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Stabilization of antbody, which 15 specific to Salmonela dphimunum artigens, present in dry states on membranes was accomplished,
and fls shelf-tfe. e, duration for mantanng minmum 90% of the inibal acivty, under optimal condiions was determined.  To prepare
wo rajor componenis of an immuno-slp. the antibody wes nat only immobilized on nitrocellulase membrane surfaces but also placed

within the pores of glass fiber memtrane after conmugating it with gold colloids as signal generator.

Among potenlial stabilizers of the

Immuno-companents, a disacchande, irehalose, showed a signficant protection effect of mmunoglobulin structure Trom thermal energy.
Optimal concentralions of trehalose for the respective cormponent were significantly different (8-fold higher for the antibody-gold conjugate
than for the immebiized antibody), which probably resulled from distnct densiies and configurations of anlbody present on the
membranes. An addiional raguirement for the gold conugate was freeze—drying of this substance such that the comjugale can be readily

resolubiiized upon contact with aquecus medium.

By using the componerts prepared under optmal condiions. immuno-strips were

constructed and exposed to thermal energy.  Signals with less than 10% decrease in the intensity were mantained for approximately 21

days at 80 'C. Compared to previous reports, this result represented a 2-year shelf-life at room temperature.
fimes longer f determined from thenmal acceleration tests based on the theary of inactivation rate of proten.

It was, however, two
Such discrepancy betwsen

the wo estrmates could be manly atinbuted to erors 1 accurately controling temperatures and also o changes In the physical

properties of membranes due o a high themal energy

Key Words ¢ immobilzed antbody, thermo-stabilty, shelf~life, trehalose, immuno-diagnostic kit
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A Salmonella typhimurium TEA S8 0] Seoldl 2

P2 ¥4 2¥n ¥ d4i FEEE EAYAS

Kirkegaard & Perrv Laboratories®t (0502 e FH

Geld chlonde (HAuCly), casein {sodium salt &#], &2 5 g
%), trehalose, sucrose, glycine, 783! lysine Sigmarh (o)
)2 52F THEUT  Nipocellulose (NC) membrane (AZ=
715 pm)¥ glass fiber membrane {G6 grade) 2212
membrane (qualitative grade #1 2 3VIM chromatography
grade)2 MilliporeAl (v)%38} Fisher ScientificA} (M%) 2g)1
WhalmanAt (W)= 22H 22 3952 Z 3 e BE
Aetee BHSFoR AR

cellulose

skl —colloidal gold EgHd &
HEEA A A AFUWAHE Azstuat colloidal goldE

A9 o] B2 A Sdmonella 54 F3AATH
Gald chloride -2 (2% HAuCL) 05 mlLE o2 100 ml ¥
Eag & 1dEE e 100 TAA 19 sodium citrate £ 175

503

mLE #7FEe 2N colladal goldE gatsichi1314) e
colloidal goldZ 8HH & £5A12)7] &, pH 9002 #2449 §
ml gold €99 10 mM phosphate $H5-8% (pH 7422 4
A7 08 ml #FAEgd (100 pg/ml; AF pH 9002 2H)E
71Ee] ERE & AEAA 308 7 93430 5% casein?)
EdE 100 mM tris 29 (pH 76 Casein-T 's) 008 mLe =

L

7hat 3 od2dA 147 e gkl 2 3 100,000 gol A
458 T 2U94REE U F 4F5de /ﬂ?% &9 1L Caseln-
Trs2 42 AZEIE 02 mLE ZEsGh o8 29)
AzE AT AET d7lA] 4 CollA BaEgld

