%23 % 4S5 SR = T S Vol. 23 No. 5
2023 F 5K Journal of Chinese Institute of Food Science and Technology May 2 0 2 3
ETRERERERNKESTERNEMER
RFA', BRRY, X W', I #H', K R', 2WE" XTE"

(CHTHEFRAMNLLEIRER HIARFRNES A W IHRELERET M 310023
Ykl kg HEJKL 38541)

HE HBuSit-—HEE A ANRREL BEG LREY AEE LERREFANNT A BT RAR KL,
B A B S AR TR SR A R B, e AR O R E A AL R BEAT S B AR G 2R S A —

&
B R Ty, A ST ARG T iR A B TG R AR S B W B AR R A5 AR 64 B R AR T A — A iR R AR ERIE AT 69 88 A )
AR TR T A 8 /L, K T RO BLA 4 LR S B F 2R (10 pg/l) A ik iik R RBAM , TR TERTERI P

e B A F el

KGR Aw BN RERAK; wEE, R b

NEHRS

P it B 3R e — SE LR AN R T T R R 2K
B B A AT T AR A, T e Wy b A
L BEORME REE INEE VRS R
TR AN A 22 AR A R A R RIS e 2 MR A
WIACR (B3 AN SE A B RS GLEA
FIEH ) 18 2 b it BRE XU - 2 B 2 fF 5 2 1A 4 o
RAEA MR Bk B HE AT E B i AR R L, X
UNNEERAYIE AYES 90 L (I (=37 R P
e, B R RS B SR S | T
P BRI B A BUm T,

i B 2R AR O vk 22O @ik, Nk
JE I R ORI 1 1 AU @k T X
JURHT7 i B R XA 00 A o 2 28 A % A1 R s
Stk R B A A A TR KA 4 SRR R
B S AR AN, i LA T L S B A I 104 5 5K AT AR I
BETE AR B A I J5 1k 5 R T2 IS 4R
A 2 A T R e M S R R R AR
AT A BRGNSy AR A A 4 R R
2RS4 B B I T A K ABUORE T £ i 2 P )iz I
PTG £ DR 20 T 5 3K Rk TS 5 2
W ol B B A7 A (8 S IR S5 AR 44 KL X
b BAT i BE A S REA AR e 2 BT Y SRR L

1009-7848(2023)05-0381-07

KRB HE . 2022-05-29

E&WH . WLy = A0 H (2021€02061)
E—1EE . RWA, L WA Ui

BIEEE. &Y E-mail: foodtech@ynu.ac.kr

ZItH  E-mail: wuyuanfeng@zju.edu.cn

DOI: 10.16429/j.1009-7848.2023.05.038

T Sl it 2 A DR SRR Tk, A S
JH A0 h 5 2 BSA BT A BT ) 42 it A 3 0 0 i
JECHA, 3 T ol A 2R A

1 #MRERE
1.1 #RERH

AR L R I THE AELAK (DPPC) | — A A P8t e 5
Mt £ 5 Jiie (DPPE ) | — A% Hif) ot % i 15 H o (DPPG)
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IMLIE H 8 H (patulin-BSA) (iR B | = (5 1 3% ) &
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LI EPTR 1eG W T Kirkegaard & Perry Lab-
oratories 7~ 1l , JoFE M FE 1Y 3 B g T
Gyeongsan [ i H f7 , Se i i 25 2 19 BSA-1gG
HeEiEE R E B2 5EARR, gh%dses
A IR = A

12 NE5EF

R100 ¥L75 Jig % 75 & AX, %+ BUCHI 24 H] ;
750 A 8 [ Hitech A BR A 7l ;Zetasizer Nano
7890 B4, B E Malvern 2 7 ; Infinite M200 [if
FRAX, Fi £ TECAN A #]

