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Development of DNA Chromatographic System
for On-Site Detection of Food—Contaminating Bacteria
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An analytical system detecting DNA particularly utilizing a concept of membrane strip chromatography initially applied to
home-version tests for, such as, pregnancy and ovulation has been developed. We have chosen S. typhimurium as model
analyte among food-contaminating microorganisms that occurred in high frequencies, and used invA gene, as a detection
target, specific to Salmonella species. This gene was able to be amplified by PCR under optimal conditions employing newly
designed primers in our laboratory. The PCR product was specifically measured via hybridization between the analyte and a
DNA probe, which was a totally different feature from the conventional gel electrophoresis detecting the products based only
on the molecular size. It is notable that the DNA probe sequence was specially designed such that no separation of excess
primers present after PCR was required. This was immobilized on a nitrocellulose (NC) membrane via streptavidin-biotin
linkage minimizing a steric effect when the hybridization with the amplified DNA took place. The analytical system detected
the microorganism in a concentration of minimum 10° cfu/mL (i.e., 10 cells per system), estimated from the standard curve,
20 to 40 minutes after adding the sample. This sensitivity was approximately 10 times higher than that of gel electrophoresis
as an analytical tool conventionally used. Furthermore, the assay was able to be run at room temperature, which would offer

an extra advantage to users.
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Table 1. Sequences of the primers and DNA probe used for amplifying
invA gene specific to S. typhimurium and capturing the amplified product.
The reverse primer, RinvA, and probe, PinvA, were labeled with FITC
and biotin at the 5’-end, respectively

Gene| Name Sequence
LinvA | 5-CTCTACTTAACTGTTCTCGTTTAC-3’

RinvA | 5’-FITC-TTGATAAACTTCATCGCACCGTCA-3’

invA

PinvA | 5-biotin-d(T)10-CTGAATTACTGATTCTGGTACTGGTGA-3
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Colloidal gold (&3 °F 30 nm %7, 15) &4 1 mLe] 0.1
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¥l 10 mM phosphate $H3-89 (pH 7.4, PBS)2.2 5%
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mg/mL £94 15 L& FHr}stact o)A L 37C1Eln 100%
FAEE7t fAEE A2 WAA 1A < AT %,
0.5% casein®} 0.1% tween 20°] 3% 100 mM Tris-HCI
AZE&d (pH 7.6)° €3] ©7F 1A F Ax WA
2 UL AL §ANA Aol 37T 23] A
ZAA.

AZHE7IE M=

Glass fiber membrane (7x30 mm; AHLSTROM #8980,
Millipore Co., USA)S 0.1% tween 203} 0.5% casein®] £
S 10 mM PBS §olo] 93] @7 geoly 2087 A
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7 &g 20HE ASHNHES 2 mm S AEey
H=9} 23t EQrt. o} Aoz F5H= (7x25 mm; 17
chromatography grade, Whatman Co., USA)E A3y sj=
o Ao ZHsE Bo SAAEAEL sripg Az
(Fig. 1 23).
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Figure 1. Structure of an analytical system for geno-chromatographic
assay.
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Figure 2. Principle of a geno-chromatographic assay.
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Figure 3. Electrophoretic analysis of the amplified product by PCR
toward invA gene specific to S. typhimurium.
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Figure 4. Test of a conjugate between colloidal gold and an antibody to
fluorecein for signal generation. Casein coupled with a fluorecein
derivative (FITC) was immobilized onto signal generation pad only for
the test of the gold conjugate. Specific reaction of the conjugate to
fluorecein occurred.
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Figure 5. Effect of the location of the DNA probe immobilized on nitrocellulose membrane. The colormetric signals (a) resulting from
geno-chromatographic assay were converted to optical densities (b) by means of scanning photometry.



Kim, S. H, DNA Chromatographic Analysis

107 cfu/mL

Immobilization of
PinvA

@

£ A9 MuSE Bzl Y
2 HI 7 ENEONE £2 % ohls SHUREE ¥
=]
R

24 4 71718 4

-z
R
_?L
£
ol
1
>
il

& AHEEA 2]

o] ol¢ GAEE RAAES} ATHE PN 7
% o et @AY 7]

£5FAA o] W PCRHF 2o FUAUNN AETHD
WEe) dRelN 957 o2l 3L aTdm Uk 2

Ay #@2 AgThe Hkat & PCR
& vlo)ARA2Y S fgEle AFEo] AT S Bk
oh2H20) PCR} Hluwate] Foj o ARgo] 1A Ty

& SE71e9] Adol olFojAu glthzl, 22). whekx &
AT A JgE GAx FRAETNY BAAARL st
& vlefo] @ZAEo] 7158 DNA 2Z3F Jled §39

F 9 Ao AP olgA WY AT AP Fal
$59 §UHN 404 AzFEady BAAsRe o
I ARG ZBE e Sl W Solsd AzEzel
A ol fAA WEAEe] BR, 394 ez} 2
sfolelss] W&, U4 ARl 27 A7, ¢ A AR
2§ 1589 MeE ue Hrk

o ok
SO /M

PAlolt wiERET o] PN AFH AR 4 e
Fel9) membrane strip ZEwIE 2y Y-S o] &3fe] 2]
5 & DNA BEAAAES Al 3t EAEd2AE 3
H3tA DS e AES vAE S9A S yphimurium
& Ao, Salmonella Fo Fol3 3z FHU
invA F-32 BE-& BRZ 9 94 o] R4 B A
A4 HellA HAG primer 4-& AMES PCR S T3
FEEAUTE o]FA FEF AES B drxtEel dAS
DNA probe2}2] hybridizationg E3}o] EX3toun AEA

195

Marker 0 100 10 105 108 107

invA gene
570 bp >

(b)

Figure 6. Dose responses of two different analytical systems, geno-chromatography (a) and electrophoresis (b), to invA gene amplified by PCR.
The geno-chromatographic analysis was carried out for 40 min at room temperature.
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