b A 2| AEy

Az e g HF AN E Ay g 2 5

|

wEAzy A3 (9lzh, E7)E obn) e (glvane, lysine) TE
(trehalose, sucrose)2] o4zl FIE Adaigcl, NC
membrane strp (05%2 em)e] e} E Zo23%E 08 cm A9
of Sehmonella B4EA (25 mg/mL) 2E2 1.2 cm A9y
G4 E7SS (05 mpmlres @4 dHFEue zydd &
Casein-Tos Wel 27 FxwE Asdzn(g), &9
membrane 2 Z+ ¢z Zdkg g 00 mM Tris @40z
A2 B odees 147 ok gty #6)8 membrane®
2 5717 A9 60 T %‘%’Eoﬂ Hu 3y i gHE st
Bk oldh Zop AdlE AL @S AFsr] HH, 29
NC membranes Figure loﬂ/‘]@r o] BrA g -gold F0A 4
2 L7} &35 glass fiber membrane (05%2 cm) Z&l 2 MM
celhulose membrane (05%3 et HF-EH o2 BAATE B4
A SAage PRz, T Alady] FR2NE 1%
Casein-Tris £oloZ 844 Samonella EFEAE (1%10°
cells/mL)E SFA1ETh TE&YL 153 ol 4d 2o =
AT Saimonetla SAFAT nA@RY AGAA TaE HE
mage anaiyzersl] sl A3 rl‘:’i‘:}' Wl siripg scanner
Al&5ted membrane mage® EAHE L, TEE image A
o] WAREY jmage B4 Z2d (7D Archive programs,
Advanced American Biotechrology, 302 o] &3ta] 2347
of wl#ete optical density2 2 Fhahsie}

£l
ofl

i ofr

o et R ]

NC membrane 2 2Azlg 2HekAel ¢B=g4dd g
trehalosed] 2#grEs AAsr! A6, 7 25 10 mM Trs
gEguo (03-3% HYZ FMT Soy dFE vk T
o] A7} 14FE NC membraneol 7}8t % 2o 7125
Atk eigt o) FR19 mentpranes 60T B EAolla 7EE 2

Helskgz, Yeld F48 FAd v B AR PAFE
Th I Ayl SRR E Sgmonelle ATAEE F4AA
TodAE AEe HelA Mg wgl o] Ak Helg

EXlghAl-gold S obfdg
Glass membrane o) AzAHE 249 &9-gold A
A7) mar Az M?ﬂ 9 &

Iy

RH%"SH)@ ﬂ_ 0}-?':? ).é g =
Algatant WA obAaAl9 trehalose (3%12] FA] =2 #A 3
A4 A -gold 2HAS glass fiher membraned] £347 &
dFALE o|debe] B35 FAAHRT FHEz]) WelA A
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antibody
membrane
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pad) A Sample

K (Salmonelfa antigmy

Figure 1 Membrane slnp assay system lor Salmonella

typhimuriwm antigens based on immuno-chromalographic
method The syslem consisted of the three major compon-
ents. 1) glass fiber membrane with (reeze-dried deleclicn
antibody-gold conjugate, 2) mitrocellulose membrane with
caplure annbody and anti-delection anfibody thal were
mmmohbilized m spatially separated areas, and 3) cellulose
membrane used for absorption.

2 T'i] ok au ]7]' 1A EE NC membrane el i '&“F ] 9]'

T~ :x-—\ I
Hyga oz BAAAHE H=EER (Figure 1 F4E Sa-
monella AR (1x10 cells/ml)yE o] 4ale] 2Alg ey
Ay, o ZFE wizsr] 4. sEdRS FY5A wo 9A
g3 2o dAgyA g8 2940 249 membrane L2
1=

7] 2 tad F54 trehalosed] £ delM FEAE glass
fiber mcmbranec‘ﬂ gl n el 2ol £RAZI AL

% membrane 60Tl A 327 Axed £ 24292
Aol AbEEUR Sa!mone!la“"/‘]h“ﬂ gk Baio] 5
ol e, dAie oo Z4g o] &-ake]

£d 98 BRAND 7 A

el i ALZEA §lA E2AAAE A
Fadn eolA T oA Ageant wA 25T
773k NC membranes 100 md Tris gFfdon 34y
3% trehalose S2ell F A 3 A2olA dzsigitt FA-gold

Z=ase] A% 48% trehaloze &9 118 EZ#E T oplass

membrane ¢ SR %3 FEEE

membrane % 60T GAAT T AT F
=R bl Salmoneh‘a‘ F788 (1710 cells/mL)2

o] FAe] o] =44 S
o] {5} HAE #“ﬂ shoir) obd A2 wmEy| 98, trehalose
= #Hrjalal gL AAasslon e wRg ukE St
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Shelf-life &
OWE}H BN~ shell-life 2F A 7= A4IAR
vl E] ¢El ek £5dlA Alzk] thek EAWEE &
st #dAe) e £ ]“J?:ﬂ 2] 7é—c’r 3% trehalose2 37}
¥ d F8ae 24% trehalose
A shellA FEPES 3"1 - %‘]‘3] TALEE T2 FA

