10

BhERIFSRE 9937
“HSEDN A —RedoxD FREBREMEREZHWD 7 FRAERA A Y

BIBrge - v T GuRFERER LR EBS L)

TUA)ERAF Y ICEARBEDHERL EFEGEL LTOEAZIELD, &BY /8
B AMERERBETBE., VI TLEEY YV B IIALNLIEREEDELE
7y 7Y v 7 LA R 2 & @B VIREGRRO ST £ Ll
HCTAENZEEZH > TWA,

HF %6u\_E%DNA#éiéi&A4ﬁ774 TA-—RISCES T A2 EIZEE
L. (b2l v HImAT 2552470 T &7z, 20 %M T, 1) DNA Kl &1L
SYTENL, SE-TERMEAE T Y h— L LCEELT 2 FEFERT 2L & bIC,
2) BB L7z~ — % — 4 > OB EIEHEIC DNA DT 7 4 =7 4 — RIE &R
THFELZBEAL, DNA “ELCARBEWE L T 5510 4 & v 2 HFICEH TH%E
L7ze &510, ZHEOEEA 425 DNA LHEEATAZ EEFML. &EEL (107 M
LRW) RTRVYALL AV VY EER L, LAL, SITHWRHETERE S
BN EETH A XM, BEEICHBREAD D27,

ARFFETld. TES DNA B L U redox EHEDTFH 5 OWBHEE L Lz REISH % 1T\
T—A—AFVOFBE LIS, BAETOFIAMNTEEZL DNA N1 A& o OHEELIT- 72,
EARIICIZ, @BBETSAERE 11-ANVATNT IV oy 7Fhyho 0B CHBLES T
ECBEL, 1,1-7 20ty VI NVRYBEERLT 5, KT, RECEFT LAV KF
VEEFALS-TI/MEA ) ITX 7 VA F FERREEL, ZOBEBY, HHEH DNA 7K
B CTES B Z & Tin-situ IZTNA T ) A XS, ZASH DNA BEER X 157,

IO X RREBMHEICOWT, T ir A7 MVEIEIC L) RO REEHE O T
AR L 72 BHIBEOBESSEEEIZ OV TREBORIT A MAER, 3. —AH
DNA BEILBERICOWVT, AW DNA LDNS 7Y ¥4 ¥ = 3 10 X D BB TTiE1E
PELIEMTAIERRBL, ZORREF, BEFLV I NDILHE VI B AN HE
BREEWDDEEX bNTz, SHIZTEH DNA BHEMRIIOWVWTIE, ¥ »/%7E (J1 DNA
PUR) DSV, BERITEEDIE L CEILT 22 L%bh o7z, L DNA HifFIZEA
BREROV LOTHLLHMT) 77— EADKEYE CTHD I LH b, EEBHI~
DIGA L) HTEREVLIDEEZ LTz,

L L%ansb, YHOBETH-120 TR A EBA A VUV HIZOWTIE, IFZEHARK &
DEBRTL. ERIIRETAIZIES 2o, BB L 912, BHFEESIZ, DNA &
MEBEFB LIS AV LAF VS RERHLTWAE, CREDHEEILERDL T
TEBATMEEEZERON, SHFHIIRETAIFETH 5,
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BhARMFFEE 9937
ﬂﬁﬁDNA_mmmﬁ¥ﬁgﬁ@%%ﬁ%mhéﬁ72A&E4i/t/ﬁ

BISFge - hIF T U RFERFEB A ebens L)

1. BFEE R

T — AL LB LT WA, ERTTED £ o, EmBRIZL > TLAT
Hb, TVHVEEBA A VICE ABBEEOMIFLEWIEAL LTOERE b L LD, BR
MEPETBEL Vo 28BY VS BOML, EHFLCERRT2EREA 4 ¥ DR
BB D LDTH b M. &RA TV ZERSTOMN R BEREICLESLTY
B Bz, BEFRBEHETAIVOPDOS VSV BERIERK ALV 2ER LTS
2. EFNLDIYNSIETIE, SBA T VL WV EEILENT AL 5% DNA 23T B4k
&4 PELTHEALTYS, —7h., MIENICB) 2 FRZECHKERE TIZ, & 17
EOERBEOEIRE Ay T VT LETREADRBECHMONT WL, AT T LS
FUNRTE (ANVEV2) V) BEFOmNEBITH L,

