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DENVT, 30 FLURICHBETE B ED» 0 TELO7Y,
tEARUEXITH-»TH, EHEMARR IAEEDEND
THHETE 2192 &h5, X _AK# DNA THIIEKTIE
EdEcobok, H1% ORESDOEVTOMT S
EWTEARDIENREINATVS. Lrb, ZC
BUERBEMAEL CE Y AT AbHHINB LHIKK
0, FERICHAND EEBDICESICCE 2FHTE 5
BIENSENODH S,

AR TR, FEHSPBRET> C&/12—AK# DNA O
B R 2 HPuiT, HERAY/N S 72 DNA WA (—&/
/% EHE DNA) OFHERTZDISHIZ DO THEET
4. CE B35 DNA ORS8O M 7z JHHY 2
FUVEXEITY-DOBEKNLIEDFY, $50iE CE
RFIAL DNA Y=o v =171 TidEh
noOX#E BRIz,
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* Ry vy (B)BECED: 102 ERETRHRX=
*HT 6
BB BRI by - To4oF Vv (BRIA4 L/
HARRA M) =Y AT A RXHER. 107 HEHEX
#RI 8-5-34
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AR T3, HERIE L DNA Bl o

9 ¥y V7Y —BEUKBIEE

FrE¥T ) —BRKPEB L, XFEBORE
10~200 um 2, £ & 20~100cm EEDER > ) A
EOME (FrE¥I)—) ZHOTCERKEZITI LD
DB T, FOHEAMEIEL Fig. 1 WRTEBY, ¥y
Eau—&%%ﬁ&kn%Uﬁ—ﬂ—,%E%ﬁ%E
GREESEF 30kV S ThIHNBbO%FEM),
,ﬁﬁ7Aﬁm%@bﬁﬂéthé.ﬁumﬁkﬁﬁ
banEE 1, SEHEOIzoD/ =Y Fvave
21— Y EfEA, ¥y T —BERKEEEOHIE L0
T =R ETITRAS DD 5.

ZOEIITF Y YT ) -BREKBERER, ROV —
VESKEBIER A 20 K20, poEMiEEE
LB o>TNAHN, ZOREABEIIA V-4 7 LBRHEGE
F— IR CEBHEO Iz HD/ =Y F T —
7 BRI, €U ThMROBMEEIRONTNS S
LEBRDIE, BCEEBLILTWAEWV-STE.

WEED CE T, FYYI3Y-—REKIYT7INVT
INSNVEORBERTHLT L nL, BEXFYETS
Y —RICERKZFEAL, BREBROTFE T TalbUK
SOSEENIThbhS, D EHIT CE THXERBRER
€§£?éummf&< HICBERRER 2 EERNIC S
BRI 9 %5 EKC (electro-kinetic chromatography)'®
EVH SRR LRI N, BREZFLLVERERS b
REEER & OBRMMEICESWTHBT S &M TED
EAWE ot TOEHICCE BT, hEF v
E?U—%ﬁ%?él&ﬁﬁowk%@ﬁﬁt&ofﬁ

, BBRILEMONEED 55 VIS BONEEE TIALF)
%éntmé L2 U DNA BeEHE DD EEIC BN T
i, PEFXF Y5 ) —& EKC DMl A& D W IEEREN
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Fig. 1 Schematic diagram of capillary elec-

trophoresis instrument

System is composed of two electrolyte reservoirs con-
nected by a capillary (20~100 pm i.d., 20~100 cm
long), a 30kV power supply and an on-column
detector. In most cases, a personal computer is
used for both system control and data acquisition/
handling purposes.

MEOHBEIVEBROTIEEAEFHINTE ST,
LoELTIWVETAIATOF T =B,
V=7 R — %ML EREBEREDSHO SR
T35,

CE TIBEHK ol OB ZHONTHINZITS. -
THEBEIDE, BRELEBEZFYET ) —KBICEA
THIHOTANEREE, HERSIERE, 5044
7 A4 v DRBIZES VL OFOWEN) 2 EEHEARE
DWIFhh L, EREKBN2EREARBD —>HHE
SNTWVB. Zh s ORTYHNERHEAEIZERH D
BREOEELS T VEVIBE»HY, hEF v
Yo —%HT5ERICIIEWTH S, DNA 5
WERHINDTVETAFYETY —iZIE, Y VERKIE
UCLES>OTHERTAIERITERZN. FAETAF
Y ¥ 7 —OHEITE, BRKEREREA L LGRS
LNENHB. U LIDOHFEIZE, BEEOEVWEY
EEFEICEALTCLE D EVSEN>xE LS.
WIEBREOEWERNOEASITIIED # 2 BIREICE A
U, HHOBEBR S B2 BAT B ENTE R > 12
EWVWHZELHUVIBZDOTCHEESMETH 5.

