERORMEMEZK 7-14 12, BEEXZRLSEEOER 2 v b (LV iR %
7-15 R Ui, ®7-14 £V, 001 V OBEEMTELZ 16 nA, 0.1 V OEEL
MTELE 50 nA ODFERISEBRBBON, BEEZREHMTS LIEEBK
XA, TIUILHBLTH /A XLVRERLRATHE L NLERARE
FETHD, K 7-15 L0, BEIHL USEERIT - EORKERTIE, ER2ICH
MR A— I v 7 REBEEIIRLT, BLEXLS VIEMRE L OI—TIZRD
BIEICH L TEHRIERAR S5 Z & lbhrotz,

BEODO EEMHR EIZR o7 DNA B FBERIZE > TUTWRWVWOT, 20 LVEiRD
BEEPOERICEHEELZHNTIZLETERVE, BBLZORBELVEZTH L,
7-11 (c) DEIXBFEFIH S DNA S FEEZ D &, 100 pm? DEFEOHIT 111 &
DDNAGZFHHY . 5D 74 XNERBERO Sum U ELOR SITHBTTWE, < LI
BAED 5 um OEBMBRHE OEE TILZ OOz DNA 3 FiL 925 AL REbN S, 2L
M5 THDHA. DNA G FEHEMICER 20m OV ¥ EE 22 &, WA, £
TOEBEE (65 KD LX2-1=129 ) #&Fx5 L,

A=(1X10"fem?] X & X925X129 = 3.75X10™ [cm?]

&b, KoTENEKCIL,

C=d/A=1.33 X 10°[cm]

EBETE L, ZOENVERERL2TEROBEERHRICHAV V., B 7-15 O LV R
DEMRE (EEERK) OEE IVEFAER ZREL, ZODNAT/ VA YDE
HEY,

p=d/A(1/R)=C/R=0.76 [S cm’']

LRELE,
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FTEDNA AV Ay JHBREB X DNA T/ U A ¥ O¥EEH

Current/nA

001V

Blank

0 20 40 60 80 100
Time/s

B714. DNAT/ DAY RBELEEBOEREEICHTIREEROKRBEL

2000 S T 1

1500 |-

Conductivity
=0.76 S cm-

1000

g

Current/ nA
g o

-1000

-1500 |-

-2000 1 1 i 1 1 1
20 15 10 05 0 05 10 15 2

Voltage/V

B 7-15. DNA+/ 74 vOEHAMY (/-VEhER)
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HETEDNA AV ROty 7B L UDNA F/ U A ¥ O#EEMH

ERFMNRRD 2D TITHBE TE 20D, K CHZEHE 0.76 Scm (107
Scm'A—#—) TH D LI HRIL. DNA BT L~ TRIE S 7z Fink <° Dekker
SOEBRBE (£7-17?) LE~NTOLRYURETHD,

DNA F/ UA ¥id—A&—FML L7~ DNA DHE—FCEROLETHELL T
5LV) RTHORELFELY b, BRFEo72, LV BE— DNA S FORIEIZEWE
EZ2bhb, DNA 7/ UA ¥ T, SOLEMESRE (K 7-11, 12) TEERSZ L
BTE, EWEIZIIN 100 KO DNABH D L AL > TEEESL 10" S cm' L HHY
L7,

Dekker X° Fink MDFEBFR TiX DNA 2 —AK—AMZL TE O T FKiZ4 -7 DNA
DTHRERBETUA ¥IZR-TEBY, DNA OFEFERBELHZENTERY, bx
THRXICH DT A ¥ DOKRKIH HHER L Dekker D FER Tid 10 4, Fink DB Tid 1000
AORTHHERELTHELD LV HENLEHELREL DL, BEERIZLE
10" Scm', 10°S em! EEHTE 72, (- TAHEHIORR O ED TWTHH DNA D
BEEIIZIEFRE T, 10'Sem'~10°Scm’ £ EZE 2 b D,

