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Abstract : We have been developing a liquid-phase immunoassay using magnetic markers and a supercon-
ducting quantum interference device (SQUID). In this method, bound and free markers are magnetically
differentiated by using the Brownian relaxation of the free markers. Hence, the time consuming washing
process that is needed in the conventional optical method for Bound/Free (B/F) separation can be elimi-
nated. Using the method, we demonstrated a detection of C-reactive protein (CRP). We obtained good
correlation between the detected signal flux and the concentration of CRP. The minimum detectable con-
centration was 1 pg/mL. Since the present sensitivity is limited by the blank signal caused by the aggre-

gation of free markers, much improvement will be possible if this problem is solved.
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~ = —RETHRAEIREZIT, v — I —IREORGEE
Tote. ZORREEIEIIY TN Of T EOFE-CHE
@B%*@Eirl_r—@ﬁ]@{h% VN CRP DO/MEHRE & L
T 1pg/mL R L7Z. ZHIZ , Ve TREAE AW
fRfg & 7e CRP ®$ﬁﬂj75=ﬁlﬁ‘éf‘§>é ZEEIRLI.

2. BIMEERERE

ARETIIRERANR AR A CHW BN DR~ — I —
7T U RN, KOMIERBIZOWTHIAT 2. RHEE
ETHWONRGE~— I — KRG~ — I —OFEXX %
Fig. 11ZR 7. UZRTRRIZ S A A E (target) IXELR DK
3.3 um OR Y ~v—E—XZ@EELE I, ZDOF—F v M
MR~ — I —BHET 2. ZOo~v—I—%&fEG~—I—
(Bound marker) & FES. I HFIZIIROG D~ — B — b 3k
FL, ZO~—h—%KiEE~— P —(Free marker) & FE5.
BWABIRE HIE T, BT 28918, WRTICKIT D/
KMEE (77U U8 ZRVWAET, JERICHE~
— = RKFEE~ — I — BRRBNSERAT D Z & A AlhE
5.

2.1 BMERT—h—&TI5IUEM

ARBFFETIE, A TWE ZBKLES TR 2 BICEEK
Y= HNTWD. R~ —— &%, ISRk T
Fe;s0s @0 FCHE L, ZOREITHRERFKEZHES S

BEbDOTHD. R~ —I 2%, kx RFEESREN

©Kyushu University



. R - AIL - R - R

TFET 50, Fex it FGbeads (ZEEJIDEBKE) 2 HWT
FEBREITH>TWVD.

T i Polymer I ~

® o TN
(3.3um) ji N
target

<0 o>oT
Py ,
%T . Xl y

Bound marker

.- ~~

4

Bs

Free marker

Fig. 1 Principle of liquid-phase immunoassay. Bound and

free markers are magnetically distinguished by us-

ing the difference in their Brownian relaxation times.
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Fig. 2 Magnetic marker.

FG beads O#I&IX % Fig. 2 12”7, ZOMR~——
X, Bk 2R ) ~—a—F 47 LT\ D . KHF
22T, #—4 v b & LT CRP DM ZIT-> TV AT,
RY ~v—REITIFZEN L FROITHEET S C2 Piikr 3
LCTW5a. £, BR~—F—O V¥R FERIL 140 nm
ThHV, ZHERBRICBRDEFEMBZICBNTT 7T
BRI ZIRET 2 BB TH S.

WK ORER~ — 1 —1%, SN DR Z NS % i
XV, == —ND FesOs Db DHERE — A > b DI
RrmEFEICEL Ko ICREET 5. Zhick v <=——n
Bk S, MHEWRERE RS 72D, T D%, MDD
REWOL, BRE—A Y Mo TR 8L 72
0, BR~—0—2ENT o F ARG EEET S, 20
BHEETIOZ L 27 T U U REIRER &V D

ZOBEENEERRNOEROHR~— I —TEL LD
2 \ZT v & DR ITEICEW AT — A v b OfFna B
neRARTIENTES., 07T EENC X HRE
BORMET T U UBIE DY, BRESOREOKTIX
wRTRKREND 0 |

M(t) = My exp (— é) (1)

I TmIET T U RN & R AL & Y

©Kyushu University

lle DRE IITHET 2 ETORMEZRT. 777 8
13, RROEHRC L DFEFEMEERL TWDTe), 77
U MR IR TR SN D.

