The Japan Society for Analytical Chemistry

BUNSEKI KAGAKU Vol. 46, No. 12, pp. 917-930 (1997) 917

#EERX

g

BRRREDEODZT Y I AEBRFIL/ TyvEALE
EEBFRFNAF Y —DORKE

iR X B, BB X*?P, Hedayat O. Guourcmian**, JIi% Bk **

Development of latex piezoelectric immunoassey and piezoelectric
biosensor for laboratory tests

Makoto MuraTsucu *'® Shigeru Kurosawa * 23, Hedayat O. GHOURCHIAN and Naoki Kamo **

*10saka Prefectural College of Health Sciences, 3-7-30, Habikino, Habikino-shi, Osaka 583
*2National Institute of Materials and Chemical Research, 1-1, Higashi, Tsukuba-shi, Ibaraki 305
*3National Institute for Advanced Interdisciplinary Research, 1-1, Higashi, Tsukuba-shi, Ibaraki 305
*4Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo-shi, Hokkaido 060

(Received 17 July 1997, Accepted 20 October 1997)

We developed several acoustic-wave sensors for clinical tests. Piezoelectric quartz
crystals (AT-cut, 9 MHz) were used as a sensor device. (1) A piezoelectric im-
munosensor for microalbumin with an anti-human albumin-immobilized crystal was suffi-
ciently sensitive to monitor the levels of microalbumin in urine. This sensor does not re-
quire any radioisotope- or enzyme-labeled antibody, a second antibody, which is essential
for ordinary immunoassay, like an immunoradiometric assay or an enzyme-linked im-
munosorbent assay. (2) Latex piezoelectric immunoassay (LPEIA) is a new immunoas-
say that requires no immobilization of an antigen or antibody on the crystals. LPEIA
was used for the detection of the C-reactive protein (CRP), antistreptolysin O (ASO) and
rheumatoid factor (RF), and is sufficiently sensitive for clinical applications. (3) Human
collagen Type I-immobilized quartz crystals responded successfully to the adhesion of hu-
man platelets onto the crystals. The platelet adhesion sensor can monitor the adhesion
of platelets without radioisotope labelling or a dye-staining method. These sensors are
simple in operation and are cost-effective.

Keywords : acoustic wave sensor; piezoelectric immunosensor; latex piezoelectric im-
munoassay ; piezoelectric sensor for platelet adhesion; clinical tests.
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BAW 7/34 A& UTKERIREFH535 5. Sauerbrey
3, KRRBFORECHENINELZLE, HEE
b Am & AEEZEAL AF EORBICRD & 2 s BR 28
Wwre.
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Fig. 1 Latex agglutination reaction upon addition
of antigen to antibody-coated latex particles (a) and
antibody to antigen-coated latex particles (b)
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BEITT v AREBRTA L/ T v+t4 {latex piezo-
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Fig. 2 Piezoelectric quartz crystal with silver or
gold electrodes

Silver or gold are deposited on both sides of the

quartz wafer. (a): quartz crystal; (b): electrode;
(c), (d): conducting leads; (e): insulator
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Fig. 3 Schematic diagram of experimental setup of
piezoelectric immunosensor

Various solutions were applied to the one-side-sealed
piezoelectric quartz crystal by a peristaltic pump.
TTL: transistor-transistor logic circuit

FEREPRICEERT U7, BERBEBAERESY Y v 5 - ThIE
U, #0F—F3/83—=YFavya—FIZBH0RAA,
BIFEAR TR U T2, BB ORBR O H]IENR) A5 R
V7T otz BIER 25£1°C TiF- 72 (Fig. 3).

22 LPEIA? ™Y

HIEY AT, TV IvEeryH—THOWEZHDE
EXRMIZE U THS. CRP OEIFEICIZ7 a—-ROHEIE
)V (Fig. 4) %2{EM U, ASO KU RF O#IFEIZiE/N
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Fig. 4 Schematic diagram of experimental setup of
the latex piezoelectric immunoassay (LPEIA) for C-
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reactive protein (CRP)

The latex suspension was circulated over the one-
side-sealed piezoelectric quartz crystal by a peristal-
tic pump. TTL: transistor-transistor logic circuit

presensesass Air bath ............

Frequency [—
counter [ TTL
Computer L
H Magnetic Stirrer :

Fig. 5 Schematic diagram of experimental setup of
the LPEIA for antistreptolysin O (ASO)

The one-side-sealed piezoelectric quartz crystal was
immersed in the latex suspension which was stirred
with a magnetic stirrer. The sample was applied
with a micropipette. TTL: trapsistor-transistor logic
circuit

v 7R (ZNZh Fig. 5,6) OBIE LV EMHEHL 2.
CRP KU ASO DRIFE I I E#H ILIEET 2 AWV, RF
DEE I A EH LR FRIAVS, KERSFORE
DHICERPET B LD ITROLR U2 VICIRETF%
EEUTCHW:. $4bs, BEEIALKRIIDRDS
Wiz avy— NTIRETFEARBESALT 7Y I EIZ
BEE L.