&BA 4 VIZEHE, DNA BXU RNA EHBMWEEMRT S, Bl2IE, Fh) YA 08
FURTRY a4 4 ViE, BEREEASLZOBELRENLT S, Jhud, V) v BRER%E
DEBREZERL, BBRALOHERELERRT 270 TH L0, REICE->T, L0
B ESDOBINFRRENT, B2 1 RNA BEETIE. 9727 a4 4 UHNEHEEID
bﬂﬁl?ktfﬁmtfwéouhdﬁ@&??%/ﬁA%ﬁ/®ﬁ HIPRAE 7 B R R

ERFRTLLEELIC, BELLTOMBERIZONAS VP H->TW L0 TH L,

Fio, AV AALF YD, FUATHE BREERBIIBNTZELTA LRI IE L2
=y 1) OMBERET 561 BRE, |

HEESIZ, “EYE DNA ST EFITLNA AT 74 =74 —RBICHE5ET A2 LIZER
L. SREBIGWECR AL tEL S OMERICEFLLY, 7. LEL SNLER
Hiffe LC. DNA FKiii & ETEILSW TRFMEMH L, SB - RARUASET > 7 —
ELTCREELTAHERMBICHRE L, SNICLD, DNA —ELEAZRMBT L LT
INA A2 HFRIEERITTERLZ (K1) o €512, DNA LB+ Y L DG
BEFALT, BRES 10TMLANV) 973 Y a4 vy H2ERL WL, [ |
R & IS AV, WERICRIIL 77— % — 4 4 ¥ O TAERIE #4812, DNA
BHIBRER CRIANATT 74274 - EOREETISDTHDL, Zhid, &%
ERAESTRTH S KH., PeHERICLAIRAVDH o7, £ THRIFFETIZ, ZEHH
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enhancement of the redox currents, this
should correlate to the concentration
of the target molecule

only small amount of the marker ion is
accessible due to the electrostatic
repulsion (small redox currents)

Fig. 1 Schematic illustration of the DNA biosensor

2. WFgehE:
21 HKELZLEZTS

BREB~OEELEEA T, DNA 2Ly HFBICWEICHWS ) 2 THRETREBEE)
Hb, _EH DNA ZI—EDERU* o> CTEES T LORBELERITIOD, £ D
BA. KEBHEOBERMLFEN 2 EORLEEDLR V., ILBENEO L) 12, B
{bFE L HAEDE TESICRHTELESTFIEWEERTH I b R\, LD
CEDEIETH. RFVUAA DY =T Y ROA ) — kB DET & ¥ R
THIENTERY, DL RRTIE, MERZRMLIZY—H —4F Y OBEBRIE %
BEC, BERETOT 7427 4 —RID2RET 2FESHBHE AL TE DO,
HEZLDINEEHA LTRHLTE 2, ZOBE, BRELNENTRE TH L KA., X
REENICEAREAE D o2 FTTHRMETIE, B 2 IR &9 REREEMHEICONWT
BEf L. BHEBREETCOFRIRFTIELZROMILEE S L,

BARMICIE, ERETOIGHE * BICWE L C/FHAT A DNA B, BLUBR(LFEHRTD
72D DELERTEMB E D _BiEEL T4, BILETIETORRILTHL, DL &,
BRMPME BT oL T A 4 Y OBBE ). ZOBRRE ., W—RI2B 1T RG
TRERSN LD RV, LALEBHEBRRTIE, 314 4 YO MR RES B5HE.
BREOKICEE (BiHE) METT2HE0FRETHL, HREOVPINTTRELTE
k)i, BREEICETEILLE DNA DT 74 =74 =R A4 4 v OERE E L (&
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fts€n, TN, LEHOEHERBHiEHETIET, 774 =T A—RKInEBERELz Y~
2O XEALFEEHSTRETH A L ERET 5,
1)  HS=CyyHz2—NH;

2) @—COOH
Fe
@—com«

3) 5-H,N-CgHyp-dTn

£

4) 5-dA(S)g-dA;p

———»

Fig.2 Stepwise modification of electrode surface with DNA/redox-molecule bilayer structure.

The Au electrodes were first modified with the SAMs from 11-mercaptoaminoundecane then 1,1'-
ferrocene dicarboxylic acid was reacted. After activation of the carboxylic group remained, 5'-amino
oligonucleotides were immobilized. Finally, in-situ hybridization with the complementary stands gave
the surface structure intended.