-
52k, T

2T XAIROREEE, du 1TRIOELE, ksliALY <
VER, TIIHXHEETHD. ZoXNS, 7T U UEm
FEIE, MR~ — P — R ERICR KT T 2 ER 00
5.

@

Brownian relaxation

1 No signal 1 Mfgnetlc marker
Y Y 1

1

Ty | PN be LN g g ™
polymer
aam | @ el L *I}_ o
L e T Ll BN
Y /Y |
F ki i
t ree markers Targét t Antibody

Bound markers

S rseikcsasnanasnnnanssnsnt P
<> Rotation Magnetﬁ

SQUID sensor Remanence measurement B(+1 mT.-1 mT)

(@)
10

\ \ \ \
D(+) B=+1mT

(b)

Fig. 3 Liquid-phase immunoassay using magnetic markers.
(a) Detection system using remanence measurement.
(b) Waveform of the magnetic field detected by a
SQUID sensor when the sample stage is rotated.

2.2 ZFIBTEQARE

WR~—A—rbDESE2METHFiEE LT, BiE
RKMPE, BEEFEMNE, MORBBKIER ER%ET bn
L. AT, MR~ —h—0b OEREBHRIE S 2 HE
T5IZ L TRERAZIT>TND.



MR~ —H—& AT TONA T ERH -3-
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— ERICORFEG~— I — O 2FEANFHETH. 22T
s PG A BOR S XV (1 mT) ZEI L7228 5
PERERIGEB IR 2 ThDH 12,
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—VIZEy ML, LB KARE Z AV TR~ — 0 —
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77 0 UARFIREIE 18.6 sec TH Y, RfEE~—H—D
7T 0 URREFIRERIEA 3 msee THD.
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—H =D DEREFIIRFEENTWS. 207, KA
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A SQUID mE L&EiERT 5 & EIEFEENFHIEND.
{3 51T D peak-to-peak [N Yo T L DIE SRR D %
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FlEETHZLicky 12 oY F i —FEICHET S
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ORI, ZOT T U AR OEERRATAZ L T
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XKD, 2o, (RO FHFIEIH O b Tz BIF
EED T DT & BRI DV TS A L 72 Y,
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—H—NFEET L. EBEOY T IBIT LR~ —h—
DOEAIX % Fig. 4 1277, KUIRTHRIC, Ba~—h—¢&
LTI FIZiZiE 9 5 b O (suspended) & A4 K i (270
B U7= % o (precipitated) O 2 FENEET 5. KfEA~—
H— & LT, WIRPICRIET 2 H 0 L AIRERICILE L
b0z T, BethiR(agglomerate) SIFET 5.
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Fig. 4 Schematic drawing of actual sample. Five types of

Precipitated

OOO Drp

magnetic markers exist. Bound markers consist of
suspended and precipitated ones. Free markers
consist of suspended, precipitated and agglomer-

ated ones.
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ik

O(+)=Pps+ Oep+ Prs+ Orp

P(—)=— Pps+ Opp— Ors+ Orp
TRIND. THIEFEL TWDE~—h —DH3 R E R
DIEAICEI Y RET A0 TH L. (3)RI kAR
bis.

(3)

N CIOET IO

> Drs

@
@Bp:w_

> T, WUz LY, Os(RilE L TV DFEA~— I —) &
OpP(LE LT-fE e~ — )& RO Z L RHKD.