CE T, BENMETERT IR EORBLBEL%
frE, Fv T — FEOREBITEOIRSICK S itz
ShTWVA. BEEFTIKHEIh O ABRHAEELT
3, A/ MRBNRRE, AR b5 AKE, #HLR
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H, SO, e, BEREEERE, BRI
¥R, 79474V M- TREENBES NS, Ch
LD THROEEICEELEFEINLTVLEIHDELT
13, FEU TR/ T RIRER HER IR 5 h,
—EROBPIZ T A F = FT LA BB, T L—F4
VI —BFRUIART b5 ABIENSTIRER DD
RonsBETHS. BETWEA TyaryElLTlL—
W -FHEHICRHEE (LIF) 22 28HEb kS ik
Cotz., TOYATALATIE, TVIVvL—H—%{FH
U, 488nm CTEMBREZMIET A EIL0, HHKT
NIV U 7z DNA % S85NBIURE HE 88 12 HE <49 400 £ D RR
ETRETEZ5ZEPREINTNSED,
BRATRINTOAEBDOEREALE, BA SO
TwAzua7utyH—2HEEL, BHEAL»S, BER
KE), KBROX YT ) - EHBNICITZS LD
IZE->TWA, B, A—tH Y 7I—%FHL,
FlIEH S~V Fvava—-siItlErr ¥ > DREK
B, HBHTREZEEELERCETT S LT,
MABEEEAAREICLIIBDBRING, BiRD LS
IZ, BB OB RFIF U TEKEId 5 BICIAADBSEE &
WAKD. X, BEAEDKBINET— 5y #/5—V+
VWAV E21—-F IRV AR, ERROBHSTE S,
100 7 CHEY—7 2RHU, BET 5 DIZIEERD
T—WDiAS (20Hz FBE) LAV F—Fv—FH—
L5 BHGHBIEREZ AL LOPFELVTH A
.
DNADSEEIZBE L T A FS B0 EAFAL LS
EOVHARMDPLTNVTHTAIL TOFYETY—HBH0
EARY 7 —BRPFATHERINTVS, BETIRI N
RTAFYET) - EBREDOLONHIRE N, &5
IZDNA ZRBELIZH A AREEPTEBHLDITE-T
X, 5O WVHERRICBEL T, X —h—&ik»
LHBITINTOVBT VAN, ViR A—Y 3 VELBIR
Ntz

3 ') I DNA O5H

4 ) I DNA O45 8L, Karger 5D 7 V— 72 kD
1988 FITWHEPD Tk, KUT7INVT I R¥F L
ERTCALLFYES Y —2BOTiITbhTx. 7
RTCAFYETYY —%EHT L, BEEEE O Y
TDNA % | BEOEXDEVTHETX 3979, |,
PLINSOERIZHOO N ZRRNIIEE A EDEESK
ERYY T —TH-o7z.

Guttman 5 & p(dA)o, p(dC)yg, p(dT)y £V 5 3
HROKAER) v —2FBE L, K8y 7 7 —D pH
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OB T HEERFN, ThZNOKRERY v -
B>t BABHEEZ/E O 2R LLIT L.
¥, Weinberger 5 (& p(dA)s~e0, P(dC)i5~2024~36
p(dT) p~0s ZBEABE L, ThEhOEHEICBL, #HE
LREBRBOEEZ KD, KO LI IZERLL 2.

t’(A,)=0.316n+14.70
¢(C,)=0.290n+14.13
¢’(T,)=0.327n+13.97

p(dA),, :
p(dC)n :
p(dT)n :

BU (X, EXEREHroMAFERY < —D
BERHTH 5.

Z N 5 Guttman 5, KU Weinberger 512 & 545 R
W, NTUYZTALA) T DNA THERIET Ti5<
EEHERSBHEICEELZS X TVWAIEERBLUED
D&% -tz Guttman Hi, ™~NFaIy=7An4+Y) T
DNA OBEICET 2R (BEBEOHE) BT h i
MY 5 RERHOFER) v —OBHKHOFSS %R L
BORIZLDTHBH) EIREL, NTOIZT RALEAY
T DNA ORBFREZHET 5HEAZ2RIBL L. ¥
5D 5 p(dA)ig~is, p(dC)ig—~1s, p(dG)ip~1s p(dT)
1o~1s DB ZKEITH2&I2L0D, FhEADKRENR
V=il s #HEEBBREOBEFRRE LT, fixE
RO D%ET.

p(dA),: ¢'(A,)=0.0161240.7979
p(dC),: ¢'(C,)=0.01822+0.7961
p(dG),: t'(G,)=0.0071z +0.9590
p(dT),: ¢'(T,)=0.0205z +0.9023

BIZZOFERP S, NTOIJ T AixA) T DNA D
BERH ¢ (AG,TC,) BUTo ko> ic526n5E L
7z,

BU a, gt cidAt) T DNA 28T 2 Z N ZhDf
HOH, nidit) T DNA OHEETH 5.

Guttman H FERBDOATF T Y =7 R/zA ) T DNA
W OHRRZEAL, HRHESEAMEORED 0.1%
EVIFERIZ LB R AT

U LZOFEZHAEDA ) I DNA OSHTICRIAT
BEBEITIE, —DOKE sHNAOERESHSH. TIVFRT
AFYESY—ZHNTAY I DNA 25T 5545,
WENOEB IO ol oBERHsY 7 LTl E

EBE: ¥+ 7)) —BRIKENC &% DNA OO 733

Migration time/min

19

174

15+—rr—T+—7T""T T rrrr—r—r—-r—
1

Injection number

Fig. 2 Migration time shift during the first 20 suc-
cessive runs'®

A newly prepared eCAP gel UIOOP capillary was
subjected to the continuous separation of hetero-
geneous oligo DNA standard. Samples and ex-
perimental conditions were the same as in Fig. 3.
Even after 100 injections, no serious reduction in re-
solution was observed.

DBEEINTWVWS (Fig. 2). ZOROHEBIZKRERY
v —ZkEIL, HEE L OHEE BB OBIRRE
EROEX L TIEELEV, 4 EOBERIIHLENE
NEEOEXDRLHFER) v —2HEL, HEDHK
BEiTV, BICT—Sie 5 E2E256L, RS
V- REABTARBLID LN, (EEDEN
KIBIETLTUES12A 5.
FITEEHIE, 21~6lmer DAY V¥ — Nz KEH
(FEFRIICIE 6 ) AL, 38 DNA &HcESK
L, Z2O/ERESNIBRIAERE AT ADR/N_3FE
BRI S) BHOTEBITL TAlz. IRITZE DRI
DNTHFHT 5.

3:1 HIADBNZREIC & 3 BEEHEOEH
AR Guttman 5292, K ¥ Weinberger 5212 & %
BR» b6, NEEHDOSDTHI /2% (Fig. 3, Table 1)
T 3% 20mer & 2lmer, 29mer & 30mer M U 31mer,
40mer & 4lmer, 50mer & 5lmer & W95 K 5 IZ Imer
FTORXDESD A Y T DNA OBERRIOZEICK X 5E
WisBoNhbZEnpn, NTUY T AEF ") T DNA
OFBFRHEIEA Y T DNA ORSIIRFET AT TR
<, ThzHBRYHIEEHAKZ bR 5 EHEL, K
DI TREIRT & 5 ERFE U /2.

al[A] +¢[G] +¢[T] +¢[C] +k=M, (1)
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Table 1 Heterogeneous oligo DNA standards used for the experiments shown in Figs. 2 and 3.