Sograadd 119 0T 3149, g3 90T
15-6A1 7 B¢ ) dxd 59 %_‘A%EIF»J %’-ﬂ;»ﬂ%%ﬂ OMI
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E MNC membrare £
Z colloidel goldet EeldoeT HEARl ¥ Fg4o] #Helud
glass fiber membrane el &3 A2 AZsc) Figure 1004
2 Zel HEH T membranes &
o cellulose membranee] 9EH stipd PR ~dE Y
s5tH12). o9 Ze WY siripd sigeziE FAEAq]
Salmonells 38e] EHEe ARE ZAAHG o5 25
7191, glass fiber membrane 4ol 4 Sal= SR A< 39 71 =
12} 8+9)-84) a+go s BAAY AN P o AR e
NC membrane 2.2 o158l nAwg LEIAS) AZF R
Hula Hozy &els 22402 candwich Helel 2k o

gold7} Z3HE]

B8k T 258499 colloidal
nE 01 FE Fe 4‘.9] el ME g BAsn T AT

el & BAA e 1558 o

o} o] AZE HELAANAHLY Y8 A FARFG
ooarem glal = sk Ra)e) obdde dF FE FATE
2 O 7|5RES 49 uaAs] AEe wea| A4 F 0
of gith AZE A7 §EMA L A F RdAE ¢ ue
Ao d] o5t g 75e SaE AgdeR FgEHr] O 8
gnene 2nd dgdte} wala, gl 93 e E¢h
Az Axgd F e dye Ags 1 44 FE78E o
=2 0] ¢ Fagtt

Hodqdae 2Mdaadea] ALRH F2 FHAEE F
NC membrane 4] maleE g2 (FFE) 2 glass
membraned] 38 3 (FA A gold FEHN ] F A
sz st 2 odoudoRy Udde) fxy kAL
grabalzl 4 gl B mgla oo #HZAle] ARESD, o
o Fo prsiel|d BAA A =728 0% BAEHE 7
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7t &, shelf-life7} 23 =ik 7] 98 60T A 38T FAYE S5t o9 o] ¢HAA
o &4 oM dxgd WY membraneES AR AN~
CHE obd 5t Ho] AL 25 elHA e B E}‘f’ﬂf FYe el o @
sl ehAAdS B A 22|E Bl A T 7Re] B o]# A3} (Negative comtrol}el #3gE 4 @2 E4
F=2 ANk R I 9gEE ALY Az & BATR (Positive control)¥] Aol &4 n}°i‘i] (Figure 2). 5% st
F HEste 845 Akl fAARLERN Y sl Adez ckdEE AMRE F4e FR ulel ¥A3 2
). o3t 2E EAeg A8ste oA da gl 5 Ao Ve D G5} ol 2¥m ¥ ”] ToE FHS
of wet el@ ¢ 3w Fd 3 FEE 2L gddd vE At} 57, “é’%‘r“i rrehalose® AREE] A= Alxde e
of whe} HHEE oo} s}, webd AL A Thaks oy & AxE AF AT "Heprt fs Aom thehydr)
Ag ARlslgx 4 FAAES A4 A5 FHHEE oA o129 irehaloses F= AEREL S8 FEpE A 34
3} 2A50] AH =9, st BEEH, g Az A 4TS HAFHd B

