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Development of the rapid detection kit for Salmonella spp.
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Abstract : An immunochromatographic (IC) strip for the rapid detection of Salmonella spp. in the enriched
sample was developed. Affinity purified Salmonella polyclonal antibody was conjugated with 40 nm
colloidal gold particles which were prepared by citrate method in our laboratory. The antigen-antibody-
gold complex was captured by Salmonella antibody attached to test line of nitrocellulose membrane during
the capillary migration of sample. Specificity of the IC strip was calculated to be 100% (12/12) and
sensitivity was 97.6% (41/42) in the test with pure cultured bacteria. Salmonella was artificially inoculated
into raw pork macerated with enrichment broth. And then it was 10-fold diluted from 5.2x10% CFU/m/
to 5.2 CFU/ml. The IC strip could detect 5.2x10® CFU/m/ before enrichment. However, the lowest limit
of detection was 5.2 CFU/m/ after overnight incubation. The results indicated that the IC assay was a rapid,
economical and simple method with high specificity and sensitivity for the detection of Salmonella spp.
without using any equipment.
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8% ZEd 2 ¥ Hatats ol HARL slok
Y FAT ol FAANE FHHOR 108 ]
el 1T 5 glo] 1 A8 W9 A wolAx

dutd oz HAIZntETEY] ZIEE sample pad,
conjugate pad, nitrocellulose(NC) membrane, absorbent
pad 02 MR FHE| RAFolF AFOE A7}
ANEEA FAgANEg-o] Yot} Sample pad= Al
B Jde & YAt A¥ Tt 58 AEFy, AlsY
pH 247]%5 7 ofu2l Tween 20, BSA 5§22
A2l =o] glo] AlEe d&st AME F=gd [13]
Conjugate pad= AlEUel A= AN td IFLd
colloidal gold particles®ll F-2+g A7} A= QE-§-3}od
12} S| 23 & A sl F-Eo]t}. Conjugate pad
A o] AHe-E= bufferoll= sucrosel} trehalose 72
sugars F7Fsle] Az el X% gold particlesS A&
Ao 2 PgsiA7IY A& ANEEE SET [7].
NC membraned]| & S9H 0.2 Ho|X]= 2A|TF test line
3} control line®] A= ] T} Test linedll = 7AAF T
2 gl gk FA7F Qo 12 A EdA A o
sk 22} A RES-o] Lot Control linedl =
colloidal gold particlesell -2t Ao thgk 22} A
7} EAE O] 910 test line2] WHS-3F F-AsH a4 o
A et W& YERHA ARE-E ZIES] quality control
ZA 2He-3it), @A 7F NC membraned]] F-2Hst= 7134
2 electrostatic interaction®} hydrophobic interaction®l] 2]
3}™, low ionic strength?] buffert} ethanolZ< co-
precipitation agentS A8-3}7]1% $+t} [16]. Absorbent pad
+= NC membrane 533l Wheo] TH5HE AEE &
Fohe 985 tRE A7 82 Fart it ot
ZE| 28T A5 &2 7 pad7t THE F U
Ao TS 2= EH, st Fe] AlSE
£351H back flow’} F=o] A3 Ao &5
g = Q).
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9] s FAE colloidal gold particleso] F-2HA]7]
+ conjugation T ]t} ConjugationA] ol = &A2] Fe
F1o] gold particlesoll F-2Fsh=t], o] Fc F-3#-<] lysine
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particles 3EH<] negative charge$} charge interaction
o7 AFSAY EE Fe 19 tryptophandl] <]
hydrophobic interaction 522 Z33tc}, 31, colloidal
gold &9 2] pHell wW2kA conjugation =7} ThSsEE
= conjugationd}”] el colloidal gold 8212 pHE =
Asl= o] "3ty ) zwitterion form©] olX| L

