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Development of Quartz Crystal Microbalance-Based Immunosensor for the

Determination of Low-Density Lipoprotein
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Immunosensar for the delermination of | DI{_ow-Densty Lipoprotein). a good indicator for the diagnosis of atherosclerosis and
iyperchelesterolemia, was developed by using quartz crystal micrebalance(QCM). The immunosenscr consists of flow-through cell,
oscillabng circuit, oscillescope, and frequency counter. FIA(Flow Injection Analysis) was applied o the QCM system for the
measurement of LOL in hguid phase. Anlibody showing bindng affinty against LDL was immobilized on the gold elecirede of a
quartz cryslal by covalent coupling via polyethylenimine / glutaradshyde. LDL was injected and bound to the antibody immabilized
on the QGCM immunosensor, The response of the immunosensor (Fo - Fi) was found to be proportional to the LDL concentration
from 200 ng/ml to 200 pg/ml Operational condtions for the operation of immunocsensor were also Investigatsd m terms of

sensitivity and non-specific binding.
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HE 9 transverse waved Fojrl wdlElE AL oA
A3, ojg et #4-2 Saverbrey(2)el 28 A AEbE g A=
coaling ¥ quartz crystal T $]F-EZZHe] deposiion 2
o, ZlA el A2l TR =k wEEARe O-8-s 3o
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Zola] 23 97) Ao QCM Ax9E o143 N

2] A4 coupling agentZ coating & quartz crystale] #41
Ex fﬁ‘*ﬂ%— AR F EDP’“ SAYSELT 5H5 A7) 3,
vh-7213) whe %o Fu WETg EHToIH ZAUYE
Ay Fx & 3%

uhe] 0 QA 9] A glo] L Fa FAAY AAEEH (biol-
ogical component)® transducerd A9 ZHUAEET 9
A3 A€ gtm wyHe|op ok Ar|EE] wlo] e g4 L]
4% =43 A7|Egd BA4L s SHYLEY H48%
& el Ar|sEtE 246 e ZaEded FE A
et dpRo s 2o BrlgEiz|e] Fabdei; ¢ a
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Inficen, Inc.{USA)IA T8l en, S404E4d9 LDL &
LDL 4 S¢]49] polyclonal anti-LDL [gG 7} Z3d g4
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Figure 1. Schematic diagram ol QCM systern.
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Flow-through cell

Quartz crystald flow-through cell Yo 243 F(5) FlA
Ao 2w] &do] olE FHAE w E9o] quartz crystal
o #HZAIFNT contact HEF 7] YA celld E5FHA
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ASREN w287 391 F cell volumed 182 Wt

{Figure 2).
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Figure 2. Assembly of flow-through cell.
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A. Polyethylenimine(PED) H#PH

Quartz crystal® 2% polyethylenimne(in methanol)dll 30
ZF gAg & F7)Eels 43252 methanol® AHF 5 25
% glularaldehyde -£2( pH 7.0 )d 2417 B9t @2k o&
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o|AFEY EAR ANF F F7|F A TH,

B. Protein A ¥
Quartz crystalg 12 M NaOH £le] 20837 = 3 o3}
b
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HCl £9 2001 & quartz crystald] 22390 dojemd F
220 e 7Y, o|AFF 9 95% ethanol2 A =E HA
33 100 °C ovensl A 2083+ #3417 § Protein A -#-<4(1
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polyclonal anti-LDL rabhit antbody £¢ 100F quartz
crystal?] FHSH gelwdl I 2ATHE HLADTh 3%
BSA{Bovine Serum Albumin, pH 70) &%og 247 Fct
blocking 3l PBSS ¢ ASFFE Ad= AT F 37 F
oA g},

C. 333 4 why
Quartz crystal®) 2452 acelone®® NEH§ F 4 mg/ml
9] polyclonal anti-LDL rabbit antbedy 49 1005 guartz
crystale] FASHl loading & F 4 °"CollA 12717 o]
A AT o2 PBS buffersh o)aEfea Adz A
FTAFAAM TR

+

=5 ahd

PBS Z flow-through calld A& ¥ dA&Hez =24 3
Aol M quartz crystald] TRFERFE 5E
FAFRF(FIE S8} PBS bufferd] =
injection 33 FIA42] HgGE JoE B FATIRTDE
A3 Figure 3),
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Figure 3. Representative response curve: (a) equilibration
with PBS, (b) addition of antigen sample, (¢} washing with PBS.
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Figure 4. Comparisen of immobilization methods in terms
of sensitivity; (a) Protein A method, (B} polvethylenimine
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gAgE, ge-TA A ogk 13 dH4-e PEL ol o
2 22 Jrhgrh 223 WY BF 12 mg/mléd x4
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LDLY $EF 2437] slass A=e) 440 dad ez
HAGT, ode wHe A2 o % gude Az e o
5013 4L BaAsE THE 98 Aoz J|guE,

