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Table 1

KAGAKU Vol. 56  (2007)

Types of immunoassay

Assay type

Representative assay

EIA ; Enzyme immunoassay

FIA ; Fluorescence immunoassay

CLIA ; Chemiluminescent immunoassay

RIA ; Radio immunoassay

Hemagglutination

Latex agglutination

PA ; Particle agglutination

TIA ; Turbidimetric immunoassay
NIA; Nepherometric immunoassay
Immunochromatography

Colloidal gold immunoassay

EIA; Enzyme immunoassay
FEIA ; Fluorescence-enzyme immunoassay
MEIA ; Microparticle enzyme immunoassay

FIA ; Fluorescence immunoassay
FPIA; Fluorescence polarization immunoassay
TR-FIA ; Time-resolved fluorescence immunoassay

CLIA ; Chemiluminescent immunoassay
CLEIA ; Chemiluminescent enzyme immunoassay
ECLIA; Electro chemiluminescent immunoassay

RIA ; Radioimmunoassay
IRMA ; Immunoradiometric assay

PHA ; Passive hemagglutination test
RPHA ; Reversed passive hemagglutination test
HI; Hemagglutination inhibition test

LPIA; Latex photometric immunoassay
CIA; Counting Immunoassay
RPLA; Reversed Passive Latex Agglutination Test
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Table 2 Comparisons of microchip materials

Silicon Glass Plastic (Lithography) Plastic (Injection molding)
Microfabrication (@) A O O
Precision of fabrication O X O O
Cost of fabrication A O O O
Deversity of available fabrication © A A A
Integration of sensors and actuators © X X X
Trasnparency x (@) O @)
Chemical modification O O A ©
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Choi 5 X Y ESNTWVS.
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BThHLNDBHL. —J, L LT, WEIZBWTOLY
WEXDEEELET S L L RBEBRILETHL L
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WL DR 4 OBUNEMAFHIE S N, FEBRIZA L T v kA
TORHEDTHAA LN TS, Farrel HiE~ 4 7 OBz
FIALZZA L7 7y BERL TR, w4 7 0B
OFMIZE Y, <4 7 022 B T 5 HER OB
HEATTRE & 72 o 72, WAALENFEZAE L2~ 1 2
OFy FA LT vEALIZOVWTIE, Choi 5%, Lim 5°,
Rossier 5%, Soo Ko 5%, Wang S5¥PMEL TV 5.
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HAFTILEHEINRTwAYS 70 Fy FAL ) Tyk
4 OFEi%] % Table 3 1R L7z, AL Tid% { Table 3 D&
THIAT 5 LRI DOV T D BRIE O SCk— B IR L7227,

2 TA LTy EA ZRISROBIEAIL, H—RERY
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vA4ruFy xR ET ) —BRIKBEFIH L2
DWTHANT 5.