£7, FURRHRARBE LT T v 7 ABBIRIZKE

QC
Silicon rubber

Fig. 6 Schematic diagram of experimental setup of
the LPEIA for rheumatoid factor (RF)

Only one side of the piezoelectric quartz crystal
(QC) was exposed to the latex suspension which was
stirred with a magnetic stirrer. The sample was ap-
plied with a micropipette

RETOREOHPETHEHICLTHE, BEESE
ELzE AT, ST 3HEPLHAE 2SR 20N
U, BAEEELETSUL.

BUCRP Hifk, A ML T MUYV O, b4 L/ 701
7YY G (IgG) #ENENFEEUETFRDOT 7 v 7 A
W BER = V2.

23 M/MR¥EREL 4 —10

Mm/NR O FBE, PRP (platelet-rich plasma) » 5
Handa 5 DHFEPZBEL I HETIT - 2. B8O
BOBRKT, M/RET v A4 EHK {150 mmol 1!
NaCl, 50 mmol 17" Tris-HC1 (pH 7.4), 5 mmol 1™ 2" )b
I—2Z, 2mmol 17! MgCly, 0.5% 7 YIBET VT I v
(BSA), 40ngml™ 70 R% 75 Yy E} Ko
w7z, FAELIT T 22°C TITH 1.

KERBT (HEE, AT > b, 9MHz) 2t +MH

ROIAT—HY Typel TA—F4 ¥ Ut BEHTO

R 50pugml™! 27— OFBEBERK% 0.1 ml #
t, BEERCKRBREL . (22°0). ) VESEER
T 3 EPREEK, 05% BSA DV VEEEEKIC 3 BREIE
Fa (22°C). ) VEERER T 3 LR RIEET % Fig.
TD&D Ny FRIL VIO, BEMRELEL Y
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Fig. 7 Schematic diagram of the measurement cell
incorporating the circular piezoelectric quartz crystal
(QC, AT-cut, 9 MHz, diameter=1.37 cm) and elec-
trode (E) connected to the network analysis system

Only one side of the piezoelectric quartz crystal
(QC) was exposed to solution. The sample was ap-
plied with a Pasteur pipette

FI—=2TF7F 74 —TBIELR (22°C) (Fig. 7).
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BICEL O 44, PBS R CRABEMPRENTHDREGD.
—RDA LT v A TITONBE EHIZ, ¥ 7 DIk
BREROBEZH< (Favy x> ) 128612 BSA 27
&, BEMIEIDOL N5 LIz, PBS THE
ULTHZDULRNWVEEL Lo, b DRI,
BSA WiIREIFICRELTVAB I E AR LTS, PBS
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Fig. 8 Typical frequency changes on the addition
of HSA or BSA to the crystal precoated with anti-
HSA

AF/Hz

70

100

102 104

Conen. of HSA or BSA/pg mi-1

Fig. 9 Relationship between the concentration of
HSA or BSA and frequency change (AF)

@®: HSA; H: BSA. The vertical bars designate the
standard deviation for the mean of the experiments

(n=2)
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Table 1 The theoretical and the experimental
values of | AF/AM | : T T T
0 i
| AF/AM Y/ ]
Hzng “cm EN
Theoretical value 0.183 E
Anti-HSA (n=15) 0.375%0.012 |
HSA (n=10) 0.716+0.066
P<0.01 Bor , - 7
0 30 60

/LI, BEN 0125 100pugml™! OHET
HSA 2BIET& 5 &M >1z2. RO HSA OIE
HREIL8819.15ugml™ EELATHVY, 2ok
VH—ZRAMEBT VT I v DBEIED 1 Iz s B
EEF-STWNS,

Wiz, BEEEALEREF EOH HSA LR X O
HSA OEABREDBEFRER N2 (HSA iRE) 7 LITK
& U725t HSA Hilk & OHURHIERISIC L 2 HBEETH
%), HEBOFHMEI VATAY b—TEH LYV
NROBEZBRWTT 1. §72bb, Hi HSA HE RO
HSA iczua 5 3y T 21 2E# U EHs
YRIBOWEEEE X, lom? B0 OEEE (AM)
ERotz. TOEERICIT U TT - 1okRIRE T DO EER
oYy BOREIT LB HEBELERD, 1 cm’
W) DESBIELT IOy M5 E, IFHERBEF
wELNz. COMEE DIEER |AF/AM] & L7z, 2
2T AM=Am/A TH 5. F=9MHz, N=167 kHz cm,
p=265gcm >, A=0.196cm® &3 % & Sauerbrey @
K1) &

AF=-—0.183 AM (2)