A9 sTol M2 n8¥s F8 HuMF

Quartz crystale] o845 @3= ELISA & v %% o2
ol o] 85T A BlE F=rt A4 58 A Aesd &
oy whpA gAle] ZAEA olel diF HAFY 3RS ddie
ol Fasit), PEL Pl 2+ quartz crystaldl A20HE 3%
o FAE TFFA7 T, ol 2L FEEGI pg/mDd LDL &
RS AA RS E G40 FR 0B Faewzake 248
WA Figure 7). 338 o) &9 #4¢] ¥57} 4 mg/mle]
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Figure 7. Calibration curve for optimum concentration of an-
libody {loaded LDL{B-100) 200ul of 200ug/ml. immobilization
method © polvethylenimine{PED method.)
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LDLA ofdl QCM Aladloz S & o AHgd 7
gawrtz crystal2] Ao A=Y 9dx LDLY %S quartz
crystal “d<}Ag] ELISA assayZ o] &bl B89 7 quarz
crystallE MEDE $59) IDLE 28N Z7] W2 2 quarte
aystal & AR Q= A gl BE Zrin Alabd,
quartz crystal E9ol Agselas [DL %e dheA7] LOL %
Zd HEE Aol ek LDLY Ageln) %3 x249] gl
e e AEA LTDL el whalgElA =2 Aotk o 4
9 quartz crystal2] SH=9d] T3 229 1DL2 dks-alFEch
=E2Ee o BA7F g2 AL LDLY vhee| o] ol o
2, =250 gl @A o] e AL [DLH o] H
dojid Aotk vk F LY LDLL quartz crystal 23S
e TA B85 LDLA v E)F Aolth o] whid
£ 71719 quartz crystal cellol] QA7 9o} o F 1004
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544 & ELISA 2 <43 LDL 552 &A549d. &
A7) LDLe) ¥E= 160pg/ml ©1%3, wEA7he DEITh
ELISAo] 2% calibration curves} QUM-ol ¢ calibration
curve® v E 2 profile o] BYsT saturation region
o] dAstgtHFigure 8). ¢l QCMe] 2] calibration curve
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Figure 8. Confirmation of antgen-antibody binding mn QCM
by ELISA assay method; (a) ELISA, (b) QCM system.
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9 A9 "5aE A% 2% AFFe| polyethylenimine(PED)
we vl A A = LDLY FE7T 0wl
2 27174 skl 200 pg/mldl A& 1200 vg/ml o gelAE
2 W7t F Ao SH=gch oA w5d 3 - 3 2
el o HEHE2 PEI el protein A s g3F
A ZoZE JElgth PRI vyeg 3A8EE gAe A9
EE AXAdEe ARES AX¥gsts #EAA 4 mg/mloE
AU QUM A &el el Ay g3 Age ELISA
assay?] 2lgf F2AH%

1. Strutt JW. (Lord Rayleigh) (1945), The Theory of Sound,
rev. edd, p. 117. Dover, NY.

2. Saverbrey, G. (1950), Verwendung von Schwingguarzen
zur Wagung dunner Schichlen und zur Mikrowigung,
Z. Phys.. 155, 206-222.

3. Nakanishi, K, H. Muguruma, and I. Karube (1996}, A
Novel Method of Immobilizing Antibedies on a Quartz
Crystal Microbalance using Plasma-Polymerized Films
for Tmmunosensors, Anal Chem., 68, 1695-1700.

4 <A, 2R (1988), J-daiel pp. 181-189, 9)&h25)4],
g

5. Caruso, F, E. Rodda, and D. M. Furlong. (1996), Orien-
tational Aspecls of Antibody Immobilization and Immu-—
nelogical Activity on Quartz Crystal Microbalance Elec-
trodes, J. Colloid and Interface Science, 178, 104-115.

6. Guilhault, G G, B Heck, and R. Schmid, (1992), A
Piezoelectric Imtunobiosensor for Atrazmne in Drinking
Water, Biosensors & Bloelectronics, T, 411-419.

7. Muramatsu, H, . M. Dicks, E. Tamiya, and I, Karube,
(1987), Piezoelectric Crystal Biosensor Modified with
Protein A for Delerminalion of [mmunoglobulins, Anal
Chem., 59, 2760-2763.