Oligomer Sequence

20mer | 5-AAGAAAGCAGCAACTGCATT-3’

2lmer | 5-AGTACGTGCCAGTGCCAGCGT-3’

29mer | 5-ATTACAGTTCATCGTGCACAGCTTTCTGA-3’

30mer | 5-AGTTCATCGTGCTCAAATTTCTGATCATCG-3’

3lmer | 5-GATCCGTTTCAGGTCTGATTGAAAGCGGTAC-3’

40mer | 5-AGAGCATCAGATCACCTGGGACCCCATCGATGGACGCGTT-3’

41mer | 5-ATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTAC-3’

50mer | 5-CCTCCGGAAGTGGACGTTGACGACGAGCCAGAAGAAGAATAAGGATCCGG-3’

5lmer | 5-TATTTATGGAGTTCAGACACTCAGCACAGCAGGGTCCTGAGCTTATATAAT-3’

59mer | 5-CGGATGAGCTAAGGGATGAGGATGAGAGCAAGAGCAAAAGAAGGAGCAACAACTTCATC-3

6lmer | 5-TCGAGATGAAGTTGTTGCTCCTTCTTTTGCTCTTGCTCTCATCCTCATCCCTTAGCTCATC-3

In most of the cases, the sample concentration was adjusted to 0.01~0.005 OD with water.

In every injection,

40—~60 ul of sample solution in a modified polyethylene micro vial was used.

29mer
3Ilmer

0.0065+

20mer

0.00554

0.0045+

21mer

41mer
50mer

0.00351

40mer
59mer

0.00254

51mer
61lmer

0.0015+

O.OOOS-JL

-0.0005 +———r———F——"— 77— T 7T 7T
20 22 24 26 28 30 32

Migration time/min

Absorbance at 254 nm

& 30mer

Fig. 3 Separation of heterogeneous oligo DNA
standards'®

The actual sequences of oligo DNAs are summarized
in Table 1. For the CE analysis, a Beckman
P/ACE System 2100 (Beckman Instruments, Fuller-
ton, CA, USA) was used. The gel filled capillary
employed during the experiments was e¢CAP gel
U100P (Beckman) of 37 cm total length and 100 mm
i.d. filled with polyacrylamide gel-7M urea.
Monitoring was done with an on-column UV detec-
tor at 254 nm. Sample was injected electrokineti-
cally at 5kV, 2s. The electrophoresis was per-
formed at 300 V/cm while the capillary was kept at
30°C during the experiments.

2T a gt c IFNFNOEEOBERMICHT 5%
¥, [Al, [G], [1], [C] 4" 7 DNA KEENB K
HEDOH, k134 T DNA OKE S ITEKRTFLLEOVE
¥, M, i+ T DNA OB#EH (EffE) TH5.

R FICBERRBIASDULFEELEW DI, B
T IE 5 EOEEMARKOR L 54 T DNA (E#
XY I DNA) 2EBZIKEIL, ZOkEERY H KGR
KX 2 BB DR A RD B ENTEHETTH
5. §kbb, 5KDA Y T DNA OBLKKEFERD 5
RO & s #FREAZEY, Baskohid ko,

alAl,+g[Gl,+¢([T]+c[Cl, +Hh=M,
a[Al,+g[Gly+i[Tly+c[Cla+hk=M,
alAl;+g[Gls+H [Tl +c[ClsHk=Ms
alAli+g[GlLi+H Tl +c[Cli+ k=M,
alAls+g[Gls+¢[Tls+c[Cls+hk=Ms - (2)

o [Al, [Gl, [T], [Cl; & i BHOE#RA Y T
DNA ICEENLRIERDOH, M, i ZEBOE®RL )
o DNA OBEKRE (ERIfE) TH5.

L UERAEZBOTR( 2 ) 0@ FTENZE- 1235
HiTiE, EBICERT ABEREDIDIZ, —BERICRE R
BHZEETERY, EEH L, FEAEILEENHFER
MEDEBEERET 512 DIH Y ADR/N_Fik % FIH
L7210,

ZZTRWRER/NZEEE, BEERINATVS ]
EHDIODEN_FEE 5 BRICETHRLIZHD
T, WHRLFEDH B VI ARTEICH T ZRENBOR
HOEDIHEAINEHDTH A2, 41T DNA OF
BRSO D 120D H 9 ADB/N_FHETIISROLLE
OBAME (CoBSIT I 6 MEL Fo@Esexr ) o
DNA) #HWVT, K(2)MCHYT B KRD &5 28HI5
BRXEES.
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HU X, 13 EBOEHRX) T DNA KEENS X
O, M, 13 i HEEOERESF ) T DNA OB BIRHETD
5.

BT, EBRICHWI T RTOE%L ) T DNA (n
) OFRTOEREITHL

[ AiA,] =A A, TAA,FAA;+ -+ AA,
i=1

EVHMEAETHIEERLTNS.
ZOEIIUTHE- 2 BRHRER(3 ) 2M< I oI &

Pk - % v ¥ ) —ESKENIC £ 5 DNA O 735

0, REEOBHERICHT A8 (q, 8,6 ¢) &Y
T DNA DEIICBEKELEVWER L L2 kDdB 2 &
WTES.

wELABFEAL 11 AD A T DNA IK2WT LB
FETKD - BEHBRHEERE % Table 2 IZ/RLTH
<.

CORER LY, £ T DNA OBBEITBICHE T
T, HEEAKICE>TVE I EPBRTE.