L7725, Table 1 IZR(2) ok on2BRME &
LICEBREZR L. H HSA HUATO |AF/AM| DIE
i, EREL DR 25K E (, HSA T 4 K »
o7 R(1) &, KMPTREILT S, HHEFPTI
PFLIRLL 2V DI TETNSE, §
Zbb, BHEPTORBFORBEREE, FEICBY
BnANAEEETF, BIZITREOM X33, RiEics
FBGTOT Y30 FoRME LB 2 &R B
DESZEEN I > THEINAS. HSA ZIBEAMES ~
NZBTH BN, T THERL P HSA Uikl 1gG 7
SAT, BAED AL Y EBKED KA AL ¥ H—45F
PIAEETAZERMLNTWS?, Hi HSA HiEDO A
PREEGLTVEEE L, HSA PHEBEHRAERISTHEEL
1BA L T |AF/AM| DEXFR 25 Z ki, FHEHICBIT

Time/min

Fig. 10 Typical data showing frequency decrease
when CRP to a final concentration of 56 ug dl” ' was
added

% BOKME /A DR E ORIEZRIR L TV 5.

32 LPEIA

S VHTCRRIZTNT I Vv vH—D LD BEERTF
AL/ vy =T, REIEMEIINT 25 % RS
FABERLZTES S 20, FUELHESEE LT
5T v 7 ANT OBRERISITKEIRE T IE T i,
BB T~ O TIROEELOBIEE AL C LN TR
5.

3+2¢1 CRP” FHEHILESHTEZEEL 70—
) (Fig. 4) WIZ, i CRP IS T 7 v 7 A BB
W (5.56X107°%, 9ml) ZfEERS €S (5.7mlmin"").
BREEPEELTH»H, CRPEERZ 0.1 ml IRINT 5
IRMBEHZORE I s6ugl™!) CABEP B UK
(Fig. 10). CRP #hnER 1 BETc—EL 2 >72. 9@
DR EHIEESTIC >V T LRER UERZTo &S
5, BEBOEDOFYE L 105Hz T, EH#fRE
(SD) & 20 Hz, HEXIE%{RZE (RSD) & 19.3% TH -
fz. COEHDEIE, REZFIET 2BEPSRET &
ICRE->TWVAIHEEZ SN, 2T, Kanazawa
53839 B 0¥ Bruckenstein 5*® AHHILICE N 12H,

AF=—KYon (3)

WESNT, EBRNICRERE K 2Kz, 22T, p
BBAROEE, n BBBROKMETHS. b5, 55
50X 10% OV s BARTORBBEND» S K 27
Wiz {KED RSD 1&5.7% (n=10)}. CRP IZ & 5 #REH
FOIEEZ—AF/K TRET A LICKY, RSD »
93% E/NSLTHIEMTEI. TDO—AF/K & CRP
BEOBHR% Fig. 11 IKRU . CRP EEMBEORD

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

e fRYR, E2#E, GHOURCHIAN, MK : HEE 4 v — DEKREADIGH 923
6 T T T T —“50 T T T T T T T T T
F oo
N
=0 b2
< T
g i b
3 & sof ]
X i
%) <4 c
2 T 100} :
4
| 150 ] i 1 1 I 1 I i 1
0 50 100
Time/min

2 1 1 1 1

0 20 40 60 80 100
CRP conen./pg di-!

Fig. 11 Calibration curve for determination of

CRP

VICEFENBE (CRP Z&ATHZWL) % 0.1ml HMML
1BEDORBBOEE, hrth 0Hz BETH -
tz. CHhIIMBROMEFRSFICRE LTz EE X
Hhb. ZORERE, I THWVLIH CRP HlkEE T
Ty I ANTHCRP I CEXVBRETHLE2ERET S
&, CRP IR &5 BEHDOELS, CRP IZLBH
CRP KA T T v 7 ANTOERELHEEL TV &
Zx 50 5. Fig. 12 1% 90 ul DIE % - 724 LPEIA
BT 10~100 ugdl ™' OHHETRIERRETH B & %
ARUTWA. 8, Fig. 11 KBOWTREREIVFES % B
50D, MEFO CRP DS OYE IR RN
BTIBELTVWAIERRLTVS. BRABEETO
Ay bATHEEBEE 300ugdl™" (77 v 7 AREE
Bi) LahTHB0Y, K LPEIA B IBERREDO ST
THHFERTEARBEAF>TWV, DT &iE, bk
Utk < b3 sIERRRENH > THERDE
FEMICIZEEN NI EEZRLTWVS., CRP OHIE
JRT, BIEEVH7u—RITH B IOICRENESEIC
RETHE L, QIERBPEVEWS REDH -1z
ZITINOLDOREDOHFLEZRL TRDO L Y — 2B
Uiz,

3+2+2 ASO® HHEHILIRE T % Fig. 5 D&
RNy FRIENIZEEL, APLT MYV Y OBET
Ty AREBEREMA, BEREAESTS. COtLT
BAKRER 12ml XT3 EMTE. TOREBI
CRP DHEIEIWHAWIZ 79— VRITOKREDHK 1/8 T
Hotz. FEFIERSFEZEFERLTCOZ0T, BERD
ZALE—AF/K TET T EIZT 5. —AF/K BWEFEITK
ST b, ASO ZETMBEARMNT 5 & AF/K B