1.3 FEREFnRIE g RIA Rl &

DPPE .DPPC .DPPG JIH [# 5 A1 SRB FH 4l %%
PG YR B AR BLARL, #% DPPE (7.2 wmol) #l
SATA (14.3 pmol) % f# F 1 mL & 0.7% = £ i)
AUiEweh, ARARETEA A 1 min JE K
DPPE-SATA, DPPC(40.3 pmol) .DPPG (4.2 wmol)
HUIE [ B3 (40.9 pumol ) ¥ % T 3 mL & 45 1 0.5 mL
B RTR A IR, IFTE 45 CRIAARE T, B
A1 min DOB G BT, K5 Sz B e B BT IR & 9
A 2 mL 5% £ 5 (100 mmol/L. SRB i# fi# T
0.02 mol/L. HEPES ZZ i ,pH 7.5),1E 45 CHIA
KRETEA 3min, ZJ5,45 CTIEfkR Kk LB
A HLET, BT BRI RS W 17 i o
RPN 2 mL (9% 5], 54T 1 min 88 R AL
R, 28K B AR BN A Y A
AP RIE IR . BB K GE 0.8 wm AT 0.4
m B PR RS  RAT S) R/NI AR A, A
JIE A& 7E 40 & 0.2 mol/L. NaCl #1 0.01% NaN,
(pH 7.5)1% 0.01 mol/L. HEPES 2% vl H , H & #r
BENT LR, B IR RBW T 4 CT
BECIRAF

il & 1gG Fric R BT B B8 5 3 TE Vpuso ©
Vogw=2:1 IREE R H Y sulfo-KMUS (2 mg/ml.)
A 1 mL ARl % 2 -BSA oG W, %=
& LA 70 v/min BYHREE N 3 h, A5 2 A 5ok
e S A (R A AR AR TG AT AR AL I B h B 2 -
BSA IgG 7E 4 CHEOGFM T, HBENRES A
0.15 mol/L. NaCl #1 0.01% NaN; (pH 7.0) % 0.02
mol/L. HEPES W B Mt %, IR, # 30 pl
0.5 mol/L #h i 32 B ¥ fit 72 %% A 25 mmol/L. EDTA
(pH7.5) 1 0.1 mol/L. HEPES %, 5 300 pL

N AR WOR A, LA RBR g TR g K Jok L 1) 2,
WAt SR, AR 1 min 5, AR BT
WIEE R TR 2 h, &4 518 K
W 0.5 mol/L. HEPES # W 15 pH £ 7.0,
5 A E R I e SR AT A AR AR 1eG IRG . IR G
PIHASRA 1 min HFEZR FE IR 4h EEE
4 CHEGFRA T IE IR, W% f#7E 0.02 mol/L
TBS(pH 7.0)# W H ¥ 24 100 mmol/L ) £ 5 5
SR BV e s i 2 B g, FEZE TR 70 v/min 25
FE 5 30 min DIFE KR NSk, KR A iE ot
H1 0.02 mol/L. TBS ~F- £ 1Y) Sepharose CL—-4B #i i
U8, WA Y g B PR WO B T E AT T AR
0.02 mol/L. TBS ¥k iz b . W B 3% B I 1) e s
BIURIET 4 CREGI AT IR H
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pg/mL) LT 96 FLAER T E MR b4 CHIFH 2
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100 wL 6 B8 Jo Y 4 i 25 3R 0 Wom A 31 0k % )5 1Y
96 fL M E M 4 CFIFE 1 h, # 100 wL #Y
i T I 1) 92 i T AR 5 W im A3 200 L. PBST
VRV JE 1 96 FLAM L B . S i iR FH 96 fL
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X H HPLC %% A T.95 %% 10,50, 100,200
pe/L Al 500 /L A8 1h B 28 A 3 S AR S E AT 43
Bt o (8 28R TR N 05 e B S0 S iR il i 46
R B R, R L TR 0.5% 1 ik 8 44 A1 G 7K Bt
W2 e b HR  UETR Z EAE T RO IR R AE O TR TR TR
(pH 4.0) ", 7EBC & LA ZLFR M 5 () Ultimate
3000 #47 HPLC 3 #7 . # 20 wL FE5L A C18 #E
(5 pm,4.6 mmx250 mm), i 5% JiEEL 0.5 mL/
min [P O AT BRI, A DU 276 nm . i
AR R LT AR AR R R R R