-

A A gAe 22 Ve gudg pEgd L4 7F 235HA 2 A tehalose ¥A7E A He] ghaE pz
=3 =1 A
o

S s #AMTE Rew A ItH15-17). o oF

H 42 5P A RE hovine serum albumun? casein 53}
L AE gEE 2 49 e 5“]7}3“3} M@' HE gy o) A dhelld piES geald A4 Ll e rehalosers
< YAEz 79 ESAlfezd S e ¢ = A 259 syrup WElE AT GE0 o Aalge] we =
A AslEE (detH e g free radical, proteolvnc activity, & Az '@AL A wiscoelastic HEHE HIH oA, o2
heavy metal 518 3 Aol Eﬂﬁ PR gakg FAAFE B FE ged A9 o] AddHaE fgete glass AHY
TENE etk fAg BEreE Urhlle 2d4E2H T trehalose B4e] THHEA} £ ddP o2 F4e delld
g3 ama o =Rr 2ng ub ol g1m. 5a. dx A ARRY G s el ®EFri18,19) wHel, wehaloset
DA Fats pAAT ofd 4E AgEs EEA4 ¥ FAEE T2 sucroser FEH R Rk ste] HolulA ol 2
ofFlElng I RATRE -rr7~];‘ 717] =8 %"x FREY A & 89l glicosedt fructose® EeiEnz i ofRlE @
24 g Aer gy ¢rHy). #71 FaED o] EelE w2 ¢BAEA 44 amno I1E
Adw ZFA AN £22]4A%9 FA42 98, NC membrane - 8k-2 (glycosylation)3HE AL R WMIEIT Tk,
A nAske Ao AL EREM ez 4 vsd ZF312, trehalosedt 8 B (ely]nd F)He AFEAHA)
g (B2, by otul=t (glyome, lysine) 282 BF AEE AT rehaloseE HEOE A}%y} A5} vl &
(sucrose, trehalose)® 7170 5 7Y dEHo2 NHEskdn ANzEe HTE A5 TEA 4t anRE, 2 a8
(Figure 2). o) wibn o] By BEMA A f& v o treha]osef::: B 22l kA RA] MeEsdn Al
Ae dYe THE %R 2AFen, BHe F4a] 2w 2% 7 ALY &, ndsky TS FR YA -gold T
A AME A sty wawe g HLzslr] 8] 1%E 2Es Ao} ks E 918 AFFEHo] dTE Rt
ok olgt 22 AAANE FriEld AzE 9y membrane 238 © Membrane T« wAIE #TAS 98 oA
Y7t n42E membrang)2] Goll fd kAL slEARE ANeEe I thilde] 7leAal BAAZRE dA4shs AR
fr&e] & Ao ok 49l irehalose 03-3% S4o0=
w0 - } _'é A 99 membraneg G0TOM 7U7 =EAF & 9
B w w E B membranes o] &ato] FAHA RS AN PR ¥R
- § % 4 g Aeke] g LANE M2 ZAAE0 (Figue 5. A3Y £
g g H B E 9 Jﬁ frleh HmgE gbyo] dolAxg A3
g 1m0d i I FLAM e AFA7E trehalose wEol AvlEahe ReR b
g £3 i3 i B : = E dj]' BH, 3% trehalosei= THE FRalA 2
S wrEy N S E9gAe) gt AR A B FeE Bdr aw,
I I W wT B BEY BAAE NET A EHAAR9 97
s I s He 848 2AHA g wde B4 A gds) Aus 374
: A EL L do) Sre) WA PEPT BN F BYAD] BES
Stabalizers Zastglcl, 2ejER Alawle] b BAAE D
trehalose®] 3 FxE 3N %_*7*&! shairh
Figure 2. Thermo-stahility of the capture antibody immeobil- B E-gold 44 - TS e, AEwae 24
1zed on membrane surfaces in the presence of vanous pot- -gald F84E glass [iber membraﬂc Ao AFAAEE AL
ential stabilizers, Stabilizers selected. were two lands of serum Agk By Sooy HE A A LalEe] ol BHE
fhuman and rabbii), two amino acds (glycine and lysine), An doddiagee golgn} wals, e HgE s
and [wo disaccharides {sucrose and (rehalose) Ther stahil- 7] Ao 94 WEeTAL g8ty Saha)y| 7] 25 Lol
ization effects after thermal lreatment were compared with el E8hde) =2 d84de] SASHEE Frlo] AAx]olop &
results oblaned without stabilizer {Negalive control) and et g4 @ 2 g2ae =AE whde ajfo] g
before the treatment (Positive control). Tt 4 9= ZloE W ¢ormg{d) o ZAE L9
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Salmonella (cells/mL)

Figure 3 Determination of optimal (rehalose conecenlration
as to the stablity of the mmmobilized caplure anlibody After
exposure o thermal energy, signals measured from the system
proportionally increased to the trehalose corcentration i a
selecled range.

@ APeigD, Ed 249 2@dda 24 HAdz3E H9
trehalose A S52 Tk,

FEAY Soksl v FRAZ 248 4 A 3
A f9L plass membrane E®el 7la T T2 F HE &
%7575-5 FstE T, T 3% trehalose BA FHelA] TE
2 APozs 28ae S ok N BEads