Fig. 12 Typical frequency changes on the addition
of serum to latex suspension

a: addition of CRP serum (5.3mgdl™ ") to strep-
tolysin O-latex; b: addition of ASO serum (1040 IU
ml™Y) to anti CRP-latex; ¢: addition of ASO serum
(1040 IU ml™") to streptolysin O-latex. Each serum
(0.02 ml) was added to 1.2 ml of each latex suspen-
sion at the arrrw

Utz (Fig. 12). —7, ASO B&EEZW\T CRP 28¢
MmEZBMU72BEIE Fig. 12D (a) DEHITEFEALE
—AF/K 3&{bLUisdo12. X, FiCRPEET T v 7
2T CRP 2 & F 205 ASO 2 & T MFE 24N
U7eBAa s Fig. 12 D (b) D& HIK—AF/K OE(LIZT
<hErTH-otz. ThHDERIE, ASO HRINICEY
ARV RIVY ORAT T v o ARTFHBEL 124
BEUTHAEEDENRLIZZERZRLTWVEZ. ASO &’
mEOBEEE(COVIHBREAEICBT L., 7T—5%
YR 21— g VENC LS TAA—T Y ST B E
&I R OMBAEERY, ZORMELE 7Oy
U7 (Fig. 13). ZO#EER, COPHBRREZ>OE
kb3 EMFD o1, BRIOENELIE, MESY
VISTBEDTT v I ARFADRELEELZ HN, FhIC
B<EVWEIE T T v ABEIEIRLEELD L&
HTEl, 22T, COBVWELLDOZ A E2TEE V
{=(—AF/K) /time} EEFE L. V& ASO DBEES
fRiX, ASO #5130 75 1040 IUml™! ORI CEBER
TH-1: (Fig. 14). COEHDCTVEBETH &I L
VRAIERMZERT A ENTE (23 4). ASO
PEEROCBEOME (n=24) % LPEIA HETHIEL
s, BEBRBETCHVOATWASFE (LiBk) <l
EUEE LB U (Fig. 15). £ O#ER, HEEIREE
0950 (P<0.01) THRERZEEL K<SHEAL TV, K
LPEIA ORI ERFRIE 130IUml™! T - 2. ASO
DAHy VX7 (5T v 7 ARBEERE) BRAT
160, /NRT 250 1Uml™ ! T& 520D, & LPEIA ¥
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V represents the initial rate of the frequency change.

924 BUNSEKI KAGAKU Vol. 46 (1997)
_ T r 60 : _ '
S Ogeece (A)
X * | )
¥ 10f . 1
b
\|/ 20 T 40+ -
~ w
-3}
= 30} e
g s .
& 2
/)] 40F X
3 r r r r r = 20t 1
(B)
2 i i i
§ 2r . *
ol
< 0 L S
2 . 520 1040
¥ ™
§ 1r ’ ASO/IU ml!
o 000,
° e00%00%e0° 'o....’o Fig. 14 Calibration curve for determination of
oee A s L A A ASO
13.5 145

Time /min
Fig. 13 Determination of the initial rate of fre-
quency change

(A) Smooting of a part of the data of the trace ¢ in
Fig. 12. The arrow indicates the addition of serum
to the latex suspension. The slope of the exhibited
line is an initial rate (V). (B) First derivatives of the
smoothed date in (A)

BREDOETHHERRECHNIC TS TH 5.

323 RF”  CRP KU ASO DORHIZ I3 Fr it
IHEBT 2RV, COFRIIRESTORE®D % BK
CETH OO EE L TRERNICIIBEETH 5.
X, FEFIERESTIEED &5 2B ROBIE L VI L E
HAcx5 (flxid Fig. 3~5) EWVWHHRBHB. Ly
U, BREOHILEMIEREOBRBEITKEEL TV 5.
Fiabb, HEEN - 2@ 4O ER IR T OIS
DBEFRZ->TVA, BIRLI &SI, ZOREE BT
BIHICEE L IBRERKEZEA L. FEHILRET
DEFZECHBEZB IS EE, BRATKENVET
FTHEHOICAELNVERRL, RFIINTELVH—%
BAZE L7z, Fig. 6 DEOICRIELVERR UL (22 H
BH). COLVERAVWSIEITEY, BIEICHELR
B% 04ml T AIEMNTEN. ASO THW/IZEILT
DREHRED 1/3 THY, CRP TD7U— L )VDORKRE
WEDEITK 1/23 LB->TWNB. 2Oy FRIDEV
BHEIISUCHE 0.l ml CHRIENSTEETH S, 2
DX NVTEE L 2Bl % Fig. 16 1KY . REERFPTOH

The vertical bars designate the standard deviation
for the mean of the experiments (n =2~5)

60 T T T T T T
[
[
[ ]
T 40— 9
0
:E .. [ J
~ - () -
% ® ..
— [ ]
X
> 20 o0 7]
[ ]
S e
| Y .
0 1 1 1 | 1 1
400 800 . - 1200
ASO/IU mi™!

