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BIRMESUF T (Foodborne pathogens) BEWSIT 4 &), W NREE, A5l RZH
. KA HO157:H7 (Escherichia coli O157:H7, E. coli O157:H7) F&: 5 07 4
BRE (Staphylococcus aureus, S. aureus) {ERPIFHE WL EIEEEURE, 5 ANFKKH
H AR BT R R . AR SEELK AT B O 157 HT RN £ 3% (2 48 A BRI O bead . R
RS ARSI L By A 3R A e T A AU O (R 4 ) R AR 5 B FE R T oy S B AR
R A B O 57 H7 AN <55 ¥ €881 267 3K 1 (10 e DT 772
7%

1. BT AL 2O 5L B HORM @RI AT B O157:H7 Kl #i 77k

BRI ALY (Horseradish peroxidase, HRP) HEMSAIH i & L&A (Hydrogen
peroxide, H.02) fEAEMNA], #THRIEH] Ampliflu Red F A4 BA BRI 4
AHHF 50K HRP-Ampliflu Red-HaOo 465 64k R 515 B BARAR G & B T KA 14
O157:H7 Wikaill. &E5E, TATHRIURGFHE O157:HT ISR (1gG) HELTHR
FEREBR AT R PR . ARG AE RIGATIE O1ST:HT AAERI A F, FIHAEYHR
B 1gG 1E RS —IRATUE, TEBEUAIOLEEH . Ba, EIEMR-SEMER
HrIEAE ], HRP ARi0 5% %5 565 A1 (HRP-streptavidin, HRP-SA) % [ 72 T-#4 %k (Magnetic
beads, MBs) K, f#1t Ampliflu Red F1 HO, P2 AW WAE S, R ETRESHA
F KA O157:H7 W JE R IE .

2. BT B RN IgY WU PR R g 37 46 o 60 81 26 BR B AST I T v

FIEEEEZR (Wheat germ agglutinin, WGA) AE055 41 B 1 1) N- £ BE-D-& %
MRS LT AR I B A S PR A AlgY RAR RIS & & & R
KIMEA A KEES . A7 WGA 5 HRP Fric X84 A AlgY (HRP-IgY) Ak
AR RATI 4 3 AR A IR . ok, ATLMEIIE A& A (BSA) 1ENEUE, I
WGA BT MBs #£fil, K “MBs-BSA-WGA” i3k 0. iZFootEAe s MAEA
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sk, EEESHOMERE, K “MBs-BSA-WGA-S. aureus” B G148 . 385,
HRP-IgY #{E NG SREFIMANRBAR R, ER=EROE &4, &5, HRP
WA 3,37,5,5 - VU IR B % (3,3°,5,5°-Tetramethylbenzidine, TMB) /HO, =4
REES, B9 SRA T 14 0 68 S BRI T .
255

L ERA AT, ARTVELE PBS W KT B O157:H7 MR IIE A 1.3 x
10° CFU/mL ~ 8.0 x 10* CFU/mL, IR 8.3 x 10> CFU/mL; fE4-WhAISE SR K
JAFF# O157:H7 KIAMTEE#424 1.3 x 103 CFU/mL ~ 8.0 x 10* CFU/mL, A& B 43 5]
N 8.9 x 102 CFU/mL 1 7.8 x 10> CFU/mL, A ¥t FERI7E 2 h W 5E. AR
PLHOE KA B O157:H7 Kl i) sy e, A 5y 52 FoAth i 0 £ M 809 B 16 T4
BEAL,  ASHIEFE 5 H eI SR HAT e RAEE L POl R SR PR AR, AE
T AT AR

2. FERACGEAT T, AT7iE0T PBS <5 €073 % Bk BRI ) 2R 14 Y FEL Ry 7.8 < 102
CFU/mL % 2.0 x 10° CFU/mL, ¥ JIfR A 3.9 x 102 CFU/mL, 4= M F2 7 /£ 90 min
PN B R o AR 7 50— LA A E ARG R R RS R, R %5 VR R
e HLA T 72 O B T S B S RD S Bt v 3 €0 88 A BR VA (0 I 2, s =] i
FAIE 914 %E 1247 % (8. Meoh, AHFFHH WGA FERXT B AR 400 1457 77 1gY
(SR, R AR AT X 22 B SR A (— LT RE R 2 N- 20D~ 2 46 4 B 1) 1
BRERSE) R A7 &
sEip

AT T EE TGS B AR 5y IR G T KJGAT 1 O157:H7 F <6 8 €078 47 3K 1 100 7
AT 7525 o PR VE RS B R AT 1) SRR Ry S, I R B 1 2 Pl SiE BB A A
B 7R A B AR 0 G i R AR TR 0 L, A A AR RS T T
SCHE
KHIR] KAt O157:H7; &I AIRRE; Mo BEA: SENH
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Novel Immunoassays Based on Magnetic Separation for
the Detection of Foodborne Pathogens
Abstract

Objective

Foodborne pathogens have the potential to contaminate food, leading to the onset of
numerous diseases when consumed by humans. E. coli O157:H7 and S. aureus, two
common food-borne pathogens, have the capacity to severely impact human daily health.
The rapid, sensitive, and specific detection of E. coli O157:H7 and S. aureus has become a
hotspot in the field of global public health. The aim of our study is to establish novel
methods for detecting E. coli O157:H7 and S. aureus based on magnetic separation

technology.
Methods

1. The new detection method of E. coli O157:H7 utilizing enzyme-catalyzed
fluorescence coupled with magnetic separation technology

HRP can use H2O; as an oxidant to convert non-fluorescent Ampliflu Red into a
strongly fluorescent product. In this study, the HRP-Ampliflu Red-H20> catalytic
fluorescence system was combined with magnetic separation to detect E. coli O157:H7.
Firstly, mouse anti-E. coli O157:H7 monoclonal antibodies (IgG) were coupled to the
surface of carboxylated magnetic beads to prepare immunomagnetic beads. Biotin-
modified IgG was used as a second recognition antibody to form a sandwich format in the
presence of E. coli O157:H7. HRP-labeled streptavidin (HRP-SA) was immobilized on the
surface of magnetic beads (MBs) via the interaction between biotin-SA, hence catalyzing
the production of fluorescent signals from Ampliflu Red and H>O». The intensity of the
fluorescent signal was directly proportional to the concentration of E. coli O157:H7 in the
sample.

2. The new detection method of Staphylococcus aureus was established based on
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wheat germ agglutinin and IgY double recognition mode

WGA can specifically bind with N-acetyl-D-glucosamine and its derivatives on the
surface of bacteria, and chicken anti-protein A IgY has the ability to specifically bind to
protein A on the surface of S. aureus. In this study, WGA was used as a recognition
molecule to pair with HRP-IgY to perform a sandwich format for the detection of S. aureus.
Firstly, BSA was used as a carrier to couple WGA to the surface of MBs, creating
“MBs-BSA-WGA” capture elements. These capture elements were able to capture and
enrich S. aureus from samples, forming a “MBs-BSA-WGA-S. aureus” complex.
Subsequently, HRP-IgY was added to the reaction system as a signal tracer to form a
sandwich-type complex. Finally, HRP catalyzed the oxidation of TMB by H2O:> to produce
a colorimetric signal, with the intensity of the signal being directly proportional to the

concentration of S. aureus in the sample.
Results

1. Under optimal conditions, the detection range of this method for E. coli O157:H7
in PBS was 1.3 x 10° CFU/mL to 8.0 x 10* CFU/mL with a detection limit of 8.3 x 102
CFU/mL. The detection range of E. coli O157:H7 in both milk and apple juice was 1.3 x
10° CFU/mL to 8.0 x 10* CFU/mL, with detection limits of 8.9 x 10> CFU/mL in milk and
7.8 x 10> CFU/mL in apple juice, respectively. The entire detection process can be
completed within 2 hours. This method exhibited high selectivity in the detection of E. coli
O157:H7 and was not easily interfered with by other common food-borne pathogenic
bacteria. Additionally, the proposed strategy in this study could be applied for detecting
other antigens with high sensitivity, rapidity, specificity, and simple operation.

2. Under optimum conditions, the proposed strategy was able to access a linear
relation ranging from 7.8 x 10> CFU/mL to 2.0 x 10° CFU/mL, and it could drop the LOD
to 3.9 x 10> CFU/mL within 90 min. Some common non-target bacteria yielded negative
results, indicating the excellent specificity of the method. And the developed strategy was

successfully applied to the determination of S. aureus in both sodium chloride injection
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and apple juice samples, with satisfactory recoveries ranging from 91.4 % to 124.7 %. In
addition, the platform, according to the dual recognition of WGA and IgY specific to target
bacteria, exhibited potential in the development of sandwich detection protocols for
multiple target pathogens (except for the strains whose cell walls do not contain N-acetyl-

D-glucosamine).

Conclusion

This study successfully developed novel detection methods for E. coli O157:H7 and S.
aureus based on magnetic separation. Both methods exhibited excellent sensitivity and
specificity, and were successfully applied to the detection of various actual samples. The
research findings not only provide new insights for the development of novel detection Kkits,

but also offer strong support for public health.

Keywords E. coli 0157:H7, S. aureus; Magnetic separation; Immunoassay
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AWM RE SN, BIEMESUR R 51 R 0m RO H m R ES, X AT 4
LA T T U [F O 2R AL R R I R T B BT . KA 1 O157:H7
R4 B €030 460 BR AT PR LI VR MR ORI B, L vs e L B SR N
MTEI RS SRR . Horb, KRIFAFE O157:H7 R B F SR HE 2
—, HZHKIROIL) SRR R 20 %002, R AZS AR TA Y, 4
KIGHFFE O157:H7 V5 4RIt b, FTRERE BRI IE VS . H LV 45 1 20 Jo i v PR S
LA ERE BB, HE MG A ke, Mk, 268 & RAZYE LS (Food and Drug
Administration, FDA) Xf3EEEEr i CANFEAE) HARLER KA O157:H7 SEiti | “%F
AR BRI, T 4 B E R 2T BRI 2 — P LI B MR SO R, J8 2 IRBH M4
A GRS 2 P R AL, R AR R E T 50 TT A
ABEIRITO N, G nILPA Ak T IR Ik . BRI, R A A A A
RIHF B O157:H7 A4 B (R & BR T, KA B T B A B VR It 09 75 G NS fi Bk
BT SR IR B, 3 it BB K IR 2 4 2K

HAT, SIEvESUR AT «“Shril” 25 TR M E - IRE, 2E
HARE S AR . 28T, 40 B8R M0 B KA T 2 24 h 2 72 h, FERS
B, B e R EBIE L. oAb, AU BEA “viable but non-culturable” HPIRZASHT
TOVEAE PR IR AL I B %, Ko Rl 25 10, S R FRVEAH L, PCR
AT ARAE R AT B O157:H7 F14x B €081 25 BR B 1 57 1k ek R P 70k b 7 T 6 LR
AT, B PCR AN A BEZE R 147 38 75 B HOR N U A B R AT 2% . DNA $2
B, A g 3655 — KA. TEAN R RAFEA DNA REUS R, BHIEARY, &5
T RS I » At A0 1 (1 A = e o 2t A 1 T Gl sie i = PR A A AR AR o 41, PCR
Rl i 20025 5 52 B VIRE SR DT, R BR ) T JL7E & SR A e fg 9 R U4