A3

interfacial tension®] #X] isoelectric point(pl)oll A A
7} 7%t conjugations B4R, colloidal gold 894 €]
pHE conjugation® A9 plEth oF7F £/ W&o
of gk}, AWHH S F polyclonal antibody2] 7-$-oll+=
pI7t A3l pH 7.00.2 ZWslE Zlo] Eow,
monoclonal antibody= plI7} Btz A g3t plgs &
3+ %= colloidal gold -2 2] pHE A 3}ofof gt} [20].
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Distilled water(DW)= HPLC gradeE, bovine serum
albumin(BSA)= ELISA-S-S A3l Th 2 £]9] gold
chloride, trisodium citrate, potassium carbonate, ethanol,
sodium tetraborate decahydrate 52 ACS reagents® AR
3t} Colloidal goldell F-2FA]71E antibody<} test linel]
EAFE]= antibody+= affinity purified Salmonella polyclonal
antibody 24 77} Kirkegaard & Perry Laboratories
(KPL)$} British Biocell International(BBI)ol| A - 3133
S, control line®l|:= anti goat-IgG(KPL)YE AH&-3Ft).
Z} membraneE-2 MilliporeAl A& A3 oH,
nitrocellulose(NC) membrane> HF13504% ©]-8-3}9it}.
Selenite cystine brothi= Difco &S AM-3I3ATE.

Colloidal gold &°42| X|=

¢F 40 nm =719 colloidal gold &2 T3} 7o)
Azt AA 7180 o= ¢hds] FAlE 4
Z+ZEF239] DW 94 mi& 23 hot plateol|A] dks)
A ok 50°C7F E]W 1%(w/v) gold chloride &< 1
m! A7FsFA T 9F 95°C7F =W 0.2%(w/v) trisodium
citrate -8 5 mi& A1458] EFERN o, ¥hE-8-of o] A
Zko] wghlloll A Ao HEll o2 uiyitirt
THOR W AZAE EhlH A2dA F7I2
30 AHRAIATH ¥hgo] FEEHW 0.1 M potassium
carbonates ©]-&3}] pH 6.8~722 AT &
ctrophotometer® 520~540 nmollA S 3 =S 24351,
AU 22 colloidal gold particles®] Z7] ¥ JH| &
< #FsA
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Table 1. Salt titration to determine the minimum concentration of antibody to stabilize colloidal gold solution
Volume(p!/ ) of reagents added into each tube
Reagents
1 2 3 4 5 6 7 8 9 10
Colloidal gold solution 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Antibody solution(0.2 mg/m/) 0 5 10 15 20 25 30 35 40 50
Deionized water 50 45 40 35 30 25 20 15 10 0

Salt titration

Colloidal gold particles= A=A mhch Z71u e ol A
zpo] 7k vEbd = glo] olES& HHsATI=d B
a7 A w25 AAsk= Zo] Fashy, B A
ol A= Roth®] & ©]8-3}%] salt titration = A A3}
Aok [17].

=, colloidal gold -8-94(OD 1 at 520 nm, pH 7.0)2 10
M) Aol Z42E | ml A4 #58F § 10 mM phosphate
buffer(pH 7.0)° 3]1¥ Salmonella polyclonal antibody
o} DWE 22t 5 WA 371 e FAaAI7IHEA Alga
) Zo] 1050 p/7t HES 243 tH(Table 1). ©]&
tappingdle] 302 X3 & 10%(w/v) NaCl &4 7+
Aol 40 p/A T3 158 F S 0 2 colloidal
gold 89| A7z Wisr} Qle H4 A sEE BEst
At

Conjugation

AntibodyE conjugationd}7] €13} colloidal gold &
(0D 1 at 520 nm, pH 7.0) 40 m/%l| Salmonella polyclonal
antibody -£97(0.2 mg/m/ in 2 mM borax) 0.8 m/S- g 1}
4 AHs] TS F 30 B2 invert shakingS A A
SFATE. 0.1%(w/v) NaOHE AH8-3193 conjugation -84
9] pHE 9022 ZA3IL, 0.4 mi2] 10%(w/v) BSAZ
sk B2 A3ttt 308 5<t invert shaking$t ¥
0.1%(v/v) HCIE ©]8-3le] pH 722 A|2A 5 5 4l
#2]3193(10,000 rpm, 1 hr) 3592 A A ST}, Pellet
< 2 mM borax &l F-FAA 7] 2o A4
Felete] AE5AS AASAT 0.3m/9] 10% BSA, 3
m/9] 1%(w/v) sodium azide, 26.7 m/] 2 mM borax(pH
7274 E3HE gl pellets 3] FRHAIA YR
#31AA conjugate pad Aol AME-3FSA T

Sample pad % conjugate pad FZ{2|

Sample pad®] HAE|= vhaat 2ol AAJsISiT. 2.5
m/¢] 20X PBS, 5m/¢] 10% BSA, 2.5m/9] 10%(v/v)
Tween-202 &35l DWE #F 50mi7} H=% 24
3}l o] sample pad(20x30 cm)oll A2l Ths- 37°C &
2400A] FFFt ARAIAT