Fig. 5 ICEBREROBIZRT. 75 7 OREhT CRP
%, HEIEEMEER L CWA. 7 700h Os L1k
AT OppE VIOFREDOE LAVR L CWRWNWTZ ER0 5.
Thbbh, #AE~—P—DIE & A SITREPICERE L TV
HZLERLTCND. - T, LLFCik @er i3 MEH L, Ops
DHOREREFEFEE L TRT LTS,

P rp

©Kyushu University

Signal (mCDO)

10" 107 10° 10*
Concentration of CRP (pg/mL)
Fig. 5 Relationship between signal from the bound makers
and concentration of CRPs. Here, ®ps and ®sp rep-
resent the signal from suspended and precipitated

markers, respectively.

4. CRP 1% i =ER

41 EERI—H—EBEEOREIL

ARETHE, HHTIBR~— I —OREOR#EIZON
T 5. K~ — 7 —DOREX & T UL EWE EHUR -
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20, AREENPEZVIZTOREE~—T—15DEFES
(T 7Fn) PBERLTLEY. TZCTHREDR
EOBR~——%MN5Z LickoT, a~—h—N0
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TR A RE L.

4.1.1 HEESOREEFH

WA= —ODEEOREKRFE%Z Fig. 6 IR
77 7 OMENIAS SRR, BT CRPIREA R LTV 5.
KBTI, WBHAKICEAT IR~ — 0 —OREN
1.0 pg/60 pL & 2.0 pg/60 pL. DEPE DFEAE B2 MIE L
o, MIZRT X211, BEGEEFE~— 7 —RENR
2.0 ng/60 L DIFPEDIT I BRENZ BN D. ik
WR~— I —RENRRENI LI VHIR LS = —
H—=DENEL IpoT=h b THD.



MR~ —H—& AT TONA T ERH -5

10° : :
—* 2(ng/e0uL)
10° =
B 1(ug/60pL) |
f'?j i /
S 1 ‘ e
E 10 g
[
3 10°
10
10* 10° 10° 10*

concentration of CRP (pg/mL)

Fig. 6 Dependence of the bound signal on the concentration
of CRPs. Results obtained for two concentrations of

the markers are shown.

4.1.2 TS0 T7FLVORERFE
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55 C OFURPUR UG PICRFE G~ — I — DEENHEIT L,
BEAEDER SN D, ZORERITR FERERPRKRERY
T I UARTIRENEL 7D, LN TRESG~— I —
DEEBIIMSENZETIEZRECTCLE). 207
GV TFNDT— I —REDIKFEERR L7201
LRoOBEEEOHEG LRAKIS, ~v—V—REL
1.0 pg/60 pL & 2.0 ug/60 pL £ TELEETHAEDT T v
7T NERE L.

77 F AL, 1.0 pgl60 pL OFEZ 5.2 m®Po &7
St ZHUSH LT, 2.0 pg/60 pL ORFIZIE 19.6 mPo &
720, 1.0 pg/60 L OFFIC AT A IE EmWViE BRI > -
IR~ — I —RENRE W &~ — b — [ L OREE NI
NTWNDHTZDTHBH.

41.3 REBREREDREKTE
IEREDORELFRTRE LT, BAESLTI LIy
7 F Ol Ratio)E L FO X D IZEZHE L.

. Bound signal
Ratio = ————
Blank signal

GEREICBNT, KodhnRib g ERal+ 57
DIZILZ O Ratio F RELTHILEREETHD. WK
AT Ratio DR EMRFMES Fig. TIRT. 7T 7 Ot
i% Ratio, #ililix CRPIREZ/RLTWD. 7T 7ITmd &
N, v ——JRIE 2.0 pg/60 pL DIFH B L TNDH Z &
W5,

1
10 | | T
——* 2(ug/60uL)
10° L — 8 1(ng/60uL)

fe

&

o ! !
100 B E— |
102 i | i

1 10 10° 10° 10°

concentration of CRP (pg/mL)

Fig. 7 Relationship between Ratio and concentration of

CRPs for each concentration of markers.
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Fig. 8 Relationship between signal and concentration of

CRPs. The results obtained with four experiments

are shown.
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Fig. 9 Relationship between normalized signal and con-
centration of CRPs. The vertical axis represents
the value normalized by the value at CRP concen-

tration of 1000 pg / mL.
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