T3 G328 AT A& — Fh I T PR BUARE S M 45 & IR R R H A R, FL A A
., RERPER . SRR SRS TS 10, TR vz A T PR B0 B R . g gy
Pral LS oy SRS A M, fEX—d i, Jukl7, JrE RS DIEE— il
AT e R T HAER R T, 5 AR M L= SR D 855, IRAESMINRE A Ve R T
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SERA H AR S 2T RIE > S E . 25, B0 T IR BT R 9 E SR R
A, 58— HRBTe RO I B S, 3hi 5| R R Kk A Ll s 22,
PGB AR R SRR (2O 2 Rl SN, DL HARTE IR . AW T4 45 B
I B EOR BRI A PRI B G 5 0 A ik s R R T AL SOL S B R F
KA B O157:HT BRIl 5%k, R T 2R ZM IgY XA R A 7 5 5
0% 4 BR B ARSI 75 3%, R SEDL 1R R AT B O157:H7 1< 34 €008 46 BR 141 i R

AERA ARSI, A HE R SO A
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1 ETEENE S SHEARMERBATE O157:H7 #&NFh A%

HAT, S0P A O B i R SRS I SO0 B, A S 43 T BRI 78 IR 34
2o MRHESCERARIE, R TIEGURARE (Bl E 7 s 27 BRAEPSIAD AgTiB R 1 SN
KEERD F5e e gekl (filin CysBD B TR # O157:H7 Bk, fH
154 NIl = AT 25 5L o ER T AR A% AR BT AT THI I 22 Bk R, X Se 64 R
(A R RO R 2 LR B A 2 el SR (BInsRAIEs) |, [RII 28 Al il o A7
FEICFETEA IR A d 1 S S TR B D REAG SIS, 2 70 s 4y
B b AR A e O E B, R3¢ Ampliflu Red (10-Z.8EHE-3, 7- ¥R JEmyEEE ) wf
PATE HoOo IUAFLE T, Gl WA AL S S S AL A B IR B (58 ik, BA
K S5 5 fERMNER AL W T PO E YR IR 1T R B3, Gl o
ARF U SRR L TR, & B B R e R DI Re i) S ek, AT se Bl H Az
AR PR IE & BEBS) . TR SR B S A IR A BEEZ Ry, X
FRIAFAEAE L 2 X5 58 i A 8 23 ) 8 B0 AR A k3 AN TR 11361 , 4 8 B 40 8 R A
HHMURE )7 B E SRR ), REEAE Rt s IR IX LSRR 2R, A D Al &5 SR A R PR A
AN FET UL, FRATHER T — Pl T BE AL 5O 5 14 53 BB AR 45 G 1) SR R As
KIGFF# O157:H7.
1.1 SCHHLERE#ME
111 EESLHLRF

R L1 AHEFUT R SEIAX g

Table 1.1 The experimental instruments used in this study

SEIGAX 7 44 B RS AR R
pH it PB-10 74 [E Sartorius
TEIRTR A Vortex-2-Genie % [# Scientific Industries
‘ (R R R P N YK 5N
AR S 8 fL
AR A A
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B 1.1 AT SE AR R

Continued from Table 1.1 The experimental instruments used in this study

S {588 44 T g R
. L T A
B ZWY-100H
2 7

Precisa GravimetricsAG

HL T i R §its - Precisa
Moosmattstrasse 32, 8953

2 DIRERE AR X Multiskan MK3 microplate reader 3¢ [ Thermo Scientific

E At KA PALL Cascada I 2£[H PALL

1.1.2 FESLEHRSIHF
1.2 KRBT SR RS )

Table 1.2 The experimental materials and reagents used in this study

SIS A4 R GV 3

Ampliflu Red £ [H Sigma-Aldrich
LKA # 0157:H7 ByefEdifk (1gG) (3.4 mg/mL) kil B AR R A ]
1- - HEHFR) 3-8 WL R (EDC)  LilgRhr T AR A PR A A

N-#25: T “BEEZ (NHS) R T AR A A IR A
BRI Chif% 820 nm, ¥ 25 mg/mL) %% [# Spherotech 2 )
TR (DMSO)D IR RREREA WA A
VIR N-FREEIRHBE T IERE (Biotin-NHS) T4 J[H Sigma-Aldrich
WITKE (Salmonella, ATCC 14028) 69 A A v A DR O
E. coli O157:H7 (EDL 933) ACGN A T o LR R
RS (S, agalacriae) Rk e U BRI A 25 P R 4
Ik
FPE B IRE (Sh. Dysenteriae, CMCC 51252) AR AR A B R R 0
AL AN A 2R W RE T (L. monocytogenes, ATCC 19115) b2l A= P B A DR AF O
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Bk 1.2 ABEFCH A SLI AR5 )

Continued from Table 1.2 The experimental materials and reagents used in this study

SIS RRE 5 7 4% K TR

BRI S IBEFRIC I BE B SR T (HRP-SA)

Jt3 BiodragonImmunotechnologies ‘A 7]

(1 mg/mL)
THEFENEE (7 F#EEE: 7000 Da) %[ Biolegend /A 7
A Mg HEE 1 [E Biosharp 2\ 7]
TG 2F 4 R R ERHEA WA A
96 FLIM IR IR AR B AR A BR A
R IR FE (BHD Hi[H Oxoid /A 7]
R A (Tryptone) 32 [H Oxoid 7 7
I REHZ K (Yeast extract) $i[H Oxoid 2\
35 20 2% [ Sigma-Aldrich
ol R R ERHA WA A
4475 (il
SR TR

1.1.3 B it IR0 Bl

(1) WERRERZZ M (phosphate buffer saline, PBS) (pH 7.4) : KIXFREL NaCl.
KH>POs. Na,HPO4 12 H,O F1KCI N 8 g 0.24 g« 3.63 g A1 0.2 g AN 1 L 4K
BRI N T8I T o

(2) BERRERZZ R (phosphate buffer saline, PBS) (pH 6.8) : NaCl. KH>POs.
Na;HPO4 12 H,O Fl KCI fKIXFREL 4 g+ 0.12 g+ 1.815g F1 0.1 g, SRIGIMAESA 400 mL
IR AE K AR N 78 7315 A, T 1 mol/L i h B R 15 i) pH A 6.8, JERBAIKE S
% 500 mL.

(3) LB Wit 73, MKIRFREL NaCl. Yeast extract Al Tryptone N2g. 1g. 2¢g
T 500 mL HFEEHAN RS INAEAIKIFE R 2 200 mL, (/-8R G, REIEHm

10



W 2 B el 2 AL S

BT EEHALL 121 °C, 20 min HE K.

(4) LB [EfARE %3, KIXFREL NaCl. Yeast extract £l Tryptone N 2g. 1g. 2¢g
T 500 mL [HETERIPY, [RIBS N 3.4 g (Bsifiets, FIEBAIKE 24 200 mL /A
fiit, SAEETREMALL121°C, 20 min FEKE.

(5) BHI AR FREE: FREL 7.4 g BHLBioR T 500 mL (HETE AN, EAKER 2
200mL, fEHFEHEM, WEETEEMALL 121 °C, 20 min mEKE.

(6) BHI [flfAR;770E: FREX 7.4 ¢ BHI AR T 500 mL FIHETEHA, [FIBIMA 1.5 % ~
2 %lFIEiRENY, R4 E 2% % 200 mL, EHFMEM, AEETREMRMLL 121 C,
20 min 15 &K .

(7) pH 7.4 BlgEE-1t35 20 223 (phosphate buffer saline-Tween 20, PBST) : ¥
35 20 5 pH 7.4 11 PBS % 1: 2000 7850R A5

(8) MEERBAF: IS4G BSA3: 1 KRS HH], 7 BIEHHIFRE 0.15
A10.05 g M 1 mL PBST, PN 58 VA MEAE PBST Y, R DR IAT ARG IR o

(9) 7 20 %H ) PBS (pH: 7.4) : HH5 PBS (pH: 7.4) %M 1: 4 Ay
REG, BETHEEMALLI121C, 20 min FEKHE.

(10) 50 %o Hyh: Hi54AF/KIZHE 1. | RBUREE, ME TREEHSRNLL 121 C,
20 min /= K o
1.2 SERGERSY
12.1 MEEFSHH

GBI R R RS TR AR I E IR TR ZE R, R I IR T A 1

iR 2 R HE . W RKHITH O157:H7. WITIRE . JoFLEEBR R R 58 IR AR K
BeRh T LB BroRsE, (RAEANTE A8 ar AR K . B SR AN Y A 2= IR B BHIT 2R T 5%
Fro BARERAEUNT:

(1) BHARAFAE-80 °C Y HFRBMK, JUGEEAPIRA G, MEBUDEEE, KA =
X RN Zidoks B bR s bR e Rh T [E R 9758 b, CEREIRIET 37 °C IR IR PG R AR,
TE PR T DL P SR B VK

() EEAEK R K/ANEER BBV E TR 7%, B 180 v/min, 37 °C

11
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ELRENFAET, HEME KA E.

(3) K BE ST EHARI B AE 3500 r/min. 4 “C R &0 5 min, #&J5 I HE PBS (pH
7.4) Bk 2 k.

(4) e, BUWEERIMME DTS 20 % H M LE PBS (pH7.4) B, HE
JI5 PO Y 7 E TR A, LAY 100 pL 49%& FJC M Eppendorf (Ep) . FHL—4
AR BEIR L E , ol 10 7338 T -80 CURAH LR AF &

(5) KA EOZ T A CRAE IO AR BRAR P, K B ET 100 L 41 &1 14 Y O B
PBS (pH 7.4) #UKFFE 100, 102, 103, 104, 105, 10°. 107 f%%. SRJG M 10* f5 7%
BEHEMOTAG, B FRAE SR B 100 uL 51340 %) LB BRI F, f5HmT
Jeis KEURATIE O A FR LB B TN 37 CHRIBR/KAINFRA N, B

(6) RH, FFHEEAKHKRIE, K EEETE 30 ~ 300 CFU Yl A I 4E, 4T
T AT I BEVEBURIE A X (IR (CFU/mL) =& B0 Rk < 10)
THE AR (R A TR FE
1.2.2 £YREHRIMABITFEOLST-H7 B e BRI A RIFI &

KIAFF#E O157:H7 ¥ i EdifA 5 Biotin-NHS LA 1: 20 fIEE/RELIR A, MMifE2)4:
WIEAB BRI B O157:H7 H 5 BEdifk (Biotin-IgG) o WAIMEMESTRINT, X
WFF B O157:H7 MR SRS Biotin-NHS LA 1: 20 fIEE/RELTE Ep REHIRA G, H
THARELEROE, 7E 220 t/min FEARTLL 25 CHEE 2 he SRGIERHL IR IER R,
73 2I1¥) Biotin-IgG B T PBS (pH 7.4) #47& T, LEFRAL G Biotin-NHS. 4%
HriG S 2R B TR, R 50 % H il SR E B I RFT-20 THH.
1.2.3 AR Ampliflu Red RO FD

HERIFREL 0.0052 g Ampliflu Red, ¥ f#T 2 mL DMSO H'. PABEE 100 uL 73255,
BELRAET-20 °C VKA .