526 BUNSEKI KAGAKU Vol. 56 (2007)
Table 3 Examples of microchip-based immunoassay
Analyte Assay type Detection Substrate Flow Reference
CRP Agglutination Light scattering PMMA Pressure 55)
BNP Heterogeneous SPR Glass/PDMS Pressure 56)
Anti-bovine IgG Heterogeneous SPR PDMS Pressure 59)
Atrazine Heterogeneous, competitive Chemiluminescence  Silicon Pressure 53)
Human serum albumin  Electrophoretic, competitive Chemiluminescence  Quarts Electrokinetic 54)
IAP
Cortisol Electrophoretic Fluorescence Fused silica Electrokinetic 40)
Phenytoin Homogeneous, competitive Fluorescence Hybrid Pressure 84)
Anti-estradiol Electrophoretic Fluorescence Glass Electrokinetic 74)
Insulin Electrophoretic Fluorescence Glass Electrokinetic 41)
TNT Electrophoretic Fluorescence Glass/hybrid Electrokinetic 37)
PDMS 38)
Theophylline Electrophoretic Fluorescence Glass Electrokinetic 75)
Inflammatory cytokines Electrophoretic Fluorescence Glass Electrokinetic 44)
Parathyroid hormone Heterogeneous Fluorescence Fused silica Pressure 76)
Atrazine Heterogeneous Fluorescence Glass/hybrid Pressure 42)
Isoproturon
Estrone
Cholera toxin Heterogeneous, sandwich Fluorescence PDMS/glass Pressure 77)
Staphyloccal enterotoxin B
Ricin
Bacillus globigii
CRP Heterogeneous Fluorescence PDMS/silicon Capillary 78)
Rabbit IgG Heterogeneous, electrophoretic ~ Fluorescence Glass Electrokinetic 39)
Sheep IgM Heterogeneous, sandwich Fluorescence PDMS Pressure 50)
Staphyloccal enterotoxin B Heterogeneous, sandwich Fluorescence Hybrid Pressure 79)
30)
Rat IgG Heterogeneous, sandwich Fluorescence Plastic CD Centrifugal/capillary ~ 34)
E. coli Heterogeneous, sandwich Fluorescence Glass/hybrid Pressure 83)
Guinea pig IgG Heterogeneous Fluorescence PDMS/silicon Pressure 87)
HbA,. Heterogeneous Fluorescence Plastic CD Centrifugal/capillary ~ 35)
AFP Heterogeneous, sandwich Fluorescence Plastic CD Centrifugal/capillary ~ 36)
IL-6
CEA
Anti-streptavidin antibody ~ Heterogeneous Fluorescence PDMS Pressure 65)
Tacrolimus Heterogeneous Fluorescence PDMS Pressure 66)
Cholera toxin Heterogeneous Fluorescence PDMS Pressure 67)
IgA Heterogeneous, sandwich Fluorescence PDMS Pressure 68)
82)
Dioxine Heterogeneous, sandwich Fluorescence Glass/silicon Pressure 69)
Digoxine Heterogeneous, competitive Fluorescence PET Pressure 70)
(polyethylene terephthalate)
Tumor necrosis factor a  Heterogeneous, sandwich Fluorescence PDMS Capillary 71)
Anti-rabbit IgG Heterogeneous, sandwich Fluorescence PDMS Pressure 80)
Anti-rabbit IgG Heterogeneous, competitive Fluorescence PDMS Capillary 72)
CRP Heterogeneous, sandwich
Co-PCB Heterogeneous Fluorescence PDMS Pressure 73)

continued on p. 527
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Table 3 Examples of microchip-based immunoassay (continued)
Analyte Assay type Detection Substrate Flow Reference

PSA Heterogeneous, sandwich Light scattering PDMS/silicon Pressure 88)
Lead ion Fluorescence

Concanavalin Homogeneous Fluorescence PDMS Pressure 43)
Insulin Electrophoretic Electrochemical Glass Electrokinetic 81)
Mouse IgG Electrophoretic Electrochemical Glass Electrokinetic 48)
Histamine Heterogeneous Electrochemical PMMA Pressure 51)
D-dimer Heterogeneous, sandwich Electrochemical PET Pressure 63)

(polyethylene terephthalate)

Mouse IgG Heterogeneous Electrochemical Glass none 62)
Mouse IgG Heterogeneous, sandwich Electrochemical Glass Pressure 47)
Interferon g Heterogeneous, sandwich Thermal lens microscope  Glass Pressure 45)
CEA Heterogeneous, sandwich Thermal lens microscope  Glass Pressure 46)
IgA Heterogeneous, sandwich Thermal lens microscope ~ Glass Pressure 31)

wd —BICHH SN T B AEY—RMZEITY Y K v
FT7 A THLH. FRAEIZEAMCIRICHUR & 46 S,
WICZOPEICH LESSMAZEE 352 8I1ICXD, B
BHAREMMT 20 5DTHL. ZOMWEDH I,
PEDO 22O LY b =TI LEZ 2P ET L2
LICE D OB T 5720, D TREETH W
WA ZETHAH). LrLEerL, ZOFETIIIED
PURE & 5 K OB PUARA G2 0 2 M2 b 72 1) PR & 1T
YV VENH D720, BAEFEMEIC RS, F2, BUEIE2
DOIY =TT 2Oo00HMRICHE L BT iE RS
Hwiew, — IO TEO/NSWEEY (1000 Da BLT)
WZOWTZOMELEZFHT S Z LidH L vE v FEN
LIFEFET S, Table S ICZOWEFEEFH L2~ 1 7 0T
v TARN)T A OBIBEERENT WS, Table 3 &
DL L HIC, ok Tidiotz AL TRl
792 ED%wv. T2, FUG - PRERER oI X A H%E
ORFULATWHE L 72> TV D, MHRFIZOWTIE, 7~
N7 BT fmol/L LAV Ny 51 7T 20 8% & ot
HERDHY, WMOTHEORHVDDLE>TWD., Tz, H
Y RA y FETIEELWE SNAES TGO WT,
AR —RIEBFDHEEFEA LT v AT X D E L
wmHlY H 5.

