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ABSTRACT

One-step immuno-chromatography assay system for heat-killed Salmonella typhimurium antigens was
developed. Three major components used were a glass fiber membrane (placed at the bottom of the
system) with an antibody (specific to the analyte; detection antibody)-gold conjugate deposited in a
dry state on the surface, a nitrocetlulose membrane (middle) with an antibody (also, specific to the
analyte but recognized different epitope; capture antibody) and anti-detection antibody immobilized in
spatially separated areas, and a cellulose membrane (top) as absorption pad. These membranes were
partially superimposed such that a wicking of aqueous solution containing sample can continuously
take place through membranes. Variables that affected the system performance were the concentration
of capture antibody, the location on the membrane, inert protein used for blocking of the membrane
and for carrying the sample, and the concentration of the gold conjugate. Under optimal conditions,
within 15 minutes after absorption of a sample solution from the bottom of the system antigen—anti-
body complexes of sandwich type were formed on the membrane surface area with immobilized capture
antibody and a color signal was generated in proportion to the analyte concentration. The minimum de-
tection limit of the analyte was 1 x 10° Salmonella cells/mL.
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AEE AF F oA 7|AY Egute]l a7 HE Hb

> e

421

2o ELISA 3ol 53 1242 ofy
2 wzd 37ke EEAs0) 279 &
ZHHg WL e 24 agglutination o] X2
2% v} ol (10). 24 EA EA BPEZE A7}
A3 % {4 Latex bead9} 24X 8 S cone-bot-
tom microwell Wol 7}3to} E3A]17 & wbx|sld,
$4gA0] Tk A9 U-BA el 9
bead= A% $%= ¢ microwell ujetel| o= 8e)
2 A=A, FAEAo] EA5A] ¥= A4S 6
o] dojutbr] o B E beads A= T Ho|
BolA HoBH FAEFAY FTE5 fatoZ 44
T8 7 ok EATARAHL v Ty kg
Holl T‘E"VJ’E 30&~127F 49 =y %3 dul
Aoz WRErl we GHE et ols)h e
2o oS s TG dAR G nA s}
H membrane strip2- ©]-£% immuno-chromatog-
raphy Hfo] AH4-" 4 9t}(11-12). B4 A8}
AAGA-ZAEA SFAZE sl v Ay
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o Z2RE FHAIE AgAs F49 384 wt
A2 o= nAsE FAA Ao Z A=
2339 AP ZAEAE IPgsteE EAMEA
Fxol wlEg dlo] AzEH AAPCt wAE
AFe S Ad £ 9l #at oz}l 24
8L |58 oo %i% T 9tk
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A7bshe 19hA] BAA 2o JftEgin. BAEA
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Ar 2 SAHFAZH 44 EFFE FAT) AHLH
Aok A nAfRAZH ZAFEAL 9T #
Ao 285 =AY 4 9= nitrocellulose mem-
branee] o]4-5]3lx & TAEFAZHN 49 vT
gtod et o] 9@ Bat ofe} FAete] Fito)
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um salt e, $-&2ZRE F%) 182 bovine
serum albumin(heat shock A 23 AA|,
fraction V, BSA)L SigmaAl(v]Z)28E T3
9Jt}. Nitrocellulose membrane( A Z3 7] 5um) 3}
glass fiber membrane(G6 grade) Z2]x cellu-
lose membrane(qualitative grade 1 2 3MM chro-
matography grade)& MilliporeA}(m}=)2} Fish-
er ScientificAH(u]Z) 8]z WhatmanAt(e}=)
2y 474 FYEgch 1 9] e BE AL
2AEFoE 4453