2.2 ZE$ DNA — redox 5 F /& IS M SR O F 3

ERICHETEEN T AERE AV, ThEBERIFEMICHAIEL 20 b, 11-AVH T
N7 XY VFA Y (HS-C, Hy,-NH,, MAUD) OL¥ ./ —ViEHK (10 mM) ([ZREL, RE
ICHOHBI RS T (SAM) 2Bl &8z (5°C, 24 h) , BRETY ) — VTR
L7z0b, L1-7x20% Y I VEVEE, BLUY Z70AF s (2-FNFRY /S TF))
ANVEYAIF (CMC) DYV FFH Vi (100 mM) ICREL (5°C, 24 h) . SAM X
W7oty FEELRL L, BREVAFF Y TRBEREL DL, CMCO VA F9 V5
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& (100 mM) IZIREL (5 °C, 3 min) . REFHRFTHANVAE I VELFEEILLZ,
nE, 5.7 I AV TR VA F FERIGEE (dT12, 20 pM KIETH, 5 °C, 30 min) | —
A 3K DNA IEHIEm % 57, TR L 72—748H DNA BEEMIL, A DNA KEB (dA12,
20 M) TR in-situ 12TNA 7)) F4 X (5°C, 24h) S5 & TTAY DNA 6%
e L7,

23 BEERD ir A7 M VHIE

EROFHIC L AREBHBORKEHRT 70T, ir A7 PVllEZITo72, 22
TlE. 1) 720t YEELERE, 2) insim TONA TN FA - a VAR To/2TF
$ DNA IEHBEO =DM OV THIE LIz SRR L LCIXBAR I Herschel
FT/IR-620V % Fi\ . BEEERATHEC & ) BB ir A2 PVIER B, &8, 3k
W INEA S AT 1N S W 72 D PIEBRSE IR EZE L L7z, BN ORIED AGH51E 80 °. S
B dcm!. ARY MVOBE@HIL 256 ML L7z,

WEIZIT£ 4 I — EG&G PAR263 BIRF YV 4 A% v bEAV I, EAIZ, ERD%
HET T AEMTH Y, LVIZEE LIDRETOEMKIE 037 cm® TH A, MEIZIZAE T
1%, BRECIIEEEEE ($0H KC) % 2 NEIRV 7, HRGEOMETE, W)
EEWIPTERBEOTRE RN L. UMD BEREAFED L 2 WE L 72,

3. iR
3.0 ir A7 MVIC & B REHHE OTER

B3 12, 3RO ir XY P VERT . $37 2 0L VSRR (Foau) T3, 200
§57: 255 1500 - 2000 con 12V DD — 2 SR ON A, TNbid, SAMFOT I &KL
7Ok yHVEYBREOBETUBIC X DVERT AT IR, RGO AN KF S VK, B
L7 20ty DEFREEICHERT IEHRIT EZEZ 5ND, —F5, ZHEH DNA (54
BAR (DNA/Fc/Au) TiX, DNA BISROBREZRILY — 7 2SR TE 5, Hl212. 1076 cm’”
WWRLNAHEY A —DRIL, 1200 cm™ fHEICRONEY) VBERREOEZOY — 7 2 &
ThHhs,

DEDRRD S, REIZLY . BEEORR L 72 REEMHATHON TN 52 L & H5HHR
T&72, %3 DNAFc/Au DAY R VIZBWT, 1653 cm 128 5 W AHVIRILE . ke
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EITEINAANKRNVECHETELDTH S, ZHOE—7F, —#KIZIE 1700 cm” ~
1640 cm? 1ZHN, ¥ Y SZ BO AN E =)V I L FEE. DNA O AREGE ISEAF L TRIND %
MOEALT Do ARTORIEHIZZ BV L2 b, REICEEILE N2 ZEH DNA &
BERINFEEE L >TWL D LHERIN S,

A =0.001

1515
1550 1459 1412

1733
DNA/Fc/Au -

Cc=0 arC-C N-H P=0 C-0-C
1550 1515
Fe/Au 1692 1647
1 1L 1 I L 1} L I L 1 L I 1 L L I 1 1 L
2000 1800 1600 1400 1200 1000

Wavenumber / cm™

Fig.3 IR épectra for the Au substrated with ferrocene-MAUD SAM-Au (Fc/Au)
and ds DNA-ferrocene-MAUD SAM-Au (DNA/Fc/Au) structures.

