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An Electrochemical Nano-immunosensor for Rapid Detection of
a-Casein in Milk
PENG Dandan', LIU Danyang"*, LI Lina', LIU Zeyang', LU Dingqiang>", PANG Guangchang'*’

(1.School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China;
2.Tianjin Key Laboratory of Food Biotechnology, Tianjin 300134, China)

Abstract: Based on electrochemical biosensing technology, chitosan was used as bridge agent, combined with gold
nanoparticles and horseradish peroxidase electrical signal amplification system, and FceRI receptor protein was used as
general molecular probe to adsorb anti-bovine milk a-casein antibody IgE, constructed a nano-gold immunosensor for the
detection of allergen a-casein in bovine milk, and the milk a-casein was verified by time-current curve. The results showed
that the kinetic equation of a-casein-IgE (immunoglobulins E) interaction conforms to the hyperbolic law, the results met
the hyperbolic fitting criterion R*=0.95, and had a substrate saturation effect similar to that of enzyme-substrate interaction.
The value of the a-casein allosteric interaction constant (Ka) was 4.096x10™'2 mol/L calculated by referring to the Michaelis
constant. The biosensor developed in this study could bind to the specific IgE of allergens and realize ultrasensitive
detection of allergens. The detection method had high sensitivity, simple operation and low cost, and could provide a new

detection method for allergic reactions caused by low-dose allergens.
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FIE AR RLIN AR P O 2, 2019 4732 [ B
HLHEE T 40443 A, W52 LI LY 10.8% M NHESZ
BB R N, o ) L 1) 22 95 25405 i 1 AT
N, I H ARG, A28 R k) Lt
TR R W R 10, — HRE, Sy AR SE .
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T T A FLAT ORI AR F B FE R 2
TR ey | B AL IR AR R AR )
DA B s B8OBAR iyl o717 A R S B TR TE SR I
REFEEA A, FH T SR BRI A 2 2, (EAFAEAS T
G A AE SN, T HL2x H BB BRI s e s8R (o
WA e R | v MR BE A0S (B Y B, K
WA /55, T B N BB EATEAE, AR Rk
W Horpy, M Ak B AR I R P . SRR i L R
AAG . BRI, B 2R SR HRARSAAZ IR R
Rl ey i U, 22 DA s AR S BR e T
A Z raE TR S BOAARAYE S AR Yoo, e
My o S BUR A Y SO SO A AR 45 AR
Sy A AR AR = A A5 S g ge A2 SO T
Fe A CRAE S, DG E S G S A R Gt —20
TR, I S B X b 480 D 1) 5 P N 243 BT .. Cao
SEUS R 3R T — P L T S AR T RS SR/ 22 BE R
PR E G R A E AR RS, e A4 5Lh
A £ 1, 2R PETE BBl 10%~10* ng/mL, Eissa £
TEAT SR IRAS 1 22 P ER il B FEL A R T 9% — )23 4243
RBR, SR e AR AR R T Y [ AR 3L B-FLEREE PR,
FENT M &0 BUAR 22 B A S5 e B K p-FLBER 2R
1, H AR MTE A 1 pg/mL~100 ng/mL .

A G I T AL E ML IBRE AR, LS TR N
PRI, &5 G Aok 4 MR il S A i FB 245 5 ik
KEGE, I LA FeeRI SRR 19 i FH 43S T
H-F o-ME R APUAE IgE, 3 T —Fm &