Colioidal gold-&tx| E£&Hx| &ty

A FAE s T2l wet ookt b
29 AEet FASEE AReely 2HY
Az A FHAE AZFAS(13-14). 3
AAE9 AAL 24, colloidal gold &4 ImLé
g4k 0.1IM Na,CO; 4d4& 78t AAEE
pH 75~105 #H=Z =4Hs}ec). Salmonella 3
EXga] 842 10mM phosphate(pH 7.4) %43
golo] tje) B4 F 02um filter 38 Do)
255 7Bt 160pg/mL w2 ZAHS o
FA L 100uL& 7t Algel EFAT HHE
A2 4% gold £4& 71gk F Aol 15
2 WA 4 g 10% aCl &
1008 F7lekdz, $49 4 wsg 73]
HAsl 580nmoNH FFE=E FAHA(13). HA
A 5T s AA37] 8, A AH=(pH 9.0,
Fig. 3 #z2)2 244 gold £9& 5~2001g/mL
o] ALl shsted vEEA]T] & el A
o} Zro] A WEE &AHgdr}.

F¢A 9 T Aol A" FAol s 2A
" HAzAEA A st AT 9.008 =
¥ gold 89 8mL& T4 & Euld 150¢g
/mL #3444 0.8mLel| 7}t F 3027 A7
t}. o] f2dd] 140mM NaClg Z#3l= 10mM
phosphate ¢+&&-a (pH 7.4, PBS)o| &-3)A]# #|
z% 10% BSA £ (BSA-PBS) ImLg 713
£ 308 Fo HbSAZEc wRSHS ultracentri-
fuge(Beckman Model L7, v]=) & o] L3519
100,000g1 M 3027 244" 3 A5Ye] A
A=}, 2= gold IHE) 05% casein-PBS
8mLE Yol &3 & 158 T 2HAEAA
t}. A5ede oA A7g F 05% casein-PBSE
7kt A 5359 E 04mL o AT
AHE- AR 4ol A BBskAdc).
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Nitrocellulose membrane Atol| &t DA 3}

Nitrocellulose membrane Abol| &3 7X3}+= E38
Fiiy$ o438t 43)3tithk. Membrane strip
(0.5 x4cem) o ZHE 1~25cm A gl 0.2~
Img/mL #3494 15pL& HE A3t 7
3 100% F=71 FAEE AR Wl go] 37T
A 30 ot vhe-AIFch. FA7E 28k strip
0.5% casein-PBS <8 o] &7} 1X)7}F SqF 2od
E4 x2¥ ¥ PBSE 34 A=z AgdA A
ZEqch. 4 23t g&S AN Y8,
microwellol] A% gold-35 F3H 0.5~1.54
L3} Salmonella £FA18(5x10* cells/mL) 8uL
a8y Aggulgded Ael®El 25% casein-
PBS 31xL& 718tgx A7 2433 stripe &
g Zop A9 44¢ membraneWE F4A|Fth
TEAe 158 oo Alet Boll == FA7}
TAEE o4 W% AFE= video image an-
alyzerg ol&3le] Ak H4"  strips
video(CCD camera)A}x17] o}lello]l &3 monitor
(Hi-tron, 3h=1) 3lHg RaA X9 24E& =34
g+ t}& personal computere] WAE scanning
board¢} software(Biomed Instruments, ©]=)&
o|&3}] membrane images Ez3}girt. xatsl
imageAre] WHAIREL image B4 Z2I3(2D
Archive Programs, Advanced American Bio-
technology, ul=)& o]43lo] WAEFo] B T
TEHEE A T A4 7)o vEEe ARA A
optical densityZ A= gic}.
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FTEAY ANEE EY3E FAo] AFH 194
TAA2EE nekstuat S3AY AsyFUHE
o] vl ¥ ¢lt}. Nitrocellulose membrane strip 3}
tho Z2XE| 1.5cm A ¥ Img/mL 3ALAL 7}
sted 9ollA A wle} o] A AE T
stgick. A7 2 A3HE strip Ao 2 FHAY A
Teas AA A o 2 A SEA
ZAuEe] AlgEd. ARE, Y FEA 1
2L} 50% sucrose &8 1ulg& £33 T strip
shto 2 e 0.75cm FEo 7HgE F AzA3
EA 2, cellulose membrane(qualitative grade 1,
0.5x0.5cm) Z7Ztol| 722 ¥iro g F3FE Z3A
2 s}ehel AZAT % o] 27 strip Setoz ¥
B 05~lem Aol Holzg ol M3
t}. wALo 2 Zo|7} 28] 2 cellulose mem-
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brane(0.5x1 cm) Al &% 2uLz 50% su-
crose £ 2pL9] EFAE rlste] AxAF T o]
27+ strip 323 0.2em AAEF 4417 &
JHg Helz2 HAAFG. A A5 T &
& A7%7) A4, 25% casein-PBSE A% Sal
monella EFAEEE 7+ microwellWeol] 713 & &
A7t SH= 2 stripe] g Fol A9 L&
membrane WE FFA|Zo2n £4& 359
3, 28 AlsE HolA dFE FAA s opti-
cal density 2 Az= gt}

