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Application of electrophoresis in the detection of food allergens
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ABSTRACT: This paper briefly introduced the detection characteristics and difficulties of food allergens and
compared the advantages and disadvantages of the commonly used detection methods such as polymerase chain
reaction (PCR), loop mediated isothermal amplification (LAMP), enzyme linked immunosorbent assay (ELISA),
liquid chromatography (LC) and liquid chromatography mass spectrometry (LC-MS). At the same time, this article
mainly introduced the characteristics of electrophoresis technology, summarized the application status of classical
electrophoresis technology in food allergen analysis, introduced the progress of capillary electrophoresis in the
detection of food allergens in recent years in detail, listed the advantages and disadvantages of capillary zone
electrophoresis (CZE), affinity capillary electrophoresis (ACE), capillary gel electrophoresis (CGE), dynamic coated
capillary electrophoresis (DCCE) and chip capillary electrophoresis (Chip-CE) in the analysis of allergenic proteins,
and prospected the development trend of electrophoresis in food allergen analysis.
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&, CHENSSEGEBIER R BT ik, R
A R Y R A R T iR SRR b,
BRI EZ, R 2%, i R R, R v
BT FUFUEAR T RXER o ARSI 41 T IR L IR AL
ARAEE b SRS 7 7 U R, JE X B A B
VKL BT B b i SB0s A v ) e SR A B A T T R

2 PTG

HAT, B U Ry vk JE A I R Bk SE g
MEZE ST BRSNS EKRTEA L, it
JRARIMAN T 2 g 3z i, Dtk s, 2T
o B )54 o BRI, o BT R AR A J2 2 i R 1)
PHFFT (0 8 5 1), Gasilova ZE7% 26 TIASME S flcFn i
HURA DB AR ERR, S T &R AR R, KR
R il () ZE TR RO R 2 0 AR A et [1] 45 25 ZE 24 L DNA
Sk X &, FI 3R G 1 4 5 B ¥ (polymerase chain
reaction, PCR) #l ¥f 4 & 45 & ¥ 4 ¥ (loop-mediated
isothermal amplification, LAMP)F:IM & i o %) 1 f80 & —
PR, FREBATAY SN/T 1961-2013 (T A
ARSI ) B SN/T 4419-2016 ¢ H £ Al I ad
U LAMP 40K )32 ) P SN/T 4417-2016 (i L&
ity T RS AT RS ARSI i ) U0, BRI s A A i
AR S AT . FEBA T SN/T 1961-2013 (i 11
B R BRI ) P 2 R T BRI
(enzyme-linked immunosorbent assay, ELISA)!', (& 36 L =5
A 8 3% 15 (high  performance liquid chromatography,
HPLC) IR AH .35 - 5 5 50 A 3% (liquid  chromatography-mass
spectrometry, LC-MS)Ji Fif ly) >0, sl st xib b ik ik
TR B LU ACAR A, BRI B e ) BORGE 1 A 5
Prifi K (3 1)o

HEL K AR B T A B BRI i, AR R P
B AR 4 H A FRT RN [R], S 2k S0 1 T AR PE A T
WO B ZE DX, FESRAMDET SCH Ao . SFHLA 4B
S BINHERINE . 5 HPLC Al HPLC-MS AL, H
KR LR AE P @S AT, FRAR T MR B T4E
I, A RTE DNA FIEE (A 550 b A AT AR e .
HRAE A3 B E AN R], HL KT S 43 o 28 ML R Dk 7 R 4 7 H
Ko ARSCE SIS T X 2 FERCE B i SRR r i
Dy FH 3 J

3 ZHEEKOR

2 MU KR B 1 BT X PR DR PR ERE I . SR TR M Tt
JHe B Bt S A I SR R, AN RS, 445 H
HEATIK B, 4434 AT il 45 P S 40 8 OBk 78 1 IX e
FERRSIN A4 5 s . — 4 B YK (two-dimensional electrophoresis,

2-DE), i 5% — 1) i 55 H 5O W] A 2 AR 30 0 8,
FIFHEE 1 4 FRBAF A E AR5 8, Mg E55
AT PRI L B, XS E T R e U
FUEMR A — BT, BIkEHTERSRIRNE
fiF 752 F Western blot 5 ELISA [Al i . 1205 H RO 3
ERRAERE . AL AREFHRRR, REIEEMK, &
SCEEPET AR 5 AETR FE AE B DR I R o SR T A DG
RiE(F 2), BILATAL, ZBMA PR & 5 i R 3
HAERAEE TR, SDS-PAGE 454 Western blot £/ K
RV T 438 R AP B IR, 2 H R 2 SRS DU
By, BAMRTE T 8 BB M BUR AR

28 ML F K nT T8 3 U B IR A 2 1 F DNA AT
alifl,, [FIET 50 B A 45 S0 o X LRI R A 1Y
Petheo VERRI Ik, ZEARTRERK . REBUEM, Wiz
BRI B N S . Rtk BEESEICAR AT A T AL 38y
B, SR TR AR R BB RE LR I I A5 R . ILAh, %0
HARK BRI, BB, e ryili &R
B, XA LU XLEAF F A MBI ARER
Ao T A T P I