1.2.4 SRERHERIFIZ

ARSER &M O157:H7 HUARER IR IERI SR, F T m Rl SRR B

AR
(D ¥4 1 mg BRIEMIRWN Ep & rh, 1ERESIEE FIRER FIEW, F 200 pL PBS (pH

12
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6.8) Pk MiTR 2 IR o SR Ja Kt Bk BB BVF-AE & 2 mg EDC A1 1 mg NHS 1) 120 uL PBS
(pH 6.8) ¥+ . HEJGIHERHSGEARGEEDE, BT 37 CHRREIKALL 180 r/min
i 44 30 min.

(2) JEAsERJG, 200 uL PBS (pH 7.4) 1&¥MiEk 2 ¥k, ZBRZ 41 EDC M
NHS. BB, HIN 54.4 pg HURMF B B eI, RIS RHREPINE THRIRA
I LA RAH RIS AT FARELIF S 4 h, [HEPiIR SRERR 7S k.

GOHXBH ), FEHIER 20 Bk $h2z 57K (PBST, pH 7.4 1] PBS, & 0.05 %
i 200 AFAAPEERmER 4 %, JFA 1 mL 30157 (PBST, % 5 % BSA 115 % MiA&%)
¥r) HPAWLER 2 he

(4) f )i, FI PBST iEvefiisk 5 I, Yo LR B ARG, W Rk EH 2% T 1 mL
pH 7.4 1 PBS H, #R%RSG, BT 4 CUkMH&H.

1.2.5 RFERIQN LT
FLAA PRI R S R ] 1.1

(1K 100 pL A — KA O157:H7 FIFET 55— 2 B % EHEERTE Ep
EHRFRA, £ 37 C. 180 v/min FIFEK I E 30 min.

(2) ffiH] PBST {EVEHIBR E AW 4 1K, KBRFEARZEFRIAR LS IIRGY, BEEIIA
100 uL Biotin-1gG # WS, ¥R (37 °C, 180 r/min) 44420 & 30 min.

(3) i PBST PeikiBk E 64 4 IR, ZBAR4E 1 Biotin-IgG J&, HIA 100 pL
HRP-SA, ¥ Ep B B E IR % LIRAIIE], 285 B TR A LU e &4 (37 C,
180 t/min) % & 30 min.

(4) & /] PBST AFAMiE MM ER 54 5 ¥, NN 100 pL %26 IEY) Ampliflu Red
A1 100 pL Ha02, 7840 A, BT 37 CRa/KE 7844, #6E 10 min.

(5) ¥ Ep BB TWIRMATHI Y B, #4100 pL BB 96 FLARH . fi
22 ShEEBEAR OO B A G, FEBOR 6N 571 nmy REHIEH 585 nm (I T, 315
WNAS TR
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=
: \
2 Y
@ s
g ) 1
g ©
3 =
s A
=
E <
0 . @ ~Q )
Wavelength(nm)
g I3 . 5
@ Magnetic beads Q< Immunomagnetic beads ﬁf Mouse anti-E. coli O15T:H7 (1 Blocking buffer ‘ E. coli 0157:H7
L monoclonal antibody -
YBiotin-muusc anti-E. coli 0157:H7 monoclonal antibody ¥ HRP-streptavidin conjugated [ -] Ampliflu™ Red H,0,

B L TR EAL SO S T B EOR R AT I K AT 1 O157:H7 ¥ /7 ik IR B
Fig. 1.1 Schematic diagram of a novel appraoch for detecting E. coli O157:H7 utilizing enzyme-catalyzed

fluorescence and magnetic separation

1.2.6 LI FHRIML

G855 VOGN B vT LASEIE 5 S 73 1) RS o Rk, FRATIHEIX T3
TAERRAL T 9N (Ampliflu Red H202) HIHREE LK %)% fibEk . Biotin-IgG Al
HRP-SA W&, DUHUSHRMER F/F (FAREREH 8 x 10* CFU/mL KAt E O157:H7 ¥
A RSERAE 5, Fo /RARFIZRAE AU E PBS (pH 7.4) MZAIIIES) .
1.2.6.1 Y Ampliflu Red A1 HaO, AL AL,

Ampliflu Red 5 HaOx [ [ RV BE L A2 50 58 0 B (R OGBR R 3 0 ARSI J3 ill E 4%
WIEIEY) Ampliflu Red 7£ 50 pmol/L ~ 250 umol/L (50, 100. 150, 200. 250) F1 H>0»
#£ 100 pmol/L ~ 2100 umol/L (100 600 1100. 1600, 2100) FJ# i Bl N TIRZ,
PSR FE A I RIR

HEIRTT TR Ampliflu Red FIRFIIREE (50 100, 150+ 200 250 (pumol/L) )
PR FERIIAR B o LA 20 pg (A isk &, 1. 500 #ReLL 45111 Biotin-IgG 1 1:
2000 HRE LA HRP-SA [FISEI0G26AF T, #H8 1.2.5 ARSI AR, KKK Ampliflu Red
TEANRFERT ML) Fo I FAH, FHAKIR F/F) 0 HLAR BB BE (7R (bt ok e B I A i dee ik

14
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JZ.

HWK, FA1EH H0. 7E 100, 600, 1100, 1600 2100 (pmol/L) IR LRI,
RE HoOo BRI E o b, EH PR IRAL TS 1Y) Ampliflu Red SR E, 1%
8 1.2.5 ) protocol, MFFEE HoO2 ¥REE R ETXT R F AL Foo SIS SRR Fou F AN
F/Folfia%s, KA Ha00 SIS .
1.2.6.2 Syl 2L

AP BEAZ IR 1.2.5 1 protocol, MKIKEL 5 pug. 10 ug+ 15 ugs 20 pg. 25 pg yu
W IREER, MR R P IRPT AL DA I B A SR N, FFEANIR] A REER F ot 2Rl
SR, DARZR S ARSI ORI (O RERR F B DAREER FH ROMBRARER, ek INE 5N
AR RMAE R, EEIHT Fou F AN F/F, BEREERFH BRI . Y F/Fy LU A
RIS, BRI 2R A
1.2.6.3 Biotin-IgG #if Ll fift

W FRKEANRE PRI EE . HaO2 R FEFIREER RIS, A1 lie H O
B AL 25 1SR R F Biotin-1gG SRR VR RS . AHHE T8 & 1 %2k s A

(BSA) 1] PBST (W) X Biotin-IgG HHATHEMRE, A Biotin-IgG SHi B
B ELBIR R IRAARRREL 1: 1000, 1: 500, 1: 200, 1: 100, 1: 50 ffIELBIEBE T HFRE o
%18 1.2.5 ¥ protocol, WI1S%EEA™ Biotin-IgG #ReE LLB N Xt B F Al Fpo WLEE Fou F
1 F/Fo b Biotin-1gG ¥R AR H LR a 34 o 4 F/F) LUAB s RIS, Fimoxsd I (3
FERIA Biotin-IgG B EEAS IR .
1.2.6.4 HRP-SA #if Lt ) fifr

TE EIRAA R A I 26 A T SRerff 8 fe FERHI S R HRP-SA VR . #4411 1.2.5
PR3, Al HRP-SA fERRELLE] 20728 1: 1000, 1: 2000, 1: 3000, 1: 4000 Fl1:
5000 FAREE I A 2 RIS 5 o 04T Fu Fo Fl F/Fo B HRP-SA W AR b a3, 4
F/Fo AR BB RIS, TR RLfY) HRP-SA (193 BRI Ay f
1.2.7 AF A7 PBS F#@MKBAHF & O157:H7

75 _EIRAL RIS AAG I 261, il PBS (pH 7.4) ¥ KT8 O157:H7 HRIKFHRE N
AR (1.3 x 10 CFU/mL+ 2.5 x 10° CFU/mL+ 5.0 x 10° CFU/mL+ 1.0 x 10* CFU/mL.

15
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2.0 x 10* CFU/mL. 4.0 x 10* CFU/mL 1 8.0 x 10* CFU/mL) #EATHM, #t—B56Ei% 7
M MERE  #8 1.2.5 1) protocol, P HE AN EE FITA LS5 5, 4 KIAT B O157:H7
IR EE LA 10 ATRBOS B E AREA R, TSI 586(5 5 BA 10 RBO U E AR,
kLA FRAE 2k

1.2.8 KFFEITABAFE O157:H7 #MavsERM

PRV ASEIG 7 e S, BATE A 4 Al W BRSO R YTTIRE . B
BERRIR . SRR A A TR IR L RSB IR R A AR SR T3 . TR BEIR ALY
PN 1.0 x 109 CFU/mL, HARERKIHF# O157:H7 #KEikFE 8.0 x 10* CFU/mL.
A1 oA, A2 NI TIRE, 3 N BERRE, 4 4 9 srazdn i A= 2= s 1
5 NI E R KT, 46 N RIFATH O157:H7. ERMRIIIGIAIET, Hi &4
TR AT A -

1.2.9 AP EESIFREARPENAFITE 0157:H7

A DEBEF IR SE R IR AR , SRARTT AT VETE SR SR it v S I 98
710 M 1.2.7 FRGER, FRATH R I5F1 b IS 1030 R B0 PBS KX KAt
O157:H7 #ATHFE, WK IN 1.3 x 10° CFU/mL. 2.5 x 10° CFU/mL. 5.0 x 10°
CFU/mL. 1.0 x 10* CFU/mL~ 2.0 x 10* CFU/mL. 4.0 x 10* CFU/mL. 8.0 x 10* CFU/mL.
W RIGHFFE O157:H7 BIMREELL 10 ARECSHC AR, FrilifF 10758 6155 bL 10 AR
BGOSR, A0E AR IE AR A0S SR o (v 2%

1.3 LIGZER
1.3.1 K FHMMILER
1.3.1.1 ZOGEY) Ampliflu Red A1 HO0x HIWKEDLAL,

WK 1.2 A s, B Ampliflu Red W= F3EIN, FHMEXTEALR) F 2 EFHES,
IEE] 150 pmol/L B, F G KARLE . 1 Fo RIBCNFRIBIGKES . K 1.2 B Fis,
24 Ampliflu Red B INEFE 50 pmol/L ~ 150 umol/L HITEEI NI, F/Fy & BT
{H2 i 150 pmol/L I, F/Fy AR T REIFHEANF G . Bk, AR 150 pmol/L
9 Ampliflu Red PSAERHIIREE o 17 55— AN BRI SRBLRY) HaOn WAL, 4nf&] 1.3
A FI7R, 24 HyO0 AR T 1100 umol/L i, F B i . 15 24 Ho0, {7 KT 1100 pmol/L,