Conditions: incident angle 80 °, resolution 4 em’', 256 scans.

32 [EETEROBRLETRE

4 IBHEEOY A 2 ) v I RKVIET S LARRT, 720t VR BEIEMR (Fo/Au)
TiE. +500 mV FHEICBEABRILY — 7 2585 Nz, RICIIRL TWRWAS, MAUD 25
D SAM BEIEBTRABRER L2 SN 272206, 2O — 2713, BIREKM
CEER L7720t VICHRTADDEER LI ENTE b, T2, BRILKISIZHEDE
WEIS., BRETMANDO7 22+ OEE{LEIX 0.10 nmol cm™? & RFED b, £FMIC
BUFATNVHYFA—D SAM R TIE, —#IZ. 0.76 nmol cm™ DIEFHWAEL ST A
NOENTWAD, MELLET AL, 720 3TNV IVFA—VD THD | ORAHEE
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BERDA, CHIE. 72OV BTFORSHEENOELTRULER LA SN,

BB, KVIEFSLAIBILBRLY =237 0—-FThh., LAWK L 2o T 5,
Shid. HAOREY A (720X y) PNRE - ZEFRBIRUCRE & FEOR I
LEETHL (BFBHEEN —FONMEFHELILR) o 2B, RILOBHEIZIARE
BE(LY — 2 IR —Tho /o BEATREMIAHTH LA, BILRBIC L0 ER
L2720k =y 54 F VYHFBEBEECRENL SN, ZORDETUEARI VIZ R o
TWwALDEEZLND,

7 =0t v IEHEEIC A DNA RREELT 2L, E- 2 BB FHREICET L
(ss-DNA/Fc/Au) o BIIRTHERIZ, A—DBBICOVTHLLDTH LA, —AfH DNA
DEFELATE B LT, ¥ — 2 BifflAS 50 % EF LTV A Edtbh s, BT L
By, BMCEENL/: DNA 25, THOBILETIENLRE OBEMICIZ OV T, HEFOEM
FUSHE (B 2ETSEH0EEL TS, 72751, DNA OEELE T R
EUhTIT>TVWALDD, ZORBMULEIEV, —H7 20U HRIGEL 2TReMED GE
TERV, ZOHIZDVWTIE, SHRORFAVULELEEZ TV 5,

15
Fc/Au
(0.10, nmol cm™?)
10 -
ss-DNA/Fc/Au
<:CL 5 ds-DNA/Fc/Au % . .
5
E ool
O R R ————
-5 ¢
-10 L 1 1 1 1 I L ] L S ! L

-800  -600 -400  -200 0 200 400 600 800

Potential / mV (Ag/AgCl)

Fig. 4 Cyclic voltammograms for the Au electrode with ferrocene-MAUD SAM-Au (Fc/Au),

ssDNA-ferrocene-MAUD SAM-Au (ss-DNA/Fc/Au), and dsDNA-ferrocene-MAUD SAM-Au
(dsDNA/Fc/Au) structures.

Electrode area 0.37 cm” (R = 1.6), electrolyte solution 100 mM KCI, scan rate 25 mVs ™', RT.
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33 EEFEHENCE T » Eptaet

INETORHEREDLS, SAM 2ALT720t Vv SF2EE LA TLBETFRE UL
RBATAIENTE, 51, TSI, —&$H DNA #EELT AL, 7ot {8
i DEBICAHESINL Z LAbh oz, TITT, 720t Y DEBKIELE DNA DN
47Uﬁ4k—&a/k®ﬁ LA%#%tné MEDOHVWIETHL I REREZIL,
Z i, WCEEFE VIS HT A ENFMEL VR 5,