Fig. 15 Correlation of V with ASO values mea-
sured with the turbidimetry

The correlation coefficient (r) was 0.950 (P < 0.01,
n=24)

BEDPEEILIL-TH S RF BEMEZEmMUz. £
-V RTFLRBETSEX, LY —DERERREL
EVHAEELEETHS. bL, MTFIKERS &5 i
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Fig. 16 Typical frebquency change on the addition
of RF to latex suspension

Ten microliters of latex solution (2.5pugl™!) was
added to 360 ul of buffer solution. After frequency
stabilization, 12 ul of rheumatoid factor (72 IU
ml~') was added to the buffer solution. The arrow
shows the addition moment of the RF in the solution

HzTbrwe7 v A BBERALE & DRETOL
ZiF 407200 50% WA LTW, Tyt f kTS
SR T ZMAKTHED, i Ty /- THEL
fo. RITHY 200°C T 5 rEIINEL, ERTHHLUL.
BRTHRER, FRAMCEE 5 SBN&sL:. 6 H
DR TFZFE-T, T vt %2{T5 T & ITMBNEE T
S, FRNEFNOEGFIZOVT 6 EIEVEL 2 & %
DEEIEALD SD 1 85~187Hz TH 1. 27T,
RSD Zk&® 5 & 0.00095~0.0021% & 720, VKL
REICEDBAEROES BB FOERZHE (9
MHz) ICHRERTEEEDTH 1. ZOER»H,
MELIEIC LV IRE)FORFANTRETH 5 2 &5 H
Sl T, INEGAERIC XV IRE U AERYER T 7
v 7 AKT (3-24 HEBH) LEMNBREINRTNEIE
ZRUTWA. ZO & 2 INELIE % 1T - 12 IREYT %

> T RF BIEDIHDRERZRDB & Fig. 17D &>

2o, MOOREBEHTFEHANT b ZOBREKE
ERZIERUTH D, ONBITE D BERESIEEIC X
<otz 5TUml IR CHBEIERRETH - 7. BLE
BRLBENENEZINTVE T T v 7 ARBHEBETD
Ay M T7EEBEZ 60IUml™' T©HY, &K LPEIA
BT sRBREEZRF - IZHEETH 5. LPEIA HILFE
BRERFAL /L VYRR, BETRRAAOFER
PEROBELEBELLVT v £ [ BT, SEBEBERBRED
HETORMASESEINS.

3+2¢4 LPEIA (CH11 2 AREBTIEOBIEY 5B
BHOEZ, H<»rHHEEED 5 VIEEREED
TlhickpEEZLNTE Y, HETCIE I 1HTDH

Fig. 17 Calibration curve for determination of RF

Vertical bars stand for the standard deviation (n=4)

BT EDICRETOVANA ZHTRPHBOESEE
BEOowELrEZE2L TR bRV E5EHIhTET
WA Z Tk, EE S ML 2 LPEIA IT
B HEBRMEILOBEII>WTHERT 3. BHTF (&
BG) OFMEEZ, KROIY ) —)VIc k508, KES
TRATILEDNE, BICLHANBREEETFT->ThH b,
RF IZx49 % LPEIA DIGERFAN. ZORER, HE
DRE X, 77 AU, K-1.7 ) — VI, B
HOWETH > 1. BRIETIZEEAERREL LD - 1.
UL, CNBBBITEEPRELEL Z-zbdTik
TV, Ih s DERIE, LPEIA OISEICESTFOER
DREHPKELBELTVWAZEERBLTOE. KIC
RETFOSEMRERZ K74y F+—-VOBSFET
=T 4V U, COERBBANTHS., Bizood
BOTBOLIZTIVNTIY, FFHAVEE, 1-74H ) —
WV, -TAF—VEERBLT, EEZHEAKEZUE. &
NoDOIWE)TZHNT RF @ LPEIA DIGE2HN 5
&, MKELAEEZLLZEI P LOREERENSELN
12, WBTOLEHBETIC ANy ) ¥ 7812 & 0B
Y)aVOREBEEREL. CORBIZEKETH B
REZBBEEBON LA 1. TDFFY FIT 7-N-(2-
TI/XIFNW)S-TI/)7a8N-rY X FV V5%
RIS&sE, T /)EB2EEICBAT S & KE EHEPE
biiz. X, TI/EEXERZINVIVT VT P
UTHIGE BN R TEFhEERD Ui o1,
RVZF VYA IVTRETZI—-FT 4 YU, K
EFRIEBREs NGt COEFEEINVINT VT
b FAET 3L RELIEENBLNI. DEoERL
5, LPEIA OISEIZZRBTFOEBORENSEETH
BLENINE. L, TTv I ABBROMERDRE
WIT v ADBEEICIL>TELLT WA HIE, FEH
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DREZEATIRE T CHE - BEAEAS LIGEICE
MWTBIETTHB. 27T, LPEIA DIRBEDKE T H
DENSEREABEDESFE2ES, ¥ alEBTEROKE
B -BEAEXTERLULEZS, E  BEIINT S
RETOREIRABHIKTF Lol —F, 77
v 7 AREBKR % RINE, BEBPEE (432Hz) LT
DOBEPILT AEL =9 =TT T v 7 ABBRZRVOE
U, BEROA 2 ANTE 3, 106 Hz 12 BN
ERU. BRBAELFAIUBEILE2 LT T v R
EHRINT5&E, BEBETOEIIRE. 202 &i35
T v ANTFORETREICRELTVWSZEARLT
W5, DEo#ER» 5, LPEIA TORKBEOEIZIE
77 v 7 ANTORBTFRENDORENEETH S &