CDOHBEDK S 2L, BIOFEBRTKRD 1RERE
BaFERTLZOTEE <, FhrLic0albhicgEgEr ) o
DNA #BA L, BERFICESRKET S & TERBHEE
HaERDBENTELHDT, FhiFEELOBBER
Brhbdbslend, BHIZ, LhrbEIZEZOERNST
bhExOrVORER KL 2SR PB oI5
EWVHRIZH B, X, BERFHEOEREE FHREMEE DE
ZRRLBHEEOHE N C Imer 57 OB ENRFHZAL
(0.16~0.17min) £V /NS -fcdD T, BELSEICI
PR OEECEHBEOEENS TEEH I EITE5.

ZOEIITLTROFEERAWTORLIz0A ) T
DNA BB AHE T E3HEATH 5. SEES
5O U 72470 T QBN 2 SR OB ERE R D R &
EHEE, FhEh 0165 (¢), 0234 (a), 0.338 (g),
0.355 (t) O 15078 (k) TH 1. 2 TH 2L
p(dCls & p(dT)y & ZHTIKENT 5 &,

p(dC)4: 0.165X40+15.078=21.678 (min)
p(dT)g0: 0.355X20+15.078=22.178 (min)

E0, $HENS 24D D p(dCly 75 p(dT)ep £V HH
0.5min FLWKkEILTL B & FREINS.
X, BHHaEREY ZE - 24 ) T DNA OBAIT

Table 2 Migration coefficients of 20 successive runs

Exp. # a g t ¢ k DeltaM DeltaC

Ist 0.229 0.331 0.348 0.162 14.889 0.077 0.475
6th 0.238 0.343 0.360 0.166 15.345 0.079 0.476
11th 0.240 0.345 0.362 0.168 15.803 0.079 0.470
16th 0.240 0.345 0.363 0.169 15.353 0.076 0.450
20th 0.246 0.345 0.372 0.173 15.618 0.079 0.457
Average 0.238 0.343 0.361 0.168 15.309 0.078 0.464
Normalized 0.234 0.338 0.355 0.165 15.078 0.076 0.461

DeltaM: probable error of the migration time in min; DeltaC: probable error as the number of C. a, g, ¢ and ¢ are
migration coefficients for A, G, T and C respectively and k is constant. The average migration coefficients
(average) were calculated by averaging the migration times of each peak obtained by successive 20 runs, before

Gauss’s least square analysis of observation functions.

For normalized in the chart, migration times of each peak

of 20 successive runs were corrected by assuming the migration times of 61mer as 32 min before the analysis.
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BJ#1
5'-T-T-6~ G- C~A-C~A-C~A=C~G~T-C-G~A-C—T—A-G-A-G-T—T-3"'

BJ#1 :
5'G-T-T—G-C~A-C~A-C—A~C~G~T-C-G~A~C~T—A-G-A~T—T-G-3"

BJ#2 C-G

- e
c’A A‘A T \T
%6 ¢ T\G c/T
5'-T-T-G €-C—G—T-C—G—A~C~T—A—G—A—T—G—T—3" 5 €
Bjwe . GC
6 ¢
ATA AA c-6 6¢ '
B3 € A K c N ST A-A-A-G C-A-A-A-T-3
G ¢ ¢6 T T
5'-T-T-C G-T—G-G—T-G C-T—T—3" Ne AT
y) \
c-6 BIS G ¢ A\c G/T
T/ \T (I; C C G
T T §'—T-C-A—~A-A-G C-A-A-A-G-T-3' &
BJ#4 \9 9/ BJ#7 &é
GC c6
5'-T-A-G~A—-C-A-G C—A-C-A—-G—-A—T-3' 5 I_TAAAA;';A,AVT,CI: 6-T—3"

Fig. 4 Heterogeneous oligo DNA used in the analysis for the effect of secon-
dary structure on migration time

Most probable secondary structures are illustrated'?.

3 0.50-
g B o N ®
S M E .
oo o 0.007 t '
g 0.021 L R £
= g [ g sy
2 0016 8 H(R < —0.50- @ —Q o
= om *; t
] Ho —
» =< ©
¢ 0.011 Mg s —1.00-
< o
E 8 g
& 0.006 & —1.50-
< LA A A N A A I ‘
=}
% s = B % % % 2 9.00-
Migration time/min 2 °
= 2.50
Fig. 5 Separation of heterogeneous oligo DNAs S‘ample BJ:i#l BJ1.¢2 B.Hl$4 BJj'is BJ.‘;¢6 BJ1'$7

which may have secondary structures in the pre-
sence of 7 M urea'?

The actual sequences 1~ $#6 are summarized in
Fig. 4 with possible secondary structures. Separa-
tion conditions were the same as in Fig. 3.

i, BERMEIGEEL, SKEICThEILbBDON
1219, g b5 4 Y T DNA O & BEIRFH & OBgE
BFNBIHIT, Fig. 4 IWRT XD ICHEHEN—E (24
mer) T, UhHEMICIE T 285, SEEL2N-F
DFo4) T DNA A& L, BRkEZIToED
5, TOEEALEDLORDHT Z L TE T (Fig
5). BB OHER D HHER X 1 5B &

Oligo DNA

Fig. 6 Migration times and secondary structure'®

The migration time shifts are visualized plotting the
deviation of actual migration time from calculated
migration time vs. number of possible hydrogen
bonds. Though we are not sure whether there were
hydrogen bonds to maintain the secondary structure
in the presence of 7M urea in the case of rather
small number of GC pairs, the reduction of migra-
tion time and increment in number of GC pairs are
directly correlated. This strongly suggests that hy-
drogen bonds play an important role to bias the
migration time most probably via secondary struc-
ture.
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DHTEFRRRR

AMEO R ORI T N ETERATREE AT ¥ VgD KR X
SOMICIZERELBROS 5 2 EN55h > 12 (Fig. 6).
TMRZEOFLETTH A T DNA E S %5
ZEEIPPOELIME L H S, HORK IR
BHThsd. SBERALZBETIHBTHS.