KIZ, BW—RAEIZOWTHRS, B—RAEE, P
A RO H O T NV OTREE L2 ML 5 72
DMETREEZLEE L., ZoMEEOREFRE LT, i
PR EAR LR Ve LA 2 i, AN O IR RIS
BEETHLENLZVE, YUY Ly FT7 v IIRAE
RAEGTALEMOWE L WHETH 5 L) BAETFON 5.
BTE LT, RY—REWKT 2 &M RA R EE O S
BdHb. ZOH, By TEWE % GELH ORI
B RREOWE 2 W% T 2551 2 OWEESFH S

5T ENL. BlZIE, MR - BWEOFRC BB
BUIZKREAR L EPBTFONS. oo~ A s
F v TAOIEHBIE, Hatch 5 @ diffusion immunoassay
EIHEN B PG STV B,

wRIZ, FYET) —HAKBZMHLIAL )Ty
AZDOVTHERS., Fy¥T7 ) —ELRKIE, BLRKBO
BEEOEZFH L THEAREE R 5T 5 2 & TH
EEIT) HETHEH., ¥4 7aFy TeFMHTHILICE
D, BERIKENC X D IEET 2 BOIFHESE L L) EWE
Yk T B 2 EATE B7280, WERE O FaHE & 57 Hag o
M EATREE % 4. HlZIE, Bromberg HiE~ A 705 v
TERYEZ) —HWRIKBEMNTHILIZEDA LTy
EAMEE 1 FTUNTITFoTWEY, LeALAdS, <A
saFy ¥y ET) —BRIKEORME LT, KEME
T55ZERUHERT v A ORELICRER 2005 &
W ZEDRBHDLY., ZOTEEFM L2252
WEENTBY, #lz21E, Dodge 5% Qiu 585,
Bromberg 5°7*¥, Roper 5*, Kawabata 5*" O #7435
5.

8 A ruaF v ALIT v DikEFE I

A1) T v x4 70Fy 7 ETHFICNKUY, H
BTG LTIA 705y 7THROER I A 70 F ¥ A )LD
EEETLRITNE RS 2. BEHIBWT, A4 70K
VT RATUNVTREDT A J UiRET R RIS
Mistd 2 2 LD EEICAND L, ¥4 70F v TIZELD
ez 5L, Wb sLHRERILTy 72T 5 2
LLTRETH D, FEBE, A 7uF vy T LETHRALRRIDE
—PBEIAT O 720 OB RO L RREERLT v 7 S BEICH
BENTETWS., ZOETIE, HERBIRTVWE<A 2
TUF v 74 5Ty A DRENLSDITOWTRNT 5.
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First reaction

Mouse anti-IFN IFN

Third reaction

Washing

Streptavidin
Colloidal gold

Fig. 1 Immunoassay with microbeads

Reprinted with permission from Electrophoresis, 23, 734~ 739 (2002).

WILEY-VCH Verlag GmbH & Co. KGaA.

Slowly diffusing
antibody

Fig. 2 Diffusion immunoassay

Reprinted with permission from Nat. Biotechnol., 19, 461 ~ 465 (2001).

Publishing Group.

81 ¥A/OE—X-#L > XEHBELEFALLES L
JT7yEA

Sato blE, ¥4 70— ¥ LRKOE X LOWET
FSo L, ¥V AL v F AL T v, ZiToT0DEY,
Mt ik e LT, &auf PSR L 2 T kbiik %
FIH L L » A THEEZIT>TWb. Fig. 1 DX
A, HiEDA vy —T7xuay y s ahifkE~ A 70
E— XA SE{0EH o Lo~ 7aFy 7RIS
BALTBL. F2rRo¥EILOWED D, ¥ =0T
y AN T A 2 Lk kv, RIS/ vy —Txuvyk
WL, #etg, U F AL kPURZR L, EICHEE4T
9. FLTAML T I TEY MbLzEau S FERT
L, TRPUKIZE T A FOERSNZREBICR S, wiE

KAGAKU

Interdiffusion
Zone

Rapidly diffusing
X antigen

Vol. 56  (2007)

Second reaction

Washing

Biotinylated
anti-IFN

. Detection
Washing

Copyright 2002

Fluid Outlet Fluid__[ﬁl_els

Detection
Zoqe

Copyright 2001 Nature

(2, XoEL, ALY BB X VR 2 L v ) %
BFIHETH A, e LT, BRI 0.01 ng/mL LU,
EEFRBUL 10% LT & o7z, F72, WEReIE 1 508
T35, 4dBTE00Eho7. Hbid, HIZ carci-
noembryonic antigen (CEA) % immunoglobulin A T
FPOWEERIT> TR 5™,

