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Paper-based Colorimetric Sensor for Detection of Shrimp
Allergenic Component sIgE in Serum
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Abstract: Objective: In this study, a paper-based colorimetric sensor was constructed and applied to detect the specific
immunoglobulin E (sIgE) of shrimp allergic patients. Methods: The specific antibody (sAb) of the important allergen
components in Litopenaeus vannamei, including tropomyosin (Lit v 1), arginine kinase (Lit v 2) and sarcoplasmic calcium-
binding protein (Lit v 4), were prepared and their titer were evaluated. The paper-based colorimetric sensor was prepared
with allergens as recognition elements, comprising a covering layer, a working layer and a waste liquid outflow layer. The
reaction conditions of the paper-based sensor were optimized and its analytical performance was systematically evaluated.
Results: Under the optimal conditions (secondary antibody dilution of 1:2000, target incubation time of 15 min etc.), Lit v
1-sAb, Lit v 2-sAb, Lit v 4-sAb were detected. Theirs recoveries were from 95.14% to 103.25%, with the relative standard
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deviations of less than 10%. The sensor was applied to the detection of sIgE in serum samples from shrimp allergic patients

with a detection limit of 0.22 ng/mL and a quantitation limit of 0.73 ng/mL. In addition, the sensitivities of the Lit v 1-sIgE,
Lit v 2-sIgE, and Lit v 4-sIgE ranged from 80.00% to 100%, and the specificities of the three ranged from 91.67% to
100.00%. The consistency of this method with ELISA results reached 88.10%. Conclusion: The sensor has good sensitivity
and accuracy. The method is simple, rapid, and suitable for quantitative analysis of allergen component sIgE in shrimp

allergic patients. This provides technical support for the component resolved diagnosis of crustacean aquatic products.
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TN B IZ T . AR B AL A e ey
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MBS R AR 2 W A I 5 1
1 MR5RE
11 #MRIS{ER

EYE FLANTEXTIE 083 BT TRMESEE T 5 B0 22
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PRO £ W BERF #R 1Y Fiw 1+ Tecan 2\ 7l ; LaserPro
Spirit II #OEHIEIPL  GCC world 2375 600 124 %
Feif% 2452 € [E Azure Biosystems Z¥ F ; Power-
Pac300 FEHBH PRI  3E1E Bio-Rad A\ FH].
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1.2.1 ZTEREPURMHIS RN 5Pr  BEREARSIES
FATY B E A TR EUE Lit v 1. rLit v 2 1 rLit v
4 #% 1 mL(1 mg/mL) 532 IR P8R PE 22 R A5, Hil4s
P Lit v 1. Litv 2 fl Litv 4 Z 72 EHifAR (Lit v
1-sAb. Lit v 2-sAb Fll Lit v 4-sAb), %4l i 5 R 4E
Gl F 4 °C BB %, 5.0 (30 min, 3500xg, 4 °C)
LA B L3 , 5% Dot blot X ELISA #ATHUARL
AT 2z 20, S i A e AR B A RE 10 2 ve B BT A
(1:1x10°~1:5x10)VEh—Pt, LI HRP #nic i =FHT
1 IgG(FRRERE N 1:2x10D)VE M —Fi.

1.2.2 ARILHrEEE HIfE  FH CorelDRAW 2019
AP 4] 4x3 BEHI U2, — 2 FLEE N 6 mmx
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1 mm FHTFIRR G, 5351802 7 35 )2 X430
AEBNERFE T, TR0 GYI IR 2R B ELpy g FH
e AT EZ] . Bl e X 4RI AT THAL B, B 5.0 puL
*) 0.5 mg/mL 72 5RBHE W I #4835 B 20 min,
PRSI 5.0 pL A9 2.5% A9 RS S HAE =R
B2 he FRIGAFRITEN 5.0 uL 49 50 pg/mL EEUE
Litv 1. Lit v 2, Litv 4 T4E5: F9FE 30 min, FH-E
i 5.0 pL 19 1%BSA( H 14 &bk oo & A= JEFr 5 e 4%
4, N BSA Al 5 8 )z by X _E 3R AR BESE A i
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F Lit v 4-sAb 1E>5 PAD H &I H A, £ 57 A [H]
iy PAD XF B8 2H , 2% 2H 43 5 2 (1) Z 8 5 +sAb+
HRP+TMB, (ii) [ —EE+TMB, (iii) I} — Jis +3 5
JFE+TMB, (iv) % B+ E 8 A +sAb+TMB, (v) % —
fi% -+ 3% 5 +sAb+HRP+TMB, (vi) J% — P& +3 B¢
JFE+HRP+TMB (25 % HEZH) .