FE 3 ETHEXXYA NI ANVLOBHEFEIZONTHEERT S L, £TEER
STDIEREZRD &, AR THW =L LIEEME & Dekker X° Fink DHU/NEM & 1T K &
KERL, KLEBERIT 65 O LBHEITD/ONDIEBMESRKESEEBINT
BHEND, EDOTORPIED IV BB TIEII VT o RXRT ~<A4 707 o XT7DOK
ERBEBRMEEBL LN TER, L)L DNAERRLT 4V ADRTOEEEIL 10°S
em! EZNHDPTIEIHRL/NDEV, FYA T A NVLATEHGENT A VLZFFIZ
W72 5 ym O LIBEBBIZ 7 A VAEEFLTHEL TERY ., BBL OFEfS K&
BRBETHD, 10°Sem' EWHEHEEIT, DO LEL LOMIZERIZT AV LH

BIZAVRATHD EREL TEH LY, ERIZIZELRICT A VABADAAT
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BTEDNA AV XAy 7 MI8E LU DNA U4 Y OB

NN END, REOBEEITE HIC—H2 5 “HAE< 20 . DNA F A
Y TRONI-EEES Dekker, Fink > DERR & RREICAS L Z 2 bihd,

R7-1. DNAOBEED L&

Magnification of DNA /Fiectrode Conductivity
Method Electrode / Area I-VCurve = /o 1
< 0" < 2
10 um (DNA 30,000 bp) 5 3
& 2 E o — -
— g gy 1940%me FiLTT] t0e
— | _2 i i
$ NA Nanowire 5 um 2ol 2
0
10 um (DNA 30,000 bp) 10 < 10
LAy Thick 16/0 nm2 & s
it 2 E o
Cast and Stretched Film 5 _1'3 ! , 10-3
Y. Okahata, etal., J. Am. Chem. Soc., 21012
120, 6165 (1998) Voltage / v
10 nm (dG){dC) 30 bp <
(i T T g 1_ 1
e o
| o ("%0 nm2) 54/ | (10-1)
(dG)-(dC) 30 bp fiber it i 4 0 4
C. Dekker, etal., Nature, 403, 635 (2000) 8 nm Voltage/ vV
16 um (A DNA) 0
3/ 3 E 0
Prrean(1940°nm2) L2l 71| (100)
-40-20 0 20 40
Voitage/mV

H-W. Fink, etal., Nature, 398, 407 (1999) 0.6 ym
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BITEDNA AV ALy 7HIBBL O DNA T/ VA YOREH

7-4. ¥R

DNA-IEEEEREHAWTA Y Rty i F—BLT DNA 7/ V1 ¥%
TERIL 72,

DNA-TEEBAREZERAWTAY 2 ay JBR Y — U 2 ENBEMECBE L2 L
Z5 DNA ORSIZL > T DNASREREESEKROMB N F — 3R Y DNA RV
HLOIEERLS TRWIA V2272, ARM IZ L 5B TIT Z OM#R/ ¥ — L IXDNA-
FEEBEENHTRO FAL L L RoTREZEIETONEBBEIIR>TVD I L
Bhofz, Conducting AFM ZHANWT I OB Y —  OBEEEEZRASL A
+ohBEENRR LN, LBL—ARDT A UBERIT isolate ShTELT, EH
BE DMHE DA DV TR TE o 1z,

DNA A ¥ %{EDH 5 —20OFhE L THy TRICEE ST TH & LiF 3 Hik%
AW, ZOFETHER L DNA 7/ VA i —A&K—AMIL L 72 DNA 53T % B
WNFEMBEHE TS LRI LTz, ZODNA T/ UL Y& L LEBERICEEL T
BEHRICEABEEEZRE L, AEEBOBRENLE X TH TR KE RBERMEH
Boh, HABEOKEND DNA OFEL AL > TEHEOMMEL A L2 L
A IRETIZHEENTVWS DNA DU A YOBEE L ik L CRYRENED
y 4 ral

7-16 IR L2 L 912, TN ET DNASREESKIIER P CRERIEEZ L
IBIERF YA DT ANAEVD B THEMLE B > T& /2 3%, KETiL DNA-
TEEBEAEEMELE LTSHT A ETDNA DDAV Ay 7 /i#kE DNA T
JIAFXLENIHF LY 2 DOBBEFRTELRATAEETH D, ELERICZ

LOEINBHOREEL LI LA b, BRoFHESTTT A ZADOBRNPO LR
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HTEDNA AV Aty 7HIBRBLUDNA T/ U4 ¥ OEEH