16



W 2 B el 2 AL S

F LA, i 1.3 B Alizs, F/Fo#E 100 pmol/L ~ 1100 pmol/L 3 [ P S K a3,
L 1100 pmol/L 5, F/Fo3EnAHE, P&, K2R & HO T,

5 Ampliflu Red B FEABR, HRP A 7] el ik <1 R idk— 25 8 A e 7O et =437
381, fFUOGE SIS, % EFTR, 1100 pmol/L 245525 o HoOs (S AR

B 10

6000

5000

4000

3000

2000

1000 4

Fluorescence Intensity (a.u.) »

[
/=r

-

-

-

—

Kl 1.2 Ampliflu Red-H20, 764K F HH 2GR Ampliflu Red PR FEARAL

T
50

100

150

200

250

Concentration of Ampliflu red (nmol/L)

50 100 150 200 250
Concentration of Ampliflu red (nmol/L)

(A) : Ampliflu Red ¥

FEXHER G 571 nmy RESERN 585 nm &b F ) FoiGs2ma;  (B) : Ampliflu Red [RIREEXHER 6

9571 nms KEFEHN 585 nm b F/F, [RI540H

Fig. 1.2 Optimization of the concentration of fluorescent substrate Ampliflu Red in Ampliflu Red-H>O:

fluorescence system; (A): Effect of Ampliflu Red concentration on F and Fj at excitation light of 571 nm

and emission light of 585 nm; (B): Effect of Ampliflu Red concentration on F/F) at excitation light of 571

4000

nm and emission light of 585 nm

1 CF,

/=r

]

-

-

—

-

e

KEEN 585 nm &k F K Fy BIRm;

100

600

1100

1600

2100

Concentration of H,O,(pmol/L)

Kl 1.3 Ampliflu Red-H,0: 764 274 HoO: IR FEAR A5

F/Fy B35

100 600 1100 1600 2100
Concentration of H,O,(pmol/L)

(A) : H00 BIREX ARG 571 nm.

(B) : H0p WIIREXHER AN 571 nma K H5H6A 585 nm 4k
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Fig. 1.3 Optimization of H2O2 concentration in Ampliflu Red-H»O; fluorescence system; (A): Effect of
H>0; concentration on F and F) at excitation light of 571 nm and emission light of 585 nm; (B): Effect of

H»0; concentration on F/F) at excitation light of 571 nm and emission light of 585 nm

1.3.1.2 Gepetii B =R

T VA SRR P R S S R EE AR, 4R 3 s A B DA KA ARSI R
o BATZD N G HEER I FH &, AN S pg B 25 pg, FFIEIARR NI G = A 1505
SHRE. WE 1.4 A B, AR R, FREEInGES. FBOvFE. 7K 1.4
B, Bl GERER AW, F/F LWETE 15 ng WA BIERK, HEHEHLF 6 1.
XA R 15 pg (MREER R R LUK B O157:H7 $24E 78 e 1 45 & 7 s g ks il
HERITH. Bk, Bk sEHERN 15 pg.

6000 JF, s
/rF —
5000- mm ™ 91
=
4000 8

2000+

Fluorescence Intensity (a.u.)

1 5 A e

5 10 15 20 25 5 10 15 20 25
Amount of magnetic beads addition (ng) Amount of magnetic beads addition (ng)

1.4 G EREERININENT F/F 5, UM E N 8.0 x 10 CFU/mL;  (A) : S RiEkmsInE
FHECR G 571 nm. RGN 585 nm &b F ) Foitsemi;  (B) = SR REERII I EXTE A N 571
nm. KHEHN 585 nm &b F/F, R0

Fig. 1.4 The influence of the amount of immunomagnetic beads on F/Fy, the bacterial concentration was 8.0
x 10* CFU/mL; (A): Effect of the amount of immunomagnetic beads on F and F) at excitation light of 571
nm and emission light of 585 nm; (B): Effect of the amount of immunomagnetic beads on F/F) at excitation

light of 571 nm and emission light of 585 nm

1.3.1.3 Biotin-IgG #if Ll fiift
JEO M EEVINIE R B PR = B 5807, B G iiEk 5 Biotin-1gG 15

18
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A 256 R Biotin-1gG Y5 HRP-SA fREXN45 6 - Biotin-1gG IV EE f Ak &
1.5A Fi7R, 24 Biotin-IgG FUFRELLBIIAS] 1. 200 i, wLAE RS E] F A1 F, 34
m, PAKE 1.5 B HRsth F/FfE 1: 200 I H S &, B F/Fy LUAB AR LRI TE B K
XUESE T B2 Wik S5 Biotin-IgG fBIKY) 45 & Dk 3] VEADRE, i &5
Biotin-IgG 23/ AL KB ARRE M, F IKARLE, T Fo sk 8T, F/F LU
SRR . R, FRATIEREABELLEI Y 1: 200 1) Biotin-IgG 15 v Ja 4L SE 5 1) 5t
HERIARE o

A 7000 B

6000 DF,, = _I_ 10
1E3rF ]

» w &= W

> > > >

=3 = =3 =

= > = =
1

Fluorescence Intensity (a.u.)
S
=3
<>

mREmNEENEN .

1: 1000  1: 500 1: 200 1: 100 1: 50 1: 1000  1: 500 1: 200 1: 100 1: 50
Dilution ratio of Biotin-IgG Dilution ratio of Biotin-IgG

Kl 1.5 Biotin-IgG IFEREELBIEAL: (A) @ Biotin-IgG IR LLBIXHE R G A 571 nm. KE6H 585
nm &k F & Folf52m1;  (B) @ Biotin-1gG MR LB AN 571 nmy KN 585 nm &b F/F,

o

Fig 1.5 Optimization of dilution ratio of Biotin-IgG; (A): Effect of dilution ratio of Biotin-IgG on F and Fy
at excitation light of 571 nm and emission light of 585 nm; (B): Effect of dilution ratio of Biotin-IgG on

F/F) at excitation light of 571 nm and emission light of 585 nm

1.3.1.4 HRP-SA e LL il rfiie

HRP 7EfE A A A il e i i #2 p ie 4 24 . HRP-SA 7ERRE LUy 1: 1000
~1:5000 HJA LG N BEATOUAL, DAIRAS S RN ACR . an 8] 1.6 A PR, FE# HRP-SA
VR EEFR IS ITTTZHG R, Fo U R G K &% . Wil 1.6 B Fi7s, HRP-SA #ifk
LCI 1: 2000 I, F/Fy IR ZEIEAE, 1K U0 IR 0 S O 25 R P ™= AR PR ARFAGE 2%
JefE S o, WRAEBAK. SIATEN 1: 2000 /£ HRP-SA [ 5 H MR L 1 R 34T
JREEI S5
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A 7000 B10
-
0 F, -
3 60004 = % B 9
s — — 8-
£ 5000 ]
@ 74
g
£ 4000 3
Lol ]
8 3000 54
g 4]
Z 2000
s 31
=" §
= |'_
ol LTI o —
1: 5000 1:4000 1:3000 1:2000 1: 1000 1:5000 1:4000 1:3000 1:2000 1: 1000
Dilution ratio of HRP-Streptavdin Dilution ratio of HRP-Streptavdin

Kl 1.6 HRP-SA [IFRRELLGIHEIL: (A : HRP-SA (R LLBIXIEUR 6 571 nm. KRG 585 nm
A F K FoJ520; - (B) : HRP-SA HIRREELEIXT OGN 571 nm. KEHEN 585 nm &b F/F) 152
Mg
Fig 1.6 Optimization of dilution ratio of HRP-SA; (A): Effect of dilution ratio of HRP-SA on F and Fj at
excitation light of 571 nm and emission light of 585 nm; (B): Effect of dilution ratio of HRP-SA on F/F) at

excitation light of 571 nm and emission light of 585 nm

1.3.2 AFETE PBS H#&MIKBAHFE O157:HT HIZE

Wk 1.7 Bos, AIPEAERRBIRIIN AR N, 2065 5 9 EREE KT # 0157:H7
WPELE 1.3 x 103 CFU/mL ~ 8.0 x 10* CFU/mL Y8 N (30, 8 R iR BT,
MR NAS T 5 RIHFFEE O157:H7 IRFEIER L 10 NIRHIRTECRIEI TG 2k, 2
PERIA S FE N Y=0.5016 X + 1.3503 (R2=0.9904) , A ¥ FRRUEETH 10 MK
S X FoR KT O157:H7 KIIRIEELLA 10 AJERIN $L. AJ7i57E PBS H6 K i
FFER O157:H7 HIRIFR 7y 8.3 x 10 CFU/mL.

4.0

Y =0.5016.X +1.3503
1 R*=0.9904

3.51

3.0

Log,,(Fluorescence Intensity (a.u.))

2.5 T T T T T T T
3.0 3.5 4.0 4.5 5.0
Log,,(Concentration of E. coli 0157: H7 (CFU/mL))

Kl 1.7 AJ7354E PBS HECIKR AT B O157:H7 [PAnAE 2k
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Fig 1.7 The standard curve for detecting E. coli O157:H7 in PBS using this method

1.3.3 AFFENKIBAFE 0157:H7 MR HER

Wk 1.8 Fin, 14 PBS IS AXTIR, 2. 3. 4 F1 5 4RIV TTIRE . oA BERR A |
FARZ AT A 2R TR B AR BB IR, 6 KBTI O157:H7 MBI IR, 2, 3. 4
S FrfAFIRIAINE S5 1 (A B0, R T AR FTEE T K
& O157:H7 B RIFHEBMEARE R, AN 5HATIERAEZ XML, mikEr
TGN B J LT TS HZ A 7 VA= A A5 5 e b

~ 6000

5000+

Fluorescence Intensity (a.u
(] W L
(=3 (=3 S
> > S
T . .7

3 4 5 6
K 1.8 ATk

Lo BERE: 2 WITKE; 3: CASEERE;: 4. PR SNRE, 5: AURENK

L [ []

BB

H 6:
KIFt i 0O157:H7
Fig. 1.8 Specificity of this method

1: Blank; 2: Salmonella; 3: S. agalactiae; 4: L. monocytogenes; 5: Sh. Dysenteriae; 6: E. coli O157:H7

1.3.4 A7 EESEFRERPIENARFGHTE O157:H7 Y%

FRATT 53 S FH A= R R SRR K AT B O157:H7 DASRHUA 5 VA SEFRAt A
bR 2. @il 1.9 A1 1.10 fos, BEEFEA T RIAE O157:HT RERITHR, 206
SEMREHEZR DA, 1F 1.3 x 10° CFU/mL ~ 8.0 x 10* CFU/mL RGNS Fl iy, 75
A 5 5 REFE O157:HT IRFEZ AFFEL MR R K 1.9 Fs, R4, &
M55 KA E O157:H7 IREERIEFE LA 10 AR AN HORBA T A 2R, 2R [R5 75
P24 Y=0.5018 X + 1.3328 (R?=0.9984) , H1 Y LRI IZOGE FHLL 10 KK
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XL X RN KA O157:H7 IR EEELLL 10 AR A% 4.