1.2.4 4L LRI TAEARE  #F 5.0 uL 5557
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FYJ Lit v 1-sAb. Lit v 2-sAb Fl Lit v 4-sAb 43 5I%3 0
FNACIAGIN XI5, FE LS50 254~ 3647 PAD 19
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rLit v 2 Fll rLit v 4 GREHTPH 22 K FH G 3RASAH Y 4 57
MEHTiR (Specific antibody, sAb) ., F|JH Dot-blot 4347
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M, BEAE SBT IS A B EO G I, S BN i ol (euam
g E5 (E 1A), J5 A ELISA 43T =3 sAb
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W E OB R R o S T AEARIHM L R
LSRN TERE R sIgE AR, HAG I A2 an &l 2B
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[¥51 0 AEARIASHI X 35, 1] FHFCEpH -5 I X 43
B P IALER, MTTARIE AR S, R LAY
A YL FIIRELEA T SR, (S RS
A5 Rl [ AR AR R oA sIgE PRI $ At 551
ARSI s} A1) FH 28 S A ARE Sk, 5 B E ARG

SEARARI AT SZEUE BT . T 1eG PUARE S BHIWT
PREO i3 1gE BAT 59 1gG FEIRIEs& 720
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AR AR PAD BUTERE. O T SO RELREE HE (1L 5%

PRl 4THE, FIFH Lit v 1-sAb. Lit v 2-sAb Fl Lit v 4-

sAb 1E PAD HAGKIN B AR, 257 T ARFEAXTRRLH, i
K 2C FiR, 525 AT RELHAR HE, M3 IE&A sAb 1Y

BESLIT, S2EGZH v F AR B N RIS 5, i
RO B R . T A AV ARIE RE B U] 2D B,
XLELEEIGIE T PAD FraE
23 TESHHIMRK

KT FAFEALR S M ERE, XA Y SR
SRHAT T A, S5 RARS R Lit v 4-sAb #5147
52U . HRP HRICHUAR (P& SR 4S5 &k s
i S LA, BRI, Ak T RS RREE, ] 3A FT
7N, AR AH B — i BAEEE I usis)s, 550w
BT, %’u:ﬁ*ﬁ%&{i@%&iﬁuiu 1:2000 2 J5 4
RO i YR 55, 5 GRS, e 1:2000 1E R
HRP bRicPUA e ER R . ieAb, 0 7 i [a] X 25
OARL BB AR e AT G B E A, Rk, X
TMB wisfia] . BAr¥i aita . P & st a) ik
1Ak, an& 3B~E 3D Jiras, AR {HFEE 2SR A g3

A O \Y* NN O
F N FFE S
1o [ e | Lo [0 @] Lixio [8 @ ]
1:2x10° 1210 [0 @ ] Lo [@ @]
1540 [ ] lisao [0 0] 150 [0 @ ]
10t [ e ] Lo [@ e ] lix0 [0 e ]
1:2x10' [ @ | paxior [@ @] 12x10' [@ @ ]
1:5x10' [0 @ ] 150 [0 0] 15310 [0 @ ]
1:1%10° tixaos [0 © ] ixios [0 e |
psao [ psaos [ s [0 0]
B
49 - Litv I-sAb 4- 49 o1
-o- BSA - Lit v 2-sAb _ . EIStX 4-sAb
"2 3 /\23_ -or BSA E 3
y o )
e 27 2 24 S 2-
e e =
B2 >
21 =1 =1
00O = O- -0 - e mOm e . 0--0---0- e Oe==0 O
R i i i i iR I I B
S § I3 8 38 SIS I I I8 SIS I I I8
\Jr\ '\/+\ ‘)Jr\ \+\ qu\ 5+\ \Jr\ 5+\ \+\ qu\ ‘;r\ \+\ qu\ 5+\ \Jr\ @L\ \+\ qj\ ‘)Jr\ \+\ qu\ 5+\ \+\ ‘;r\
NN ENENINAIN NN NN NN NN NN
B LT TR JEE G R MR R
Bl 1 fdi Litv 1, Litv 2 Fl Lit v 4 252 BEHUAR 7347
Fig.1 Titer analysis of rabbit anti-Lit v 1, Lit v 2 and Lit v 4 polyclonal antibody