EZATEELOHOEN Y ZAOB/N_FHEICLE A
) I DNA OB BRI ¢if, E%¥ A T DNA %
12 AEH U AT 500 EEE WG ERKE 25,
BoHoE, SEXhOTED S, BiBEOESEREL
F5 2 E3RARETHB. =V F LAy a—F LD
2T Vy FY— b 2RWCERELEIBETCER k2T VT
L= hEE-THBLCEA2BDS. X, EEHELHOFHL
TWBT Y7 L— L&, HEBIZRVEHSH, FEEI
BWHIRERNO It 5T 2B S5 (7 7TL—F
1¥ Macintosh/Excel ver 4.0 ] T{ES N1z H D).

32 1D DNA 44D H
BEICATEIZEDI, PAVRTAFYETY —2HN
72 CE i3, BITEEREREHEAROEVIZEEE H T,
BERNOEBNE CEBINTE I[N PSS, D&
D RESREEDIGHDO—FI & U T, SSCP (single strand
conformation polymorphism) @ CE b %% 5 Z & 48
T& k9. —AKH DNA OB KBS SIEERIIKT
U, 1 HEE#ICL> THRELLFRIBENELT S
EDHY, TR TRHELRL - T 5. SSCP
i, COEKRBEOEICHES BEIEOELEFRIAHL
ZERERBRAETORBNE D (<400 3BE) DNA M
FHOSEARERZBRHT 52BN HEE U TR R
ANSNTVAS. LA LU Orita HICk> TR hIzA
VY FNEFEDE, K&Er 2T 700 EERO RS
MRMTE (RI) KEBTANEERBELTOLE
Wb, ERBEDONV—F v T — 7 ICRAT 5 oI LR
BitEFE Lo Z0%K, RPEEEDRHNLT NNV
BEOHBAR I RI ZERALBLS T &< Bo128, &
HITHBLICE AR E 2R EH 50 IE T L T b4
EHELTWA., UHMUCE ZHOVNIERAT 77 IV EE
LB L, HEROTFVETAFYET Y — (BOE
UERTTRE) 2RBT 52 &0 TE S, X, DNA SV
FoRHEO Bz, BBICHAATNATNS UV K
HBEHHT A ENTES. Bl - v 75—-%
HOTEBZEBMNICEA/ S5 L6 TES. O
D & SIZ CE 1 SSCP DI —F vLIc B s /EX 3R
BEAEEMTLE2ICHZ B0, 2<LBE VDT TR
V. SSCP KBV TRARESLAEBEZ R > —AKH
DNA Z#EDEVTHMT 51201, BRukEHO T

ik ¥ v 5 ) —EBREKEIC &S DNA OO 737

WEBENBEICRODBEN G S, BEEP HHETRS
NTW5% CE EED/L I, SSCP ICEskahd k>
SEREZREICRTCEI2BOERZI LA,
Mohabeer 5% 13, Beckman %4 ® P/ACE 2000 ¥ v &
7)) —BRIKE Y AT LOBED Y O - VERICSGEZ
ML, PELERERTASEICLIEBDOZANT,
t b p53 tumor suppressor gene DE 7 LT Y VITH D
hobERERHEY 52 LITKIDL 2. SSCP T, B
fizid A ) I DNA BEhZhICEF S | BEIZTO
VAEEE LD, TOKR 1 AKORENNY FELBHT
EMEFF LD, EBRICEHEO» OBLTEREE (meta-
stable structure) % & 0, BARDOKEINN Y FHABRI N
234 % H %. Mohabeer 5 B p53 tumor suppressor
gene D 7 L7 Y vV CHELRERBE B ULY, U
5N D DFEPRERERORIEICRIL> TS LS
L TWA. Mohabeer 5DHFEH LTI NVETAFYE
7Y —Ti3 1| BOkENTK 30 72 EU . OHTORERE
IS oIl AR (BEAN) SEAERE (BE),
BICHAER LA RA L ZREEEDE L DR KENT
&, BRUKBKZITH | BlEK7204 90 50n5b.
THEOBRED 1 Fr Y ANVOEBETCEIVEEHLTH
1 H%720 16 ALt cE 2. CE 2&ETE
WoldIIV—F YIRS E2EXSE, <V
FFr v AMEBEO LB H/FSINE LI ATHB.

4 K84 DNA D45

T A# DNA O3 #ts, —ABTHSA!) T DNA D
SHE L ITIFFREIC Cohen 6T k> THE XN, K
51 7TMREE 01% SDS 2 & 0EMEAETT7Y —
V- VBRI EITO 2 EICEY, ADNA @ Hind 111
DR & @ X174 DNA D Hae 111 53184 {72~23130
5t (bp)l OBREREZ, 10 3LRICHBEST S 2 &
TEf. ZOREEIHMEROHRENEA ILITDON,

ORYTIZINT I FANMIZEBFI3 5 VB

Fﬁll)l?)‘

O t b 1 — ZREFFEUKTSINC & B REMEIEHL ORI 40

OT7 Hua— A NMIZEBHFI5WEHRORHY

O NWaAT Y F VI NIZELBHTFI32VWVHRDF

Fﬁﬂ)
% BraRsrnIhT0s. X, FLVOBBEREED
FEOSHICERITEEOHBMNERLLIATO
%21).

TWF X ET) =k N —F VINERT 5 1201214,
Fy ¥ ) —DEHMEP—DODOKELEEE LS.
BE2HTARIVT7UNVTIFFVFEYET Y —OD
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BAIE, A7 VvERRY, KD SHTRIOBEY
EUBHENSAEETH B, L LY =T—2RKIT 7))
TIRIVEFERTAE, BRKEZEICT NV ERHRL
RFNIERE SV EDD, CE EEOBBIBTHBERLIC
FOABNICIVOREEITH LN TELBELH D

DT, FVFEFHOMBERIRRTE 5. FE, EEA—

H—OHRIZIE) =T — R 7 — &I E B E
TVEEIABRZIOHNG.

