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Norovirus Targeted Bioreceptor Screening Method
based on Lateral Flow Immunoassay (LFIA)

Huisoo Jang', Hyeonji Cho~, Tae-Joon Jeon'’ and Sun Min Kim'

Abstract Later flow immunoassay (LFIA) is a protein analytical method based on immunoreaction.
On the LFIA based protein analytical method, bioreceptor molecule plays a key role, and so a system
that evaluates and manages the binding affinity of bioreceptor is needed to secure detection reliability.
In this study, Lateral Flow Immunoassay based rapid Bioreceptor Screening Method (rBSM) is
presented that provide a simple and quick evaluating method for the binding affinity to the target
protein of the antibody as model bioreceptor. To verify this evaluation method, Virus-like particles
(VLP) and anti-VLP antibodies are selected as a model norovirus, which is target protein, and the
candidate bioreceptors respectively. Among the 5 different candidate antibodies, appropriate antibody
could be sorted out within 30 minutes through rBSM. In addition, selected antibodies were applied
to two representative LFIA based techniques, sandwich assay and competitive assay. Among these
methods, sandwich assay showed more effective VLP detection method. Through applying selected
antibodies and techniques to the commercialized mass production lines, an VLP detecting LFIA kit
was developed with a detection limit of 10" copies/g of VLPs in real samples. Since this proposed
method in this study could be easily transformable into other combinations with bioreceptors, it is
expected that this technique would be applied to LFIA kit development system and bioreceptor quality
management.
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2.1 Materials

Target &2 A}-8-%]= Virus-Like Particles (VLPs)
9} 5714 F72] Anti-VLP antibody= Abcam¥}
Mybiosource, Inc.olA] T+l gt} 2 Aol A A
Al dlolE 7L sid AlZARS] AlEoll ke F
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of AzAtete] WA 24 S opE H7t
ol - A4 H]aLgk VLPs9} Anti-VLP antibody
off gk AAIeE A= g7iehA] B71= A4
t}. Gold(IIl) chloride trihydrate, Tween20, Poly
(ethylene glycol) methyl ether thiol, Bovine Serum
Albumin (BSA), NaClE Sigma-Aldrichol| 4 )
gt} Control lineol] AH8-¥ Anti-IgG antibody+=
Abcam®l| A4 Tl g1t} Potassium carbonate(K,COs)
9} Sucrosei= Junsei Chemical Co., Ltd (Tokyo,
Japan)oll A Tl BAT). LFIA strip A 2fol] AR5
Nitrocellulose membrane, Sample pad, Absorption
pad, Backing cardv™= 57 Bore Da Biotech Co.
Ltd (Seongnam, Korea)ol| 4] -ulj @i}, 287 73
o A BAL ojnA] A AZEY0] T®
21921 Image J software (National Institute of
Health, USA)E AHEEth B3 BE &892 3
Ap go| g ARgste] EH|

2.2 Gold nanopartides (AuNPs) solution
preparation

AuNP &34 335 918 vl = B Aqua
regia®} 3%} Eo| 242 Ao R AMF S H
AHE-3T). 40nm AuNPs &4 Seeded growth
o R FAAATM. WA, 10 mle] 32} ol

2579l 1.0g2] Gold(III) chloride trihydrate% =
galo] 10%(w/v)e] Au Seed &F4 S THERITH
1237 100 mle] 32k E—io]%—roﬂ 1.0g%] Trisodium
citrateE =8}0] 1%(w/v)e] Trisodium citrate
EFAE FHCE T 02 700mle] 32t Eol
295 1L H]AH| A9 Heating mantle®l| 4]
Magnetic stir barg ©]-&3l nHHelHA] Eo] #
S W7 7FE e Eol B W 0.7 ml] Au
seed 7S E3gk 7 2,531 74 o
%Qi 0.7 ml, 1.5 ml, 2.4 ml2] Trisodium citrate
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2.3 AuNP functionalization with VLPs and
Anti-VLP antibody

HA AuNP &F412] pHE 0.25M Potassium
carbonate(K,CO;) bufferE ©|83) pH 72 A
ok th2 0.2 5572] Anti-VLP antibody =2
VLPsE 717} AuNP &7 H7kglt A9
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sk 23S 98l 1417 B9k Ao A vk H,
4°C = 249 A2 71E o83l 150,000rpm
4] 155 SoF AEa gk dalRals) g
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t}. X9t o 2 10% PEGE 16XE 3143k
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A 548 525 nm 9139 3 WskE HU1E)
Ul Spectrophotometers &3l Sk WA,
Antibody-AuNP &S 3 ml—% PMMA FFHllol]
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2.5 Paper strip preparation for rBSM

