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The trace characterization of physiologically active substances with low molecular weight (e.g., steroids, catechola-
mines, prostaglandins, and oligopeptides) , which are classified as ‘‘haptens’’, is an important subject in clinical analysis,
and competitive immunoassays have conventionally been used for this purpose. However, the subfemtomole-range de-
termination of haptens is very difficult, as the sensitivity of competitive immunoassays is essentially limited by the affini-
ty of the anti-hapten antibodies that barely reaches the range of 10! (1/mol) as the affinity constant (K,). Although a
noncompetitive ‘‘immunometric assay’’ format, the two-site immunometric assay (sandwich immunoassay), enables
even subattomole-range measurements of macromolecules such as proteins, this principle can not be directly applied to
haptens, as their low molecular mass prohibits simultaneous binding by two antibody molecules. To overcome such limi-
tations, we are required either to create artificial antibodies showing ultrahigh affinity to haptens by protein engineering
of antibody molecules (‘‘antibody engineering’’) or establishment of novel immunometric assay formats applicable to
haptens. This review surveys the background and recent approach for subfemtomole-range determination of haptens us-
ing novel immunometric assay methods. Our studies for the development of hapten immunometric assays are also
described.

Key words——antibody engineering; haptens; immunometric assays; sensitivity; detection limit

1. FL&IC HREIBI-OBICHEROMICEEGT 2 EHIRRE

—I\7F > @ Subfemtomole H|FE ~DPkEH—
AFOA4 R, JORETS5>Yr, hra—=)V7y
2, AVOARTF RIzE, EERNIITLSHMET
AFER T SR TIEMDN B <FEET
D, INHDOXIIIT, MHIZTER M A 2000 (2
Bl RWEEPNI—RICREREEZ RS T, TN
HIRZ B G L TH T OME 2RI 5HiRIE
/monkn, LML, @4 sEmafFrUvr—aedt

AR SRR RS (T658-8558 i i s il (X A< 1L 4L HT 4-
19-1), PHAER2ERBE AR (T980-8574 a3
REBHT 1-1), HILKZKRFABEEV TR (T980-
8578 BT HERTETHLE)
*e-mail: no-kobay @kobepharma-u.ac.jp

B, AREERE 12642 ORI TLS23 T
RELEZHOEHFLIIGERLZHDTH 5.

B (ZEb—7) L TEHLSZD, HikEESIN
5E51T5. ZOXILEWNZ, REILFEDOMHE
BTRINT T LI ns.

NT T OEBESTEE LT, JURTRRISD
R SN 2R U 2B lEE (1L Ty
A1) MEAINTNWS, 1L/ 7 vEA1IE3HER
MM BOEEIEROIRITRBTELN, "I NT
FURB IS HAEICIDBEEINTWS, HE
EiZ, BEMSOEY GiE) & BRI T,
R ETE#R L Pz, —EEOHURITHL T
HAMICKIGES®2HDT (Fig. 1(A), HHEOH
BRI THEEAROREGENMET T 5. & ThE
OUFEIZHEHTE D0, £DT viABEIIHW
PR DOBMER K, \ITKEFT 5728, femtomole



56

Vol. 127 (2007)

A. Competitive immunoassay

Limited amount of
antibody

Antigen

YY

Labeled
antigen

Noncompetitive immunoassay

@k
@
B.

(i) single-antibody immunometric assay

Excess Iabeled antlbody

AAL

@

000

Immobilized antigen

0000

A
00

Antigen f‘\ fl\ fl\ ,l\ 3
A
- 0

(ii) two-site immunometric assay

Antigen
Excess immobilized
Antibody 1
—>

e 00

YYYY

AAA

A
B ¥
"Wee

Specific binding

A A
0.0

Excess labeled
Antibody 2 »

Nonspecific
binding

Fig. 1.
says)

LRIV TES < MEOHIEZHET 2 2 &13
WTHREETHS. 4

—h, EHEMOT v AIEFAL /ANy
7w EBREIND, HEMROGUTRIC, L
iRz @R MA THURFUR RIS 2170, HUEO
BEIN U THEINT 2 REE S RO R Z R OIE1E
MHEZSY—T5. B—PUR1 L/ AN I T
- (single-antibody immunometric assay; SA-I-
MA) () & two-site T .5/ A MU w77 wtA (i) i
ST DIEMTEDD, WTHIZDWTHIEE
DN TERR D > 7 FIVRENE KT 2 8%
NEonsd (Fig. 1(B). BEFEEFY > RA v FIED
MaTHSsN, F2NIEOXDIT, 15T RIT2
DULEDOIE b—=TZFDmEmn FHRICOAEH T
2.V ERPUR 2 EE ik BT L, 512
RIFZIE b =T 2RI PR Z RS &
T, Iﬁh@@%®@ﬁ%ﬁﬂ?é AL/ ABY

w7y, BEEOHKREGSELS I EN
TED1D %u% EXTHEERTAENTDH S

N, ¥icH > RA v FiE T3 attomole—zeptomole
l/’\“)l/@?ﬁllﬁm%)ilﬁiéhfb)é O YA

AT 5 HEORFENE < ZORREICHEN,
*FJE%)IEI<, EHERT LA FEREDNA ZN—T
Y RAT ) —=Z 2T RODDA LS Y DR
WZHhELTWaD, Lal, NTTF20%30FY

Schematic Representation of (A) Competitive Inmunoassays and (B) Noncompetitive Immunoassays (Immunometric As-

A ZHVNE WD, 2 FEOYIRS THIF R 7 —
DNT T U FIKHEET 2 Z EIIARAEET, RED
i VT RD THEEL W,

UEo#MEZEZEET DL, NT T 2O subfem-
tomole I E 2RI T 2720121, EURNELETD
PiREDE e CEWEIM 26T 55N T T >
PR B ANBICAIET S0, Y NT T I
MATREIRA L/ AR U v 7T w1 OHLWEEZ
TRITZHIEITRD. W2 EFESIE, VKROELETL
¥, IO B IR T O 2 BMmAICEH D A7
M, MADOTY 7O—F&2EDTNS, AFETIX
INSDIBENTT AL AN T T w1
D7 7O —F ZHOICHEOE e BHR 287 L,
EESDHEREICDOVTHREM LWL, B, &
BHICBEBETINT T OB E M, % Fig. 21
—#E9 5. TORIFIERZWIE S U THRIEN
ROSNLEHEEMETH 5.