82 Diffusion immunoassay (DIA)

DIA i& Hatch 512 & o THFE SN HET, B - 4L
R RGO HERE D ZZ A Lz =—2
BALIT A THLY., WL, TOHEZY—-RTH
JEHUR S AT I 720, T BAEALEE 2 <MD C
RN E ST RETH A, Fig. 2D X H 12, HGHED
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A Immobilization

tigen 1
2
WF
Substrate
B Blocking
| BSA
C Recognition
et oo
%a((’@% ‘3(\\? ga((\Q

D Reading Mosaic

E Example with one pair of antigen and antibody

antigen-TRITC

{immobilization}

antibady-FITC::

u—-—»

‘H{recagnition)

100 pm
Fig. 3 Micromosaic immunoassay

Reprinted with permission from Anal. Chem., 73, 8 ~12
(2001). Copyright 2001 American Chemical Society.

K E VPG & IEFGREE D/ 2 WHUA%E Tsenser v 7 (T
FRIOFEE) OWF v 2P L, B TR O
KEOCHUREDSPUR EREEGT 5 2 L1 X ) IEHOEEDV NS »
PURPURE G RIS 2 2 720, PURHURE SR A A G S8 751
WETEHERT 5. HOGEMRPUE 2 U A ICRETBIIE, ¥
RIS E VRO ERAITZ DLV ) FETH D,
TIIPEE LTCE YO T == M, Y E v, 1T uL LT D
RELABZ AT I HUNTHEZIT) 2 &2 HEL
LTWw5.

83 YA /AEYA I ML/ TvtEA

Bernard 51, ¥4 7 0kt v b7 =27 2 FHT L2
LA OEFA 2L L) T v L ZHBLTW
5%, Fig. 3 DX )T, £F ¥ FIVINIZ BB 2 3 L,
BHUE 2 B BT 5. BSAIC K BTy F U 7,
HRERPUAR R R L, B ETHERARKICEZRE. S25.

#, i, JEEER, Y

RA7uFvTA LT vEA 529

Fig. 4 Compact disc-shaped microchip

Reprinted with permission from Clin. Chem., 51, 1955
~1961 (2005). Copyright 2005 American Association
for Clinical Chemistry.

CoLE, PUREWRT HINEPURZ ST HIIEMICR S
IVCTEONZDOFEORL Y N THD., WmEICTF VT
KADEFA 7 LOKIETIREGREZRILT 5. s
CORAZUEFAIAL )T v LA OEBTH 5.
Fig. 3 CIIPURAMENL L TH L5, b HHAIAE EE
fLLCdfEbwv. F72, ERIZOWTH BIZIS LT
JFHHVIIPIERDOEL HIZTXIUEEIT-oTD IWw. 20
FLEORERIL, —EIZE O - REOTETURUS %,
DF WPUR LPROHEEH RN TE 2L Wy 2L TH
5.

84 AXNY T 42RY (CD) B4 70OF v 7

IRy M4 A7 (CD) &L 7BHIRRO M I
2R L, WiRE 5225 2 & TRAET HE0T)
ZRH L7220 AP RE SN TS, 4 7 0 ZE#lics
WCHHE L R BRI (BENRREIE) Lozl
AEDLELILICXY, Fy RVNOTARIEIEI S L
Tw5b. Honda b, CDMx A 705 v 7&Hw
T a-fetoprotein (AFP), interleukin-6 (IL-6),
carcinoembryonic antigen (CEA) % %34T L T\ %7,
Fig. 4 \CZ O TSN/ CD BIR A 7 uF v ThR
T. HohrlLoOA 70Ty THIZHALZAN VT MT
EY AMLE = XICHWHEISHT 5 EF F ik 2 fi 6 S
Tt HRBE~L 70Ty FICHET. F LT Alexa
647 THOLEER L 7 “Kkbifk e <A 7 aF v 7@ L, #
JeMi 5. MEH L LT, AFP, 11-6, CEA OMHIBRFAIE
FNZEN0.15, 1.25, 1.31 pmol/L T, ZIHREI 20%
DTFCTHhorz. T/, WFHIDTH 200 nL THEWFET
HbHH) R, DFDP50 5 THOWEET T L7