1o BEMAIAE M U FEH S5 &IN5

HA F¢A FAue Addste o3 2ol 3
FRo2 FAY 194 EAHA2gE Az
(Fig. 6 #x). Alzadl sied Fio 922 glass
fiber membrane(0.5 X 2cm) & ®ol24=Z A HH
% 19% casein-PBSZ 7}5ho] Al AbelE AZA|
Hogx AMFHL ©] membraned] $F Fo
E2HE 0.5cm 2ol gold-#A FHA FdT
Halel 1% casein-PBS9 &£g4H 4~16uLS
7hste} Al A AZA|Zh S F29] nitrocel
lulose membrane(0.5 X 2cm) Aol o}ellZ Eo
2RE 08cm A 9Go| Salmonells EAA (1mg/
mL) 282 1.2cm Aol & A4 E7EH (0.
5mg/mL)7} ztzt nAstEgick 2+ &4 13t
2], microsyringe pump(KD Scientific, »|=)&
ol g3ted mjgf o (% 0.75pL)¢ dAHEE (2uL/
min) 2 FEA171224 A7 24z Adg v}
= A g2 A AE ALstae HedAe
AT HAo] AHEEATE Ak FEo A cel
lulose membrane(grade 3MM chromatography,
05x3cm)& IFeFe A8E &3 F5AIA £4
Az Wl o) BAREse g §A9 388
A&A77) A AHEEdTh ol e 33Fe
membranes-& ZolZ 0.2cm ZA wdEEE o
o go]ZE o]L3}o] plastic film(overhead pro-
jection &)3+ A=) gck. 0|2} o] AZH 227
&AM BNy F Ay AL Yol A
Alg wpe) F st

Sk 8€

Az A A AZH 14 £4x 26 A5
£ A3y 98 4x2)" Salmonella typhimurium
EFAIRY st g Axwe & 3}
sith. 22 B.19 1% casein-PBSE 34 % gold-
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1) Nitrocellulose 2) Gold-
membrane with detection antibody
immobilized antibody conjugate
i --- Detection
Nitrocellulose -, antibody
membrane * Colloidal gold
strip
Au‘.'b°dy LYY 3) Salmonella
specific to .
Salmonella antigen
antigen
{capturc ©
antibody) -

Fig. 1. Major components of membrane strip
assay system for Salmonella antigen.

FA A 8uLg oMl ol glass fiber
membranedl] £HA]7) 154 B~ A Zs
93 05% casein-PBSZ FM¥ ZFASE o4
gto] BME gl A FRFe $dlA
A E whe} o

A3 9 13

AlE W ASEF(EHEH  Salmonella typhimu-
rium FU) & Efodi-= EAEL EAHFAE] A
A3 Agtd MEA membrane strips} EAEA
(Fig. D& o|43% Wy z2uledely] whye <
# ZtHst Al 242 ¢ ok 2MEA HEg &4
FASEAN dutdo B FJA(FHEA) Eal4te ol
A5-97F 8 F F59 ddEE A7) A"
(11). & %9 FA(ZHFA)E nitrocellulose
membrane EWe] AR Hol| nAHFHo =N BA
A& 2Ysle 75 93sly, o FA(EA
g4 ) & colloidal gold®} 3F=lo Zx AlsHFA o)
Fofgct, & Aol ol ZFL FAHHRES
THE A8 DdE2E FAE dAld fARR 2 E
FEAR F e EHEFE FAE AHSsdd £
Al EolAg FA5t7] Yl Salmonella typhimurium
gelo] 538 #YHE o4l WIS} mEn}
Eaety] whyel] s AAE FAE AdAslod.