: A, Dot-blot; B, ELISA, 1:1x10°~1:5x10° i sAb #i &5 4L.
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Fig.2 Schematic and the feasibility of the paper-based colorimetric sensor for detection of sIgE
T ACPAD ML, T I I, VAR ae 2. TARE R 2 . BLws 2 B, S AR I C, Rl IX B AR (078 1k, &
TR ] 7 B R R 4R 22 5 .32 (P<0.01); D, 40HE IR Ay (1) BUUE +sAb+HRP+TMB, (ii) [ B +TMB, (iii) /% — B +2 i
JE+TMB, (iv) % " BE+E R +sAb+TMB, (v) I " EE+EUHF+sAb+HRP+TMB, (vi) [ ~BE+EUHHFE-+HRP+TMB (%5 X R4

» 90000000 B 000060000

60

ARfH
AR{H

1 2 5 8 10 15 20
TMB & ][] (min)

r 90000000

ARfH

0 2 5 10 15 30 90 150 0 2 5 10 20 30 60 90
HFs & itE] (min) AR A (min)

K3 4RI L BRI AL 1L
Fig.3 Optimization of assay conditions on paper-based colorimetric sensor

W A, “HFFEE; B, TMB AR A]; C, HFRWBEE B H); D, 3 E miE]; B oA m B3R 410 25 5% 2 (P<0.01) .



4785 % oM

X AL, A BT AR L ARSI L IR B ) s1gE - 295 -

IR S, B RCIR R R, 2 TMB 8 (i) [A]
5 min J&, HARMZFEBTE] 15 min J5, P00 F A E
10 min Ji5, 250 (OO B 1G5, 25 TR a4, %
£ 5 min FE28 TMBR R [E], 15 min /EN B R0
B, 10 min /E8 —HiEEBESM]
24 RKELLEERSNEMEXARBEES T

SR T PR AL AL ERAR X AN R B Y sADb 19
SATHERE, PERARESCIS SR T, RN Y Lit v 1-
sADb. Lit v 2-sAb Fll Lit v 4-sAb EA7I5E, 4Nl 4 fr
715, FHRNHR 0] DAFR 25 55 s # 51) s Cazs n inik (18] 4),
RPELESL L 1, B sAb 7645 I HITLBINLIEC R
R, YosE 2% R ¥ KT 0.9695. T ELISA &
— GG n] SE T 2R R s ik, Btk A
FTHH ELISA JUE T sAb &MHAERTLE, /R Lit v 1-sAb,
Lit v 2-sAb Fll Lit v 4-sAb 7E4% H BUTL R PN B B 4T
FIAESCHE (G- 1) o MRS FURE &5 W N 19 = A5 Pn R
2= SR uE i 2R R AY ELELAT 2 T 12 A9 AS HH R (Limit
of detection, LOD), %5 FARE RN 5 imZE 5
o o il 2 AR 35 1 BUAE 0/ o 7 v 19 2 1 BR (Limit of
quantitation, LOQ) , PAD il i€ Lit v 1-sAb ) LOD
1 LOQ 5 ELISA #H34, MIaZ Lit v 2-sAb & AKX
LOD 1 LOQ. Zg I, F]H PAD Kzl sAb A4 & UT-1Y
SypTERE

FF PAD K, X4 Fl sAb ¥ 1 2.00 ng/mL
1 20.00 ng/mL 2 7 E/RKSFHAT IS, FISR
FNAHXT b5 #E AW 22 (Relative standard deviation, RSD)
ZEULAHT ULER 2, 2 DUSINZKSE BRI TE 95.14%~
103.25% = [a], RSD /T 10%, 28] PAD I Lit
v 1-sAb, Lit v 2-sAb Fll Lit v 4-sAb EA L5 IAER
FEFINE 2L