DG 1z

3+3 IM/MR¥EEREE > ¥ —'0

KBRE) T2 A O CM/MEOREREERHET 5L
H—-ZBFR L.

Fig. 18 IKRULIZED T v/ BERFPOIT -5
VIEARE T ORBBIREIL R >TH S, M/IMROE
BREEAT D E, BEEDEINYT 3 Ara~—BHick
& RN, RACEDS U—E 22, BET v 1A
BERICEZRZZE, ALY —BEORBEOE
LA -7, —EEZRLIZ. —F, BSA DA%
P& SRR TFEZRAVIEE R, I/MIBER ZEA
T5&E, AT URBERBTOBELALC LD IT—B
MOKREBEMHSEE - 1285, BEHOB I HT
PTH-T. Ty BRERTHERET S L, RiIEV—8
MDOEILIZERD 5N 5 & DD IFIFBEHBIO L IVIZED
—E Lol INHDOERIE, L ITHI/MEOER
MIZT T =7 Y Typel KHAELTVWAHILEZRLTY
5. X, —BEOEIIHEERTLHEINS &0
5, M/MROKEBEIZBERULZLOTEEZVERDNS,

/pMr&E 5 -5V Typel DIEEBEIL, HTFL AN
VTHOPIIENTE VRO, Fruby  fh
WO EDWESY » /X7 BTH 5 Gpla-Gplla (af-4 ~
T)V)W, 3TV Typel DT 3/ BEFID >
5 -Asp-Gly-Glu-Ala- DE 51T Mg?t HHET CRET
5. ZITT vt A EERIC EDTA Z25MU TR UE
Bef1o> &, BBEHOBELBAIEIR Ao
(Table 2). FIZ, 7 vt A BEE,» > Mg®" 2BV T
LRV EABRKOBEERBAS IR Nz -1z (Table
2). IhoHDIRERE, MAMEA T — 7V ITERNITKE
BUIKERE U TABEPELLIZEWS EdRo&E X
EZRHLTWS, 28, BSA I—7 4 ¥ JiBET DI

Vol. 46 (1997)

AF/Hz

—60 . . .
0 4000 8000
Time/s

Fig. 18 Changes in frequency for platelet adhesion
to collagen attached to a quartz crystal

Bold and fine solid lines represent results for col-
lagen and BSA-treated devices, respectivey. Arrows
designate replacement of liquid by platelet suspen-
sion (a) or assay buffer (b)

BRLNIEBEKOBP PR 515 (Table 2) %,
NEIMMEOIEFRBE -EZEX DN D, BHEES, fiE
oAV HLNTNG *Cr BB TH, BSA AODIM/N
ROFBRBESBH SN TVD L, E550EREM
T T 6 /MRS O g R SR R O g &~ /37
HEIEENTOWEONLLTHS. '

OV —DEREFULKHETT, 5'Cr TEHL
FeI/MREKBIREIF LD 25— 5 VIS L 125,
BSA I— 7 4 V7 UTKRBIBREFICEERICESZ LR
ot X, /MR 1 EOCREEEZRDSE 16214
(n=4) pg THolz. M/MROEEICLSBHEKEOEL
%5 Sauerbrey DRICHES & LT, LTRdIBEEZH
WTRABEEEZRD 5 &, RFEERLHT T34 9000
Hz 25533 TH5. COEILEOERERDY
200 fEL ERE Mot ORI, Gryte 5VBT 7
) AR N OB RHK OMIE DK RBIRE T N OEEIC &
5 AR DO, Sauerbrey DX 6B 5 3%k &
0 200 5 400 fENZVERE L EBREFBELTW
V. f/MRE EOHBEIZTIVT I v k> nBikingy
FTWREL, B TREARTH DT, BEREL
DRERZHRAND L RBREECIRN#ETHS. LU, K
FEEPKD LS IERT 5 EKET 5% 6, KBTIEE
KARESBEREICES T A &g b, SR, I
IMROEBREBIBERB LV /NEL, RIVMIMETD
BBEHEL2BRBOADARTHHAT I L LTS
V. DFE D, MI/MER H2BEOMETIRE NS HKRIR
BT ICNE LTS, Sauerbrey OFUTHED & 5 L& M
6T, AENEIERBDOHIEELTNEDTI
2L, ZOMORTEERBLZINIEE 2N & %R
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Table 2 Summary of changes in series resonant
frequency for adhesion of platelets to col-
lagen and BSA-coated surfaces