Azd F2 F FAANE 5, 29¢A7 335
% membrane strip(H9 strip)® gold-7F=8A)
FHAE o4 EAHddEE d2F Zo(Fig. 2).
AAZ, A& o BEAEAS Salmonella T3} £3
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Fig. 2. Principle of membrane strip immuno—chro-

Gold-
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detection |
antibody 3‘ Saalm

conjugale antigen
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th A E, $4odo] LHGFA 7 2 AH 2l
csd A2x) Fahbgol s A¢AE 1AEH
of LD Yz HEES %fﬂlgl 5o gt
2. zy® A¥As FAELA colloidal
goldE EF3loZ FAEAY Fxo wlad Az
7b A o] Alze § &2i A
o] 7bsslER, AMSE & °
A FFE HEse Zé é
3 #4942 —T— A7k é*’”—iii 15
& J_JJr?fW °}5§'— zA4 5},
Holla] Adgsl FAAAER EHd2E o83l
A8 W Salmonella 2& 7r83A AMESAHT 4 T
de A 2EE st aa FAAEEY Az

A &
EE
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EAA 5 o] B AAA7]1 o] FEALY o] FAE
SFAFA) 7|22 A7} A5 membrane?] Ahed E
o 9 A gubgde] seky 24E A e

L

Colloidal gold-&t#| Z&tx| A

2 dpelA Adsids A ZAEEEN AA

Korean J. Biotechnol. Bioeng.

% colloidal gold(H+# < 20nm YA=27])+ EA
of Hd f-old ¥t obuyet A eke] FHHA o]
Zireln2 §49 Latex beads 53 & A%H
 BAEAY A HASZHEZH JAHH(13
-14). Gold sizt= [AuCl] ZFA2%EH F4
€ $As7E 2 B 2EFH glenz g i)
o|LEETt e AY ALY A wbitgel o3
A7N Atz EAgch zeig & i oleEert
Z7tEd 7 JAREALe o]xFE EA1A gold
JatEe] 245z AF London-van der Waals
313} o] A3} wbiHETh 4 EM SAkgo] o

ojutt}(13-14). &Ho| AYLFE LA HF2A
oA Moz wWHAHDZ I AHTE FIT
580T1m(A530)°“*‘] 13‘ 1]% T M-J_-'- ‘%‘7\5 ] /G:g'
3% golde AAHA. 2eht A E gold dzke}
FEA7IH 8 2}7\}4 Azleo| Acksle] $-Auk-S-of
dAE 5 & Bk ofe} gold YAE BAEA
2 o]4% ¢ itk 1 FHEEL goldd A

T & R A Aol ubal g} (13).

olg} e FFEE AN E o845k, gold-
A FEAE T A HEA Y AR
A ezl dg HHzAL Agstelc). AHed &
Az FA) Ay, R4 Aot
pH 9.0‘{1 }-Z']_"“H Amn ﬂ i](é‘, %{'{{}'E@’ il‘H
Aol 2=y, 2xc; YA 22 A 99
o4 F7betick(Fig. 3, Awt). Gold izte} 35|
7+e) AL FZ London-van der Waals 3138
3 254 g osf oprjsEln 1 A4
oJuly o 2 A E2F A £5A35}(net charge) 7}
28sEe SAHVNH & I 2 AME g4
FHoj7p "ch(13-14). ohekst FoziE felE @
Ao F¢& A3 A AP =E pH 8-9 HHal A
o2 ByEHg N (14) ZAE FHs A A
= o] WY el EAstct. w3, FAF=E w3}
A7) AE 29 (Fig. 3, sidh), 2 557} 50u¢g/
mL olsloll = FFEEo] Yol gold Uzt 7 3
o o Ao s WAEE Ho] TAHE (As>0.
5) hHo] 100pg/mL ool e FFEEo| A
3] S7k=o] Aol a3t AUrt(Ax<0.3). F &
THY Atololl A Asy gto]l FAHEHA FaFHE AL
gold sizke} FANEF 7He] Azt gk &<
WA szt A7) i 2 M=), olg} 72
ATRZRE AIAE ¥ 9 HA FAF=e
120~150pg/mL #$j3l Aoz Hodsio),
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0.2 A xAAlAlllI — .nuni Alolaali