A 7F 24 colloidal goldE conjugate padell ]
g5t7] flaiA o3t 2ol AAEkiTh 5 mie] 20 mM
borax, 5 m/2] 50%(w/v) trehalose, conjugation®l colloidal
gold €4(OD 10 at 520 nm) 12.5m/, DW 27.5 miZ &
33| conjugate pad(20x30 cm)Z 2 41T} Conjugate pad
7SR colloidal gold FX=7F ZolA| = edge effect
£ H37] 918t 4143 AZ=AZ

Test line 2} control line 2| =

Test line2} control line®] #|21-& 913t Hi-flow Plus
Mylar-backed NC membraneS AFE-3}9S™ 8§ mm
9ol test lineS, 223 13 mm F-$]oE control lineS
EARIAT. Test lineol| A= Salmonella polyclonal
antibody= 10 mM sodium phosphate buffer(pH 7.2)°l =
oA 25 mg/mie] FEZE AFE3F 2™, control lineol]
EAIE] = anti goat-lgGE 3%(v/v) ethanole] #H7FE 10
mM sodium phosphate buffer(pH 7.2)° =4 0.7 mg/
m/E 2 ste] ARE-SIAATE & 9] EARS Matrix 1600
(Kinematic Automation, USA)S ©]-€3}] 1 pl/emZ #
Abete] Al&3] AzAIZ T

M3 =ntEOzty ZES| =H

AXE7F 459 Z2Fe] membraneE-S A2 A A
=5 X3} backing cardZ Z} membraneE-2 A}
SthFig. 1). 29E membraneS % 4 mm=E A3l
AF71e go] Ao BfstHA A2bE ZES Fol
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Fig. 1. Assembly of immunochromatographic strip. The
strip consisted of four membranes: sample pad, conjugate
pad, nitrocellulose membrane, absorbent pad. The sample
was moved from sample pad to absorbent pad by capillary
migration.
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Table 2. Specificity and sensitivity of the Salmonella immunochromatographic strip tested with pure-cultured bacteria

Organisms Results

paratyphi A", paratyphi B, reading, chester, sandiego, derby, essen, california, typhimurium, typhimurium

var. copenhagen, bredeney, choleraesuis, montevideo, oranienburg, thompson, virchow, bareilly, tennessee,

lille, newport, bonariensis, tallahassee, glostrup, virginia, berta, enteritidis, dublin, rostock, moscow, +
panama, daressalaam, javiana, anatum, london, uganda, illinois, senftenberg, aberdeen, rubislaw,
grumpensis” | hvittingfoss

ibadan™", E. coli, Citrobacter amalonaticus, Edwardsiella tarda, Aeromonas salmonicida, Klebsiella
preumoniae, Staphylococcus aureus, Streptococcus agalactiae, Str: dysgalactiae, Str: pyogenes, Bacillus -
subtilis, Pseudomonas aeruginosa, Listeria monocytogenes

Specificity 100%
Sensitivity 97.6%

*Serotype of Salmonella, **weak positive, ***Salmonella sp. not yielded a positive signal in the strip test

S0|=2t SIZE XA

Nk ZES] Bolwe}l Ti7zke AR =573} [
A9 QoM B39 Salmonella B4 < 1252 O
FgAagos 7AH 409 YIS E coli 5 F 54 ®
5 A3l (Table 2) T2t o] AT, 7t ++ &
THE HA IS5 02 AR A BAZ7HA] & *
T et 1027 F88 + 120 WE HE Astst @ e

&
°
.

I 108 %9 test line?} control line2] 5= H2

AT M HES Eolx:= {—x-l/(ﬂ-o}:/v] +2] _}H) — \
x100, U= AF /(7R3 +R194)x 10022 AlAksE
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Fig. 2. Transmission electron microscopy of colloidal gold
== = 2= oiZts xA particles (Hitachi 7100FA). The accelerating voltage was
S0 M #E AT =A o 75 kV and the colloidal gold solution was absorbed between
=5 25 g2 selenite cystine broth 225 m/z} E3}5te thin carbon sheets embedded with 2.0% uranyl acetate
42313 3 10719 Al 9ml A EF3IUTE &5 for viewing at x120,000 magnification (bar= 100 nm).
W FE S, enteritidis(5.2x10° CFU/mI) 1 miS 1A Al tépprodximately 40 nm of of colloidal gold particles were
ol BFE(52x10° CFUMI) ©]F ois) Ajgdgz o
A(5.2 CFUMmI) 242t 103 @A 845 AAlsklet. S