X, SRS OBESIKEI MBI L Th, Bl
FrETY—BEONEICRITTHEY, BHIOR
Ik A NEEOmE EY, BRI, vy - L — b3
ERINT 52 LI kB 5MRROM E®, &5 035
AT 4= FEIC & HEK DNA OB DESFAR LN
TV A.

e, RO VERBLT, KBWASICHA
BENT 1~2% O#MEOEVWTHET 5 LNTES
FOEB o1 D& BOBFROICHTEEL
i,

OPCR (polymcrasc chain reaction) & DA EHHIZ

£ B RERET ORI

OARMS (amplification refractory mutation system)

E DB EDRIC L DFERIET TORREROR

H

ORFLP (restriction fragment length polymorphism)

I K BRKOZK BT

OVNTR (variable number of tandem repeat) 2 & %

B AR & B2 M
ZRBEFHIENTES. D DNA BT ORI s
FHREBERTZHICBI 2RBEELORENH 5
DT, FborBEIhIZV. T, LiWRSH
iZ CE 2RV Bl 2 &> N T 5.

41 PCR ENDKEH

PCR & 13, DNA AU X5 - VY RN L T T4
< —%FHL, BHEETZ 10 H5ICH8IET 5 Fik
TH 5 (Fig. 7). ZOHETE, F3EHNER %
BATVBNE D D EFO0TAHE DNA BBh, —
MOT 54 <v— (FEOEEBTO ERAC FREBICH
WIS EEFH 2> 4 ) O DNA Tl 30 HEER
DKRKEX) ZIMABEMT S (94°C) 2 & Tk DNA
Z—ARKPICT B (Fig. 7, step 1), RO THBHAR DR
EH3CETCRITAHIEICEY, —AK# DNA T
42— % AERNICKEESES (72— V7 Fig. 7,
step 2), FIAMBROEE % 72°C 12 T L,
DNAK Y X2 5—¥IZ k%5 DNA OHBHAKZITH

KAGAKU Vol. 43 (1994)

Repeat n times

Intact 1yopaturin ¢ Annealing with Polymerase Duplicated

@)
S

5 DNA primers reaction DNA
S 94t )\

= L step

é 72 step 3

step 2

L 37t

.§ 20 1 1 1 1
° 2 4 6 8
<

5

o~

Reaction time/min

Fig. 7 Schematic diagram of PCR reactions
Temperature shifts (lower) and corresponding DNA
structure in the reaction mixture (upper) are shown.
For reaction procedure, see text.

_ 00016y |HIV—1
S 00012 i(llsbp)
T 0.0008- i HLA
i ﬂ
s k ; | (242bp)
& 0.0004- I | |
S o M
g T ) W o Vit
—0.0004 :

U

10 125 15 175 20 225 25

Time/min

Fig. 8 Separation of PCR-co-amplified HIV-1 and
HLA-DQ-a sequences*®

Sample was a co-amplified HIV-1/HLA (target
sequences 115 bp and 242 bp, respectively) positive
control. Sample was injected electrokinetically for
10s at 35 V/cm after sample concentration and de-
salting by ultracentrifugation. Buffer: 89 mM Tris-
borate, 2mM EDTA, (pH 8.5), 0.5% HPMC, 10
uM EB; Capillary: DB-17-coated capillary (J & W
Scientific, Folsom, CA, USA), 100 wm i.d.X57 cm in
total length; Applied voltage: 175 V/cm; Temper-
ature: 25°C; Detection: 260 nm

(Fig. 7, step 3). o352 &7T, BNEETZ 244
ICHEIET A ENTE S, BIZZO 7O A% 20~30
VKRS &L, HNBEFZHEGHICE
Q20730 pr -4 T LT X BHDITTHSH. PCR Z24T
A HOBREIY bO—F5—bTHEIN TS, 20D
PCR DS, DNA HSHEIEShiz» & », MRS
h1: DNA AEHNOBEEFTHHPEI DL, BET A
0 — 2 S VESKE T DNA Wi oS 20 L, R
LT Wi, BiF, Ulfeder 5% & U Mayer 5% 14,
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PCR ¥ % CE THOMN T A &Ik, 25 57 IAIC
HIV % ' HLA
(human leucocyte antigen) E{&TIZH¥X 3 5 DNA 2
DHE/ER T A LT &z (Fig. 8). PCRETIHE &
LUTAL Tt n, BERLEERFIEIESINL L
$HaHOT, ELSBHNOBEEFSEIREhTHS L
EERT HAENDH B, CE T 1~2% BEOHE
DEVWERXHITEHYDOT, CE OFOEBE, &H,
ENBRE S VY EMSE h INIERIEE R KD

(human immunodeficiency virus)

4+2 ARMS EANDIEH

ARMS B, BEEFORFESTICBAMOAZRER
BHBEDPEIDEFTRD12HD, FH{LL 72 PCR ED
—HEE 25 (Fig. 9). ARMS ETIHEREROELE
HMNEIN—FTDHEHIBTIA~v—% MR T 5.
DEE, DT T4 <~ (Fig. 9, Primer W) 1$54
oA OBEEFEEFICHESL, 5 —#M (Fig. 9,
Primer M) @95 5 —2 X HWDEIRE RIS & O A4
AU, BEREIZEELEVWEIITT S, ChoD TS
Av—z2HOWTZhZhFMEICROC S & 382 58
U, EB6DT 7 47— %ERLIBEICERMPTE
BIEEND LKD), BRRRDE AR R K
DEHSLIENTE D, Arakawa HIX, 7z = )4 b
v RAE DBERIBHTICAFE 2O, BEFLEO 118
BRERARHE TS EITRIBLEY. o) —
BRI ® U 2 #4 WIEAY 10.8 W % F LT PCR
BOSEAT > 1275, 1 BOKIG T UV BiHEs Tt
XHRIONBOENZBELENTE ot FC
TIHRYIEE®H D DNA i % PCR EETIED, RWT
NZFEBHI L THIC PCR A2 VIRT, WHhWa 4 X
T4 v TEVWIEEEZHO, Arakawa S EE I,
PCR EMIICF 7T/ —NVF LI ENHIA v I —HhHL—
MREKZINZ, LIF cHRHFTIE 1 [EO PCR KIGTh
FEROEYLBONAIE, XUV BRHBEFRLL
Bich oA RIGAREBCRRTHERICKEBE /A X
Y—273%, LIF CEE<Bo s NEr -2 & bE
LTWa, A —hb— bERIENERTSHIZTT
I3, ZAS DNA Oz m b3 g2 EPMoNT
WAHDT®, VIR LIF A8 DNA O IcH
WCEELEEAZHES CLIKK5).

