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Abstract

A lateral flow immunoassay (LFIA) method using carbon nanodot@silica as a signaling material was developed for analyzing
the concentration of retinol-binding protein 4 (RBP4), one of the lung cancer biomarkers. Instead of antibodies mainly used
as bioreceptors in nitrocellulose membranes in LFIA for protein detection, aptamers that are more economical, easy to store
for a long time, and have strong affinities toward specific target proteins were used. A 5' terminal of biotin-modified aptamer
specific to RBP4 was first reacted with neutravidin followed by spraying the mixture on the membrane in order to immobilize
the aptamer in a porous membrane by the strong binding affinity between biotin and neutravidin. Carbon nanodot@silica
nanoparticles with blue fluorescent signal covalently conjugated to the RBP4 antibody, and RBP4 were injected in a lateral
flow manner on to the surface bound aptamer to form a sandwich complex. Surfactant concentrations, ionic strength, and
additional blocking reagents were added to the running buffer solution to optimize the fluorescent signal off from the sand-
wich complex which was correlated to the concentration of RBP4. A 10 mM Tris (pH 7.4) running buffer containing 150
mM NaCl and 0.05% Tween-20 with 0.6 M ethanolamine as a blocking agent showed the optimum assay condition for carbon
nanodot@silica-based LFIA. The results indicate that an aptamer, more economical and easier to store for a long time can
be used as an alternative immobilizing probe for antibody in a LFIA device which can be used as a point-of-care diagnosis
kit for lung cancer diseases.
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2.1. Al2F & =

Citric acid (Sigma-Aldrich), 3-aminopropyltriethoxysilane (APTES,
Sigma-Aldrich), ammonium hydroxide (Sigma-Aldrich), sodium citrate
(sigma-Aldrich), tetracthyl orthosilicate (TEOS, Sigma-Aldrich), dime-
thylformamide (DMF, Sigma-Aldrich), N'-ethylcarbodiimide hydrochloride
(EDC, Thermo Scientific), Tris-HCI (Sigma-Aldrich), sodium chloride
(NaCl, Sigma-Aldrich), N-hydroxysulfosuccinimide (NHSS, Thermo),
2-(N-morpholino)ethanesulfonic acid (MES, Sigma-Aldrich), succinic
anhydride (Sigma-Aldrich), phosphate buffer saline (PBS, pH 7.4, Gibco),
neutravidin (Thermo Scientific), Tween-20 (Sigma-Aldrich), non-fat
dried milk (NFDM, Sigma-Aldrich), casein (Sigma-Aldrich), ethanol-
amine (ETA, Sigma-Aldrich), goat anti-mouse IgG polyclonal antibody
(Arista Biologicals), bovine serum albumin (BSA, Sigma-Aldrich), retinol-
binding protein 4 recombinant protein (RBP4, Mybiosource), mouse
anti-human RBP4 monoclonal antibody (anti-RBP4, MyBiosource)<
S183 A flo] 7-AE Aok 1o AHE-slSith RBP4o] 5ol o
2 Al 5 HikS 1wl o F WHEE DNA YEFH = Integrated
DNA TechnologiesAFZ5FE] &3 Wobx AREsIglow, 71 AELe o}
23} 2t} 5-/5Biosg/ATA CCA GCT TAT TCA ATT ACA GTA
GTG AGG GGT CCG TCG TGG GGT AGT TGG GTC-3°[22,23].