M SERL RS2 H%, 1958 eEFTEIR A &
. 1985 FFH ALK F R 2E B A SR
HEEEET - B, 1994 £~
1995 4E)V > B R%¥ (RUxz—F2) 1T
THETENAMEE & L THMARL¥O
TN, 2002 45 4 A K O Bilg. B
EOWIET—< ik T e AT
B AR B SRS BEBAAL O BB & Sy Mk o
~OISA.




No. 1 57
A
Angiotensin | : Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu (M, 1,297)
Angiotensin Il : Asp-Arg-Val-Tyr-lle-His-Pro-Phe (M, 1,046)
Substance P: Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phe-Gly-Leu-Met-NH, (M, 1,348)
[ArgB]-Vasopressin: Cys-Tyr-Phe-GlIn-Asn-Cys-Pro-Arg-Gly-NH, (M, 1,084)
B
HsC,
CHz0H HaC/, COOH HaC ™)
HiC éoo HaC OH
HaC lOH HsC
OH |
. AcNH OH
o 1ot OWOH |
11-Deoxycortisol Ursodeoxycholic acid HOY
(M, 346.5) 7-N-acetylglucosaminide
(M, 595.8) 25-Hydroxyvitamin Dy
00 (M, 400.6)
OH
Y cHy”
HC
OH
CHy CHy °”3° [
H
%0 (o OQ
HO gy OH OH
Digoxin (M, 780.9)
H Qe
G GO
cuzc ~COOH —Cys—Gly >
COOH
R = I: Thyroxine (M. 776.9) Leukotriene C, O
R =H: 3, 3', 5 -L-Tritodothyronine M. 625.8]
(M, 651.0) (M ) Fluorescein (M, 332.3)
HC_ CHy  CHs °
CHF, ™
Hzncuzcuzcuz—?—eoon CHg AN O o
NH;
HyC” Xy O OH
a~(Difluoromethyl)ornithine 5 . ) GooH "
(M, 182.2) 9-c1&|::t;r:7:|3 acid o
m -4) Phenolphthalein
(M, 318.3)
Ciguatoxin CTX 3C (M, 1,023) HyC
Fig. 2. Chemical Structures of the Haptens Covered in This Review Article: (A) Peptides, (B) Steroids, and (C) the Other Com-

pounds
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Fig. 3. Theoretical Standard Curves of Competitive Im-
munoassays for 25-Hydroxyvitamin D; (25D;) Constructed
on the Following Assumption

(A) 125]-labeled 25D; (molar ratio 1 : 1) is used as the labeled antigen at

the concentration (4) of 2 pmol/l under the 50% saturation (B,/T=50%)
condition (a—e), in combination with the antibody whose Ky is (a) 1.0X
1079, (b) 1.0X10710, (¢) 1.0X 1011, (d) 1.0X10-12, or () 1.0X 1015 mol
/1. (B) The antibody (K4=1.0X10"15mol/l) is used under the 50% satura-
tion (By/T=50%) condition (a and b), in combination with (a) an acridini-
um ester-labeled 25D; at the concentration (4) is 2.0X10-2pmol/1 or (b)
with an enzyme-labeled 25D; (molar ratio 1 : 1) at the concentration (A4) is
8.0X 1073 pmol/l. All the competitive antigen-antibody reactions (both A
and B) are assumed to be carried out in a 500 ul assay medium. The abbrevi-
ations, B, B,, T are as follows: B: the signal intensity due to the bound
labeled-antigen at any unlabeled antigen concentration, By: the signal intensi-
ty due to the bound labeled-antigen when the unlabeled antigen concentra-
tion is zero, T: the signal intensity due to the total labeled-antigen used in the
competitive reaction.
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Fig. 4. Classification of Reported Hapten Immunometric As-
says Based on the Assay Principle

(A) The assays including a chemical modification of hapten molecules
to allow sandwich-type detection. (B) The improved single-antibody im-
munometric assays (SA-IMAs) (i) separating immune complex and excess
labeled antibodies using hapten-immobilized affinity-column or based on the
difference in their physical property and (i) its variation based on masking
of unoccupied antibodies by immunoreactive macromolecules that work as
“‘paratope blocker’’ followed by selective capture and detection of the hap-
ten-occupied antibodies. (C) The assays employing a probe molecule specific
to a hapten-antibody complex.



60

Vol. 127 (2007)

EXRMFEDNT T LBzl THE2OIE
c—7ZHEEL, 2MiHEICE<DBDOTHS. IE
N—TDEANTEENTHDZEE, NTTEH
BRI E =T O TR0 NS 5 Z EAK
wohd, HEBIX, AIROHE KL L A B
w277 vtA4 (SA-IMA)DT, £, NTFIT
bEATESEHBGEEL TR H BN TN
7z, BIENROPURICHEE & OEHRIUA % KIS S &
TEEMICHIEFIERESERIZENW 05, RSO
B TURZ M S DO HIETHEE - BRET 2. RIBHK
WCEEIURZMA TRINEE 2 2 ENLn. L
U, i REOEEYRE 2 kI gifa 3 2% 2
ENRET, X/, BEOERPUAZTET DHIC
B ECPUR DB HURITHTE S Nz O PR & 22
BLUTREZIERS. IO L ME2UEL, EA
MENTT > D SA-IMA L2 BT A0 4
wWEHEINTWD, FECIK, NTTFoEHNTT
R OEGREREMICGRHET S o -T2 Hn
2HbDTH5D. BBTHIHAY YA THiRN T O—
TJELTHWSNS.,

BB, Kil, A—COEDFEBIZHZL L
Z=IBT7vkMR =T YRy FTvE
1) MBAFEEI N 59 BT TENICHEIND
PURD Vy & VL RAA R, NT 72 ONTE
TIWAERER ONTT2-Vyg=-Vo) ZBKRTSZ
EICHDLK Ty RTHS. UTITBRBIFEA
EDT v A RDYURTUA NI B O E D7)
BEEE (B/F o) 20 EET2HDITHLT, Z