4.0

Y =0.5018 X+1.3328
1 R*=0.9984

3.51

3.0

Log, (Fluorescence Intensity (a.u.))

2.5 T T T
3.0 35 4.0 4.5 5.0

Log,,(Concentration of E. coli 0157: H7 (CFU/mL))

B 1.9 AT5ERAE A9 B AR h 2k

Fig 1.9 The standard curve of the application of this method in milk

WK 1.10 AR, ERITHRNKIATE O157:H7, ZiERIATFEAN Y=04613 X+
14793 (R?=0.9944) . &it8AF, X THUFEAR, RMERA 8.9 x 102 CFU/mL, X&E
R B 2R 0 T & A I KT O157:H7, A7 REHERR U I sk . [FIRE, %t
TRIFEA, 7.8 x 102 CFU/mL KRS IR 20 1 AT795: 0 v R BUE

4.0

Y=10.4613X+ 1.4793
R2=0.9944

Log, (Fluorescence Intensity (a.u.))

25 T T T
3.0 35 4.0 4.5 5.0

Log,,(Concentration of E. coli O157: H7 (CFU/mL))
Bl 1,10 ART7EAEE S A R b h 22

Fig 1.10 The standard curve of application of this method in apple juice

ZERRY, AT ITTEA T 52 RIS NI T-IE, ALK ARt Al B AR =
PERE CRrkr e tEAT s REEE) o 5 CARIE HAR SR FOAH B 401, AT e /e xSk b

22



W 2 B el 2 AL S

FEABEATRIRE, B W] BRI, SR RS .
1.4 ¥1ig

AHFFLHET Ampliflu Red-HoOn B I 6 A R 5 G IZ i SRR S, BRI
BT — R R R 0157:H7 Yo H R BUSAT Ik . @i kil Eis st
55 SRR AR E KT B O157:H7 MRS, A RO GuliBk F R OGTE T ent RS v
fETH. T mmd s ERGURMRIEE I N R, ik TR IRRE, FRC T HAR
[T ASTTEEATLE 2 h P 58K AT B O157:H7 IAG I, A4S [ 28 ME Y FBLAE 1.3 < 10°
CFU/mL ~ 8.0 x 10* CFU/mL, f&ill R A 8.3 x 10> CFU/mL, H ELAGIZ5 SRR Z VDT TR «
A 2 B G A 2 R TR S AR 0 T . AT SR T XU A O 5 R Y
Elisa J7¥%, AEGREOBRIHRIMRAG, FEILH T 538 T A I R %, FAS IR
FRFRK T 20100 £5041, gbah, AR EILH BB MR RS, AMUAE BRI A
R (R A AN B T i K AT B O157:H7, T BRI SR 578 PBS (R LT
— 8, IXTERR SRR R A A B e AT BT T2 @ F A T R
ARG SRS [ I FH - A8 B A A B AR PR A ARG, SR A SR A 0 = 2 A SR
IASEE T AT s A
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2 ETERRERMN IgY NEIRFIRNEI SR BERKERNFS
%

PUREBUA R (BT R BT R ARRE R LAY 1eG TR O gh
FEDRAGHIN 45 3% €077 46 BR 1A BN A BT TE (R 4 42 3, A LA e i LA e Do X,
I BT A 2 1A R B A MR RG  B € R A R, SRR TR A . AER I FLEh )
IgG FILAS /= G BERRBAS &, TSR S, 36 R BA A PR A W 45 SR 40,
PRl , 34K — 2 R R e A AR — P ik R 6 U H R s R R S i
B BRB R IN TV, B A SR SORISF A

WGA 2 — T “RETLSHEDEER, BA 8 NI IR, ERehsd
HBKAHEAER Z). S AR AR LRSS 2 MR )1, SAW R TR N- 25
~D-Z A E N R AT Y SE LSRR I 2 S, HOER R EGEIL 2.07 < 108
L/moLl5 %1, Z B3| WGA M1ERARMN S H 5 T 3R, Fi e & 5@ RIS 5
PRS- EIRES), BRI WGA ZEGIE I & SR ARSI - FE 30 Y BRI N FHVE ) o IX A1
WGA A—ANE JIgiE &, v] T [ iRl 2 2 B o SR, 13 =12, WGA
()22 M & R EAM IR T4 38 (M 21 BR 1R, SE O FE A AR AR, X 7EREFNRESE b
ST AR P R S 1 . RIS, S (R & BR B 7EH L BE b E N A
BREHEA A (staphylococcal protein A, SPA) , SPA AJ DAYE <4 B (0% %5 BR T 1) 4% =
PEFUR R AL 481, 3845 Bk H Y (Immunoglobulin Y, IgY) & &3 i Al & i
FAER — R E W MLIEYUA, ARAHREE T 55— G 0 TR0, 57307 1eG
A, 1gY A 5EA A MEA G RAEJRFHSRM, X —R LR A 2 i 7L
NPT R RIS S1, AE NPT A A UK, ORISR IgY RERS AR WGA JEFS =it
25 LI 1) JROS), AHIFTE 1 VR T WGA-IGY XUE R 1) ST A I 4 34 €007 4 BR 181 10 7
2. WGA FNSHIE E A IgY 73 5l IR 0 4 08 6581 & 3R B I AN R s, AT g i 1
WGA/B I B BRE/IgY =N EH 4R AL 1 318 ERgmr et X —8UFEm 7 %A
AN BE R v 4 4 0 6 R G RS () R, RS o B e A IS TR AL T 3 1 S A
BARFE.
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2.1 LENFSHR
2.1.1 FELILR
HelF 111
® 2.1 BT R SEIAX g

Table 2.1 The experimental instruments used in this study

SEIG AN #% 24 FK A5 HEFET K
DR TG Pannoramic DESK P-MIDI %) % F| 3DHISTECH
DL AT G Dragonfly 202 #[E Andor

2.12 FESZEMRISRF
HAblA 1.1.2
F 2.2 AHFFHTH S8 A RS 355

Table 2.2 The experimental materials and reagents used in this study

SEIGM LS ) 2 FR EEVa B
S. aureus (ATCC 12598) A6 91 A= o B OR P O
S. aureus (ATCC 25923) A6 40 A= 0 R Fh OR R O
HhRHE DI BRI 5T T A8 7
S. aureus (N315)
TR R 2 e %
HRRHE D BRI 5T T 18 2
S. aureus (Cowan 1)
TR R 2 e %
BEELIITIKE (S choleraesuis, ATCC 13312) TR AE T AR ) o b R e
R R B U B B TR S 2
FFLEEERE (S, dysgalactiae, 573 TEFL)
ST
tdTomato-CBD o R B U B BE AT BT S
(Img/mL) 7 R R 2H W Ik
ZEEEER (WGA)D %[ Sigma-Aldrich 2 7
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R 2.2 AWFUHT AR SERAD RS 1R

Table 2.2 The experimental materials and reagents used in this study

SIS A RS G A4 K G

HRP-XS471 8 4 AlgY (18596) B2 [E Abcam /A A

Jt 5 Biotopped Science and
SRR PO R -BER R AR (FITC-SA)
Technology A ]

&4 (TMB/H20,) e B B F R IR A F]
SALIE SR BHE KL
R b

2.1.3 EttiXFIa0EeH

oA A7 ) 1.1.3
2.2 SKIRERSY
22.1 MEEFSIHH

AR A P 1Y A AR TR B AT FUBEBR BV NIRRT BON ST 2R E
FEdER. B, TESLIO IR AE MR IR R B R E . EASLIH, KA BHI K
BEFRX P E R AR A& . KT O1ST:H7. &3 B &I RRE . R EH
A E BLVD 1] IR AE RS I I A efh Tl ) LB 85704k . BRI e 55 7 T4k
AR IRT

(1) M-80 CUKFEN, HUH 1B RAFIH B P SIBEHMIR LUK E, SRJG 1A
G RERUD R, SR = X RN IRTE [ A B R el = AN X3, Heh 5 o [
PRIGIRELLE 37 CIUREFRAA AN HEFE 12~ 16 ho

(2) RH, frlAREFRAE B HRREES, e R RSPk s — R T
WAL IR, B THREN L 180 r/min, 37 ‘CHRE I IR

(3) BRI SRR FRIECL 12 400 FO LGB T 23, BT
FERMLL 180 t/min, 37 CHR%IFE EXTEIH.

(4) BEE G IR TLA 3500 r/min, 5min, 4 CZ&MF FHGEE LG, FE L,
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FFFTCE Y pH oy 7.4 1) PBS HVEFIIR, 2K AN DT BB T R R L& 20 %
W pH A 7.4 1 PBS H

(5) B EBFHIBERLL 100 pL KX 52T 2 mL FITEE Ep & W, A7 T-80 ‘CUK
A H

(6) VRAZBEFITT, BEHL—8 H T8 THE 1 U B VUIEAT — R A I A5 LU RS,
T 5 TR P o0 FEE R 1) TR V23 L 100 L BT [ R RE 9R 56 9, S50 e B E T
37 CHEFEM N IR

(D FFHEKIE, WEFR FEEEUE 30 ~ 300 S A AT 4L, IR A
A MEVREE (CFU/ML) =% HOMREAEH0< 10 THE H R AF 8 B I BIBOR EE
222 WGAIRFI € B BB KEN R LRI

N T EAE WGA 2R AR (& R, JATBT T IOt g i OF

B 2.1 ) o BARERAEIR .

(1) H%, # 100 pL A E-WGA (1 mg/mL) 5 100 pL 48 (7% BRE (1.0 x
108 CFU/mL) &4, JREWITE 180 r/min 137 C NR%IEE 30 min.

(2) H PBST fFémith ek & B EIR e, LAEBRoRRE S & A E BRI 45 51
W MR- WGA. S5 O A I AEY 3 - WGA &35 (48 % BRI BB 207 T 100 uL
FITC-SA (0.075 mg/mL) ', 7EREPK (37 °C, 180 t/min) H'§# & 30 min.