K 4 L‘n47U&4h—ya>@%%%%waéomﬁ@tbu\ﬁ—@%@uo
WT, —EORELIEICHE) CV OELERL T D, 3B & %5 ss-DNA/Fc/Au TR % A8
g DNA CTHLEE L7458, 720t Y OB(LRISICHRT 5 ¥ — 7 Bl 3 50 1 125
L, EHIETTAIEDNDho7z, —HEE DNA L ZARHLDHWIETIE, THE 25
LETCEEE OBBIIEOMEOREIKIBIZRL 20 EX 6N 5, LBRIZIIRL
Ty, ERBOEMZ LY IEAE THFIT 5 &, +1250 mV FFEICRT @2 8BILE —
IHEEE NS, Zhid, DNA i 7) VIEROBLISICHRT AL SN THEY Y,
FIGDBMEDHFHE L T, DNA A& 34 pmol cm™ L RFED Sz, Thid, 720
YV OERMEDIFD I L >TNA,

ZZTHIRT 52N, ABIEIC LD ESRFUE L HAGbEEEZTE YOS
RTILDNTE, CTNFTHREINTELBEF LV, £C, B{LETIEE ES
DNA #EEMSFERBICFRIAT A0 TH YD, KO LI A, RSy FFTu—riey
A 7D DIFMIZIEBIN 2\, 45, BLOBRFTFEMATVNELLVEEZ TV

34 DNAKEE Y VX7 HEY v ~ADOInHE—V DNA HLEEF L L 7St

Db & 912, KRBFFETIIZEH DNA & redox 5F0 6 DR E CEMER % 1561 T X
HIERVERMES L7z RIEMERRIIZNBRTHRILETHEREEZFL TVWHEDT, ZhET
DEIATDEVHFEZRELZY), v= W —AF VOB LICE YT REERTELLD L
EROND, HIEDAZ —bE LT, ZZTid, DNA &MY 82 BEBICE YIRS L
77

R\w7z5 o387 Eid, $T DNA ik (v AH3k, £/ 7 0—F)L IgM Hifk, 5F& 90
7)) ThHb, ZOPEIE, BALBEROVEDTHALEMETY bv b —¥ 2 0IEEY
HELTEEEN TS, L DNA Hiffid, D & 2 ABRRBERERICLVSHINT
WEHH, TN S, BEPOMELFHIEEMIITAZ EOERITKE Y,

X 512, #L DNA PRI § 2 BABICE 2R T o IRINL 23RO BRIzt R &
BT LDOBHFNENFHEMT 2 050D b, M 6 1&, ¥—27 OB OIARIEEKEN %
RLIZBDTHY, nM 4 =5 —DPURIH LT, BERNLBRIGEIBONL I Edbh
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Do YV OISEREIL, —ROZREL YIRS THL, B, BED BRI
SWTiE, B, e 0V AVERET 21T Tw5EZATH L,

BkIC, Ay FoREEEcET s 282085, BHMEMO _EH DNA LHEST
LOBAICARLT, 720ty OBEIEI 1) BENAR. 2) THENEHRLVI
MOEBLZITAEEZOLNS, 22T, BERHTY 2 0t Y ORIERICHEZ 53546,
HEUEEREMET 272012, YA MEECHT =4 YIRS 2LERS 5,
DNA RV 724V THAEDT, 7 =4 vOHEEHE L, I NAHFEO BT IEE
@ﬁT’&ofﬁhé%wt%iEhé PRI T 22 VIRV TIE, IgM ik
DEE ML, BE. BBETH ), AMETRIUERGTEBRET > TV A0T, FEN
BEGEL RV DL FEREIND, —F, LEHEHRIZOVTIE, SEOHEIEFKRIZIE
RRAELEIE) . 2FED ., TR o CEIEL AL TBY . B2, Fifk
SFONEEH S tlTé;é%tiﬁ RO DNV, FAEDEEIZHE) DNA O ¥k
A—3a AL, BARMICIE, B I3 L CRFICER L 72RE 2 587 E HE O IRR
PEETHIDLEZTVA, WTFNIZE L, ZORICOVTIRASERDRFANWLETH D |
BREAWOTHE IR THEE LV,

ATHRD

N
4>

;f!.l;

&

ARFFECIEI ZESH DNA & redox S F 95 DHEBECTEMRMEA B TEX L EBIELMELL
720 BEHBEROBRALEFEICOVWTHRIL, 7. &ETLyH L LTOMAITEET
HHZEEHLMPIILIZ, RIS, HEELOFINE THRETLTE 7 DNA N+ VD%
REIE LT, ABEMEEIAY Y F7O0- VRO Y RFELTHAVELZERL,

CZTHEY BIF7EIEPL DNA SR TH ), Zoditfkiiesltr) b~ b =¥ 2D
EWREERYVRAZE DL, RIETHELALRELVFIZOBERIIKREVIOLEEZS
ns, .