4 FEHERKE

E N HE k% (capillaiy electrophoresis, CE)JE X} £ i
FE KB R B — T B R i il R S AN R (V. B kV),
FEAR A 26308 B (mm 3] pm), RKIET T 02808, W
AT RN . CE B EEMEA: 2 EER,
100~500 V/m [ RIZRE T, BEESHEAIL T ZE LA
TS IER A SG e L, BB s
Gy, AR )z, BERES Ik ik sl b N, X
48T DNA. ZRk. EARSEY RS F; APl &
ST — M T E LR B LA 5, SEREARFR(1~50 nL),
AN D, BRI T TN, WAL, 58
— AW AT, BATAVAM . 5EMHEIKEARM
L, BRTE AR CE #BAT LS EEAEE Sl 2 (ultraviolet
detector, UV), & B BEH A5 #% (photo-diode array detector,
PDA) I #5655 T D¢ Y6 I #% (laser induced fluorescence
detector, LIF)AJHKH o tbAh, CE 7 ShAbial 50 & ik, #erEE
fE, Aok . XEEEEHNT CE FRTER M
S5 R - B, 2SS BRI 1 A R
X7 i, ¥k (capillary zone electrophoresis, CZE) ., % 25 FIE 4l
& B Pk s (immunoaffinity capillary electrophoresis, IACE), &
A HEIR FRL K (capillary gel electrophoresis, CGE)., A4 )2
FE 44 H K 75 (dynamic coating capillary electrophoresis,
DCCE)HI i B4 HL Uk s (Chip-CE)EE R

4.1 XEHEEMERKE
CZE BN HE RN —FBME BRIk, HAER
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IR A2k L r R RIE RS, 7R B MBI
AT R I BRI, MIZEREN R EEARAE . T
B OME R RR 2 b (pHL 9.0~9.2) (3B 1 T 2% h K
AFEHIE 15 KV K 214 nm 408 T SRR 1
F 528G R . A2/ NE B VIR R LR R (1 3E1 T4
W, AL VT & 5~100 pg/mL, MRS » KT
0.995, K5% ¥ (relative standard deviation, RSD)<6%(n=6),
SRR T 95%, RELEEKE] 0.1 pg/mL (S/N>3), AP
# 25 mmol/L HIER-INEDZE v (pH 9.2)His 47145 v,
KK 214 nm, 23 HUTE 15 KV IFFE 5 min PIITE 146300
A HFNERE AR R, 7 5~100 pg/mL HREETLREIA,
LRPEAACREL 7 N 0.994, KB FR(S/N=3)%7 2.31 pg/mL, Jil
PR IR FETE 91%~116%Z 1], W7 25 5 0 AE R h o (i 22
7.4%(n=6), X|—2%B8E 25 mmol/L BR 4L 2% Wl (pH 7.0),
Kl 205 nm, JE 1 dERE 5 kPax10s N, LT o-FLiE
B B-FLERE M REL B TR ERAN . o-FL3EETTE
10~250 pg/mL WJEFEREIN, B-FLERE 17E 40~1000 pg/mL
WETERIN, LYEMHDCRE ~ B0 0.999, i FRA5H
3.0 12mg/L. ZFAER . B AR 3 BB T bR Al
SR T1%F1 50%, FEATOREM IR TH. BardEr
LHIVEH, CZE ¥k EELUE A BRI &, WM
FEIEATE 20 50 B, K HHBRIA 3 pg/mL 9%, 2B st 1] KA
TE Smin £4 .
42 GREFMEMEHKE

IACE ¥ Gy R MR N B ABANE H, ik T
CZE A, #8255 TRIAY R A% . Gasilova 5074
T IACE 25 & J& i % Bh B0 /i O e B R Rk
(matrix-assistedlaserdesorption/ionization-mass spectrum,
MALDI-MS)llE 4= o-FLiE & O B-FLERE I 1.
A PR E T BAE N EE o-FLIE RO p-FL3K
A, FFH B A R A . I TACE-MS
o3, B3] a-FLIEE A S-FLEREE M A SRARAS R A
0.03 F1 0.02 pgmL . & 5 Ffl H IACE-UV #I
IACE-MALDI-MS {7543 p (1) o213 2 11 B-FLER B 1
O & 4% 91K (0.1540.01) mg/mL  F (0.52+0.03) mg/mL,
IACE-MALDI-MS #0125 F 43 314 (0.13£0.02) mg/mL F
(0.47+0.05) mg/mL. 55 CZE A H, IACE ) RBUE 2 /D4
FT 10 50 L, HES R ML . S %R YO
IgE HLiRAE N 1gE PikE G Wil a7+ s AE i
KRG, AAFEhmENALS G, FF A JIACE-UV M
MALDI-MS #rill i & BB H o, R IUA 4 3 . Lg%
B A o-BEE A FHUARZE S, IS M BEER G pe ks
LG RIEAT THIUE. tEah, XGRS L T —FLF
IACE-UV {28, FIFSREAIRYEER T BinPinid,
TR EOESE SR, W RRACE AN R, REEs
R, FES . ERRIAEE . KEL NE & kN