4+3 RFLP @i~ DIcH

DNA # o | chb b1y FX 7 LT —¥DH
21, DNA FROREDIEERLY] (5~8bp) Z#AL,
F DEBAL T 121 DNA Z4FRIVICEINT 3 2 HIREESR & I

ek ¥ v 7)) —EAKE)IC &5 DNA O3 739

E3 Time
F3

Wild type A
Primer W < /\

Time

Mutant 2
Primer W —— X
E3 Time
Fy 2
Primer M . < /\
Time

Fig. 9 Schematic diagram of ARMS

Four possible combinations and the results are
illustrated. Note that only the combination of wild
type-primer W and mutant-primer M give PCR
products. Primer W and primer M stand for prim-
er set for wild type and for mutants, respectively.

Hhab0h, 500 BLLEE RO > Tna. flzl
Hind I1 &V D BIREEZE L A L AGCTT (—AR$H1Z 0%
R IEAIE) &V IEERS 2RI LUK 5.
Bz L, HHERERPBET OHWARRROHERTH
g, 05D DNA Wi OR S A S 5 VIEREK
WIS U THER T 5 (Fig. 10, £ 1B HE 3 BEHOHR
). X, HIRER ORI RERERSE N
i, BARcREC TR S nsb
(Fig. 10, L4 B BAE» 5 2FBDKR v 7 Z), 50
AR SN VIE T O TURPE S 5 (Fig.
10, F4BHBPR)., 2ok, HIREBENHOES
DOINF — v BN, HEDRKEDOBE#ELFANSL LI
L0, BETFEMOEEET LN TES. X, BE
DBEFOREOENDHITERT H5HBEIC1E, PCR
BIC L 0EEL 72 DNA KXW LT RFLP 2{T5 2 & b
H5D. BICBEDBRITIIERT 5 DNA Bih 0¥ s
BOOT, HkaTa—-T7RFERT A I L n ERKE
FUCOBEL 72y FRBEERET S EPHRETH S
(Fig. 10, F). %K, PCR #ig L 7z RFLP #¥}% CE
THMES 5 2 ENHAHA 5N, Ulfelder 5° 14 ERBB2
Oncogene KD 1.1kbp @ PCR FEM % Mbol &N D
IR R T U2 & &2 500 bp (Al BT A EES
k), 520bp (A2 # & F & & # & 1K), 500/520 bp
(A1/A2 BT ~T OEEER) O=>0D/%5 -V HFHH
T5H5ZE (Fig 11) 2HERTE .
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Hind 1l Hind il Hind i1l Hind il
Insertion * 45 kbp -
Hind IlI i i i
Wild Type in Hind Hl Hind il Hind il
2.5 kb + 4 kbp 3 kb
5 kbp — P
Deletion Hind I} Hind 111 Hind 1l1 Hind 11
) 1 /35k0p
2 KB 2kbp
Point Mutations . Hind 1l Hind 11l Hind lil
* 55 kbp + 1 kbp
! Insertion
‘D | /\__A /\
Q
c
o
£
5 n . : .
2 | wild Type
<C
> /\__/\
2
Deletion
Point Mutations
1 2 3 4 5 6
DNA Fragment Size in kbp
Fig. 10 Schematic diagram of RFLP
Hind IIl is chosen as the restriction enzyme. The changes in cutting sites
(upper) and resulting DNA fragments (lower) are illustrated.
4+4 VNTR Bi~OIEH OO —H—ELUTHALTWAS. X, ZOEMIIME

v MREAREOBEETFZI-FLTOEVED (4 ABIIICLERTH O, BESIZH T 5 DNA Bk
b v) i, —EORIEFHOIEERYIVEVIELTA  EUCERLIhBZLHTVS.
TVHZE, UDBBRORUVEBBEAICL->TRILS & FHHOXEPIZIE MCT 118 (30 E U BAL: 16
WH T EWG, ol (Fig. 12). ZhZ VNTR & pp, #0EUE: 5~36), YNZ 22 (#0E UBAT: 70
U, 202N EFHUBRRS EORETHREZES  bp, # VK U K: 1~30), ApoB (# 0 & U B fi:
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VA ikl dezs o5 B ¥ v €7 ) —BXRIKENIZ & 5 DNA OO 741
0.008 A
Homozygous AL ) 330 520550 1.000}
0.006F Homozygous A2 220330 500
550 3 Primers
9 : ) i, b
(5]
£ 0.004 330 3
£ 290 5 0500 Alleles 122-142 bp
é Heterozygous A1/A2 [
0.002 500,520 Alleles 208-232 bp
550
O.OOOWM /)l,J U
0.000k
~ 000115 56 16.00 2000 2400  28.0030.00 : : :
20.00 24.00 28.00 31.50

Time/min

Fig. 11 CE separation of PCR-derived RFLP sam-
ples demonstrating Mbol polymorphism>®

Top, homozygous for allel Al (520 bp fragment);
middle, homozygous for allel A2 (500 bp fragment);
bottom, heterozygous for allel Al and A2.
Constant fragments of 220, 330, and 550 bp can be
seen in all three runs as a result of incomplete Pvull
digestion of the 550 bp fragment.
the same as in Fig. 8.