B AT - T B PRSI 114 LA 22 N K S e A Sk
(G IRARAE— B R PR TR A FeeRI SZAK1H
AE AR A E 22 Aok 280 2% 17 S5 T =2 B SO v L e
SHAS R ST . B2 R AN . T SR A T2
RV AE AL TR MBS I I FIE M . ABIFSE T
TIFHRIAL AR TT LAKAS Ka 5 3h 124280, A 7 AE NV 5
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FceRI ZIRTE A . IgE il ARSI =W 45 R
HEEETRER  REEPE S LA R AT RN F] oK 2R
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BHHEERA ] S &R LT E&RHSH T R
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YExh  H MU BRI R G BRAS Bl TAE -3
ik B AR (@=3 mm) . %F LA -4 22 FB A% . 2 b Ll -
Ag/AgCl Hifle RS TERFHE A RS F] .
1.2 L7k
1.2.1 9Kk IRl a5 SRIE g Kp T
J 1y il 25 R FH A AR IR 4 D G A TR ks, LR HAE 4
TP DMAFREL 1:25 AT ERRREN TS R A P S 4 1R
ERRA, FHTRIRER FIRK RN VR T8 pH R 7.0,
B W 85 TR A B v, AP i #% 10~15 min,
WL R BT, VAR IRz 56 TP £ U5
1Bk, FRBH IR AN K SR TS . SR —fA
BB TEAEZE, 7E T 4 C BRI
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B, T e (Transmission Electron Microscope, TEM )
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THVE =R B JE B RE s v T, ] 101 19 HNO,,
ToK ZBEFIHBAL KRR vyt . 1EVRRIS, SRAHEHS
YEFEIH—0.1~1.0 V, 33N 100 mV/s IITEIRMA
22y, 78 1 moL/L H,SO, W, IS ik, =7
HEREGE IEIMR LAk . SR)G RITIERRMR 281 ()
YEE-0.1~0.6 V, FHIZR 50 mV/s) FRAE AR THAL
FE L, IOV 1 mmol/L K;Fe(CN)¢+0.20 mol/L
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Fig.1

Schematic diagram of preparation of IgE-FceRI electrochemical nano immunosensor
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Fig.4 Current change rate of the sensor under different voltages
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10> mol/L B, mi )i B, i AR fh ZR ik Bl i K, 2 HH 1gE
ETIRL A SN S DA e
2.5 IgBE-FceRI K BEERBRSF . o-BEEBIER
I F Lk

Kl 6 fras, 7E 1072~107'° mol/L 4+, a-Mg4E
PR BT BBl A9 At _ I E— 25 4143, AR i 10 HL 7T
AR, FEALBR AR o- IR B SET TVER], =244k
[ NS = I

40-

HLIEAL AL (%)
S8 2

o
(=)
1

[R]+[L] = [RL] ® (2

k2



%43 % 5 164 EPHY A SETRAE ARSI A L HUR -l - 311 -
137 AR, TEREAE 7L I E R A8 A 3 P e 5

F
1.2
5 //1/
f
114
/
“13-12-11-10 -9 -8 ~7 ~6 —5 —4 -3 —2
lg (¢)
K5 A3 a-BEHE I TERIN IR R Y0 P ) R R AR AL R

Fig.5 Current change rate of a-casein in the detection

concentration range

0.25-
./l
/./

0.20- o
2 0.15 /

0.10- /’

005 [

0 2 4 6 8 10

C (107 mol/L)
K6 o-l&HE I7E 107 °~107"" mol/L &1l P i
LR A A
Fig.6 Current change rate of a-casein in the concentration
range of 10>~107"" mol/L

Y ZARAEL RIS
k,  [RL]

[R] A2 AR5 [L] M BCIAHRE; [RL] SASZAARC
RS GWRIHRE s Ky S 2 AR FCAA SN ) 50 an 2k
8 [RT] & 5 A 52 K 00 ) 4f ¥ B2, W [RI=[RT] -
[RL]; @SR [LT] S22 B BCAAHCBE, W) [L]I=[LT]-{RL]; ¥
[LIF[LTIHRL] 5 [RIF[RT]HRL] fCAT T #(3) )5, #3
FHr=:

[RL]? - [RLJ{[RT]+[LT]+K,}+[RTJ[LT] =0 X (4)

AN () FRAAE— D ARFE R — kI, A2
Ko [RL]; 24 [RTVK & & E (B, [RL] FEE [LT]
AR T AR AR AR, FEFF AR 2 R T, SRS 38T
KB, XS Z AR -BLAAE B E R 2. i
J7 R AR - B AL S HAT AR RV, 2540
T - AH ELAE L DR RN 2 AR AR AR
Ao PRI, ASBFFE AT LU T 2K FQH £ (K ) B H
B(K g )PP 1gE-FeeR1 S54R31 o- B8R A RVEIB)
T35 o AT TR I BOPR S B Bl AR A H R (K -