Frequency (*2 Hz)®

Sucface? Solution
urface condition® Platelet- Assay buffer
suspenston
Col AB 43 35
BSA AB 13 6
Col AB 45 43
BSA AB 1 7
Col  AB+EDTA 8 4
Col AB—M g2 + 16 11

a) Col: collagen Type 1; BSA: bovine serum albu-
min. b) AB: assay buffer; AB + EDTA and AB-
Mg*" : mean AB containing 2 mmol 17! EDTA and
assay buffer without the usual 2 mmol 17! Mg?™ re-
spectively. c¢) Standard deviation represents values
measured for a large number of points on a frequecy
plateau.

LTS,

34 ¥ IE

MRRE I, EROBMZ2IUHEL, FOKHA, &
B, BITESEZHOLPICTELEDICHEADERTH
%. ERARMEE, SHEOMRE & IEEEZNRE IR
THIENTEDY, EEEENKRES I, MK, M@
B, R, HEBEE2HRELIRET, VDY 5BERKR
BLHEINTVWELDTHAB., TITE, ZOBEHRE
DOHEBHBFERBEEMESICEIZT 5. BEBRECHERIN
HREK I, RET, BIESHEE BECHREN &
<, FUTHBEMMSENC EXEE L. Mk, MmiE,
RICOVWT OB HEBEIITONARETH,
ORBEEIIIEERZL OBES S 5. Hlx i dimE—
rESTH, ZOHRICELEEDY Vv HE, BH, I8Y
REREL ENEENTVS, COESICERSVEE
NrEBOFRT, BERSOAESIHE LT HEEF
DT DRI 53 MET 5 Z L ndHTcEs s
DWEELD. BETRREZENPLESDB LI T, N
A4 —IFEBIIC OB EHATVHEDT, &
BOMREZ > TOBESITFT B354 4 v+ —%F
RIBBENIILHS.

ZEH O IKBIRETEFIALLZ NN, v — (EE
FZFNA TRV -) Ik, RAMET VT I VEE
DTNTIVBEOKRHEMPAEKETH B EERUI. &
DY v —IIKBRERSTRERICH T VT 2 VHfk%E a—

HFR, B, GHOURCHIAN, NS : HEW+ ¥ — OEHRBREADORKHE 927

Piezoelectric

immunosensor Immunoassay

W
>—  Immobilized antibody
- Antigen
>%  second antibody (labeled antibody)

Fig. 19 Concept of piezoelectric immunosensor
and immunoassay

Ordinary immunoassay requires the second antibody
labeled with radioisotope or enzyme and the
piezoelectric immunosensor does not

TAYITUIZA L) v —D—DTHB. TIV+4 A
T A RBRAEAEETE, FYAXTAV =T
REFEEFRICEBR LU LD%, B2 Hiike LUTHEHE

Usdhidiz sy (Fig 19). —F, EEBETFA L/
YUY —TW, Fig. 19 IKRULI & DI OREEHEE 2 it
RKEDEELRWV., 2O &, BIERESEEICS
D, BESEEMNTAZEEBRLTVS, BiZ, & .
il 75 AEREHUAR % 55 BB 2 <RRFITH U, BEFRKRE
THRGS A2y H—Thd. LhL, B 1 Hikz
RETFEELCETELLUZTEE s 20nEnH EES
BHB. bL, COLIBBRERABETSLIENTEN
WEIERTH S 5.

RIT, BRBRETISLAIAINTVES T v 7 2 EE
Kt % BEKRIRE 70O & (EEHFRE IR <528
L3 20) THRETE LW %ERE L, CRP, ASO ®
RF MRz E B U THh < L AREORBER T
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Table 3 Commercially available immunological latex reagents

Molecule immobilized on latex

Target/Aim

Anti-C-reactive protein (CRP)
Streptolysin O

Human immunoglobulin

Anti-human immunodeficiency virus (HIV)
Anti-hepatitis B surface antigen (HBs)
Anti-ferritin

Anti-growth hormone (hGH)
Anti-human chorionic gonadotropin
Anti-estrogen

Anti-fibrinogen

Anti-So-microglobulin

Anti-human serum albumin (HSA)
Anti-a-fetoprotein (AFP)

Anti-human IgE

Detection of CRP in serum

Detection of antistreptolysin O (ASO) in serum
Detection of rheumatoid factor (RF) in serum
Detection of AIDS virus in serum

Detection of HBs virus in serum

Detection of ferritin in serum

Detection of hGH in serum

Detection of hCG in urine/pregnancy diagnosis
Detection of estrogen in serum

Detection of fibrin and fibrinogen degradation product (FDP)
Detection of fBy-microglobulin/kidney dysfunction
Detection of HSA in urine/kidney dysfunction
Detection of AFP/cancer diagnosis