Conditions are

A
|

- = -

Primer A

JGACCAC(

Time/min

Fig. 13 CE separation of PCR-amplified MBP
alleles demonstrating VNTR>?

Sample was a mixture of 13 alleles from MBP locus.
This is a binary system, containing two VNTRs,
each with 4bp repeats. Buffer: 100 mM Tris-
borate, pH adjusted to 8.7 with CsOH, 0.1% HEC,
5ng/ml YO-PRO-1, 1.27uM EB; Capillary: DB-
17-coated capillary, 100 umi.d.X67cm in total
length; Applied voltage: 13kV; Temperature:
25°C; Detection: laser induced fluorescent detector
(Ex: 488 nm, Em: 520 nm).

Joo()ane

% prTT—— pre— por
7% SRR 3 Z %

Primer B
-1

Fig. 12 Schematic diagram of VNTR (MCT118)

The length of PCR-products is determined by the number of repeats. In
the case of MCT118, 15~36 repeats of 16 bases were observed. Since the
number of repeats is determined genetically, one person has one (homozy-

gote) or two (heterozygote) fixed lengths.

ence shown in ref. 53.

14~16bp, VK UE: 29~51) F, BRVEULHEMNOD
KERBBHDIZONVWTD, THu—Ar )VESKE % FH
U EBREORM SRR S5 505, BAOEmE LTI
FOEVE VK UALS 2R U7z DNA 5T icms» -
TVWEEHTHA.

' VNTR H#E D DNA B2 AV THMETOE Y
g sz0noT, £9 PCR Bix AW T BRIESS % 1
WL, ROWTZOEMORIEZRESTHIEICED, &
DERULEZRD S, ZOHE, BROELUBMPETFHE

Illustration based on the sequ-

BuvZE, BOELUEDZTIEEVIEE, S0k
REVEKINS.

McCord 5 & DIS80 (# VK UBNL: 16bp, 777
A kA X 403~1069 bp) KU SE 33 (#0VRLUH
fii: 2~4bp, B/NT7 T 7 A ¥ b4 4 X 234bp)
£, Y4 EEORVEUENEEY 3 BIRTE
(TC-11: 183~207 bp; vWA: 138~162bp; MBP: 122
~ 142 K O 208~232bp) %% HEC (hydroxyethyl-
cellulose) Z ¥R L, Kitk% B EBHEFET 35 5L
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PIZHBET A IR Lz, O TIX 1 B THEN
IZ 2@ VNTR Z#> MBP Ofl#% Fig. 13 128N
4. VNTR ZHEEEE CHHINE ZEHENHD T,
ZHOBMEREIZOVWTERICBROEUEERETE
LHIENERINTNS. McCord Hld, TF VI LT
T3 Fé& YoYo-1 50 YO-PRO-1 EWH A v ¥ —
A L— bREEZR, HARLZTREE 35 SRR,
SEERED R EH K - TV B,

5 ZHEHHADIEE

B, BETFREOHBREEEOBELEEL T
DNA OZESHALPEHI N TS ™®, CE 1k
ZOWHESTFTY, invite DETFNVEBRRTOLES
T ALDFRMORMRE TEE SR 2 RI2$ 2 LIk
INBD, BEFTOEIAHFVBEBIICHHINT
NWBEREVWSIZVWREICH S, 22T CE 2RV
T KCl BE & DNA E 5 ¢ ABKOBR % #H 7
Scaria > DEE®D R H H L A2ERH T LHICEEDI
L.

6 BbHOIZ

5 DT - 124 ) I DNA O F8 Bl s [ T % Ul
IZ, CE IZ &5 KBS M ORLENZEY» 5, RERNLIG
Al caBA LTz, BICSHSBICE L Tid, DNA
Y= vy v TUANOLOEEBICIY B, Th
HDONEPECIERETETIERIC L -TLDHEETS
»HTHH. CERBSEHLETEIREL, L<OHE
SEHIZBWT HPLC © &1, d20idZzhl EICE
EoOWMFEERBIEEETELVWERADNS. 20D
XA, WL HEDNTHHEBFEDH 4D CE I3 2 HE
AR 5 EnTang, ENoBUTHS.

AL DO BEICY /20D Beckman Instruments Inc.
(Fullerton, CA, USA) @ Dr. K. J. Ulfelder 7» 5 EESBHE
EEREVLIIZNT. WMEEERLIL.
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Analysis of DNA by capillary electrophoresis. Takashi SaTow (Beckman Instru-
ments (Japan) Ltd., 6, Sanbancho, Chiyoda-ku, Tokyo 102; Present address:
Immunocytometry Systems, Nippon Becton-Dickinson Company, Ltd., 8-5-34, Akasaka,
Minato-ku, Tokyo 107)

Recent advances in the separation of oligo DNA fragments using capillary elec-
trophoresis (CE) were reviewed with special emphasis on the historical aspects and possi-
ble applications of the technology in the near future. In the section on single strand
DNA separation, the high resolution capability of CE was demonstrated by referring to
the size separation of oligo DNA in which a Imer difference in size of several hundreds
base-mer can be recognized by using a polyacrylamide gel-filled capillary or high viscosity
buffer. In addition, a statistical analysis of the migration time of heterogeneous oligo
DNA was shown. By employing Gauss’s least square method, the estimated migration
time of any known sequences having no secondary struture can be calculated with prob-
able error of less than 0.08 min. The effect of the secondary structure on separation was
shown. The possibility of using these secondary structure effects on migration time for
doing SSCP (single strand conformation polymorphism) was indicated. The section on

- double strand DNA separation focussed mainly on the application of CE. The possibil-
ity of detecting a specific gene or points mutation, or doing genetic diagnosis and paternal
analysis was shown by referring to example of CE application to PCR (polymerase chain
reaction) product analysis, ARMS (amplification refractory mutation system) analysis,
RFLP (restriction fragment length polymorphism) analysis, and VNTR (variable number
of tandem repeat) analysis.
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