2 #RE5WE
21 RS %REERENRIE

{3 SRB 11 JIg Jo3 44 UK 3 3o S5 AH 25 % 7 il
15 o 5 AR AT AR #h B -BSA 1gG £ 8% 1Y 5 3% i o
KR FRIENZER 1 Foos  BRBARAR R (179.5 £ 1.7)
nm, 17 A8 TR 2% 1 55 U il B -BSA 1gG 1)
Yo 8 I AR WORERE A2 o (211,81 £ 0.97 )nm, 24 H:
EAE WG BRI R T, A8 B ARLAR1E K
WOk A2 1Y A2 A R W] T I PRE it 25 -BSA 1[G &2
BEAERR AR - Tl 4 T Sl ik . SRB YR
B HR BE SR 100 mmol/L, T & 1 1 Joi 14 1 4 %2 R
JRAR Y AR LY S 3.03x1072 WL, JF H i E N
3.03x107" pmol 1) SRB # £ REFEN AL, 5k 1
N, TR IR RN G B A 1 £ 43 EOEE Bor R
0.19+0.00 F1 0.170.01 , 1% 2 73 H48 3% B % g it
PRFN G i R BT A AR e . 9K ORI
zeta LT R T IR R G RRE M . Y207
Wb OB B A R Y 5 BE zeta FLAZI UKL
ZI A EHE R R E . ik 1 R, IR
J A G 28 i AR AR AT 10 zeta FALAL, X R BT
Wk B R — R Ty, g R s i &
JIg BT A4 R B 328 g B AR e e 38— 36 A T R MR i
A HT T
22 HREERERAEIRMNERSEER

WE1 R, YRR R H O e/
L 3G %] 150 we/L B, ¢ 60 B RIS I (5%
S ihE Rk A IR L LR R A
0.9641, AT, Y48 ih 55 2 0 B & T 150
we/L 5, D00 AN PR N, LA L 25 SR R B N

F1 BEREMEERERERGE
Table 1 Characterization of liposomes

and immuneliposomes

Jig i A4 S 95 TR AR

#2 42 /nm 1795+ 1.7 211.81 +0.97

M A A/ 3.03x 10" 3.03x 10"
445 SRB 4% /pmol  3.03 x 107" 3.03x 10"
% ok A 0.19 = 0.00 0.17 £ 0.01

zeta 2 A /mV -1839+1.27 -18.39+1.27
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Fig.1 Detection of patulin by immuneliposome-based

fluorescence
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Fig.2 Cross-reactivity of immuneliposome-based

fluorescence assay with other toxins

24 ETREERERRERNZES HPLC &Y

A

o BT B T AR IR B AR B 5E ' R T v A
HPLC K I A 1275 e 9 392 50 e e ity 2 3% 1 [m1 i
UM F R 7k rynl S, S5 5R N 2 Br
AN YA R R B AR B A R B2 A 10,50, 100,
200 pg/L 1 500 wg/L B HPLC Al 2 1 #5 il 2%
R WRE S5 (6.19£0.31), (35.63+0.62),
(74.38+6.88), (151.88+3.12) pg/L HI1(481.88+
1.3 pg/L, FH RS R (61.88+0.03)%,
(71.25+0.01)% , (74.38+0.07)% , (75.94+0.02)% ,

