J. Fd Hyg. Safety 13(3), 206 — 212(1998)

1MsHE 22510 M8 2
Salmonella spp.2| A& HE

HIOIN - ZPo1* -

ST ABHY AT,

“Seltjstn 4E

UAFBE SRMMO 3t

s

g3y

Rapid Detection of Salmonella spp. by Antibody-Immobilized
Piezoelectric Crystal Biosensor
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Korea Food Research Institute, Songnam 463-420, Korea
*Dept. of Biotechnology, Choong-Ang University, Ansung 456-756, Korea

ABSTRACT —

An improved antibody-coated sensor system based on quartz crystal mi-

crobalance was developed for the detection of Salmonella spp. An antibody against Salmonella
common structural antigen was immobilized onto one gold electrode of the piezoelectric quartz
crystal surface by various immpbilization procedures. The best results in sensitivity and sta-
bility were obtained with the thin layers of protein A and 3,3'-dithiopropionimidate - 2HCI
(DTBP), a homobifunctional thiol-cleavable crosslinker. After the addition of a S. typhimurium
suspension into a reaction cell with 0.1 M sodium phosphate buffer, pH 7.2, the resonant fre-
quency owing to S. typhimurium adsorption decreased conspicuously. The antibody-immobilized
crystals prepared by the gold-protein A complex formation and DTBP thiolation showed the fre-
quency shifts of 80 and 283 Hz, respectively. The time required for maximum frequency shift
was about 30~60 min. The antibody-coated crystal could be reused for 6~8 consecutive assays.

Key words [ ] Antibody-coated sensor, Quartz crystal microbalance, Gold-protein A complex for-
mation, DTBP thiolation, Rapid detection, Salmonrella spp.
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Fig. 1. Schematic diagram of the quartz crystal. (a) lead
wire, (b) gunartz crystal, (c) gold electrode; (d) dip

ho!der.
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Fig. 2. Schematic diagram of the apparatus for antibody-
immobilized PZ sensor system. (a) circulator, (b)
water bath, (c) stirrer, (d) magnetic bar, (e) reac-
tion cell, (f) gold electrode (quartz crystal), (g) ref-
erence electrode, (h) counter electrode, (i) oscil-
lator, (j) guartz crystal analyzer, (k) potentiostat,
@ PC.
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Fig. 3. Resonant frequency responses of the quartz cry-
stals in various phases.
@®: air, O: ethanol, A: 0.2 M phosphate buffer, A
distilled water, W: NaCl.
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Fig. 4. Resonant frequency responses of the quartz cry-
stals in phosphate buffers.
@: distilled water, O: 0.05 M, A: 0.1 M, A: 0.2 M,
w:025M,V:04M, R 05M.

FHAA ] nAslol AMEShE FEA ] ztol} A9 1
A3} &) thzy) Wi BAs= Aoz oA
FAAR Salmonellad] N3+ HAE 1A Fsln 1 &
€5 AEE7] 945t TMB v Ao o)3te] Elalgth
(Table 2). A=, 7}z}e) z%i}ul—rgoﬂ A AL EE 23
59 AloFS AMEEHA] & A A A A | coating 8
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Table 1. Characteristic resonant frequencies of the quartz cry-
stals coated by different immobilization methods.
The data represent the average values of eight
measurements

Immobilization method Resonant Frequency (Hz)

8834400.0+ 256.8

Bare Au surface

PET' 8817892.3+5412.2
BSA’ 8815284.8+5721.4
3-APTES’ 8805107.6+3710.1
Protein A* 8830556.9+1449.3
DTBP’ 8831021.4+6533.2

"The antibody was precoated by covalent binding with PEL
*The antibody was immobilized by cross-linking with glu-
taraldehyde and BSA.

*The antibody was immobilized by silanization with 3-APTES.

“The antibody was immobilized by van der Waals binding with
gold-protein A comlplex.

*The antibody was immobilized by thiolation with DTBP.
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Table 2. Effects of the immobilization methods on bind-
ing efficiencies of a peroxidase-labeled anti-Sal-
monella antibody onto the gold surface of the
crystals, The data represent the average values
of eight measurements

Table 3. Frequency shifts and reproducibility according
to the different immobilization methods. The
number of S. typhimurium cells in the sample
was 7.45x 10" CFU/ml. The data represent the
average values of six measurements

Immobilization methods AAds,'
without cross-linker 0.045+0.008
PEI 3.233+0.131
BSA 1.973+0.183
3-APTES 1.242+0.148
Protein A 1.154+0.009
DTBP 1.166+0.094

'Auo of the treated crystal - A, of the crystal itself.