NORARER “REDPZT AT A" ThrRINE
WWEHINS., AEICOWTIE, ABEO FHOR
EZEINZN,

32. NTTLAL/AM) 9T 914 DHRE
1l INETICHESNINT T AL AR
VT kA DIE, EHELRDHDITDNTZEDOHE
BT, KOFMICOVWTIZESR S ORFH
EZEINZN,

3-2-1. Heterosandwich Immunoassay!”-'8 =
BADOHITHD., NTTA L/ ATV IT Y
TABRREOI ENT &5 /1L T, Ishikawa 5
Viﬂwwﬁﬁ%”%”ﬁiémTMé T
KRBT IV EEHONT T VIR NDN, HHET
XTwmbtﬁwﬁ#V%Eﬁﬁétﬁ?/mﬁ%
ERIGESET, NTTF T Entinkk
SDOAR—Y =T X D ERFE S NALEWITHET D
(Fig. 5(1)). KInRz, HiINT T ohifkzEELL
7215 LA U TREIOEAF ALREEZRWZO
5 34), EFFALNT T OERBEELTED > EIC
WIEL, BEEEHL 2N T o Pikick ot
% (i), MHRSE, 7oA T 21 (M,
1297) & [Argf]l- NV T L w2 (M, 1084) Dl
EIZ DWW T 4 10 amol/assay, 50 amol/assay T,
1] B HUR & F1 D RIA T EEX 100 &S Tdh
o7z, INHDEIBEHGTFRTF ROENT, F
OF > COBPFITHINHIN TS,

3-2-2. Solid-phase Immobilized Epitope Im-

munoassay'? FEEERICENNT T D7 2

@'\MMNHz |::N 0O- C cszM/\»’ —_— @W\A"NHCO’V\J’V\/‘> m

Hapten
(having amino group)

Immobiized avidin &= =
e Pe

Enzyme-labeled Fab'

. Substrate \\§
\
i) - §

.

Fluorescent
compound

Biotin-labeling reagent

V.
=
Immobilized
antibody ‘ b E
(&3

Elution under
an acidic condition

Fig. 5. Principle of Noncompetitive ‘“‘Heterosandwich Immunoassay’’ for Haptens Based on Quantitative Biotin-labeling of the Tar-

get Molecules



No. 1

61

JHANDCFERIEZEFIH L TWS, FHEAOE
FEEADAZ—IBTvEMRTHD. £7, IZ
BINT T > 2 BREOHNT T ik zE Tl L -
A0 7 L —b RICHiET S (Fig. 6(1). D\
T, 7 EOREERE TN T I TE RRE)
ERIGESET, NTTFo&7 L —RMIEEHEINTY
itk OvF RS N EICHEET S
(). 20k, BXII7IVAY TUEL TN T
EHURD/INT b =75 RS R (i), ZHICEESE
THEH LUV Z RIS TRIET S (v). ZOE
MPRIZ T L — MCEEMRL 2D D LR U TX
W, B/abyT>C FOFT 2, YTRY
ZPRREICHEAIN, BAIEITH~R 10—300 £5 5

Hapten

EET, MHBRIZH LZE 0.2—0.8 fmol/assay T
b5,

323. 7O0—4>2 x4 >3 /SAIMA
JFHH BI2HED< SA-IMA OB EETH D, KKIb
DIE#P IR ZBRET D20 AW NT T 2 EHEl
HNILET7O—A 2T a RITHAALTZS
2T hERBATS (Fig. 7). 2741440 AY
v MTINA, RS DOEEETUAZ KAE T 2 KObniH
HEE NS 2D EIR OGN D 2 FEEIA 5
N5b0EMETES. FINAKD a-(difluoro-

methyl) ornithine (DFMO) -~ @ Jix A #i] TiZ 200
amol DIERENELNTNS, D JBEIOXR) A F

4 —+¥ (HRP) #Z#bi DFMO Hifkza KIh X870

antibody

Fig. 6.

Enzyme-labeled

Dissociation of hapten
from antibody

Principle of the Solid-phase Immobilized Epitope Immunoassay (SPIE-IA)

(“g/@ @ Reaction mixture of

Hap: Hapten
Sig: Signal- generaung
group

immunometric assay

Substrate solution

Fig. 7.

Hapten-immobilized
affinity column

Back pressure
regulator

Mixing coil

UV/NVIS or
fluorescenc
detector

Waste

Schematic Representation of the Flow Injection Immunometric Assay



62

Vol. 127 (2007)

5, KR ZE 7 0 —RIEA LU TREOE DGR
&%?6.%%%%@9¢_%9<}mPﬁﬁ
X, SFI T ANNTEREEREZERSE S
ZEWZEDHEETNT NS, DFMO EELN T A
& 12—15 BIOERKE R AIEET, £OD5®MED
BER AR L CHAET 5.
32-4. ‘BHFENTV—TTovh-" ZFA
279 EA4AF RRISOEZEPUAZ BE PRE
2RI, VEREFEEZFAL TEDO/NT h—T
ZRMIESZEICHD L SHED SAIMA O —F
HEADTENTED., Piran 513, Fig. 8 DL D
Ry I—RFOZ> (T;) OMUMEEEERL
720 FT, ALERAMEYE TH 2T 7V A
IA7)V (AE) THEE#EL P T bilkz T; TG
IHEEZOBE®GN), T;07F0Y (T, Zi#Ea3dk
7o ART & MA CTRIEDHiE Z e 9 5 (ii).
DT, #i AE HilkZ g U7z itk E— X 280
T% &, T; & AE b1 Ts ik OE G HROERR
IHEST % (i), I AR FEMEE —XDORITK
FIRNREENEHL D EZEZ 5N, RFZICHME
WHE S N7z AB I D LR ZHET
%. [AU AE %P1 T bitk 2 W S B G 8L F 5
HA LT A ITHARTH 10 fFERE T, Rl
FE 51T 0.005 ug/1 (%7 70 amol/assay) TdHh 5.
325, MATAAYATHBEEERTSD7 vt

X iy
YaeY ADEA
AAEL
>
X
ACEA
Acridinium ester (AE) labeled 8

anti-T; antibody

Anti-AE antibody-coated
paramagnetic particle

Lets

Measurement of
chemiluminescence

1% ERKREONT b—TZfEficE570y
H—ELTHA T« &A1 7Thik (Fild §ifk) %
MAWaHiETh5, PildiukiE, BeEobik 8
1 HifR) ORAESFICHET 5, “FKR" H2 iR
TH5. 10 A LD 7 L —LT— 7 EIBITHES
LU, B 15N 2 A RDOHIE L FERFICHEEG T
EDb0% o, NI h—TIHELIREHE
TE5HD%E BIEIET B, 1021.2D Figure 9(A) D &
DI, BN T T > 2l EOEETNT T > H
ARTHELZZDE (), pROHIdHUL (B-1d) T
KEIEDINT b —T i S| (i), BEFELE T
U7z o BOhId ik (ld) ZMABZ &, NT
?yéﬁﬁbfm5#¢@7v—Av—ﬁ(ﬁwﬁ
ENID/NI V) ITRIRWIES T 5 (i), 2Ok
%,A7?>§@ﬁm_#vfgﬁwvﬁ%wﬁ§
MERLU, FEBEET vtA1 DpIT 5. Figure 9
B)DLSBRESHHETH 5. Barnard 513, Z
N OEMAE “idiometric assay” E&IECX, 25O
1 REOBEEICGHL 2. Eicidaryoey A+
L—hzZAW, RS BECHE 217> TWaH N,
MR ST 1—8 | femtomole D#IFH TH 5.
5%, Fig. 9(A) OFHICEDNWT, HIE
REMTHZ2IIN)TAF a2V T-N-7&F
W aABIZ RO MR L X)L OHEIE & i &
72,8329 old OFEHR I ELF 2 AW, ZOEM