L LaAo480IE, YWOBEETHo77T7A A EBAF VEVHIZonTE, HE
B DBFE2S, ERICRFT T2ICREL o iz BICHBR X912, BEESIZ
DNA £7 52 A &IBA A Y L OBRMMAFB L, BRELT /2D 44220 H 5%
BLTWw2Y% ZOBKT, KROLSEANFTELLL TN

75X A ERBAFVIE, BIZID) T APEELRI) OWRERTIE, TN
V—HARIEL TNVIZ VLA LDRER E, AR LTEN R EES DO S0, &
TR A Y 2V OREDY, COLIRFHIHREDTH I LITBBIZEL LV, 4%
E. 252 A EBAA YV ELTOFHICOWT, A ORMAITHRET LTV E 72
WEEZTWAh,

-124-



Current / LA

15

10

‘i | i | 1 | 1 | L | ) 1 TR 1

-800  -600 -400  -200 0 200 400 600 800

Potential / mV (Ag/AgCl)

Fig. 5 Electrode response to anti-DNA antibody.

Antibody, monoclonal IgM (mouse, Mw 9 X 105); Electrode, Au (0.37 cm2, R = 1.6);
Sweep Rate, 50 mV s™'; Electrolyte, 1 M KCl

anodic peak current

L R I B

[anti-DNA antibody] / nM

Fig. 6 Plots of the magnitude of the peak current vs. the antibody concentration.
Conditions are the same as those in Fig.5.
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DNA-Modified Electrode: Electrode Modification with DNA/Redox-Molecule Bilayer
Structure and Ton Sensor Applications for Class A Metals

Koji NAKANO
Department of Applied Chemistry, Graduate School of Engineering, Kyushu University

Metal ions play a central role in many biological processes, e.g., the ionic homeostasis
and the intercellular signalling of cells. This also applies to the biosynthesis of nucleic acids;
all enzyme-catalyzed reactions with 5'-ATP, including those involving DNA and RNA
polymerases, need divalent ions. We have been investigating a biosensor which comprises
double-stranded (ds) DNAs as molecular recognition elements. As one of the key technologies,
we have developed a new immobilization method for ds DNAs which is taking advantage of
self-assembling chemistry by an organosulfur functional group on gold surfaces. By adopting
the redox-molecule mediated, artificial ion-channel principle, we have successfully developed
an electrochemical sensor for DNA-binding molecules and ions.

That is, ds DNAs which are immobilized on an gold electrode surface block the
access of the redox-active ion (marker ion) to the vicinity of the electrode surface while the
affinity reaction between the ds DNA and the DNA-binding substrate defuses that effect
leading to the enhancement of current density of the electrode reaction of the marker ion.
The sensory principle used here is featured by a high sensitivity of detection, however, it
seems to be too sophisticated in practical uses. In the present study, we have developed a
new immobilization method which enables the indicator-free detection of the molecular
recognition event.

First, the gold electrode surface was modified by the self-assembling monolayer (SAM)
form 11-mercaptoaminoundecane, then, 1,1'-ferrocenedicarboxylic acid (Fc) was reacted with
the amino groups in the SAM in the presence of water-soluble, carbodiimide reagent. Finally,
oligonucleotide (dT12) with 5'-amino function was immobilized by the coupling reaction
with the carboxy group of Fc. The present immobilization chemistry was characterized by ir
spectroscopy and the formation of DNA/Fc surface structure was confirmed. Electrochemical
characterization of the modified electrodes were then made and we found that the redox
activity of the modified electrode with DNA/Fc structure was reduced to ca. 50 % by the
attachment of DNA. When we treated the DNA-modified electrode with the complementary
strand, the redox activity was almost diminished. We think this observation is important
from the viewpoint of gene sensor applications.

We have also started to explore biosensor applications of the modified electrode
system. We studied the electrode response to anti-DNA antibody and found that the redox
currents reappeared in the presence of the antibody. The peak currents were increased with
the increasing concentration of the antibody in the range of 1 nM — 10 nM. The anti-DNA
antibody is well-known to be a marker molecule for systemic Lupus Erythematosus (SLE)
which is a severe autoimmune disease. Thus, the present system is important from the
standpoint of diagnosis of SLE.
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