H1(96.38+0.03)% ., 7r 1% il 8 2 B9 HPLC 43 M+,

x2 ETRERBRENLERENIERSHIES HPLC FiEMLILE

S 2A
2

EpERTE S A NI
I [ i 5 3% W A 8 sk 2 v A M i 2 R LR
2R I A5 2 A AR BT v O 10,50 /L #1100
/L B 3% 5 1 1 RIS 43 531 R (73.24 + 0.06) %
(101.73 + 1.55)%H1 (98.74 + 4.88)% , F WH 1% 7 1%
A il B e R H TR, MR ih A R A
i JBE 1V B R 200 we/L T 500 we/L B, iR
(69.97 + 0.17)% 1 (32.7 + 1.31)% , %45 F 55 4 il
B R AR R 2525, AE 0 2 150 pg/L 197
WEA RAFILMESCR SR, TEAE WO A R s
PSR D, YR R E S T
200 wg/L BT AP A BT N B . Pennac-
chio ZFUSHRIE T —Fhr 2L A58 6o T O i 1% 7 ik
A ARG DU B i e i R i 2 2% L JIC T HR RURN 3 % 2ot
2, Sadok ZFHRIE T —Fh
BRI g v e i A R O T, LR U B R
it 2 2 W DK P R B EEOK . S  Ahmadi
SRR T TR i A A Y DNA BUER £ 4
SR IRAS R G A 15 ng/L 2 35 pg/L,
K B4 6 ng/L, #3F HPLC MAHEM ik, iX
ot 5 G 2 R AR 1) S ARG I vkl T, B AE
3h Z WK SER RS PRI R L A X
B P i BTAR 56 o3 Ty ik T S 17, JC7 A HLE
EFI N R SUR

HPLC 1 M 45 b4

Table 2 Comparison of HPLC and developed immunoliposome—based fluorescence assay for the detection patulin

in artificial contaminated apple juice

ALFRERERE HPLC * R M T AR 09 5 AT ik
pe- L Al 28 R /pg- L B F % Al 25 R /pg - 17! B E %
0 0 0 0
10 6.19 £ 0.31 61.88 +0.03 7.32 £0.01 73.24 £ 0.06
50 35.63 +0.62 71.25 £ 0.01 50.86 + 0.08 101.7 + 1.55
100 74.38 + 6.88 74.38 + 0.07 98.74 + 4.88 98.74 + 4.88
200 151.88 £3.12 75.94 +0.02 139.96 +3.40 69.97 +0.17
500 481.88 = 1.31 96.38 + 0.03 163.50 + 6.55 32.7+1.31
3 #Hig N T T R IR B B OGRS Ty 2 ks

R 7SR R IR TR E R
R 75 v, LA i 8 K BSA IgG . DPPE . DPPC
DPPG fiH [& 5 A1 SRB A J5URLA Bl T 6o 2 g 5 14¢

Ty Pk fap e K R AT R 8 /L, 4 il
R R W ELE 0~150 pg/L Z A1 1205 Bk i &
PEAIE R B R? 1 0.9641, BLAN % HE T 5 g i
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probe containing less amount of aptamerinvolved
An Immunoliposome-based Fluorescence Assay for the Detection of Patulin

Song Xinjie', Lii Tianfeng', Wu Li', Sun Juan', Zhang Yao', Kim Myunghee”, Wu Yuanfeng"
(‘Zhejiang Provincial Key Laboratory of Chemical and Biological Processing Technology for Agricultural Products,
School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023
*Yeungnam University, Gyeongsan 38541, Korea)

Abstract Patulin (4—hydroxy—4H—fruo[3,2—c]pran-2[6H]|-one) is a naturally occurring mycotoxin produced by a number
of fungal including Aspergillus, Byssochlamys, Penicillium, Mucor, and Rhizopus, and contaminate a wide variety of
food products such fruit products, vegetables, grains and cheeses. The conventional method for patulin detection required
separation and concentration process with organic solvent which is environmentally harmful. Considering the limitation of
the traditional methods, this study developed a rapid, sensitive and environmentally friendly method for detection of pat-
ulin by using of a rabbit antibody against patulin and antibody conjugated immunolipsome. The detection limit of devel-
oped assay had detection limit of 8 pg/L without the need of organic solvent for extraction, separation, and purification.
Overall, the detection limit meet well of European regulatory limit for infants and young children products (10 pg/L).
The developed method was rapid, sensitive, environment—friendly, and reliable for the detection of patulin in apple juice.

Keywords anti-patulin-BSA IgG; immunoliposome; patulin; sensitive; rapid detection