& 0

H NH2

3, 3, 5-L-Triiodothyronine (M, 651)

H NH,

e HO—O OCHECCOOH

3, 5-L-Diiodotyrosine (M, 433)

Fig. 8. Schematic Representation of the Immunometric Assay of Triiodothyronine Using a Solid-phase Immobilized Hapten Analog

for Masking Unoccupied Antibodies
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A

Immobilized
anti-hapten antibody

Hapten

_
(]

Labeled

anti-hapten antibody

# Hapten

o

Labeled a-Id

Biotin-labeled a-ld

Immobilized
streptavidin

Fig. 9. Hapten Immunometric Assay Procedures (A and B) Using a Combination of the o-Type and S-Type Anti-idiotype Antibo-

dies (o-Id and B-Id) Each Recognizing the Framework and Paratope of the Anti-hapten Antibody

EANOEGIIHRPEH#HARNL T R T7ED ITLD
E=4%—L/. HRPEHIZHAKRITKOHEEL =
73, 118 amol/assay DR HERE &2k U 7z, Rrfdk:
HENTHD, A ZITY 2 &< b MREHT
BT EMTE. 2B, FREREREED
ZHRESL THAARRBEKREATOL RTHD
1-FFF 2 a)FJ—)L (11-DC) IZDWTHIE
HOMREZES TN, 2 i Id Pk BN 2 5
TLHBEG TRV, ik, Z2RIKIAT S
=N REN DRI BIRLZWMEN RS
N, FEHINS.

326. MAYTATHEERVZREEESHED
BRME=Y1 >4  VossIr. 5l%, 7L ALt
> (FL) &PiFL PR REE AR Z R RIIC
Wik L TR T 20K E AL, FIAY YA THik
(T Met k) L L7z 72 fi Met Hiik % Fil
UL, FECIZEOIL<7vt1% (Fig. 10(A),
(B)) ZWETHIENTES. FMEOHELVE
BN THENRLRY v 21 RES AN, Pl Met §il
ROFRAEIIMD THEETH 5720, KiEICLDNT
T ORIEFEFICEE 2, Self i3y TF2 >
(Dig) & ¥i Dig Hifk D #E & KITH L THi Dig Hiidk
BT HE 2000 500 & 58 < KT 5 T Met ik
155 LIl L, FEHMRDig DT v Ak
Z %L 7.2 Figure 10(A) OFEEIC L D7 vt A

Labeled anti-metatype
antibody
Immobilized Hapten
anti-hapten antibody v +
_
S : Signal-generating group
B Hapten
+
Immobilized
anti-metatype antibody
@
Labeled anti-hapten
antibody
—_—

_

Fig. 10. Hapten Immunometric Assay Procedures (A and B)
Using Anti-metatype Antibody Recognizing the Immune
Complex between a Hapten and the Anti-hapten Antibody

% T, “anti-complex assay” &% L TWw3. Dig
ETINVHVIKRAT 75—t (ALP) KT Met #1
RIZFEEFICY A 707 L — MTRImE N, =&, 10
HDOAFaR—=2a>ODOBIZEMED ALP %
HENEEEY A 7Y D TRICEDBEEEINT NS, &
HIBR 513 0.03 ug/1 (#J 1 fmol/assay) T, - >3+
AN— 3 2% I L THIRT RS OREN
BHoNTWwb, £7z, Towbin 513 AG-II OHIEIC
Fig. 10(B) ®FHE % il L, “metatypic assay” &
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U CTHifs U7z, 30 BEERICITAT O AE 28 L1E%#
FHMHZIT> TS, HRHRAA 1 pg/ml () 50
amol/assay) EREKET, Y2 R v F7 vt
W= EOREMICE D, AG-II ® N KRG, C K
EHRHMT DT v A ROMELITHEIIL T 5,

Bill, AR scFvDI14 75U =5 E)VE I
BILERPUR (Fab 757 A2 ) EHEKREZR#T
% scFv pFREZHEEL, 1L/ AR YT T vtk
T UGN 7e I 7z, 30 RIS ng/ml
LARVICHE > TWDH, #ERIBT R)LF —iEK
i 4 (fluorescence resonance energy transfer; FRET)
EFMALLERESZ T AT v THHRMEHE
N5, ZTHUEERG Met HilkNESIZELNS
EOIRNE, ZOEBOMIEIIRESERTSH
DEMFEINS.

4. ScFv-BEZRAY > N7BERAW-ZT04
FOBESREAL/ ANy T vt

4-1. PAEOHER  HEHTHAL LI DITHKA
7 A RNAASNTNSA, SAIMA OH|
EFREIIERENENS S A TARENRRT > v
WeHT5b0EEZLSNS. bbb, HHNT
T mFROEBPIATHIEL DG, RKISD
PR Z e 2B - BRET 2T ENATRER S
X, ERRICHWS ST FIVT IV —T O IUTILETY
LM ENGSN213T THS. EIA KA
NDEEFET 513 subattomole DMHHAS TH D72
W, 33 IS THEH Uik z v 2 B—Pik1
L) ZHFAEAMY w7 vtA (single-an-
tibody immunoenzymometric assay; SA-IEMA) &
MO TEEEICRSDDEHEFEINS. UL,
KD XD ITHifk & B 2 4E R TRy IS U
THRONSEBHEEMPULTIE, PIREBZEOMEGTE
VL DR RS DFUER, BEFROBRENIKE T,
DO TRIT v A RENES DR,

ZOMERZMRIRT 2D AT, BT IL¥HICH
BT DI EMTED scFv EWEOMAESY >N\ E
WBERHEMEEINS., T2b5, scFv EBENT
V11 TERKLE#ETH D I ENRIESNT
W29 Z, EBED scFv RBEE DR A Z DI A
% Z EINAIREIR = O BN RSP UR & 720 15 5.
P EO#SNS, EE51F, fidoREEKEATO
A R, 11-DC #EFIWNTF > &L TR B,
scFv & ALP Ofita 4 >NV Ea#HEL, (70

7L — M TRJEZTT S ELISA 10 SA-IEMA % %
BZEL 7.