BRIEVY, 5813 &L W EDEWFIEIZ L > T DNA By FORERRDOENLTES I,
DNA MR EZER+ 5 TR, ERELRETLIIRASBERL, ¥ 7 fu=
7 ZADkELE LT DNA BV LRD ATREMICHIFF L7V, DNA BHROBES T’
THEICRNWIE, —HEOBAHDEIIBREN RS, LW oAy FE2EZXD
L. MElE LTosARtaich s L BEbhg,

In Organic Solution— Mesoscopic Pattern Film DNA-aligned Monolayer
a \ ((Langmuir-Blodgett Film)\

! K <—Gold
L

Silver paste ¥ Molscul
ver pas ule
12 pm DNA
H Heating S S
- Wl
Dilute Solution Evaporation

DNA / Lipid Compiex Flim
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BEE fim

S

BEE &

DNA DBIEICER L THD EHEBICHBN RS FERRTIENTE, HARLH
CHE L LTTIRZRL, MBE LTUSHTE 3 MRENSH 5, ABFSETCIL DNA %
EEOBBEMAM L LTSAT 5 Z L RE L 7=, DNA Z#EHE 51285 7- > T DNA
DY VBRT =F A F A MR E 2 HEICHELER S DNA-IEEE &% 1ER
L7. A3k DNA kM2 DNA-IEEESEIIKICETFIcsaadiL oz o
BUKRI A BB LR X AT ANVLELTHRELE, ZOF % R b
7 A Vv AEFHEM LT DNA 2 —FMICEM{LT& 72, 20 DNA BH{LT 4 L LD
LUWEIE & it 370 L. SRR 2 R L 72,

DNA-IREBEEIT. AR OIEMBE LTHERI Z 8LV DNA #F ¥ X+ 7
ANVLEN) FIZHTHRE SOMEE LTHRS Z L 2FEEIZ L, DNA Z—HAIZ
WRB7-D DD TENEMEDOFELENZD, LR TAFEITIFICHETEK

XZIDOMEE L TDNA DEBMZR 721X U D TOHITH B,

M55 2 B TiX. DNA OHREMEHLE XS 72 »IZ DNA-IFEEAEDF v 2 7
ANVBEERL, TORNMEEIC OV TN L, HE0RE%FEME L -, DNA Bl
L7 4V 5O X BEEMATIC LV DNA ${B M E . ~FH I F Ay s
LTWE 2 Enohofe, 722D DNA BWHLT 4 Vv ADHFHREITEOR Y
=T ANLERETHDEZ L bbhrotz,

%% 3 ] TiX. DNA BERL7 A AV AOBEFEZRIE L, BEMA V=X L2

¥rLl7z, 10 ym @ DNA 53 FHTiX 10°S cm! DEFEHEHEE), O FRBITIL 10°S cm’!
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E8E Kwm

DA A AREEBERT L BT

M4 4 %) TiL. DNA BA{LT 4V AOBREORBKFHEEZRIL. 7] BRF L B
o 7e M B B4R L 7o, BRI HIRA S 60 °C £T10°S cm’ D—EDEF=EDE
B2 {575, 59 90 °C T DNA DOELAIZR7H TV 57 DNA N TH#RAB IS 2D 10°
S em IAEF Lin, = OWHSUAAR I T, 140 °C 55 % THET 2 & DNA SO
MR LD S -DICEORREZAP LT HEEERRE bR ok, £O%K 160 C
S TIE T 4 L A HD DNA 1258 L7z, —HIERMTOETERIL-50 C UFT—
Ko 1 7 AETFL. BOUREEZ BF THRICEL RV LD ZEBbhro7,

(g5 58| L. RNA ZJE& LT DNA T2 L. DNA Bk £ /L AD
WEMY TD 2L ERA, £72 RNA ZHFHET 5720 RNA-IEEEEET 1V
AOVERL L Sl 21T 570 RNA 7 4 /L A1 DNA 7 /b -b L AROMBE L PR
B o T\ ehS, RNA DREGICE>T DNA et 7 A VLD BBERL FRSED
ZiixTERPoL,

'8 6 &) Tit. DNA BIA{LT 4 VAT UHFEE K- 7§52 TDNA S
FRID 10°S cm” OEEE S 10°S em FTEAIEDH T LB TEL, 1L DNA o
FHTOEBEICHY L, 3 7HEICE>TDNA FFHA RPN TKRE REREY
Rz EeRbhol,