(3) F-IXH PBST AFARGER R EH), HEFEIFAE | mL &K KT PBS (pH 7.4)
i

(4) FeJa, BRI & B RE 10 pL T8 b, it 7% Bk i FITC
et 5 & BB EIRBEIEA . A SOk
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-
L ‘ | S. aureus z.o“ %& Biotin-Wheat germ agglutinin E Streptavidin-fluorescein isothiocyanate J
-

K 2.1 ZOLHRI gt S0 0 & 3R 1] S B OMZEEBID

Figure. 2.1 Schematic illustration of the preparation of fluorochrome-stained S. aureus (not to scale)

2.2.3 WGATHRE IR EHITRANH &

(1) HX 40 uL 25 mg/mL ) MBs T~ Ep &, H 200 uL ¥ PBS (pH 6.8) J5¥EM
. F44 2mg EDC Al 1 mg NHS 1] 200 uL PBS (pH 6.8) i1k MBs 31 MBs BT
37 “C. 180 r/min [#ERHEOEHFE 30 min.

(2) H PBS (pH 7.4) i&¥E MBs 3 Ik, ZFRZ R EDC Ml NHS. FHiE4 G 1
MBs 5% 1% BSA ) 500 uL PBST 785318 25], fEREIRN (37 °C, 180 r/min) R 7
B 2h. WESHRG, LA 200 uL PBST $Ei%k 4 7%, 5% MBs-BSA 1HEEY.

(3) % MBs-BSA 547 12 mg EDC. 4 mg NHS £ 0.4 mg WGA ff] 600 uL PBST
RBE, IERERAN (37 °C, 180 r/min) AIHELIEF 6 h. il PBST #JIEJ#% MBs-BSA-WGA
4%, SBHE 1 mLPBS (pH7.4) W, fRET 4 CUKMRH .
2.2.4 KFFERMENTE

o C ] 26T BR TR R () B I R ] 2.2 s

(1) H PBS (pH 7.4) Wik h— iR E M4 W O & 3K B, 3L 100 WL 5
MBs-BSA-WGA fEIR IR s b /0>, FRREWE TR (37 °C, 180 r/min)
% E 30 min.

(2) WHESKRIG, H PBST 7EML AL ERBEERATANIEVE 4 I, DARR L RIIRI 4
WO A EREE . K131 MBs-BSA-WGA-S. aureus i 1 %l g 2= WhHs B 111 100 L 1)
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HRP-IgY EHE¥F, 7£37 C. 180 r/min [IFEIR N FFEEAIRZ I E 30 min.

(3) H PBST FRRUEBMEERE 1) 5 IRARR £ & RS G HRP-1gY, 454
TR E A (MBs-BSA-WGA-S. aureus-HRP-IgY) 5 100 uL TMB {0 5 JEE 4354
el s), fERDGEFRAAT T 37 CHEE 10 min.

(4) WELERE, IANRBE N 100 pL AT (2 mol/L) SRE I UM

(5) ¥ Ep BE TWIB LT 8hE, OB ECETER 100 pL T 96 fLi&E W
R LIGHRA, B A8 2 TR BRSO S RV VRAE 450 nm A OEFEE

(a)

NH,

NH, |

1 NH,
o
OOOOO [E——
EDC/NHS )

) [ ) . i -
‘ cood  Magnetic beads NH:= —_NH,  Albumin from bovine serum ‘;’ “/  Wheat germ agglutinin

| S.aureus \/ HRP labeled chicken anti-protein A IgY 6 TMB/H,0, o/ HS0s
( 4 |

s

Kl 2.2 HET WGA-IgY 0 (ayFf i £ 3 (o8 47 3k B 1 = K

Fig. 2.2 A graphical depiction of the colorimetric assay for detecting S. aureus on the basis of WGA-IgY

2.2.5 LIS FHHIHAL
TEART T, 478 €08 45 BR B ARSI 2 18 2 R )3 & e (o AT B 5 5
R 2 ) Je o 5 R SR S o A T SEBL T B R e S vERE, AR B —AL
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RIEMKIKGT MBs-BSA-WGA [\ REER AN IN &A1 HRP-1gY FI9R EIX B I SL 30 S 50847 T
AL
2.2.5.1 MBs-BSA-WGA &Ik

T IR 2.2.4 (1) S A0 g B BRRAR 7 H53 1) MBs-BSA-WGA HIUS & #4704 -
MIREX 15, 20, 25+ 30+ 35 (ug) WIREERE 775 100 uL BN 1.0 x 10° CFU/mL
G V8 R BT BR R RV IBR TR AT, SRAE N BH MRS I . IR REER B S A& S
I ERBE 1 100 uL PBS HR3% 1R ST AT, SR 5 43T 3R N (37 °C, 180 r/min)
% H 30 min. F—BATIELER B S R E &, DL RBRS RIR S A H AR,
FINN— 2 W) HRP-IgY #R% M E 30 min, & FHUGI S AES. Hd, 4514,
S REEIFE 1.0 x 10° CFU/mL 4 8 €05 %) BRI R  BHPEAIE & PBS [ IHEAE 450
nm AR EES . B A4 WG S AR E BRI 258 2 W RO — 2 s,
WA E) A/Ao B RAR, IR B BB IS I O R 2 R A e A
2.2.5.2 HRP-IgY KRtk

Y M 2.2.4 KRR TTIENT AT 300 58 20 B I HRP-IgY W EEHEAT AR . kiK%
F025. 0.5, 1. 2. 4 (pg/mL) [ HRP-IgY {E N —A8 &, HU[E & m ik &5
5 100 pL VR EED 1.0 x 105 CFU/mL < B 007 4 BR T VA VRURT AN 25 <6 0 €078 267 3R 1 19
100 L PBS % ieiR 2], FFHER NI E 30 min. PBST MIJEIEY: 4 %5, 705 1A 8 5 41
5% PBS B N R ARV FE ) HRP-1g'Y SRR U CE AN BE Tt 2 fA BE 1 K
BAtE. 4 REMWE T & O HE RN 2 OE5E, 40K THE PBS IIE5{H. 4/40
22b6% HRP-IgY ¥R FE R KT I — e A H, 4 4/40 WHUAE R B ORI, S By
Sof N[ HRP-IgY 5 Mt
2.2.6 KFAETE PBS RN &R EEEIKE

T SR 4 T A 4 BR A HOI M 2.0 x 10° CFU/mL H PBS 7] F iR 2] 7.8 x 107
CFU/mL. AR BE (KB M ORI & 100 uL A E AR 19 PBS (pH 7.4) , FH
XTI & & — E IR S O R BRI PBS (pH 7.4) o BMES S ARIKREFE K
FHYEISM 3 AN R, [RIRE, #2086 2.2.4 SDIRIITIZORERE . il M EAN R4
WREETE 450 nm ALIIWOGEE, FR4ehbrE 2R, mTLLEE Al IR B2 5RO RE Z TRl
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TERKR.
227 AFENEHEESKERMNESMT

ARSI R T KIGFF A O157:H7, (FFLEERKE, SAZAn g A 2= 10s ICHR, ik
EPRE, BEAWTTRERMERNTIE, STk . AIE T
ALRATHERIRI = A0, TERAERIASFAT T, ARSI 509 12 ZHSEn . 12
XA A (FEE PBS) , KWAFE O157:H7, 1#FLBEERE, Fixdnffig f 4
WRR IRHE, RREBIRE, FEGLDITIRE, RIH B O157:H7 4 5 R % BR B 19
REY), (FRL R ST O A ERE IR A, ALY G 2 R IR AN g 2
REREREY), FREREMNE R OB ERERREGY, eI IRE &5
R E R IR AP M ST BRI AIRE (R o R E s R BRI i
1.0 x 10° CFU/mL, #ARFHPEKEHEE N 1.0 x 106 CFU/mL (EL HFRE S 10
i), BB EHURINAS 3 2H A S 51
2.2.8 AP FEEERERPEN & HEEEKE

H LRI Rt 25 5 2 B S I BRI R BREE 105 s, A B B I SR
VR L R (O A ER A T AETS G TRIE, A T IS T WGA-IgY SRS 7L
FSE PR P, AT I FH 22 T A e S ARV Y SR A P D S S AR S
AR R SR SR IEAT RIS B0 I VPG o 20 R BB 2.2.6 D BREATIRAE, AN
(R LSRR AR 30 PBS (pH 7.4) KX &3k (ORI # BRI REAT MO RS, Il
SV SN [ B A 8 R 7 £ PO B A 2% Hhl) s v T 282 1) B9 5 SR ot o 119
ik Lz 8
2.3 LIER
23.1 WIEWGAS € HBEEIKESES

N TR WGA Rt 5 & i B BRE 45 &, AT WGA HAM R &1
(Biotin-WGA) , 1#id Biotin-SA HIHELEH], K FITC-SA #5ic T Biotin-WGA K
MRS WGA 215 R 5 & ORI E R4S . RATRA T 76 RM5E (Pannoramic
DESK P-MIDI, 3DHISTECH) *f WGA 545 8 (4738 &) BR B (W 45 647 itk AT 1 3RAE, H
H& 2.3 A 1 2.3 B 7352 W B AR L 4k (e 7O R . anf&] 2.3 A #1123 B R,
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I35 B s & ORI R BRECNETE, BEAZ8 0.8 um, KIEEE /R FITC & H58
SOOI S A G O B BRI EE o X — IR IIE T WGA X 423
A R BRI SR
B oK, FRATHIE MBs-BSA-WGA fig !5 54 3 (A £ IR B AH 45 & . tdTomato-CBD
SRS, FRATIRIFH L RT DAL 4 8 €05 27 BR B 14 48 45 T A9 B 0 5 R R
R, S LT MBs-BSA-WGA 5 tdTomato-CBD % (211 4 #5 (03] 4 BR 18 34T
5 . & 2.3 C 123D #Ik AN MBs-BSA-WGA @ tdTomato-CBD %t [ 4> 3 {4,738 %) 3k
(K H plyV12, Biosens Bioelectron (24, & 4544380 (1 W 37 UG RIAH BL A 21 (0,75
eI EE 23 CHr, R EAERUR K ETEY5 2 MBs-BSA-WGA HIRIER S
&, SR %G B3 —METEE e m o @ 5k w . £K 23D T, S5k
2GR % 455 1 tdTomato-CBD FT 47 10 1) 43 ¥ 64 1 %) 3K 1 K 1 40 B9k, T
MBs-BSA-WGA WSk EEMA R TG, 5 EGA . DL EZSRIES T WGA &
TRIRFEREER AR T, #4575 5] MBs-BSA-WGA HIMIERIFIRES, HiZiRe A&k
PO EERE TR .
A

Kl 2.3 5 WGA #ric i) FITC 45 & s R A BRE M 2OLRME . (A A (B) = 732l
Y UG RN () 2 €5 e S (B 10 um) 5 MBs-BSA-WGA @ tdTomato-CBD Je a4 35 1

Hi%& BRE CR H plyV12, Biosens Bioelectron ()40 il 2H & Z5 A 38 1 580 44U . 2016, 77: 366-71)
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(O (D)« 3l HGEUER . MR ETICER GrR: 10 pm)