4-2. 11-DC (C4RAY7R scFv-ALP OF@Aa 4% >IN
JEORAR  EESEIMEC, YURAE/70—F
JUHi 11-DC $ifk (CET-M8) @ Vyg & Vi R XA >
BiaT2U > h—EH %N L Tk L7z scFy #in
TEI7O—Z27 L TW5, % Z0OEYTH 2R
# scFv & > )NZ781%, 11-DC 125t L T CET-MS #f
KEFRZORBEELHM N ERYT., 22T, &
scFy Btz REEMNs 70— L/ ALP &
EFLEMSETMAELETEL (Fig. 11(A)),
RIGEICHBEIEZ, XY T 5 X LAMBERPICES
5 scFv-ALP @l &% > )\ 7B 7%, CRimZEAL
72 FLAG # 7 #FIf L TH®L, SDS-HRU 771
W7 2 R IVERKENTHH L 2 #5% % Fig. 11(B)
IR, TRHIND M, (8 75kDa) OfLEIZ/N >

ALP gene encoding

scFv#12 gene (723 bp) maturation peptide (1.35 kbp)

»
>4

Linker (Gly Sen); FLAG-gly-His 6 tags

200 kDa -~
116 kDa s
97 kDa s y
Booroting
G6kDa W o ¥ e
oy
45kDa wese S
1 2 3 4

Fig. 11. (A) Diagramatic Representation of the Chimera
Construct Combining the Open Reading Frames of scFv
against 11-DC and ALP Derived from E. coli RM39A Strain
Followed by the FLAG and His 6 tag Sequences and (B)
SDS-PAGE of the scFv-ALP Fusion Protein before and af-
ter Purification by Affinity Chromatography

Lane 1: M, marker, 2: before purification, 3: after purification (coomas-
sie brilliant blue staining) . Immunoblotting (lane 4: after purification) was
performed as follows: after separation on the gel, proteins were transferred
to a PVDF membrane and the fusion protein was detected by the sequential
incubations with the anti-FLAG M2 antibody and an HRP-labeled second
antibody. Bound HRP activity was visualized using H,O, and 4-chloro-1-
naphthol as substrates.
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R2VEH 51, HRP E#H FLAG fifkz 7'0—7
WCHWEA L TOy T 27128 NWTH RS
tBERLUE. £l OREEMT, TosiUEES
TEME EBERIEE 2 RFF L T .

4-3. ScFv-ALP @& % > NN7HEZHA\ % 11-DC
AL/ ANy T T7yvtAROMEL e K E T
SA-IEMA % #3195 7=01213, PiRPUARREIC
RIIED scFv-ALP 2R X <BRET 2 T EAWNA
TH5. £, EkD SAIEMA ITBIF2HE, T
bbb, NTTFEUUMETIVT I > ORERKR
(11-DC-BSA) #FEEML YA 707 L — MNZik
EHEIELHEEZEHAL, 11-DC OFRMIE 57
T GEERIEERENE) OMmzHfNE fx0&
® 11-DC & —F & D scFv-ALP % X i S ® 7= D
5, RSO —k% 11-DC-BSA FEE T L — ~T
BLTESITA >FarR—2 g 2T, Z0OLE
@ ALP {& Mz #OCCEE (M@ “AttoPhos sub-
strate” HEEZMH) THIELZ. LarL, Nv72o
7792 Rl (1I-DCRMEN0DEED LT F
V) MELLEHWD A, 11-DC O REIZK U 72
ALP{EHO EFH BB s N (Fig. 12(A)). Z
DFEFRIL, 11-DC \NOFEGIEEZE KT, »D
ALP iEMEZ BT 2 EMEMNRBET 5T LITKD
HOEHEM S Nz,

ZOFERNZEMAT 22D, KHEFHD scFv-
ALP ZEHBWRF TS, >F a2 X—=2a>LzD5,
matrix-assisted laser desorption/ionization (MALDI)
—time-of-flight (TOF) BE&/#ricffLiz& A,
FIZ ALP 25755 C Rumflldr - (ALP, His 6 tag,
FLAG Z &btz M, 13 48931.6 E FHEIN D) D
NTAF T MY ROZFD 2 8K [M-M]+EALN
HE—27 (%%, m/z %) 49000 3L &4 98000 fF
) EEIENZ. ZOFEREIE, scFv & ALP O
EHMOMHEIYE (o757 —Fickd2bDEE L
5N%) TN, TyvEA DA Fax—Ta>
HUZEEED ALP 8 4E LU 2 Z &2 R8T 5.
BhB, “HIMO scFv XIIBEDREAICELD T vt
A RE DR TICHEEN 2N &V D P DHIRFICR
THMERTDH 5.

DNy 77 Z7 > ROMBED, WL - REER
OEAPHRO 7077 —EHEFAIORIMNCE > T
HbWEBI NN 27290, P 1d PUKDIEH Z2 il &
7=. E#F 513, CET-M8 JUAICHT % old & B-1d

>
=4
[
=
[
2
£
[
Q
[ =4
[
O
(7
4
o
3
o & © 8 8
Q - Q
= 3
11-DC (pg)

Fig. 12. Dose-response Relationships of 11-DC IEMAs Per-
fomed under Various Conditions

The vertical bars indicate the SDs (n=4). (A) scFv-ALP (200 fmol)
and 11-DC (0 g, 1 fg, 10 pg, 100 pg, or 100 ng) were incubated in 55 ul assay
buffer in a standard microplate at 37°C for 2 h. An aliquot of this solution
(50 ul) was transferred to the 11-DC-BSA-coated plate, which were incu-
bated for an additional hour at 37°C. An aliquot of the supernatant (45 ul)
was mixed with the AttoPhos substrate solution (10 ul) and fluorescence in-
tensity was measured. (B) The assay was performed as described above, but
the aliquot of 11-DC-BSA-coated plate supernatant (45 ul) was instead
transferred to the o-Id-coated (indirectly via an anti-mouse IgG antibody)
standard microplate. After incubation at 37°C for 30 min, the plate was
washed five times. Water (90 ul) and AttoPhos substrate solution (10 ul)
were added to each well and fluorescence intensity was measured. (C) The
assay was performed according to the optimized procedure described in Fig.
13.