Hj&F Aol ZF Al oA 200 W E F 3t 108 FE3 50|z ¥ o=
= 120 WE HEC L3t S+ Ao AF U=EE HHE‘% WY I 2 nlE 2}y 7"54 Solze} viztw
2Pl o, SHEERt S vlgste] FUg e £ AR Qlske] % 545 o widE 755 A
T Fo| AE WAEE AR Ed A3l A3, 42%2] Salmonella B33 Tl
A Gl -3—4 S. zbadan:—; A QslaE BE Salmonella
4 1} 2o WAHES-S JERNI O M, E coli 5 1252 non-
Salmoneﬂaoﬂ t 2T S48 et wErA A
Colloidal gold particlese| FXI0|AX 4A H ZlEQ EolxE 100%(12/12)°1ReH, i =E
B Ao AZE colloidal gold &S ¥ A% 97.6%(41/42)% JEFHTHTable 2).
AS UEFH O 520 nm~540 nm Alolol A FHEE
275‘@ A3}, 529 nmelA OD 096382 7V =2 & STAH0 ME HE UEE
S5 Yeplit) 3, Axdn g oz 2t A ool me ‘:B_"—ﬂii‘]}ili‘ri] ZIE] AE M=
SF 40 nm =719] colloidal gold particlesE &1 &= ) £ golr] 3l B8 AN RE S enteritidiss

ATHFig. 2). Fste] T ZE Z#%UJ Az, St AeA 52x10°
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Control line —

Test line —

Fig. 3. Rapid detection of Salmonella spp. using immunochromatographic (IC) strip. S. enteritidis was spiked in raw pork,
and then 10-fold diluted from 5.2x10% CFU/m/ (strip A) to 5.2 CFU/m/ (strip I). Strip J was a negative control. After
enrichment, 120 w/ of heat-treated sample was dropped into the IC strip. The sample was considered positive when two
red bands at the test line and control line were observed at 10 min later, and negative when only the control line was
observed. The IC strip could detect 5.2 CFU/m/ after enrichment.

CFU/m[2] S. enteritidis?’t 2010k AZE0] 7FsdlR o,
Z73F Zo| &= 52 CFUMIS] S. enteritidis7H A = 7150]
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HoagnETRy ZEx 7|24 02 FAFA TS
$ o]&3ltlE HollA ELISASH fA}8HY, ELISAE &
A2 WS fEsE YhHe| HYagnEaety JE
£ colloidal gold, latex & A28 7}l beadE ©]-8-3
FA A -s- A3E ISt} Latex particlese 1
7R Aol QOB E multi test’t 7FeE A ofgh
st o 2 kst 48 A £ e Aol A
ok [15]. Zu}, tiEe] W agntEgy ZE
= colloidal gold particlesE AHE-3sl=H ol ¥4
oA A Az 75 Wt ok} | g9 tetrachloroauric
acid2 10 liter®] colloidal gold §-& A& F 3o
Z4A| A o]7] wje]t}. Colloidal gold 8-S particles®]
Bt 2700l webA FHE A X9 mofo] E
A Hd 277 SHETE S8 FAAL 9
0 F o]Fs) AnkH o Z 20 nm2| particles &F 520
nmmelA 3] FFHE=E YERAITE, 40 nme| particles
= oF 528 nmollA] 7 £& FHEE YeRT [9, 10].
ol#fgt I =3 FASHA £ AFellA A2 colloidal
gold 892 529 nmel|A] OD 096322 7} =& §3