Fig. 2.3 Fluorescence micrographs of S. aureus bound with WGA tagged FITC. (A) and (B): bright-field
image and corresponding green fluorescence image, respectively (Bar: 10pum); fluorescence micrographs
of MBs-BSA-WGA @ tdTomato-CBD stained S. aureus (cell bind domain from plyV12, Biosens
Bioelectron. 2016, 77: 366-71.). (C) and (D): bright-field image, corresponding red fluorescence image,
respectively (Bar: 10 um)

232 ELWHEMHIMILER
2.3.2.1 HRP-IgY K% 5 MBs-BSA-WGA HiERNINE Itk

N T AT EAERR I RBE, TARN T HRP-1gY WEEXT A/4o 2. K] 2.4 A
AR BRI, B HRP-IgY WKEEIIIG R, FHVE(S S8 4 B8 ThE . AR R
) HRP-1gY /=4 R IME 5, KA IR EER HRP-1gY 22 SEUNAI B, Rtk FE
[l HRP-IgY #4245 WAk KA 2 AR S R Bt PRSI R % . 1 2.4 B R
(Y] A/Ao LLAB S0 22 B HRP-IgY ¥R BE (139 i im &2 2 38 n, >4 HRP-IgY ¥#KFEN 1 pg/mL
I IA B A, ARG REE HRP-IgY WM HE— DI AN PR K, 1 pg/mL HRP-IgY
Whde My Ja BaEe v () B AR E

MBs-BSA-WGA FEEk 17 &t 23 0 12 S 06 1) R U P2 A sgi . [RItL,  siegide
MEER BN 15 204 25, 30, 35 (pg) R THAL. HIE 2.4 C ATAN, £ 450 nm Rl )5,
PHAEAS S 1H A 2 BEAE R E I 23 BB URiEkEIA 2] 25 pg i, FH
HESHEKE T FEmENTFE M. XEWRE 25 pg ) MBs-BSA-WGA ik & LA
ROtk A R 45 S AL e s VB B BRI . [F]I, FE%E MBs-BSA-WGA VSN & (1)
AWrE N, Ao ZEIEIN. Kl 2.4 D FroR, BE%E MBs-BSA-WGA WIIE G, A4/40
SUMBE I, BERIAE] 25 ng B BRI, UhE, WSRO R, X uegh BRI,
IO MBs-BSA-WGA #% , HRP-IgY XTSRRI B ik %, S0
st B, FRATIESE 25 pg 1E A — 25250 1) i £ MBs-BSA-WGA ¥ INE .
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144 14,
1EAA % 224

A450 nm (a.u.)

025 05 1 2 4 025 05 1 2 i
Concentration of HRP-IgY (ng/mlL) Concentration of HRP-IgY (ng/mL)
C D 24
1444,
12 | A
3 10 22
g <
=
g 3
<
< 204
=
18 T T T T T
15 20 25 30 35 15 20 25 30 35
Amount of MBs-BSA-WGA addition (pg) Amount of MBs-BSA-WGA addition (pg)

Kl 2.4 JET WGA-IgY MIXUEIRF I s, (A HRP-IgY WEEXS 450 nm 4k 4 I 4, [R5
Wi;  (B) HRP-IgY dKEXT 4/40 HIFEM;  (C) MBs-BSA-WGA #SINEXT 450 nm AL 4 A1 Ao 5
Mi; (D) MBs-BSA-WGA WRINEXF A/40 IFZNE, B E 1.0 x 10° CFU/mL
Fig. 2.4 Condition optimization of dual identification method based on WGA-IgY. (A) The effect of
HRP-IgY concentration on A4 and 4y at 450 nm; (B) The effect of HRP-IgY concentration on A/4y; (C)
Effect of MBs-BSA-WGA addition on 4 and 4y at 450 nm; (D) Effect of MBs-BSA-WGA addition on

A/Ay. The bacterial concentration was 1.0 x 10> CFU/mL

2.3.3 A5 ATE PBS NG HBEBIKENLE
FEARAL G B Z4 AT, 450 nm AL AT FE 6 5 ) A 46 2 0080 267 3R B A B2 11 0
ITSE AN, T ST T X0 1L 31 SR s A 0 < B €03 A8 BR B VR B AR A i 2 Canfd 2.5)
£ 7.8 x 107 2 2.0 x 10° CFU/mL F Y ] PN RO JEE 9 5 < 0 €0 61 6 BRI IR P 2 1) B
RIFR&MESR R, BIHFREATRIA N ¥=1.0770 x 105 X+ 0.0550 (RE RF R =
0.9907) , A Y ARG (450 nm) , X 4 €03 4 3R i AR
(CFU/mL) - KEMFRH54 3.9 x 102 CFU/mL, Bl 100 uL % H I 39 A& i 4

34



W 2 B el 2 AL S

B TC T ATA & BRI AT A 3] . 25 R BIRERR 00 & RN, e B R e A4 AR ik
TS, REERHE— P FATIRA AR IAATIN 0.1 Z2THKH| 1 Z2T+eE £,
AABEREINE] 1 4> CFU. 5 CLRE 102 10U PR3 R 5 J2R0 B B6. 43541, A VL TS
A N R PR o FRAE AR U PR T RE VAR T EA R R 3R (1D [ E L) MBs-BSA-WGA
(~0.82 pm) fE4r BAE E L AR EIRE (~ 0.8 pm) FTIRIH G, XX TR
M RBITEA B ERS . FEikRP, BSA AMUABIT158E WGA [I63k6E )1, B
T EENIRE, HEfRE T WGA H& M AR ERE MM S MEEEH. (2 BT
HRP-IgY FAHXE/N - T5, CRES LS5 (R & BRI R MY SPA 731 B3R B
2GR, WA BHECR T REES, PRI T Rn) R g st 28
17, it I A e — BRI, RISELSRr e (160 (0B & BRI A R (W1 52A2) (4
PEE R FE AN H N- L BE-D- R BB LS H 1 6 B R 11 4 i B d5 = X P OB B
MBs-BSA-WGA ToiEA Rt iR e A, 2380 7 It iy ml gtk

2.5

Y=1.0770 x 10°X+0.0550
1 R=0.9907

N
=]
I

A450 nm (a.u.)
s

—
wn
1 L

0.5+

50000 100000 150000 200000
Concentration of S. aureus (CFU/mL)

A 450 nm (a.u.)
=
n 1 n

0.5+

0.0 +—

1000 10000 100000
Concentration of S. aureus (CFU/mL)

K 2.5 450 nm AbAIRIGRE S PBS g i (VI A ERE IR E IR R (BRI B 1A <5 2
TR bR AE 2D
Fig. 2.5 Relationship between absorption intensity at 450 nm and concentration of S. aureus in PBS

(The calibration curve of S. aureus detection was shown in the illustration)

234 KXFEMEREBABKEENFFMER
K09 WGA FH AT T2 22 [QBH PR R AL =2 IRFAPE K5 Thae, pr AR THE R
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SRAN T BRI A B Ry A — A ORB ). PRII,  FRATIRRIAT I O157:H7. 4531
BERRTA . AL NG R T L RIS B R DA BB R LD 1 PR 5% 22 b At o 12 AT
RN EAERIAR, XY R IR IR E DN 1.0 x 10° CFU/mL, XK
JE B bR e o R & BRI 10, A RS2 IR 25 SR A vEEm R AN AT SE . IR 2.6
13, 2. 3. 4. SHI6 NRIHITE O157:H7, 1=FLEEERE, SRAZgnMuE A 2= ki,
WBEBIRR, EEGLDITIRESE TR, H NG S ES S A 148,
FAh, T4 8y 9+ 10 A 11 BN THUR 5 e g VH A ER IR SIS TE, ek
5 S O & BRI AR S R A B WS RIS e s i A
B o IO VR ) SRS AN B 52 oAt WO B 1 TP, IERISHTE S AlgY 543
B BRI B R R Ss & o DI, RS DA R SRR, A T 7 AR AL SR
T DA BRIy L I - <4 6 80 26 R 1 R 48 52

1.2 4
b e ]
1.0 4 K —I_
0.8 -
0.6 -

0.4 4

A450 nm (a.u.)

0.2 4

0'0 IT”T”T“T”TII_T-I T 1 T 1 1 1
1 2 3 456 7 8 9 1011 12

K 2.6 T WGA-IgY FIXCE R RIS LE 450 nm A FIWEEESREE,  FH T A0 4 37 €678 24 BR 18 AT
M. 1: 2H; 2: KBAHFE O157:H7; 3: (FFFEERE; 4: FAZAIME A 2 0krw; 5. R
HWEKHE: 6: BEINWITRE; 7. KBHFHE O157:H7 M& O EERERESY; 8: (SRR

A< 3 B AT BRI AR 0 90 UG A 2 S AT s R I BRI A5 10 IR

o

8RR A< 3 R AT BRI VR ;11 JEEFLVD 1T IR RS i & KA R 5 1: 12: ¢t
) BRIA
Fig. 2.6 Absorbance intensity at 450 nm based on WGA-IgY dual recognition strategy, which was used

to detect Staphylococcus aureus and interfering bacteria.interfering bacteria. 1:Blank; 2: E. coli
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O157:H7; 3: S. dysgalactiae; 4: L. monocytogenes; 5: Sh. Dysenteriae; 6: S. choleraesuis; 7: The
mixture of E. coli O157:H7 and S. aureus; 8: The mixture of S. dysgalactiae and S. aureus; 9: The
mixture of L. monocytogenes and S. aureus; 10: The mixture of Sh. Dysenteriae and S. aureus; 11: The

mixture of S. choleraesuis and S. aureus; 12: S. aureus

2.3.5 AFEEELFHATRN ¢ EEEERERNZER

N T VLT WGA-IgY SB[ 73 7 vl SEVERIEFEIG A ME, 78 SEBRAE it A7
PRIESORE 2 — PP R T . FIE B & (VH B IR R K AEAERE T, B REEZ Tl
WEEHAFE, JCHH WA SR Btk BATEEL 7 SN R B B sk e
FYRBEI A2 — . AR, ST AR R R SR 48 B D A PR SR v Bl SR v A7 2K
AR G e F i, SERIT AN TAT I B AR Y A 2.7, 2.8 FUR,
TERMIRBIZEAE TR s 450 nm L INT5 5 (055 1 5 4 B 5 4 1 €0 A8 BR B8 VR P 1O 38
MORETE 5, 7 7.8 x 102 % 2.0 x 105 CFU/mL [{75H 28 RIFMLH R S
S VBURT S SR ot v AN [ R R 4 0 €00 8 267 BR T (R B P[RR T R 43 00 Y = 8.5617 x
106X +0.0441 (R?=0.9956) . Y =8.7777 x 10 6 X+ 0.0445 (R>=0.9954)

2.0
2.0
Y=8.5617x10°X + 0.0441
] R’=0.9956 I

154 2 i
-~ £
2 Z
< -
- =
£
S 1.0 )
=) 0.0 . . r -
) 0 50000 100000 150000 200000
- Concentration of S. aureus (CFU/mL)
=