EXUAER/7O—FI)IHEREL TREL THS
M, ZNsid scFv (MEHZOHDTHD) ITH
Kind %, EFEEdL 51 11-DC & scFv-ALP DX
TV, MR 2 11-DC-BSA EEL 7L — b
RIGEEZDE, 20 EEO—#H%E, UHFHi~Y
Z 1gG Pk 2N LT oId Z I E T L 727
L — MZEHEMLUT, 11-DC & scFv-ALP O &k %
WUz, RRIBOES GIWSITE D AT
ALP Wiz 3®) zEELTHRELAEZDS, EH
L@ ALP 1M EHE L 2. T ORR, Fig. 12(B)
DEIIT, NTF2OMEIT N UBEEEED LA
MBS NN, TOREEX T EEFEVENn, Z
U, BEIZ scFv-ALP IZHifE ST % 11-DC 723,
11-DC-BSA # Ak D 11-DC HiC@EH I NS -0 &
HREND, NTT T 25Uk, NTT2H
KLV BHBSAIZTY v PN L THAEINENT
TURERIZKDBNEM N ZRET S, WbWYD T
v VHGOLEETHSMETH .

% 2T, LD B-1d %Kiy scFv-ALP DR %
WCHWS Z &I L. APUEKIE scFv-ALP O )X 5
h—7%&#H L T 11-DC ¥ D KRt ZE R, £
DB 1T BSA Fia ik ED 11-DC FiT X TN
ZEMRINTNS 0,3 EOE R Z 2
HZEMREEIfFEI NS, A BId 2HAAATE
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FADONY) I —2 a3 EMmF Lz R, Fig. 12(C)
DEDITmEDW S ARKFEEDINEZEHD &N
T&Ehk, TOEMEY v15M4% Fig. 13 1TKRT
%, ¥£7911-DC & scFv-ALP 2/\— 7T 7 D <
14707 b —b N (RIGKRE20ul ; KD &ERET
HH&EZRIGIE5-0) TRIGSE, B-1d DIFHE
ERMLUTEISIA FaxX—Tarafrok., D
WT, EVYIHIRYZ1egG (L7079 G)
ik z@BEE L ZHEAE—ZXZMAT, Bld &
scFv-ALP O &R 2 R EREL 2. 51T,
11-DC & scFv-ALP O &k % & DEIR %2, o-ld
ZREBENICEELLEZN—T7 U7 L — b TH
L, EMEEICHESN/Z ALPIEHEZHELZ. A
7 vt R, scFv-ALP, o-1d, -1d @ 3 f D ik
ZMAL, 3-2-5 D idiometric assay & [R U “#EE
MTT 2o TEWSD, REISD/NT =T %fd
MEIBTAREMT 2O TIEREL, NTTF-Hik
BEEERNSHE - RET DRNRIRD.

44. I-DCAL/ ANy I T4 DKE
FEROAL ANy T vtEAFRIE, 11-DC &=
10 fg—100 ng O JA#iFH I 2 e = 5 A (Fig.
14(A, 0)), 1I-DCIEMEO0ITBIF ST FIL &
DHEBEERE EBRE) ITXDRDZBRHERIZ 20
amol (6.9fg) Tho7/=. ZDfHiZ, CET-MS8 Fifk
ZH W7z 3 &8 RIA, EIA OB RS (5—10 pg)
ERESFEDS. K7 b1 ROKEOEEZ
AT BH-DIT, Fig. 14(A(O)) OEEMERRFR D IERL
IZH W7z 11-DC #Z#Ed, & scFv-ALP 2 il L Tk
G RIA 217> /-, b, [PHI-11-DC %
ANWTWns, o (Fig. 14 (A) K U(B),
@®) 3, AscFv DK, i (1.3X10°1/mol) &N

scFv-ALP @ @ @
fusion { 2 ’ L_—>

scFv
Incubate
at 37°C for 20 min

Hapten
(11-DC)

Magnetic beads coated with
anti-mouse IgG antibody

Incubate
at 37°C for 15 min,

Y

Incubate Substrate
at 37°C for 30 min Incubate
@37”0 for 1 h,

L7z [PH]-11-DC &% JTiT 2-1 I Eq. (1) 7» 5 M
TR 501 5 EEHEREE (Fig. 14(B), &) &k
—HERL TS, EBROICHLEEHRKR (Fig.
14(A, @) TI3 11-DCHFMEDY 10 pg LT (B/By
>80%) IZ7/25 CHIEMOEFHNKEL, 1pg LA
TTIEHASNICHIENAWRETHD. 1B, &K
RIA OBHBADHZ E LT, B/Bo Ay 95% &7
%5 11-DCifxn&E%Z Eq. (1) KOEHLTHB &
3.5pg &7, AEXD, BEILA L/ AU Y
7Y w1, EAETIRIEEA EEB AT RE

Ar 5:: ;] L ‘”/tlmo

- o

1
.
EA
10y D/D)pjy Fo
B T

2 S 888
4 S

— f=3
C’()

100000

Relative fluorescence intensity

11-DC (amol/assay)
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T T T
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Fig. 14. Dose-response Curves of 11-DC Immunoassays

(A) Comparison of the dose-response curve of 11-DC in this IEMA
(O) to that of a competitive RIA (@) [exhibited with fg/assay unit] . Both
assay methods used the scFv-ALP fusion protein. The vertical bars indicate
the S.D. (n=4). The inner square designates the extra-low dose area of the
IEMA dose-response curve in amol/assay units. The coefficient of variation
of the IEMA at each dose was below 4%. (B) Comparison of the dose-
response curves of 11-DC in the competitive RIA obtained experimentally
(@) with those constructed theoretically ().