2.2. 7|IE25AI51El CND@SIO, LE=QIX} &+ 2 2| 71sd =2

CND@SiO= Lee 5{21]0] Rk WS o]gslo] dAskich
eks] Assiabd, da 7kE S8 WA APTES 15 mLe} AJEZ
b1 g EFES 3T T Ak EekAel] Wil 240 °CE 7St
©] CND-APTES §-9-& AlxaI3it) 7] &9l 3% A& Al
A7) A3l 15000 pmC.2 20 & T 94 e & ASaS
sk U2 © 2 CND-APTES (0.2 mL), TEOS (1 mL), 543}
X503 mL), °T&-&(5 mL) ¥ /TG mL)E 33t 7 4 AR
QF REEA|A ZEo|E CND@SIO, WieSiAbs 9313, #ake] kg
= AANT7] S A7 )E ol &ato] cehaE Al WM A3
t}. A3 CND@SI0,2) EWol 71222715 28la]9)8)] ok
° 100 mg2] CND@SiOs, 0.2 mL2] NH,OH ¥ 0.15 mL2] APTESE
Y4 A7F Bk WS AIZEE A7) £ 13000 rpmollA] Q4] H
sto] S s AATOZH YeliAE AFEI, AHS e
DMF (1 mg/mL)ol| ¥AHAIA 12 AIRE o Bt A2lil 55 0.6 g2}
WA 1 A3 3o] 7125418 X2E CND@SI0, WAt
= JEloH, o]5 MES 958910 mM, pH 6.0)°.Z Ao+ &
MES ¢Hg-g-ofo]l ZAAZATE 343 CND@SIO,2] 384 54&
UV-Vis (UV-1800 Shimadzu) % &3 (Agilent Technologies) 33 %
AE olgste] FAAoH, YA /e FIAAAW(TEM,
Hitachi HT 7700)3} Y=§3A2F 5+2] 3-4](Malvern Nanosight NS 300)
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Figure 1. Schematic illustration of an aptamer-antibody-based lateral flow immunofluorescence assay (LFIA) for detection retinol-binding protein

4 (RBP4).
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2.3. LFIA g% AEZ HZ= 3 RBP4 &

2 =EolAE LFIA 248 23t HAE |
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HE WA Q8 5 ddo] HleRlo R HYPE RBP4 YEH(2
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glow, o]& 37 °CollA 3 Al AE AZXAZ F 4 °ColA HA3IS
ol A2k LIFA 2ERS o]&sto] RBP4 3 A% 715 o1& H
2E37] 93] 96-9 ZH|o]Eo] CND@SiO,-anti RBP4 2.5 pL= @
I, AZ o F=2] RBP4 F¢lo] $-7-5 PBS €589 10 uLs
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eQlal 4] 24 WS 53l #lst CND@SIo, 78 UA+e] 3
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F® umyS Tt 2EHS whEt S f5 WA o 3274
AR5 77198 218k} Figure 2(c)2) UV-vise} 334 4] A3}
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nmeld 3 WE 935 Yehsd, o] CND@SIO,7} CND AHA|
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Figure 2. Characterization CND@SiO, as signal reporters for lateral flow immunofluorescence assay. (a) Transmission electron microscopy (inset:
CND@SIiO; in PBS), (b) nanoparticles tracking analysis, and (c¢) UV-vis and fluorescence spectrophotometer.
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Figure 3. Optimization of an aptamer-antibody-based lateral flow immunofluorescence assay (LFIA) for detection retinol-binding protein 4 (RBP4).
The effect of difference parameter on running buffer formulation: (a) variety of Tween-20 concentration, (b) the difference on buffer solutions and
concentration of salts. The negative sign (-) represents to the absence of RBP4 protein, while the positive sign (+) represents to the presence of
RBP4 with fixed concentration of 150 nM. (c) different used of blocking agents; non-fat dried milk (NFDM), casein, ethanolamine (ETA), and

bovine serum albumin (BSA) (d) increasing concentration of ethanolamine as a

317] 98] A3 RBP4 @99 5= 150 nMo]th. Figure 3(a)=
10 mM PBS (pH 7.4) ¢80l 150 mM NaCl2 ¥ )M A
A2 Tween-205 7|2 AFLSlY] T8 WHIA|7|Y B3t

A YERQITE £ Aol Tween-20S AAZAAZ A es)
Rt 2 T o= CND@SIO, 9] §41S Hastelal Jehm e} 334
o] Akl 7 JdEgHo] A7) wiizolTh21,26]. 7H-&-<e
A7k AREGAL] FEE 1IAFE 0.05%2 S5 b stebd
/RBP4/CND@SiOz-anti-RBP4 =214 H3H4] 8/del 2]k CND@SiO,
FPHE NEE A A3, Tween20 7MY S5E 025 U
0.05%% 3t31& o Tzell B4 Aart vepskon, ~E7]e] 14¢
HEP7F 224 T Ages QOW T ASITE AT Tween-20
o] FEE 0.25% o ew 7SS A TZolA stebv <] 314
TE2E WA 24 B ae] A3hs WalE 7lsdo] o ok
AR FRAIF AT AT F USITH26). whebA dE
o] 32kl F2E WEAT1A] homiA 4] chilgate] Ag s
A AE WHEE FY T UEF WA dF&ddl Hrkehs
HA 9] Tween-20 EEE 0.05%% A3t

ep-ghl-ghA) TSR] B Ao digt o] Aj7]9]

25kt Ml 33 & M 2 &, 2022

selected blocking agent.