2 2o AL8-3F Paper strip<> Sample pad,
Nitrocellulose(NC) membrane, Absorption pad L
2] 3l Backing card= 7t 7 84AES
2+5}710l] kA, Sample padi= 10 mM PBS (pH
7.02), 5%2] BSA 2 0.05% tween 20°] H<-

()ocoﬂ/q QA 7F ZoF AZxEle] F=4]E9ict o
© 2 NC membranes Backing card®l] +-2Hg)
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2.6 Bioreceptor screening with rBSM

5714 &52] Anti-VLP antibody 0.5uLE Paper
strip NC membrane®] Test zone®l 7}&l5=At}

S 02 40TC LENA 587F AZE}o] buffer
solutions A AZTE o]F Ao A 101 2]
3]FAh TS % VLP surface modificationS
ukzl 40uLe] AuNP 4745 Paper strip2] sample
padoll T4k F 1538 F A3} whgo] 2t
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2.7 VIP detection with sandwich and
competitive assay
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antibody HEF 40uLoll VLP 1 uLE &313h 5
SHEE sample padol] T¢It} o] F 1587
Sk BEgo] E o] o= o|n| A& F

3L ImageJ softwares A3l Red dote] Al71&

i
%
2
nok R

A 7o) nlol @ 2jAlE] A st 139

FAH O A Gt

T 74 AssayR T on|A|E HAFE
Section 2.6914 A<% A F3Ae] vy
g agste] olmAE I

rr

_

2.8 Line dispending and real sample
application

A S Line S E]Z NC membrane®l] 1138}
= A2 Btk vle] e Ele] ofF|ste] 3
o} HHo Ao AAHHE A|E Test lineol
VAo, 1 mg/ml2] Anti-IgG antibodyS Control
line®] LT}, ©]F Absorbent padE WA NC
membrane?] control line Zof F-Z-Jc}. t}2-0
sample padE test line %ol F-23t ¥ 4 mm
A7]Z ZrebA Line dispensed strip= $Hd dlth.

Practical application= 913l %] n}Alol| A &
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£ 7Fell o] targeto] E3HE spiked M1ES WHE
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3.1 Construction of Lateral Flow Immunoassay
based rapid Bioreceptor Screening Method
(rBSM)

Lateral Flow Imnumnoassay based rapid Bioreceptor
Screening Method (rBSM)= 7'@&}A] ¥ key
motivation< 3|2 2] Bioreceptors A48kl 7k
oA Adske ERES rstaAt Folth
Fig. 1A+ tBSME 93} Stripell BioreceptorE 3L
A3l= ZAH-E] Binding affinity™3 7}eb= A 7HA]
ddAe] gAE HolFa gk WA, BSME $
St strip©] NC membrane 325l 0.511<] Bioreceptor
sampleS '8 = "ol Dot HY2)
Test zones FAHTE ©]F, strips 40 T o
oA oF 587t AZ%3}e] Buffer solutions A7
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A. Bioreceptor screening platform preparation procedure
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T
N

)
_

)
[

| » [

£
Test zone Test

2. Drying
Drying in 40 °C oven for 5 min to
evaporate buffer solution

1. Dropping bioreceptor
Dropping 0.5 ¢ of bioreceptor containing
solution ontothe test zone of NC membrane

Y
» T o 1
1

Test zone

4. Dropping sample solution
Dropping 40 pf of AuNP-Ab and target

containing sample solution onto sample pad

B. Bioreceptor with strong affinity

Strong affinity

zon Test zone

3. Cooling

Coolingat RT for 5 min

Flow direction

» C

5. Immunoreaction

Waiting for immunoreaction for 10 min

Test zone

C. Bioreceptor with weak affinity

Weak affinity

Fig. 1. Schematic illustration of Lateral Flow Immunoassay based rapid Bioreceptor Screening Method (rBSM)
and Bioreceptor evaluation principle. A: Construction and evaluation procedure of rBSM. B: Bioreceptor with
strong binding affinity. C: Bioreceptor with weak binding affinity
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git). o], Sample solution Test zone®l 4]
ImmunoreactionS 4 ©.71 % Absorbent pad”7}A|
o]%z:sl—\:]_. AuNP j_y.ﬁ_g] Aﬂ}\Lo] ﬂ}\ﬂo]ug Test
zone2| Bioreceptor®l] 2]3] B33 Red dot©]
e A Hr) ohFsE E57F2] Bioreceptor®] &