<~
> @
@ " Detection of
\ fluorescence
N o °

Vs
D007 Tk

Microtiter plates coated with
anti-mouse IgG antibody

E

Fig. 13. Schematic Representation of the Optimized IEMA for 11-DC

Solutions of scFv-ALP (200 fmol/10 ul/well) and an 11-DC standard (0—100 ng/10 ul/well) were incubated in a half-area microplate at 37°C for 2 h. A solu-
tion of the 8-1d (6 ug/10 ul/well) was added to the mixture and incubated at 37°C for 20 min with continuous shaking. An aliquot of this solution (25 ul) was mixed
with a suspension of the second antibody-coated beads in a standard microplate. After incubation at 37°C for 15 min with continuous shaking, beads were removed
by magnetic separation. An aliquot of the supernatant (30 ul) was transferred to the a-Id-coated (indirectly via an anti-mouse IgG antibody) half-area microplate
and incubated at 37°C for 30 min. After washing five times, bound ALP activity was measured fluorometrically using AttoPhos substrate.
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EEHZDZENFEIEINZ. 2B, A7 vEA %R
IR LUEDRFRESREFL TW e, ¥ A
EH 11-DC OBIE #ik A7z E T A, WEROA L/
7 A ICKAHEEEFETHENESNTNS,

45, £ B PEOLIIC, UYOHET
& > /= subfemtomole L X)L DFEEZFHFEDONT T >
(11-DC) DAL/ AN I T vwtA REHBET
HTEMTER, ZNETHLORENZIN TN
L0, A7 AR MRS 20amol) KD HE
RIEBSZ 704 ROBEFNIR L7 5780, K%
TlE, LW A T OREEEFDUR, scFv-ALP %
EHLUE. LU, 43HICRELAELDIT, HPD
i em T KRERMER GEFETICBW T REZ
BN AUREIN. AHETIE a1 7O 1d
PikZ2EATHZIETRT TN a—T1 7 %R
H, WEDNW B EGETVDD, T vtA RN E
MALL 722 El3@m o, FURT 2O Rl 25 E L
T, ZOFMRITKT HmMEDEN (B EE) scFv-
ALP ZB|HT 2 Z ENGHBOMETH 5.

5. \7T>-2707FR M) COEEECE
ENRBMET I TA L MORIREAL/ AN Y
TyvtA~DILH

51. PAROBEE NTT AL/ AN wY
7wl A OEIZTBNT, 3-2-6 IH TR 72 H] Met
Pk Z2FIH T 5 HEIIERICHEINTH S, Bl Met
PilkafHi2720121%, BOINT T2 EHNT T 2h
KOEERTEYZRIET D EITRDM, I

Measurement of
absorbance due to products

Substrates

Target hapten

CD-BSA
conjugate

A

Labeled anti-complex Ab

FHD TAhIRW, Filk 1gG) D31 ANKE
<, LbZDO)NT =TT T 25T DR
EROADIT TR EN D D720, EEERDEK
IS EAEDN NS WD EEZ BN 5.

7 a5% 2 MY > (cyclodextrin; CD) 1%, BH
IKMEZEZA T HERKRA D TFET, xR ERLE
Mz OAALTOEKRERRT 5. TOR YA
3 IgG IR THEREIC/N N W=D (TD07 )
d— ZAHAL 5D B-CD Tidk M, 1135), FZf) )\
T2 EDHERERET iR TR EREEDZE
NP TES. LL, TOMETER K13 1X10?
—10* (I/mol) FRETHS720, BT EEEkE
5L TH MEE Y i 8% S N 5 DLATIC it 3
Z AR R E N,

22 TIRARZZHUA T 1 75U —iklL, BiTHi
FawE&k53 270t 228832 2 ENTRER
=%, ZOMBEORRICEN EHHEINS. 1O Fil A
W7 7 —PRRETIE, BRNORKERMEEZHET LA
¥ scFv (% Wid Fab) Z2igRd 2577 —2 70—
2%, B TER T % in vitro O HUR PR G
NAANZ2P) ICKVBIRTS729, K, ED
INEWEERIZD W T B RS scFv 5N 5 1]
HEENd 5. T DX D7 scFv i, Fig. 151279
“WEALI ANy T vtA" R BIELTA,
BO2HDY vtAR%ERY) ZAEICTLIDHDE
sz, EOBEANSEESIE, PikI1T
T —iEICEBNT T > - CD iSRRI 7

o
Biotin-
modified
CD

Fig. 15. Schematic Representation of ‘‘Inclusion Immunometric Assay’’ of Haptens Using Mutant Antibodies that Recognize a Hap-

ten - Cyclodextrin (CD) Inclusion Complex
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PR T ST A2 FORIBZREF L TnD, 37

52. N7T7T>  CDOEHERICEENBEER
FEIRDREM  AFZETIE, tokiREtEEEL
B-CD &EZERAR (K, >1X10°1/mol) # kY
% 9-cis-LF AU, 25D;, 7/ —ILT7H LA
CEETFIVNT T ELUTRD EiF/-. %E Medi-
cal Research Council (MRC) TR X417z scFv {&
RI7—=DIATI7)—2HNT, ERONTT
> & B-CD DS IRIC R RIN /2 A B scFv DR
BikAlz, KIA T —2HRT 577 -3k
~Y 2 ONERICHKRET D Vy & VL ICK S scFy 2R
L TWw%7A, CDR2, CDR3IZDWT T U4 AR
MEAZINTNS. 9 B-CD @ BSA #E& 1k (B-CD-
BSA) ZEEML ZHABRE ITENNT T > 28N
LT—ERMRELZ0E, 77y —Y54 75—
EMATISITA>FaN— L1 RRIEDT
7= BRELEZDOBEMIIES Ty —V%
WHL, RONCZ2TITHWE, 2O0YA17)V%E
45 EHEDIRL TESNZ scFY gR 7 7 — 2
ZE/70—F)UEL, TOaEERGEREE% Fig.
15(A) D7 vt A RTHENZ. ZOHE, WIno
INT T ZDNTH, TOEE RN TIEETITHER
25 BB NS T IV E B2 D scFy R T 7 —
EBRDHIEMTER, EHNGRTY vi A1 REWIT
70, NTTUEEF/IEGFEETRT, 108k
DT FIVEEERERT 7 O—- R 5NELD.
SEfEsNZscFv 270 Ry A4 70T, KDE
REICENZH/)NT T > + CD $§{K scFv z A8l 4
LX<, FFEEHTTNS,

6. HHYIC

Dbk, NTT20@EEAL/ ANy T vt
1 DORFICONVWTEDE R ZMH L, £E& 5 O
FERICDOVWTHREN L. AL/ 7 v 0%
72 B ERHAMT O RN, 1980 £E AT £ TITHE
MINZESOTEN, ZOBET, BROIOLE
FL - 2E#HITHAL/ T vEANRIA Z2EE
TLHBNWTEKRL, Mls@maEicksE/70—F
IR ELEDFIZA L ) 7 v A ORLEFITH
> 72 ME R OEMEL O RE Z B ARIC R Lz, L
MU, NTT2AL)T vt OEEEMLIIDNT
W, ERBHENERIN TN HDDERBIRE
FHERDILRIAZTWRN, E£ESIL, ARETH
It U7z SA-IEMA QLA ZFHET 272012, 5%

bR EER TV FETHS. BE, HihT¥0
FIEICED, ENZHEEZFFDIERARBGUAS T O
BIBIAATEEIC 2D T, 2O Lz “Hiifonih
R 2IERTAMAINAR Y TO—F0, KNS
7 > @ subfemtomole H|E & EHELT HITHE S
T, BT ORI ORNE I EE
WL TS,