e, R KR RS
43 EREMEBIKE

CGE @18 A 381788 iE W A 434 Bkt B AR
AR 4y, AIARSE T BAR i T, RINEEA
JiF DNA 7 TR FEE i, Pelacz Wi -5kt 2
FE(B-ME). £ WGBS (4 VR A 7 v 2 1 5 P i) it
M SE2FTIF, 76 6 mmol/L #llP-6 mmol/L SDS (pH 9.0)
ST Wb, LA PHA NFRY), CGE RO
%5 9¢ 646 (laser induced fluorescence detection, LIF)n]
£ 12 min P SEEUE LA S AR B R0 B-FLEREE 1A
7E 2x107° #) 2x107 mg/mL JEFE N, HIEHE 8 0.9976, K
HIRZH 0.5 pg/L. 5 Gasilova 2574458 1Y IACE-MS 45
M, RBUEHEE T 1000 5447 . X UL, 7EAE R HLTK
SAMERT, LIF Kil2% Y B T A S0 B A s vk i i
RIWE . AP, Cheng ZWIgSy T+ i it PCR 454 B4
EHRIKIEME 10 A SR BB RY ik, daxd e s
2-20 BARHE DL, MIXHE R R 0.005%wiw), FITF 20 Fi
B S USRI, R R, ELA T T
CGE /0¥ SDS-PAGE Xf PCR J*##tf7E, K4E T CE
AT A W 53 W Ry T B4 R A 2
44 HEREEMERIKE

DCCE 72 Wl Hh IR IRe 5 19 8 L sh A 1R )2,
R REAR B AR IR B, SRR A e e P R R R A —
Ff vk o Zheng 2 T BH 5 1 SR8 W B EE M (positive ion
hexadimethrine bromide, PB)F1H & F &9 58 2K 2 TR
£l (polymer anionic sodium polystyrene sulfonate, PSS)#E &
YN N BEATAR SN R RUZ B 1, TR PB-PSS JZHT LA
i EE FUBTE pH 2~10 Y15 1Bl PN A5 RO B 28 11T (R i B e )
FOARE A B . O TR TR B O, 158 gL
BREM A, p-FLERER B, FIMEAEA . IR EAM
TRIRBEESY N 4.3%., 17.2%. 17.7%. 23.4%F01 22.8%. Fu
LIS Y B A2 4 €433 55 (ion exchange chromatography) X}
2 F g 7 i P RS R B A R ULER AR (LA TR I, SRS
FI A DCCE 7E 30 mmol/L TfE-Minb 28 -t 5 20007V K
0.3%, pH 9.0)/i84T4% v rh S 9L T AE 2 B I I AN S ULk
FR A skl Al BR 4350024 1.2.1.1 pg/mL (S/N=3), &
RS9 40 M 3.7 ug/mL (S/N=10), [l 52
91.5%~106.1%F1 94.0%~109.5%., ZA = B PE AT 2%
R T Wk, HREES CZE B4R —2, 1T IACE
CGE 5,

45 THREM@ERIKE

Chip-CE J& M3 £ 4048 LIk Ik iy —Fh, HEZ SR
B R340 T 46 58 . Zienkiewicz 25U T A B4
LUK T ST R AR 53 B2 U 2oL B2 W RN SR 3 157 AT T 0FSE,
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TR BRI BRI L4 Ky 2.5 ng/L, A3H78 ) K232 0.5 min,
5 Cheng 25" 4{ 8 i) CGE-LIF AH L, 1207 5 k6 I 52 Al ir
NARTET 100 A, [ AkAGH I B 7] e 3 4, RG0Sk
AR AT LA A Bz Jk S 0 1 36, T DA S BB AG I 2 s fRi
PG, Gk, BRAERRKATSE AR, &%
RREXT SR AT, X B A S Bk R B
Heit, ATl BAT — 2 1 R

5 B 2

HHECT PCR VA AP TE IO (75, WDk T B
X SR DNA JEFT 70 s F oA, BN Tk, (75
HIUk R A IS M IKEE N REEN LS
Western blot 2 ELISA I fil, ] ffuke sy i A DI FIF A Xk fr)
()R, EAE, (RGN R BRI . B R IKIL S
e, FEa D | SRR, BT S ik
SHE RS . B B AN kR R B B R
(capillary electrophoresis-mass spectrometry, CE-MS)AY H i#4
JREAT, A7 ST A D T A BT T
BT RS A Uk, RS I e A DU BARE T AT g
PEo L BRTIR, BN A UK EORAT B Bt i B
MR H

SE MR
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