85 XvEZU—-F7LABRABF VS

Bromberg 5 (% 96 L — ¥ DG IRIZIE 255 72 KD *
YET ) —BRIKEF v TERELTWEY. Zov S s
v 5y SN &Y B G OR 2 AR KB 23T 2
%. Fig. 5 DX )12, BpfAshuic, B BICHFEL,
TR AN O\ HFAET 5. 18513, 2,4,6-



530 BUNSEKI

sample wells

’.’..-----...

cathode cathode

buffer well waste
reservoir reservoir
sW
® anode
buffer
EAW wWw —> cathode reservoir
——
SW

Fig. 5 Capillary array electrophoresis chip

Reprinted with permission from Electrophoresis, 25, 1895
~1900 (2002). Copyright 2002 WILEY-VCH Verlag
GmbH & Co. KGaA.

trinitorotoluene (TNT) Z¥—RA A/ 7 vt AI12X D
BRI THEE - L Twa. FIHE LTI, Ho5H
L& TNT #= & & ilfl & TNT HifE & fluorescein Tt JGHE
W L72TINT 2 F v 7HCiREL, ~f70F v FIZTE
SEKBZATV, LW X 2H0RIM TS . RIBUAR
11 ng/mL, HIE#PHIE 1~300 ng/mL THIE D RET
HoTz.

8:6 IR (3RX) YA /ORGKFvT

Shaikh 5%, YAAB (3KIL) O~ A 7 wififkF v 7
EHERET HZ LI2E D, prostatesspecific antigen (PSA)
DAL T e AL ZBE_LTNEY. Fig. 6 1RLAZL)
2, ¥ ar L PDMS ZHMlAGDELZLIZLD, NV
TR T IFT -2 AT UM ERLY S 20T
v TEREELTWS., ZOF v FTTIEEN SV T THA
ZHET 5 2 LIS D HEDORUSR RGP R L o T
5. B, CoFy FiERLZOA4 705y T
TIT-> T 5.

8.7 SEeERLZHF v S

TEIZ, i Nature THIA S N7 ERELAE W35 TR
F v 7OV TNTHLY. Fig. 70X 912, NV T -
IFH—D L) A 7 afk R T v A VRS 2
BT 5L HRERIL~,f 70Fy TR oTWE. ZOF
v TNT IS - RE - UG - BT 2 A RS
LoTWwWb, ZOXA70Fy FIZENVKRA Y FT 5T
(Point-of-care, POC) THARGEL % BRI BT W] RE & 7%

KAGAKU Vol. 56  (2007)

A Microfluidic Breadboard (FBB)

heater

through-wafer
connections V*

sensor

passive fluidic chip perspective i ’I
vuew -
’\M-ﬁ

C — e
= = Pl
; 7} ::- ’ff[-
’ N Cr
RSP =
’.\\Js\*
i S o

D,

UE

¥t -

Fig. 6 3 D-type microfluidic chip

Reprinted with permission from Proc. Natl. Acad. Sci.
U.S.A, 102, 9745~9750 (2005). Copyright 2005 The
National Academy of Sciences.

RIRZ WIS CHH 2 TN AL %2 B THH .
9 Bb I
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ARIEROMEA, BERECOWE, H£/RL - At
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a Sample Sample H-filter H-filter
port H-filter well vacuum Antibody buffer Mixer

Valve

Holding
well interface

b
Sample syringe  Syringe filter

== #}r

Waste Buffer

References  Assay

25 mm

Injection

valves

Pump 5 [R1]
Pump 6 [R2]

Disposable card and off-card manifold with valves

Fig. 7 Multi-integrated diagnosis microchip

Reprinted with permission from Nature, 442, 412~ 418 (2006).

2006 Nature Publishing Group.
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LONJRTH L. COLHITA L2 T v EA721FTHRL
<A ruFy TR L0EICET 2 5ER A 4

Copyright
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AL TiEdw. REFTlR~ A 7205y TOIEN
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W ZEIcXY, RELIEEat oo nwTL 20T
H59.
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Microchip-based immunoassay, which is immunoassay performed on a microchip, has recently
been used in various fields owing to its advantages, such as reduction in sample and reagent con-
sumption, short analysis time and simple operation. Different types of immunoassay have been
applied to the miniaturization on a microchip. Material and surface modifications of a
microchip, introducing and moving samples and detection must be taken into consideration in
order to realize a microchip-based immunoassay. Also, the microchip system should be
designed according to a type of immunoassay. In the present review article, we explain the
types and classifications of immunoassays and describe important points for developing a
microchip-based immunoassay. We then introduce several examples of microchip-based
immunoassay.
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