3
Zeta ot (Igure 1), 218 o] AZF membraned S0 oA
| o]

g
2
7
E:!
3
o 71 dajrlg F EAAade AZo AHREHT 0B olE
gle] BB fg £gE Felvinh S8y sEENE
ghAl =38 AG (Without trehalose) &7] & A2A7 EH
(MNegative control)9} ®{Ele] ddider =2 AF7 doid
oo olRE Wl g7 FlA AzA7E gt da 2
el whgh Bab 7 SA"Ee] 245D A Al A 8
ol g =y it RaEe v FAAsE galal
A e AEage] HasERE e e AR AAE
7] fEer oSHTh4). HSel, 3% trehalose F£A] B A
ZdAx A (With Lrehalose) 2 E4&2 I —J—ZH"] R
3 deEgin o] FuERe| TEARE SH4e SEANH
Al g g2 Ak 7R T trehalose?t A S B A TEE
deliA 25 e REdr Tihs Ades uvehgth I, 3%
trehalose £2f dhelld ozl HuAsE AL $-2 2o
{(Positive control)®t Bl2&e af$ Yolonmz 7 oA 3&
o A7t a=9%

FTA9 <HHa z=2AL AAE SE ok 3R
trehalose (0-74% ¥H)7F FEE Fdtq L& ot Fol
glass membrane Aeld FEARSHD o] FAHAEE 124
EE2A7 F O AFRATIEE AEEEY (Tgure 5) AL
A obAA wxel] Awdehs] Fr)etg . 24% wehalose §
olMe] MEpEAke dAHA g FRAE o4 ¢

A (Posilive control) 4 A2 FYF dez vlepydr o E’_E}
=2 ¥59 pehaloser EHTAY A o} o] febgd
AT oA D oeps B4 F 2 zdshEth ¢

Q'

T
=
O

4_,_*0
=2,
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Optical density

Negalive Withoul with Posilive
control irehalose frelalose  control

Figure 4. Combined effect of trehalose and freeze~diying on
the stahility of the delection antibody-gold comjugate. Freeze-
drying process itself (Withoul trehalose) improved Lhe stability
as compared o the result of arr drying (Negative control),
and Lhis effect further mcreased by supplementing 3% ire-
halose (With trehalose). However, the combination effect
was still not salisfactory as comparcd lo the resull obtained
helore heat treatment (Posilive conlrol).

7600
)
Z o o S
— - ] -]
2 0T - S
50 4 oI
11 U s R W AN B P - I
0 3 6 12 M Dositive
control

Trehalose (36)

Figure S Optirmzation of lrehalose concentration added to
the antibody-gold conjugate. Thermo-stahility of the conj—
ugate 1ncreased 1n proportion to the trehalose concenlration
used. Thermal treatment of the conpgale in the presence
of 24% trehalose did nol cause a significant decrease v the
activity if compared lo the result before lhe treatment
(Positive contral}

o g ANFERE, YA e) hAAdT EA Ao 4] 1
g shgAe) A4rEE U%E A4

A A W3 A AHFE (4% trehalose)?] ko b
& Z3 (P03 Awse FA D2 olE ua g
o 2a4ds) Dnel Aol oal 42+ AT Lo

o gol @] wAYe] 455
e

2
2
=

ﬁ—'rﬂ: |o

A
o] ARl sial Aol 1w

fs]

o B o
e
>l
=
-

TEA Al FHETO). B, A6 ASE £ A
& fAbebA T RSl vt TAEEY RER L2
AL AAEET membrane ©F FENAH @ ZEaAe]
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e FARA Y A4 vwste ooz vtk os) g Shelf-lIife 2H
FAEA 2323 wsd we} 2 kAdsE fd a7He geEaAAde] Aee 1T HFHANIE (FHITREER
trehalose® FIxi= Aoldld AAEE sloz gud. Ay, EA4A3, A B Tex HREARE AFY i)
FRANA 2 /Er T AASE A2 AAHE wEA sig
oMAAE 0| o obFN Hojop & £ giztelrt, FAA|Lde kAL SoA oFH
A71E vie} Zo} 7F LR Ao dis) HHH @ oA vhel o] Gl otAe] wele) e8] 2HE £ YSn o
A2 EA selA EA2dE Az g 3 A2 BT HAzA stella] A2d 27849 Q0% o FAHE 7|
T WE 2T Wiz LAz Adgald dgAgs Z shelf-hfe2 AAstaa stgich
9 A% oz A2 129 Feb o 2AFAS 8 o|E 1 BAMNAY AR dullde] Az wE AW
Hi od gig 22QRE nLdd FiEAde gld ddg = g Mt 2ol 13 B2 SRAoz TYHHCHAL)
T A dE S, AoA g 1d 7k delal 242 50T
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