& 6 Hh£EF Origin 9.0 #4-3E47 B Hh L& 1T
a7 Pk,

LNl 7 R, 2SAE I A AR N T v BERG i a,
TR AR T, SRR AT IR B AR

A (3

4=

ARAAR /N, R ULR 32 AR B 2k B AR . ik
TR R IR AL I 25 SR A3 B LG AR D)
LR FR B T iZ AL ISR T S R ) A= BT B IgE 5
F o-FR R NS, i AL T AR Py 2 A S5 T
REAEZ R E S 0L S,

0o 2 4 6 8 10
C (10" mol/L)
K7 o-FEEEETE 1077~107" mol/L ¥R B A 19
M o7 It 480
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F 1 o-BEEATE 10 °~107" mol/L #ELREFIN Y
B NAHE /R 2

Table 1 Response curve fitting the response curve of a-casein
in the concentration range of 10'*~107"° mol/L
yiy y = P1x/(P2+x)
P1 0.2407+0.00624
P2 0.6792+0.06609
Reduced Chi-Sqr 8.16235E-5
R*(COD) 0.98362
L5 R 0.9818

2.6 IgE-FceRI R BEERBZSHI o-FEEBIER
BN T E 2
X AT () PEATASIE 7] LUFS 5):
11 K, 1
[RL] ~ [RT] [RT][L]

AT (S) RN 1/[RL], BN 1/[L] 1%L
BB 2 KY[RT] A ELRBIER, —1/K iR
IE, 1/[RT] J2ANRAREE . ARYE RS, FEh o AN TE]
P (175 I8 ST RV, NI LA P 2 A S5
HEATERE, 1921 8. 3 2.

AR LR T AT AR (LR 1 )y R

A (3

1 1
A = 200038 X 107" x — +48832(R* = 0.98194)
C
X (6

2.00038 x 107"
K=2"""""
¢ 4.8832 A

& 8 Ml & HFERH, 3L a-FEHE A -Z KM G
VEFIRUERAT S AURIEO R, th E r FR el HOR IR T
%L (Bos domesticus) (¥ a-Fi% & [ 14 5E B) 28 44 5 5
K, (K)MEH 4.096x10 "2 mol/L,

=4.096 x 10> mol/L
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Fig.8 Double reciprocal method to plot a-casein(F) in the
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Table 2 Double reciprocal method to plot a-casein(F) in the
concentration range of 10™*~10""" mol/L

Ik y=a+bx
it 4.8832+0.30241
Ve 2.00038+0.0857
BRIV 5.99551
Pearson’s r 0.99184
R*(COD) 0.98194

3 g

TEASWFFE LA [ 2H 2611 IgE-FeeRI 44K f s 14 Ja%
25 TAEEM, Ag/AgCl LKL, Pt X ALY
ZHEHW RGN E A FL o- R, MiE— 2B 05 A4
FL a-WEHE 15 1gE-FeeRI YKL ids Z Al %
BB F155, LASITEIXH AR O D A DR v 5ORG

M) 5 AR R R A AS[E] 7 3R | 17, 285k
PUR P o — 7 T i PR S S A il
R A WP AU, R A Ty R B e
P Sz mi2fe ke el 2 U7 s, AN 3 Fr, X P AR St
At FHAATAAR I U IR G e W B A 22 /N2 BR AR 1
FARAEIER 9 10 ng/mL. 5K %2375 i 4 18 A
FEARTE 1gE 097K L xE A8 3, %0 75 HAA =l
FEIN S PR A, (RS R BEPAE, X i T gy
A L R BB AR S Y I e L R, 55—
T E G RIS W T 4 FH , 14N 2 b B AR i)
T 0 I b AECRE R el W R RS R . YR
SRy FH A 2 B R RS I 15 (The skin prick test,
SPT) P, {HiZ J5 ¥k R 8E 3K, 2 500 ng/mL, H.

H3 AR T e

Table 3 Comparison of allergen detection methods

A o7 SR i I T R pi
4 SEC i I PRiZ W 500 ng/mL
ELISA®” 75 O S 10 ng/mL
MeDALLAE i J5t 550 G RIS, o 30 0.05 ng/mL

KA R (AT ”E’*%i%:%g’m%*

pLEER=CN

4.096x10""> mol/L

SPT S5 HPEA — R B A 2 Pyt 3, ani
VA HHA AP S RN RE 14 IR A S5 2R, SPT BH
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