Allergic contact dermatitis inspection

BHATBETH B EW Doz, TOT vt 4 HER
LPEIA BERERZ &L, X, BIELVZREFTT S
ZEiky, BIEKRES 0.1lml THLRIET 5 2 &
BETHot:. COZERMBELEDHABMPPLETRNC
EERLTVS. BRREBEDOHE T, BEEVNISET
THEVS CEREELMETHD. A, BEICHE
HMEEN VBT IINEROIEN DL TTH, BE
(BT NROBEITIE, TAKBICERMIT 5 2 & AR
Be) KB A AERANOTHIENTES. FIZHIEIR
B 5KHIE 2~3 5T, BHE2ETIHRRECED
TEREEDNA., LPEIA LTI, B U 7z & DIk
SIREITFIZAT D > THEZ E2HE L TBBEN N
TENKERBEMTHAB. X, Table 3 IKRUIZLIIT
FRRLHEZEE LT T v 7 ANTOEZ L HRE L
THO®, InH5OMEIERICIE LPEIA 2 AT
BrEZLNE. BILTT v I ABRERIGE, HIDH
AOSNTVBEOErsbDhbEII, TTv7
ARFANOHR - FUROBEEFEILFITEILENTVED
T, FROTERLHEE T T v 7 ARFAEETHOI
BBEEZLNS.

T T v 7 ABRERICHS/KRIRE) T CREFIETH S Z
EWGhotcdT, IVMROESER (EERKEEEE) O
BERLIEHATE S EEX N, ZOBRENSKI BRI
MNR G RIRE T IS ME) 3533 TH5.
X, MMROMERLEELRBIBEEHTH 5D T, K
FBEFWaI—F 4 v 7325 -4 v ~OEBERORB
HERE Uz, Z0BR, BREOICMNMRO I S -7 >
ANDEEEBETE . DRV —2IUVMREERE L
VA - LRSS, EBERF A Ay —CHEI NS

LOTHB. M/MROKERRE, &2HEMIEL
IMROE AR A B EVD, VWhIZWIRKZ T TLETD

HiThhT& iz, BEEF5HMPBERELULIVIMUMERE LV
Y—-370 b7 4 TTRBBD, FVERBHICEERN
EREOFMATETHLIERLTVS. X, £V
H—2EVSBAORAIE, VT4 ASEDEL
RBHTESIETHD. BB EORMBICEL K
R AEREA (Fig. 18) 2RETHHOIEEL IV
EWEIT N, I/MMMEREt VH — TlMRORE B
BrBHcIsEE2 N, BERHERICBVTLRIAT
XHLHETE S, 3 3HETHRNLD, MMEET Y
FTAY N=TTEERTDIDEN TN EBRELFHR
TH5D. M/MRAEREL V=, Exfilas s ok
BEOFMEICRIATE 2 FEFEL VY —DH LLVEHALTH
5.

PIEEES I, TUTIvevd—, I/MekEREt
V4 —RU LPEIA EZBEZE L. fIFE o, FidL
REIICEBRTF A AV —THBD, BED
LPEIA B TERTD » TREPM 2 BEST 50BN 2 <,
B I AR TERO BV EEICEETH B, Ly
U, EEBZT/ {4ty —TWHLPEIAE (77 v 7
AWTOBEBRICEBZRMT 5) KT T7u—-54
TDYVATLARZHEARTVEVSRENH B, 748D
5, BEBEIIBLVTOWINOSENERTH 2
B3p2l3TET, AIENERLENICIEU TENS G
ERENHLEBEDLNE. UL, KEESHFE LY
H—DFNA ZELUTHWSE, BIEY AT LITIEEIC
HE T, XD SERRETCHV SN T & EM CHIl
BNFEY AT LAEZRAVBBRENZVWL, T34 2853
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Bt TchdsrEnd, BENEZA) vy MRKZNEE
AZbohb.
BARETCHRE L 2EBOZ IKBETHB. T
TIvev-0OERBER 3138 »odbBHL,L L
HIZ, WP TORBBEKE(LIE Sauerbrey DORICTED
W2 ENEL, RETOEADRFOHRERE U<
T sr0730 ¥, BRFOBRZEELFEYT
BIENMOENTNBNY, KR TORERKIENT
NHIMBEIE ERRINIC L3 BRIEEEOELIS
REBENTESD. Thompson HIEHBEDTF R
& RNA OHEEFERICBENT, BEKPEALARICE
tF2HEEZROVELTWVS (&), 20k>IcE
BHOEL OB XL ZEBRORMMAEI N THB,
KBBBFEBANE YT -1, KRX bRz LD
KRERDT v LA BRI EVESHhDEEER->TH
V, FOEMEEPTIEICLY, SRLEBEEREDS
Bzt —rEZR3 L, ERLOFRLITOI
5 EmPFans.

TNT IV —ItB$ 50581, AXILRPIFERFO
KENEE T EOHBWFETH U, M/NREEHEL Y Y —
BT AW, boY bk (A5 5) @ M. Thompson

B L OHRAHR (KEFENFAREICELS) THO, B
O LUET.
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