BEE O FEAMICRLUENRE, FAREEE
CRAE R FE A IRE AR B BUR), BRI A
GRALR R F B AR B 8% & DL FEFSE
DR THS. B4, HS5HOMEITEL, HE
BZHEEHOE L EH O REEE CERRKFERY
B T2 RFZe R BB, #aRk  EdeE GRIEKR#
RFEFEF AR AR CEHOEEZRL 7.
$72, BSHOMEICHEL, BERIKI AT
) —Z2HEE N X WFE L7z Ian M. Tomlinson {&+:,
Greg Winter i+ (Z[E MRC) IZFE#EL £7.
BBIZ, ARWFTEem %l U TRIGEREN W THE
BEEIO £ UmERNREE RIERFELEAIR,
TTEERREFEE) ITHEATE#SLET.

REFERENCES

1) Kobayashi N., Goto J., Adv. Clin. Chem., 36,
139-170 (2001).

2) Kobayashi N., Goto J., Jpn. J. Clin. Chem.,
33, 90-100 (2004) .

3) Kobayashi N., Environ. Conserv. Eng., 35,
631-638 (2006) .

4) Wakabayashi K., ‘“Collection of Articles on
Experiments in Biochemistry,’’ 1st series, No.
16, Hormones, Tokyo Kagaku Dozin, Tokyo,
1977, pp. 157-171.

5) Kobayashi N., Bunseki, 551-552 (2004) .

6) De Wildt R. M., Mundy C. R., Gorick B. D.,
Tomlinson I. M., Nat. Biotechnol., 18, 989—
994 (2000) .

7) Wilson D. S., Nock S., Angew. Chem. Int.
Ed., 42, 494-500 (2003).

8) Morgan C. L., Newman D. J., Price C. P.,
Clin. Chem., 42, 193-209 (1996) .

9) Mudgett-Hunter M., Anderson W., Haber E.,
Margolies M. N., Mol. Immunol., 22, 477-488
(1985).

10) Kobayashi N., Chemistry, 58, 53—-55 (2003).



No.

69

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Boder E. T., Midelfort K. S., Wittrup K. D.,
Proc. Natl. Acad. Sci. U.S.A., 97, 10701-
10705 (2000) .

Kobayashi N., Karibe T., Goto J., Anal.
Biochem., 347, 287-296 (2005) .

Grassi J., Créminon C., Frobert Y., Etienne
E., Ezan E., Volland H., Pradelles P., Clin.
Chem., 42, 1532-1536 (1996).

Oguri H., Hirama M., Tsumuraya T., Fujii I.,
Maruyama M., Uehara H., Nagumo Y., J.
Am. Chem. Soc., 125, 7608-7612 (2003) .
Suzuki C., Ueda H., Mahoney W., Nagamune
T., Anal. Biochem., 286, 238-246 (2000) .
Yokozeki T., Ueda H., Arai R., Mahoney W.,
Nagamune T., Anal. Chem., 74, 2500-2504
(2002) .

Ishikawa E., Hashida S., Kohno T., Hirota
K., Clin. Chim. Acta, 194, 51-72 (1990).
Kohno T., Ishikawa E., Protein Nucl. Acid
Enzyme, 37, 144-150 (1992).

Gunaratna P. C., Wilson G. S., Anal. Chem.,
65, 1152-1157 (1993).

Piran U., Riordan W. J., Livshin L. A., Clin.
Chem., 41, 986-990 (1995).

Jerne N. K., Roland J., Cazenave P.-A.,
EMBO J., 1, 243-247 (1982).

Barnard G., Kohen F., Clin. Chem., 36, 1945—
1950 (1990).

Kobayashi N., Oiwa H., Kubota K., Sakoda
S., Goto J., J. Immunol. Methods, 245, 95—
108 (2000) .

Kobayashi N., Kubota K., Oiwa H., Goto J.,
Niwa T., Kobayashi K.,
Methods, 272, 1-10 (2003) .
Kobayashi N., Shibusawa K., Kubota K.,

J. Immunol.

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

Hasegawa N., Sun P., Niwa T., Goto J., J.
Immunol. Methods, 274, 63—75 (2003).
Goletz S., Christensen P. A., Kristensen P.,
Blohm D., Tomlinson I., Winter G., Karsten
U., J. Mol. Biol., 315, 1087-1097 (2002) .
Voss Jr. E. W., Miklasz S. D., Petrossian A.,
Dombrink-Kurzman M. A., Mol. Immunol.,
25, 751-759 (1988).

Voss Jr. E. W., Mummert M. E., Mikrochim.
Acta, 126, 193-202 (1997).

Self C. H., Dessi J. L., Winger L. A., Clin.
Chem., 40, 2035-2041 (1994).

Towbin H., Motz J., Oroszlan P., Zingel O.,
J. Immunol. Methods, 181, 167-176 (1995) .
Pulli T., Hoyhtyad M., So6derlund H., Takki-
nen K., Anal. Chem., 77, 2637-2642 (2005) .
Kobayashi N., Iwakami K., Kotoshiba S.,
Niwa T., Kato Y., Mano N., Goto J., Anal.
Chem., 18, 2244-2253 (2006) .

Ishikawa E., ‘‘Enzyme Immunoassay,”” 3rd
ed., eds. by Ishikawa E., Kawai T., Miyai K.,
Igaku Shoin, Tokyo, 1987, pp. 56-68.

Tsuji A., Maeda M., Arakawa H., ‘““Enzyme
Immunoassay,”’ 3rd ed., eds. by Ishikawa E.,
Kawai T., Miyai K., Igaku Shoin, Tokyo,
1987, pp. 68-74.

Kobayashi N., Shibahara K., Ikegashira K.,
Shibusawa K., Goto J., Steroids, 67, 733-742
(2002) .

Hosoda H., Kobayashi N., Ishii N., Nambara
T., Chem. Pharm. Bull., 34, 2105-2111
(1986) .

Kobayashi N., Oyama H., Kato Y., Goto J.
(in preparation) .