1 10 100 1000
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Fig. 3. Determination of optimal conditions for
the conjugation between colloidal gold
and goat antibody to Salmonella antigen.
Variable conditions for the pH (top) of so-
lution and the concentration of antibody
(bottom) were tested in selected ranges.
Optimal conditions were determined by
measuring the color change of solution at
the absorbance at 580nm (A see text for
details).

les nbsker

Membrane Atell 37} nAEE Hod stripg
HZ87] ¢# nitrocellulose membrane(5um Al
T37))& TAJEAR AMES] 1A =2 5
5, 497 2Y2E A SEs} stipe] 14
3t YRS AlFegnt. 4 2754 AA" 4
el (Fig. 2)& ol4slod zAg Age 33t
2, AYAEAREHN strip 49 ZIFA I} 1A
Al e wAE AlsE image digitization T3
o o optical densityZ #&= et ALE 34
FE HelolA HAATE FA sz viEstd F
7Vste 7o 8 Jehto v 2 (Fig. 4, Ad) AAA
o8 AME- 7h5E Hdsrel Img/mLe HAHEA
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= 15T
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& w7
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0 t t t

0 0.3 0.6 0.9 12
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g
=
E 30 T
g 20+
=
S 101
[22]

0 } t t 1

0.5 1 1.5 2 25 3

Distance of antibody location
from the bottom [cm]

Fig. 4. Determination of optimal conditions for
the immobilization of antibody on nitro-
cellulose membrane strip. Antibody in var-
ious concentrations was immobilized by
physical adsorption on the area of 1.5 cm
from the bottom of the membrane (top).
Img/mL of antibody was used for the
immobilization at different locations (bot-
tom). The amounts of gold conjugate used
for each experiments were 0.5¢L (top) and
1.5 #L (bottom) per assay, respectively.

o2 Adstech =g, 488 $AY striptt 24
3} 94707 o238 Lsem ol A% A4
7ol R 479 do] Ha2 vhehdAe Turh
Fe 994 Az Aol wulste] WAs] 7
5 5ieh(Fig. 4, 3. ¥4 4, @9 strip] 3}
DoRvE F4Y BATU-FUA AAALA)
membrane AF& F+ olFPel wet AFEA
o) 383} ohaol €13 ALA Dol (longitu-
dinal diffusion) o] efureh. o)ejeh B4ke o7
Slo Wizl $Ael Be% B AYAY A
$EF ASA7lne =AY 4% e
strip $o e HaAeE A4t @ Ao
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2 #oEin), 232, Fig. 4 Agd sl Jeld
) AzA719 Fols AHE-H gold-ZAA A T
A Fxo] st 7jlgc.

HMEM X2 Y AE2EHEY M

Nitrocellulose membrane strip A& E3
MEAD gold-FA FTAY o]54 ¥ TAEH
Aol wjERRAe g4 o Ao shatA 44
ofs] %S Wtk Membraned] Ao
FAE TASA ] F AR Ee ke a4 A
AYEZ2(15) o5& vEA A4xae&
| 4343517] o wpibSA A (F2, BSA9 ca-
sein) SO Z‘_“’LL?ME](blocking g Ay
(16-17). Tl AHEH wub3A A A
Aol o] FEAFAY 4T T o] AdxAgol B
& 749 o] FEAY o]FLE e A AHIL o
o] v]5AF-2te| ojgh n|EA A% (noise) 7k EA
5] 2 o) o]g}_ P XX BMH?}H&]A]—O xJzJ-o-]- et