Ay S A PEIZ FYAZ AHEE W] 4% gt
7} J =93, DTBPE o] 23t thiolationHE W)WY =
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& A7) gl o] el FAE nAgATE 2 ZJ’%EE
2L F Ug Aoz vYHEch FAE golde] 1A=
o2 P @ol o]&EHE Aol sulfydryl7|(-SHYE
712 28AE AHEEHE Aotk Gold-protein A com-
plex 8ol 2]t 133} A] van der Waals 3ol ]3] 3}
A7} FH AR AZ= v, PEIY 3-APTESE AHS& 1%
3 WA W T} coating® FARAZAAY 7248} @A) HAY
Uty BusEw gk &, protein A gold ¥AF 15
Apole] spacer®. A-3tol FAE FAARAY AL &
At 523 S8 39, o]& protein Ad)] EAJF}= -
SH7|¢| 7]28k= Aoz ofAXch w3k, DTBPY disul-
fide7| = 849} A%d & -SH7|2 $dF o] A9 +4
279 goldE ZFA71A Bt

[s]

—-

PZ SIRMIMS HIS AST &7

zpzrel Ay o8 nAztE +AEAHEE WE
cellf Yol dAY IfHZFF/F FAHH o] ), S
typhimurium & W% cellfjol] FR35tw o & é}—’g—

243t gAsfole] ALl Slafe} teht 21
H3lE ZAslgr)t. 7.45%10° CFU/mIS] Salmonella
Nhg- cello] F)ste] PZ A AA 9] vhg A& EE A3
B A3}, Table 304 B npe} o] syl ute} 71
$29] A% Fol7} ekt PEIE ol &kl 1)
o) 7 A7} 7V 23, protein AE o]83 7
2} 7}% 4741 L}Em-u} e, PEL BSA, 3-APTESE
S malare) WolAS o] 22~40%

OEﬂ It

Immobilization

Frequency shift V' (%)
method (Hz)
PEI 744.7+164.8 22.13
BSA 3419+ 791 2313
3-APTES 2245+ 893 39.79
Protein A 79.8+ 11.6 14.54
DTBP 283.3+100.8 15.72

! Coefficient of variability (SD/Mean X 100, %).
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Fig. 5. Detection sensitivity of the antibody-immobilized
PZ sensor for repeated uses.

(induction period)ol] 3| 3ah= A17HS o SE AR7} 4245
AL, o] F AFs HAR FAsHHA o 30~408 J=
7F AlUE AR 7| (stationary phase)ol) @&t 21ES W
37F A9 gle I gt =dshke AE & 5 Ui
(Fig. 6). o] W] ZF+= oF 80~283 Hzo| A& Y
At 71E2] MigFF o) nAES AE3e o 459
X7t AR EHTY W FEEE ol 83l B4 27~534]
ol g ElE 277 vlis] B o, o] Abde PZ AN
B AFETE NS HES 5 e s Ry F

= Aotk aglete, o] 3 £AZAA FAHE LA

8832200

T
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Fig. 6. Resonant frequency shifts of the quartz crystals
immobilized with protein A (b) and DTBP (c). The
Salmonella suspension was added in the concentra-
tion of 7.45x10° CFU/m/. Line (a) represents the

resonant frequency shift of the quartz crystal
without Salmonella addition.
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2
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aEe0

Salmonella spp.2] 2143 FEE 98l 92 Wy elo] 343 & AF2-8= A F3 (piezoelectric) 3}
A Al 28& W8T S/, 4549, G 8 Tof o8 mjd FolM HoRe 1% B4 L ARsY
t}. SalmonellaT %% U (common structural antigen)ol] ™3+ &A1& 4327 ol PEI pre-coating, BSA 7}
3}, 3-APTES silanization, protein A2} DTBP thiolation®] 57}:%] Wil ols] mAslel F gajslael ok
A€ A9 BATh Salmonelladt & FU319 S Wl Salmonella® s 3 AR 13318 ) 9le] A3ule
o o +HAY e AFErIe) oldl ME e v vehgth. 33 3PE 3 protein A9t DTBPE o] 4
gtod 17 3pete ol AMREES 7HY P Aol AR A YA YEES & 4 i) 7.45% 107 CFU/mi
9] Salmonellatt& B8 cellfol| %319 & ) protein AE o] &3 % 3l9] -$ 80 Hz, DTBPE o] &3 11
B8ke] ¢ 283 Hzo 2 g5 7V yehton, 74 JA NN E o) &8 H-$ 40800l Salmonella

spp-2l A Ze] 7hestrt.

Journal of Food Hygiene and Safety, Vol. 13, No. 3



212 In-Seon Park, Woo-Yeon Kim
anaEsl
1. Karmali, M.A.: Infection of verotoxin-producing Escher- 13.

10

11

12

ichia coli. Clin. Microbiol. Reviews, 2, 15-38 (1989).