TS 2] Sl 58] FRel fo) wE WshAIEA A
& FHEITE LFIACIA A ol JebE AR A 2 AREE
2H5-8-91Q1 PBS (10 mM, pH 7.4), saline-citrate (SSC, 10 mM, pH 7.4),
Tris (10 mM, pH 7.4)E A&ate] ghollA] &Rl 74 55(0.05%)2
Tween-202 212} 71t 5§ v 559 NaCls Wol vlwsisith 1
23} Figure 3(b)el4] 1ol 2717 150 mM NaClo] ¥ 417] 3
3“94 QL%_Q_oHQ_ xq7H QLE—_Q_OH o7 /\]_Q_;]_Oiﬁ_ Lq] 300 mM NaClol

3 3 59 %%oﬂ A ABRE it Tz e
olelg Anke eiEgole)

T MMI:]—

ol rigiol 91 NaCH b Qetel-gelaka) AlEsA 2
f‘é}ﬂ] Ao Z ] = 2JgkS 1) ]\_ 0/\01 o y_oq_,—dr poR l‘_r;_‘roﬂ/qb

150 mM NaCl#} 0.05% Tween-202 37F5F 10 mM Tris $H8-90]
02 e5-gAn) TZollA LEFH/RBP4/CND@SiO,-anti-RBP4 M=
A E5A7F P o] el CND@SI0,2] F% HE AUt 7
2 7slel7] Wizl olE A9 A fFgdoR Mesgich
RBP4 &-¢go] g3l &4l wkgofl o) TzolA 84 4157}
el AR o AlE ZAE sidsh] A3l NC HHFQ] 2o
2y7] g2 S5l B2 A9k, 5 5% NFDM, 5% BSA, 1% Casein,
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Figure 4. Detection of retinol binding protein 4 using the optimum of an aptamer-antibody-based lateral flow immunofluorescence assay (LFIA)
with carbon nanodots@SiO,. (a) The half strip tests show the detection RBP4 in Tris buffer solutions with concentration range of 0 — 150 nM.
(b) The illustration of binding mechanism in TZ and CZ with the presence or absence of target RBP4.
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Fo| Bay WHEgel o) H|Eo]x

Al B27) FEE ARSI TH27-29]. Figure 3(c)old & < Q)

] 5% NFDM< AHE-31S 739 RBP4 @9lo] glSox Tz o] %S

g A5t AGE =, o2t FEh o) E ARlAE st

A g8 sk NFDM O] AESH] 74 247 B3dsh] o

o7 F=Hu29]. IHEE AR A AFE Ho|= o]f9¢l HE
E H43kl] JallME= 5% BSA, 1% Casein =3 0.1 M

B A

Eo

AT E 7P auFo R rarPle 2E B 4 A thFigure 3¢). F
FH 0w Puelel] ARSIt ETAY S8 S7HA171v gl At
0.6 M| ETAZ} BIS0) 4 Hho-5 s] g = o o allth
whehA] TZAA LEFH/RBP4/CND@SiO,-anti-RBP4 A1 =9
A7} FdPo =M RBP4 S &S] Y3 H 4] A
727 150 mM2] NaCl¥ 0.05% Tween-202 SH-a11 Q=
Tris (pH 7.4) $Z-&NE& AMESIl L, HE R B2 A9k 0.6 M
°] ETAE A&3I5ith AANES) FHNEE Aebd FEQ) half-2
EFS o] g3 on, RBP4 FXmsle] whel Tzo)q FAE b
-l g M=9)R] Eeh4le] CND@SIO,- HE F3415.9 A7)

X
&

==
7} W3be =2 ZARIITE Figure 4(a)ollAl ¥.520] 0, 50, 75, 100 2
150 nM 2] F5E 7IXE RBP4S 589 270 BAES A
RBP4 &-1°] 218 w0 nM)= UV HZ(365 nm) o}fjollx F2 &3
AFE s 7] A3KCZ)0] vER s 1S ERI8H1aL, RBP4 o]
& e 7 e &, T2 CZolM B A 333 A% AEE &
stlom, ol9l M el Frt TUFEe wket 129 ¥ A%

T} E7VE F1E 4= QoM o3k Ay Figure 4(b)ollA K
o] RBP4 o] A Tzl A" GER HelA
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