(g5 7 &) TIX, HF L UL TO DNA OHEEHICOVTHERT S, DNA A
SRy 7N LU DNA T/ U A Y2 ER UEEMELFEL .. XS 1-2 pm
D DNA AV AaE s 7MBEERL. ZOMBRICKR > TEEMIHD Z LB
Conducting AFM 260> 7, DNA PEAFECERE ST & LT3 HEICLY
e U7 DNA F/ U A ¥ & —A—AM LR IE CHOLBRMSHBRR T 5 2 & (RN
L. ZODNAF/ UA ¥&< UEBBICEE L CEHELHRE LT
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PED XS, B TIIARLRGITMELE LTH Y ZEN#E LV DNA 2 FI2FF
THREZIOMEIE LTS Z & ZFEEIZ L. DNA Z—HFHANZE R S 4 5D THE
Ni-FEEZEITER, SVEZIIE., FICFHTA REIOMEIE LT DNA OEE

tE BRI LD TORFERRRETH D, ELHTLLOIZBRRESICBD

ThH. DNA 2 EBEMOH HBEMEME L LTUSAT 57200 iz B 22 o7z,

L#>L DNA &MEHEFE L L CRT B 7obIcit s b7 5 WEIEOR LA SET
Hd, TOEDITIE (@) ZA4NVAIZ K=" e, (b) DNA o FHEZEEN
MEFTo2 <KL, (o) DNA 3 FZEDLDDEFIRBELERXD, O 3 DOFHEHR
EZbh5, (a) ODFEELTIVRAFT U E2H0 LD FRICKHHD DNA
AT DHF A bOFERD. WHEE D F 4 HIEE T DNA 7 4 LA EERT S
HEREZLND (K 8-1a), (b) OFEE L TUEIHVEEREZ/FOI—KR T/
Fa2—T7% DNA 7 4V AIZIRA LT DNA D FZRBCEX 2 MESERH D (K 8-
1b), (c) DHEL LTIV Fy 7 RO EARKSF% DNA FREMIZA v F—HL—
hEE, HEEOICEBLECEMEZ 2 be— LT3 FERE2LNRD (K 8-1¢),

F AR TIXZ DNA 7 4V ADMEHEZ T TR AY X2y 7 /MBS DNA
e LBy FIRE WO BRI RBEERIL . KV AWM RO IREE 2R3 2 &
BTE, SDICHRMETEEL LT, BRI KD 7 4 V ARBOBMEL A5
Zbhb, B4 FORYEFMOE. iR T/ DNA-IREBES RS BERT 5 Z L a8
bhrote, LEPoTHREEZFES ¥ X M7 4 VA TR, BERT VA
MR TELTHA), FFERETERTIZ LY —F vy 7K
2% VREE S D, Native DNA ZAKBEETHPO I A4 F ha 'y JIRBIZRDD,
DNA-JEER G CIIIRER O OMEL B Y ISR TE 20T, Bz AVTICES
FOY—F bty 7HEZEY HEDTEERHD (X 8-2),
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10 um (DNA 30,000 bp)
j[e—> " e‘
2000000 £ 200000
A-OQ,QOOO- 99"090003—)
mmrm r'_1

€ 300 um >

= 5#? - xmmmms—ﬁﬁéggxgy-
— :ﬁ 79 > [] XXX —p] €

8-1. DNABRIE 7 4 LLOEEBY R LEDEE.
(@) FURESTFRICEOXEREE 2AV5HiL, () 4—KRF /) Fa2—7 T DNA 57 F
2B 55, () VRy 7 AR TDNA DETREEZ 2 ha—L3 575k

A TIIAROEE L IZRZZ[AN ARG FTORELZ L L2506l L
T DNA Z# o722, DNA RO FHICH Z D& 5 R[> OH/Z 2EER T I
L EMHBIITTH D, EEESTOEERRABESCHEEILZ OAKROEE O
iz, %< OWERLEHNFIEICL > T EHEL EEIBO LN TS, 20
X O REZTATOAGRED FITIE R WARE S FOBESCEEEL Material & LT
ST OMANESRETETRET D L2 MRHT D,
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Thermotropic liquid crystals
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LTWEREEX L. HUE TRPZ LM RBSIAERIS, REUEHE 2o s
FRIEMELICOL BBV ELET,
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