A LS 913l 2} Stript ] Test zone Y1XE ¥
A 2™ Immunoreaction times 10202 <
A5 A

Fig. 1B, C Target®} Bioreceptor®] Binding
affinity®] =Fofell wheh Yehii= @4 Test
zone2| E5S K] 73 Binding affinity S

741+ Bioreceptor®] 7-$-Immunoreaction®l] 2]
gk Zgk Aol dojuh o W& Y] AuNP7h

al 7(43 31 Test zone®l| 733t Red Dot©] L]—E]—LPE}
1 Binding affinity”} ¢F&t Bioreceptor2] 73

ofgh Agteow HjuH A& ¢ AuNP7} ar
5] 3L Test zoneol] YEF}= Red Doto] 13}
Uehdt} 234 0 =2 Test zonedll EFF= Red
Dot#e] ZIsl7] Hlug Fal <=7 Binding
affinity S 7}t 5= It} ¢4, Immunoreaction
AZHE 10802 wA3hE
HE A3 17k oF 301?‘01 redt 4
#1052, rBSME ‘&3l Bioreceptore} target{}«]
Binding affinitys At 1A B7HE 5
AT

, Bioreceptor _T’_7<q

3.2 Binding affinity evaluation through rBSM

BSMS- 53l Bioreceptors A1&-31A H71eh
T &5 Hol7] 93l Model bioreceptor2} Target
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Fig. 2. Comparison of VLP binding affinity of
Anti-VLP antibody candidates that are evaluated by
BSM. A: Schematic illustration of binding affinity
evaluation. B. Quantitative results of binding affinity
and photographic image of paper strip for Anti-VLP
antibody candidates
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3.3 Lateral Flow Immunoassay-based rapid
Sandwich Assay (rSA) for VLP detection

=22, VLP &S 918 BSM= M e
LFIA 7]49+9] rapid Sandwich assay (rSA)7} A A|
=21t} Sandwich assayE &3t Target &S 9
A= T oFFY AT sEnh o] F
Nitrocellulose(NC) membrane2] Test zone®l 1173
3= &A= AuNPoll 2788} A XU} Target
ZFe] wh-g-A| ko] 2] wjiZ-oll Binding affinity”}
q st Aoz ARgsteE Blo] fEsif?. uf
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Fig. 3. Lateral flow immunoassay-based rapid
sandwich assay (rSA) for VLP detection. A: Stability
comparison result for antibody coated AuNP B:
Schematic illustration of sandwich assay with rSA. C:
Quantitative results of VLP detection by rSA and
photographic image of paper strips after reaction with
various concentration of VLP
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34 Lateral Flow Immunoassay-based rapid
Competitive Assay (rCA) for VLP detection

50 2= rBSMS W33 LFIA 7|8 rapid
Competitive assay (rCA)7} A= AT}, Competitive
assay2] 7-9- Sandwich assay®} W]l uj, 3}
o] FARES o= sk o] vk wek
2], Section 3.29014 XA % A F A AuNPIE
Holl 23S v P=TE 7S Hold 3 AF
X BE rCA°l Aget AR Gt o],
Target 1+ AAS F-E317] $138] Test zoneol
Target VLP7} 324 ¥ 31t}

Fig. 4AT 1CAS] BEALEE HoF1 9l
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© 2 213} Binding site”} = =glv). wElbA,
Test zoneol] L H HT}IE VLPE WS u o
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Fig. 4. Lateral flow immunoassay-based rapid
competitive assay (rCA) for VLP detection. A:
Schematic illustration of competitive assay with rCA.
B: Quantitative results of VLP detection by rSA and
photographic image of paper strips after reaction with
various concentration of VLP.
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3.5 Construction of line dispensed LFA kit
and real sample application
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Fig. 5. VLP detection result with line dispensed LFIA
kit and real sample application result. A. Schematic
illustration of VLP detection with line dispensed
LFIA kit. B: Quantitative result of VLP detection and
paper strip after reaction with various concentration
of VLP. C: Photographic image of VLP detection in
real sample with various concentration.
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