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Abstract

A piezoelectric (PZ) biosensor system detecting Salmonella spp. was developed. The system consisted of an
oscillator, a frequency counter and an antibody-immobilized quartz crystal. An anti-Salmonella antibody was
immobilized on one gold surface of the quartz crystal with protein A. Salmonella detection was made by
measuring resonant frequency shift owing to a mass change by specific binding of microbial cells to the gold
surface of the PZ crystal. The PZ antibody sensor was operated optimally at 0.1 M phosphate buffer, pH 7.2
and 35°C. The sensor was quite specific to Salmonella spp. The obtained frequency shift was correlated with
the Salmonella concentration in the range of 10°~10° CFU/ml. The frequency shift increased further by
addition of polystyrene beads. The Salmomella detection which is indicated by a steady-state microbial
adsorption to the quartz crystal was accomplished within 50 min.
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Fig. 1. Schematic diagram of the apparatus for an
antibody-immeobilizted PZ sensor system. (a) circulator;
(b) water bath; (c) stirrer; (d) magnetic bar; (e) reaction cell;
(D) gold electrode (PZ crystal); (g) reference electrode; (h)
counter electrode; (i) oscillator; (§) quartz crystal analyzer; (k)
potentiostat; (T) PC.
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Fig. 2. Effect of antibody concentration for immohili-
zation on the frequency shift of the antibody semsor.
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Fig. 3. Effect of ionic strength of buffer solution on the
frequency shift of the antibody sensor.
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Fig. 4. Effect of temperature on the frequency shift of
the antibody sensor.
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Fig. 5. Effect of pH on the frequency shift of the anti-
body sensor.
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Table 1. Specificity of the antibody sensor detecting
Salmonella spp.

Addition  Frequency .
Microorganism amount shift D:ﬁ;«(:;;nce
(mL) (Hz)
L. monocytogenes” 1.0 3.5+08
20 8.0%+4.5
3.0 5.84+4.5
E. coli® 1.0 9.6+0.5
2.0 12.9+1.5
30 10.5+2.1
Dead 1.0 3.1+0.7
S. typhimurium® 2.0 49+33
30 74+5.6
S. typhimurium® 20 95.4+2.8
L. monocytogenes® 1.0 98.0+2.5 -2.9
20 98.4+5.3 +3.2
30 107.94+3.8 +13.1
E. col® 1.0 98.3+0.9 +3.3
20 96.2+2.6 +2.6
30 1013433 +3.7
Dead 1.0 99.0+2.1 -3.7
S. typhimurium® 2.0 97.8+2.8 +2.5
3.0 99.24+3.0 +4.0

YAdded into the buffer solution in the concentration of 3.1X
10’ CFU/mL.

PAdded into the buffer solution in the concentration of 2.7 %
10" CFU/mL.

"Heat-treated for 15 min at 121°C and added into the buffer
solution.

“Added into the buffer solution in the concentration of 1.8
10" CFU/mL.

“Added into the buffer solution with the Salmonella suspension.
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Polystyrene beadol] F2H%l m| A Eo] PHFA A
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7 Foiz B s ok B dFeE AbE
2] slaial {bg- celllel polystyrene bead& 73t
A A 2] ZheE FAlo vl J e F Espct

A polystyrene beadqt-& FU3 73 HhE- cellol
HE-g8E FUg 359 BA7IA 2 o 10 Hz o]
9] AF5 W) A& B o)l Felle 2 AFFIE A
Ho] $4AYArL 2 polystyrene bead”} w]Al=iH o
2 #3454 24-& B9Fch. 224, polystyrene
beads] ¥ 58 22 deldte] Q4 803 §A] 4
& ¥ Salmonellaf2] 54 Fol] viehvhs Wb A=
£ 2% 23}, polystyrene bead & F¢]3Hx] W& A%
B} gt @A ZHsigdel, ol polystyrene
beadol] F-2H% vl Qo] A3 A} A3 o
Rl o2 AzrEIC). Table 2014 & 4= gl AXH
polystyrene bead 100 pL& F4I% A 25+ 4
gko] 62.2% Z7}algict. Muramatsu 58 0.5 um2]
polystyrene bead ¥t} 1.0 um =7]¢] beadE AHE-3-&

Table 2. Effect of polystyrene bead addition on the
frequency shift of the antibody sensor

Addition amount  Frequency shift Difference
L) (Hz) (%)
0 93.4+3.4
25 116.3+£5.7 +24.5
50 130.440.3 +39.6
75 144.5+1.5 +54.7
100 151.5+6.8 +62.2

o 72 &97 o 220, 1.0 ume] bead”} 3.0x 10°
CFU/mL 59| E. colidl] dl3}e] ¢F 40 Hz8] A ¥
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Fig. 6. Relationship between S. fyphimurium concentra-
tion and the frequency shift of the antibody sensor.
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