. Bean, N.H., Goulding, J.S., Lao, C. and Angulo, F.I.

Surveillance for foodborne-disease outbreaks in United
States, 1988~1992, MMWR, 45, 1-66 (1996).

. Fung, D.Y.C: What's needed in rapid detection of food-

borne pathogens. Food Technol., 49, 64-70 (1995).

. Ryu, CH,, Cho, S.H,, Inoue, S., Igimi, S. and Kumagai,

S.: The most specific primers for the identification of List-
eria monocytogenes by the polymerase chain reaction
method. Food Biotechnol., 5, 30-33 (1996).

CEFAW ANE, ARG, /2T eSFAE HEFdR

2 FREAE
Listeriosis gFAJ o AH.
191-198 (1994).

th8t Listeriad32] P8 =Abg}
HZHEABLIYRA, 9,

RS, AES, §MY, ZE<S: Listeria monocytogenes

o F4& JAStE A8tsd 4BEE2e A4, @
2 E318}18] %], 26, 545-551 (1994).

. Heisick, J.E., Wagner, D.E., Nierman, M.L. and Peeler, J.

T.: Listeria spp. found on fresh market produce. Appl. En-
viron. Microbiol., 55, 1925-1927 (1989).

. Guilbault, G.G. and Luong, J.H.T.: Piezoelectric im-

munosensors and their applications in food analysis. In
Wagner, G. and Guilbault, G.G. (ed.), Food biosensor
analysis, Marcel Dekker, pp. 151-172 (1994).

. Guilabault, G.G., Hock, B. and Schimid, R.: A piezoelec-

tric immunosensor for atrazine in drinking water. Biosen-
sors & Bioelectronics, 7, 411-419 (1992).

. Ngeh-Ngwainbi, J., Suleiman, A.A. and Guilbault, G.G.:
Piezoelectric crystal biosensors. Biosensors & Bioelec-
tronics, 5, 13-26 (1990).

. Wagner, G.: The state of the art. In Wagner, G. and Guil-
bault, G.G. (ed.), Food biosensor analysis, Marcel Dekk-
er, pp. 219-252 (1994).

. Ischimori, Y., Karube, I. and Suzuki S.: Determination of

14.

15.

16.

17.

18.

19.

20.

21.

and Namsoo Kim

microbial populations with piezoelectric membranes. Appl.
Environ. Microbiol., 42, 632-636 (1981).

Guilbault, G.G. and Jordan, J.M.: Analytical uses of
piezoelectric crystals. A review. CRC Cric. Rev. Anal.
Chem., 19, 1-28 (1988).

Prusak-Sochaczewski, E. and Luong J.H.T.: Develop-
ment of a piezoelectric immunosensor for the detection
of Salmonella typhimurium. Enzyme Microb. Technol., 12,
173-177 (1990).

Plomer M., Guilbault G.G. and Hock B.: Development
of a piezoelectric immunosensor for the detection of en-
terobacteria. Enzyme Microb. Technol, 14, 230-235 (1992).

Muramatsu, H., Dicks, J.M., Tamiya, E. and Karube, L:
Piezoelectric crystal biosensor modified with protein A
for determination of immunoglobulins. Anal. Chem., 59,
2760-2763 (1987).

Yao, S.-Z. and Zhou, T.-A.: Dependence of the oscilla-
tion frequency of a piezoelectric crystal on the physical
parameters of liquids. Anal. Chim. Acta, 212, 61-72 (1988).

Zhoun, T, Nie, L. and Yao, S.: On equivalent circuits of
piezoelectric quartz crystals in a liquid and liquid pro-
perties. Part 1. Theoretical derivation of the equivalent cir-
cuit and effects of density and viscosity of liquids. J.
Electroanal. Chem., 293, 1-18 (1990).

Shana, Z.A., Zong, H., Josse, F. and Jeutter, D.C.:
Analysis of electrical equivalent circuit of quartz crystal
resonator loaded with viscous conductive liquids. J. Elec-
troanal. Chem., 379, 21-33 (1994).

Nuzzo, R.G., Zegarski, B.R. and Dubois, L.H.: Fun-
damental studies of the chemisorption of organosulfur
compounds on Au(lIl). Implications for molecular self-as-
sembly on gold surfaces. J. Am. Chem. Soc., 109, 733-
740 (1987).

Rickert, J., Weiss, T., Krass, W., Jung, G. and Gopel, W.:
A new affinity biosensor: Self-assembled thiols as selec-
tive monolayer coatings of quartz crystal microbalances.
Biosensors & Bioelectronics, 11, 591-598 (1996).

Journal of Food Hygiene and Safety, Vol. 13, No. 3