0.1 02 04 08 12 16 2 24

Litv 1-sAb

Lit v 2-sAb

Lit v 4-sAb

F 2 YU L R DU AN [F) i BE oA i [l
RSD {H(n=3)
Table 2 Recoveries and RSD values of different concentrations
of antibodies measured by paper-based colorimetric sensor (n=3)

W IR E (ng/mL) MEWSE (ng/mL) FIJCR (%) RSD(%)

. 2.00 1.90+0.06 95.14 291
Litv 1-sAb

20.00 20.30+0.29 101.49 1.42

. 2.00 1.91£0.06 95.44 3.10
Lit v 2-sAb

20.00 20.03+£1.91 100.17 9.55

. 2.00 2.01£0.07 100.25 341
Lit v 4-sAb

20.00 20.65+0.74 103.25 3.61
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YLy BRI DX A e BB ARR A BE T,
W SA Wi, v G ZIRFIHTARZH AT B B i s o5,
TP 525 A EaAH im0 t, BARRNET4A
215 HAD T PRLA i . BB S E (AR (B A
FME2E S, /X PAD A Ry HHett. BT ar
MGG A sAb BV sIgG #7882, PAD X1 Afil
W sIgE MYZR MR M ARG 2, TR ZE R ADL IgE
VE AR AT AEE Lh AL B R s r dn v 28, I T)E
LESEBR LIS FEAS sIgE YAl . ani&l 5B iras, X1
AP IgE AR, 5 fo, (€0, ) 56 5 Fi 05 T B g 1 DR
WIAE R, 7€ 1~80 ng/mL YL [FEI PN AR {H 5 APL 1gE ¥
JE LR PETIT RN y=0.6896x+13.78, R*=0.9808, LOD
A1 0.22 ng/mL, LOQ “& 0.73 ng/mL. F|J] ELISA X
IgE by il £ #4700 2, Lot )5 2 y=0.01166x+
0.06586, R’>=0.9900, LOD 4 0.45 ng/mL, LOQ ¥y
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Fig.4 Paper-based photos of Lit v 1-sAb, Lit v 2-sAb and Lit v 4-sAb at different concentrations

F 1 I EIGERIEAES ELISA W& Lit v 1-sAb. Lit v 2-sAb. Lit v 4-sAb [ R, 2 26E.
L PEAR I ROV R (n=3)

Table 1 Limit of detection, limit of quantitation, correlation coefficients and linear ranges of Lit v 1-sAb, Lit v 2-sAb and Lit v 4-sAb
measured by paper-based colorimetric sensor and traditional ELISA (n=3)
Hirdy M5 (ng/mL) PAD FLISA
7 2L (ng/m - -
” £ LA R*  LOD (ng/mL) LOQ (ng/mL) By R*  LOD (ng/mL) LOQ (ng/mL)
Litv 1-sAb 0.2~2.4 y=0.401x+6.747 0.9734 0.2799 0.9330 y=0.06160x+0.1416 0.9907 0.279 0.9320
A\ . . . .
s 5.0~40.0 y=0.8707x+21.08 0.9888 y=0.02758x+0.3616  0.9906
. 0.2~2.4 y=8.011x+5.546 0.9695 y=0.02721x+0.1498 0.9911
Lit v 2-sAb 0.3406 1.1353 0.7656 2.5520
5.0~40.0 y=0.6707x+24.15 0.9852 y=0.01886x+0.1741 0.9922
. 0.2~2.4 y=7.915x+4.394 0.9856 y=0.04882x+0.2170  0.9909
Lit v 4-sAb 0.2657 0.8857 0.1375 0.4583
5.0~40.0 y=0.9495x+21.81 0.9840 y=0.03023x+0.68031 0.9934
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Fig.5 Evaluation of interference immunity of paper-based colorimetric sensor and IgE standard curve determination by PAD
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Table 3  Sensitivity and specificity analysis of sIgE by paper-
based colorimetric sensor

Hr9 R (%) FESE (%)
Lit v 1-sIgE 100.00(15/15) 91.67(11/12)
Lit v 2-sIgE 83.33(10/12) 100.00(12/12)
Lit v 4-sIgE 80.00(12/15) 100.00(12/12)
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