2 T A a\__u_

AUELE AATosA #RA02 1Y

He

2 o

NIO ool

He

In g
bl
:
ox
o> fol 2 ol 1 30 (B

30 BRI ook 1 R

i
Sch(Table 1). u[ibe 4 PUASZH WA A
Yoz FAHeel AHEEE casein 5& BSA
£ Addsdd. 94, 2HXEHE AgE] 8
HA stripEg 2 A Z Heg T casein £
& F4siA ‘]iv:‘é}ol] AHa-slodck(Table 1A, B).
EA/mE&A Algnls E Ao|lE Rolx| @& wid
BSAZ EHAY A F4& 2uf o] AAFA
He 7ie 2 Jelyth t}g o2, membraned)
£ casein §40 2 FUSHA T F 7
Sdg AlZubel Ab8-3toith(Table 1A,
A%, §4& 2 W57 AskA BSA
@ guhgle) A MEAAES} 271
9/815A Alzw|7} e HakE gl opx
2, ZuAeie} AE2us H8 BF BSA— A
bR S43 E4/0154 Azeh 5S AR
ok} (Table 1D). o|8}gt AHREZEE casein

S

=

O koot
. 029
e, = 2 P

O b

T

Nngq

U

op o 2 nju
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Table 1. Effect of inert proteins used for block-
ing and elution on the performance of
immuno-strip assay.

Blocki
OB () | (B © | ©
/Elution . .
Test Casein BSA Casein BSA
es . .
L. /Casein| /Casein /BSA /BSA
criteria
Signal-to-noise ratio | High |Intermediate] Low Low
Elution flow rate Fast Slow |Intermediate| Slow

EREH 90| $hae] $ERASY UAHS
$AN71T EG gold-GA FFA S WSHY
& ARA7E Ao Bk W, BSAL F
25o] ol 270 g EAHYE AHoE ¥
S5 Hge] FPY HISHESE ohhshe

[ olo mle

A /015A AlzelE FAAA
e ﬁnﬁﬂﬂ —fr EAEE &5 S8 el
H AFE F uuk3A ol 9]e]] polyvinyl alco-
hol(PVA), gelatin, :LE]_T'_ AHEAA 7 A=Y
tH(AA A & #8). PVAE A& 749 vl5
Az o) F7PL dAglglem, gelating AHE-E A
T+ frdol g Atk E=3, AWEAAZH
Tween-20& o2 =97} EFsAY DFoR
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Fig. 5. Methods of gold-antibody conjugate depo-
sition on immuno-strip (top) and compari-
son of their performances (bottom). To de-
velop one-step assay system, gold conju-
gate was combined with the strip by di-
rectly depositing on the surface (B), by
placing on a separate membrane piece to
be completely superimposed on the strip
(C), or partially on the strip (D). The assay
results were compared with that of control

(A).
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Al s} AHFH R A kgl dois)
A e} o9} 2 S &4 A7 zAs
€ strip | AH FEAE sBHAY(Fig. 5B,
Ad) & Hx9 membraned]| 7}ste] AzxAZ]
% W stripd AFA Ao ZH £ 4 oh(5C
9} 5D, Abh).
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A3 Zrsgdd. o8 Aztss AR
FHA7E F58 AESEY s Ao L8
F A9 25 det AR ol A AT
ofs ze =g #at ohe} tLo] L F3tAl
€ strip9] J}Edddel] n2A EXER g Ho 2
FEH . ol 2L HHEL B f& F
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e Alzsledeh(Fig. 5C). o] whyq] o3 Az=
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Z3A= stripe] 7M1 A2ZwsFo g wjwA 38
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A7 o2 AMA=gcH(Fig. 5D). A8 Alx
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dojide}. ol9f e AA”H FRAME AR F
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o L83 A FHEA 7He] dHadukSo] ¢
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for Salmonella antigen.
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