tm

-

T Ugilen, ol AR F o R #kg A5
°F 40 nm 7|5 AL 5 Ut
Colloidal gold particles= A& 4 F o] &5
9 3|25 F3F negative charges =W, 784 7
AqME M= electrostatic charge®l] 2J3)| repulsion’dEl =
ot stx]o] AL hydrophobicdt 548 XUl dTh
High ionic strengthol|A1+= gold particles®] zeta potential
o] Zo] 59 aggregation®] UEFL = o1} At gold
particlesel] T & o] F-2}s1H °W§}54°1 aggregation®|
dojupx] etk [18]. FA7F FFste] Mg stE
colloidal gold &2 M7Zo] Wy} glont, Ao &
o] FZ3tAY B3 conjugation®]™H NaCl 7
aggregation®] J oI colloidal gold & o] g4 o
A FEA R WA Hrh & ApelMe 472 Ast
7F e ARET AL A T2 SH AP TN
conjugations 9|3+ A FE=E AASA T
HHLQ ZIE9 So|x9} WIEE ZAFsl7] ¢35t
T SE 5 83199 A, 2% Salmonella
—‘“& ZAX Gl 25 S. ibadans X‘ﬂﬂ 3tale YA
BE Salmonella S4E°] FANS HIOH, E coli
2FAME BF AR ‘/]'E]-L]- Eol=E 100%,
‘i’lﬁ‘: 97.6% ©|AT}. Salmonella &4 oA 4
T #E5 B AEV AEHA X ol AMES
polyclonal antibody”} - &% ol vH-3-514] ¥-317] uj
£l Ao A7tk o)y e A AR Al
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Q= Salmonella U AZvE T2y A EJAE A4
A9 Salmonella S5 HESIA H3tth= Bas}
AR [5]. 23y =FollA £2] BE Salmonella
P2 gL B, Cl, DIl &34 [1,2], & AEE
ol EAHP Y Salmonellas 3] HAEI}HoZE =
W A8l Fe7t §le Aoz Azt

HYaZntEaety ZES] AE s AR
Qsle] =Sl QIYAH SR S enteritidisES FE3 3 10
7 SABA el S A S Foll 242} AE| A
43 A3, S Hole <F 52x10°CFU/mMI ©]4<
Salmonella?} e10F A Z°] 7Fs3tlem, o]= 2.0x107
CFU/m] ©]’F lojof FHZEo] 7153t Al ¥ Salmonella
enzyme immunoassay ZER T} ¢ Wzsdt [12]. &
H a3 Folls 52 CFUMIY Salmonella7t JE A

T AYgasvtEagty JEXA FITE-S YER
At olglst AFz AR Foll = N Salmonella®r =
AstA e SHIABE Tt & AES A=A
52x10° CFUMm/ o422 S#dte 2S & + U
o1, o]= 2.1 CFUM/C] E. coli O157:H7°] 18X]17+<]
FaIHYL 538l 54x10° CFUMI 744 S8 the 4
59 Bae}t FARKATE [3].

N2 Salmonella ZU)E-2] IR = lactose H]
Bl 59 HS A 5S o83l 9o}, lactoseS #
38l Salmonella®t H,SE AHASHA] &= Salmonella
[14,19] 2 A5 F° &= & AlFEY J=3t &5
5& Salmonella S92 £8]E o]@A wreET) 28y,
ZEE Aster o] ol A NS 0§
shar Tt gon2 A& Wyt ol 3, BH
thgst AlRo® Hgo] 7hsslal, e 3|
Aol A Salmonella A S-S 25 HE] 2 &3t
Salmonella 55 2143 AT & A& Aoz A7+
At

A& Zol| Salmonella 4572 2.
ATt gJESTH B2 A7 = .
Hu A9 azetEaety] A EE ARS8t WA 23
3t the -5 1l AlBof tsiA Tt Salmonella
&) E2E Al=sithd E2le 3843 AAES

< A% A7ZMEAY. 53] MY AEE S+
AlZoA 102 ool A3 s50] 7Fsd gk oy
E4A AHgol 7Fssted

e
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orl
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EulEagy ZES el s 22 A8S
E=hel=

(1) CitrateZ ©]-&-3}>] -2 2] colloidal gold &
Hg AxsIGATE o] & FHEE 529 nmelA] OD
096302 HIAE YePH oW, A dn P oz oF
40 nm =.719] colloidal gold particlesE <13 4= U SITh

(2) Salmonella &+ 4253} E. coli ‘s non-Salmonella
12% 5 % 54%5S MdE AE H43 A3, Solx
100%(12/12)2} 2% 97.6%(41/42)2] A48 AT}

B) M HES] AE UAEE AW S8t =5
ol S. enteritidisS &3t ST S A=
5.2x10° CFU/m/ o]’¢ =|ofof &0l 7Fasldl o, 5

Zo= 52 CFU/mI 7% ZA&H A0

oAzt Zrol, NEE Salmonella HE AZ P E LT}
ZEx ol eyt S48 Bk olUg} 102 ©]
el 235 4T 5= Ao, ARg-o] gol3la Fj
) 7F B 2 Q10] Salmonella S 214 A&l 831
AR Ao ZYE)
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