0.5 3

=
=
- - =
0.0 ——— ——r ——r
1000 10000 100000

Concentration of S. aureus (CFU/mL)
B 2.7 450 nm A PR GE E S S BT SR T o E T A ER R FE R SR R BT Gl 2o T
<o B (0 T ] R R AL U0 P b ot 28D
Fig. 2.7 The plot of absorbance intensity at 450 nm versus concentration of S. aureus in sodium chloride

injection (The calibration curve for S. aureus detection was shown in the inset)
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2.0
2,
Y=8.7777 x 10°X + 0.0445 =
R=0.9954
1.5
154 £
-~ E 10
3
<
-’ = 05
E 1.0 x
=) 0.0 T T T v
) 0 50000 100000 150000 200000
< Concentration of S. aureus (CFU/mL)
=
L]
0.5
=
=
- -
- -
0.0 +—— T — T — T
1000 10000 100000

Concentration of S. aureus (CFU/mL)
K 2.8 450 nm AL KISR0 R sl A A ERE IR Z R R I Gl EIR T &
] 2] R GRS b 4 T 2D
Fig. 2.8 The plot of absorbance intensity at 450 nm versus concentration of S. aureus in apple juice

(The calibration curve for S. aureus detection was shown in the inset)

W 2.3 Fiaw, SACENTE SHROINARRE S B [BIBCRVE LN 91.4 %% 111.5 %, A%
AR X Bl Z (RSD) {HIITE 5.8 %A o SER VT INARAE & ) BISCRTE 102.0 % &
124.7 %, FEXIhREMmZE (RSD) HISNTE 5 %A . G5B IR IAUE T A Sl 5T 52 bR b

H < R £ ] e B BT ARG LA R A S 55
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R 2.3 JIRRRE St ARSI B £ e B €0 R 4 BR R mI G R

Table 2.3 Recovery rate of S. aureus detected in spiked samples

NI BEmtiA FEXS A 14 A 22
R FIR (%)

(CFU/mL) (CFU/mL) (%) (n=3)

1.6 x 103 1.4 % 103 4.7 91.4

LB SR 1.3 x10* 1.4 x 10* 5.8 109.9

1.0 x 10 1.1x10° 4.1 111.5

1.6 x 10 1.6x 103 5.1 102.0

SRV 1.3 x10* 1.5 x 104 4.6 124.7

1.0 x 10° 1.1x10° 2.0 112.7

2.4 it

AT FEOIH I vt 7 — R R BT &, R T4 B 2 BR B A
ZF &1 MBs-BSA-WGA f&1fi[1) MBs X &8 (07 & ER B 147 & %, (4 HRP-IgY
PGS, FIH WGA Al IgY 8] RIVE F S 1 ke D) R O AR e . E S
MR, AJFIEAE 7.8 x 102 2.0 x 105 CFU/mL (70 0 B IF LML R, FH7E
90min P B AT SEELARAR 3.9 x 102 CFU/mL 45 o 8 AT BR A I o 3883 7 5 oA it
SRR SRR SE SR bR GRS, FRATTIGIE T 1Z°F G 7ERL IR 58 Hh U 4 5
AR AT SEVE . ST HERAERIE . BOARBA s RS, BATAT 2
JET WGA FNHBRF e 1gY (RARISE & 2ETF R BT X 2 50 B bR J5 i (gt i BE A
& N-ZBE-D- BRI B RSN ARG &7 T, R T — @ N ).
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3 Z5ip
AW T WA B AR, BT 7 40 KA I O157:H7 Al 8 €5 4 Bk 1
FRIT s R 73 o S PR 7 V4 LA LU ) RBOBE RV Sk, O 7E SEBRRE A
S E) TRTIRF o ASHE S 1 A SRS AT R TR £ B R R T AR,
IR 89 2 AR RSB AL 1 D I R SRR, R T A B0 B R e ) B
L
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Table 1 Detection of S. aureus by magnetic separation technology

W o ] 2% I B B KPR (CFU/ML) M9 3CHk
¥ 1gG MBs—% 1gG BB 5.3 x 102 [4]
Gt S. aureus P MBs—RI7T S. aureus %1 HEAEM 2.5 x 10! [6]
3-F IR MBs-APBA HIEEM 3.0 x 102 [7]
BEhT MBs-Teic HEEBM 47 [8]
B % f T MBs-PEG-BSA-Teic EEE T 10! [9]
BEhT MBs-PEG-BSA-Teic e 100 [10]
bR MBs-OVA-Van EEE T 102 [11]
I ER MBs-OVA-Van B A& 3.3 [5]
Hh&E R MBs-BSA-Van ) 422 & A 3.3 x 102 [12]
I ER Fe3;04@Au-Van MNPs HiE e 50 [13]
At HER Van fll BChE St Dy fefb i 2k B HEAZM 5 [14]
S TRELN MBs-$ 77 o6 fl Z -G BC AR A 1 [15]
DNA MBs-DNA-ALP BB 25 [16]

3 M ERARRTRMNABAE 0157:H7

KIGHFFR O157:H7 AE 9 W & IsPEBUR 2 —, 7] 51 ™ 5 S AA ML PR 75
RELEEAE, XA A Ag RERA ™ B 7)o RS B BARAE K FF I8 O157:H7 (Al v
RAE T HEAEH . FEAMRE R T GUREGEEAD IR, SHZEARN AT K
FE O157:H7 Aril s 78 T AUA -
3.1 MEARIRA T F

FE AR R 4 TR ATF  O157:H7 Rl b, BF9E A 5243 SR H B
AN AR I J7 75, SR 3 o D B AL RE R KA AT 18 O157:H7 BIdiskee J1. H,
Abdel-Rahim Hussein Abdel-Azzem Hassan [ 78 & /n T 55 — R R B ER 7> B H AR 5
2 ENRITR LR (SPCEs) BEAT KT B O157:H7 Kl ik X R 7 ik A% O AE T
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SRIG, BHIFN GO & Je OS5 1S SP-IDMEs $efilt. 432 H 1086 47 i S 1k Tl
EAEE S AR AR, 2 S EURRIN A S VU AR A, 3 T R H AR E
BHPTI & . FHFN kg B B X e P AR Ak, st AR ST H bR R A PRI .
Bk R1,

i ERTIR, AR R L v B R AV T AE AT B O157:HT7 Al 4531 1T 2
Mo EPUREWRIERTT I, FEAAERET X —RHAERNHEREATBM, —=
WL AR - B SR A R RO BUR R BB TR R T . B — 5212, MRt
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N Gk G 4s 47 SP-IDMEs J& SPCEs HiA, 7E KIHAT I O157:H7 BRI - B/
TANIEH SR, Bt BAEY] T BB REER SR BT R R BT 55
3.2 BECIMERIRAISF

ERCARAE SR o TAEB M REERAE D9 K AT T8 O157:H7 iR so A4 77 Tl Fe 3 th
TR . AR T AR, AT DCRSE RC AR B IR 1 T ER 73 AR
=K,

B RABM T R G R BB R ORISR H AR 4H T . 9140, Zhang S5 %
MBs-dsDNA Bk AW, fERGFFE O15THT FEMIBI T, Gk A & 545
&, BRI EERAA-5I R F (EA-D 22, X BRI R Sk, oA
CHi R T A B AR AR S DL N A SRR JE SR S S RS, IO
BORWCEE BB, HP s TRINSIY. RE5IWa SRF IR, THREEBHR
Bt XFPEEBUIRET MR TE SO VF S SE IR FMZIR Y Y S R AT« Bk, N T4
DNA ##:8§. phi29 DNA G EEAI I EZ TR (ANTPs) , MM B SR 1 i
X BRI T LRI, U ERENE ™ A KSR 1G4, AT S 3 1 i S
To HEME, WA HE R RIS P IR, R RN A
JABN . A BARME LT, TV X — SR, AR R 1 e D PR vy e 121220
25 EFTA, Zhang Z5RRFFTAIL4E A MBs. @AM RCA HiR, FFE T —Fm R
JEAN RS Ve BRI AT T O157:H7 Kl 77 ik

BB TR R A RSB R AR R E A, KRS AR I B i TR
PR . Bltn, Li S8R MR TR AR AR BOR N KIGAT B O157:H7. BAZ 40 ML A= ST i
FEATE IRB 16 M =i WA 8 3 58 3500 B 1R e P IREAT 1 e 23], R 73 3 3
MIKB G EMFE BTG R = EM RN Z IR, S AR B8R R ik LY
AR Z - BE SRR MBs, MRS 4 ER =MBURTE. HAN, Li SbT5 20
¥ 2 SRR S AR TR K E T R4S, WEEREAZ AR E T R
Bt IR ETHEASEE R 00 B AT REAR R E BT ARSI, AT SEIL 16 = A
3 B TR ARG 3, Horp, S KB AF B O157:H7 B TIFR 4 10° CFU/mL2Y; Liang
SEMRE KA B O157:H7 R 51k fliCh7 BRI 1 T8 vH 1 —ANPEWT IE ) 51 A — A4
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KREEY, HTREEER RN (PCR) ¥, P24 A EY & 15 05 DNA
(ss-dsDNA ~ AH7) 24, X4 PCR 774 (ss-dsDNA~ AV)ZH) #HEE SRS
WilHiEk (SA~MBs) i3k, JE/K ss-dsDNA ~ A4 E-SA ~MBs24, HEEZNE,
Liang 5 AR 78 608 L T HCR Skt — B ORRINNG 5o MiTBeih 1R SR e
(HI 1 H2) , XE4RE7E PCR 4 B ssDNA fEH N4T T, filtk HCR Ko
HCR 2 —F a8 G 59 HEoAR, fe =2 K& KA DNA, AT 225 5 a5
SRR . I8 IX A PCR-HCR MUEAS SH W /70%, Liang S5 SEil 7 x4 4 K

MR O157:H7 v R B R E,

=B E R A S SRR AN RS TR, IR A S 75 2
VN A 7 [ [ T AR T o X PO VR L% AR LR S R R T IR R A
O157:H7 JEBLH T RE MR H. Hln, Zhang ZEMIHE T ER T —FiBIH I T E R
WABREER I KA O157:H7 K7k . A AT T8y 2 s Th Hoks BB SR 4R4T (CP)
[ & 7F MBs K 1f, X4 CP B J5 545 5 A6 KgAF i O157:H7 HIERLA (AP) 45
&, TR E REESE . IXFPEE T R AP RS BERRAE 46, —H4G
KA, o CP ORI, Tl & 5 SRR AL #Is FER AR R, ZTTVER T
KIGAT B O157:H7 AR A 530 CFU/MLES); [FFE, Yu 28K 58 5% DNA /E ik
TREE (CPs) [ E7E MBs K1, 85 KIGHE O157:H7 I&RLAK S CPs Z& 22 M B Ak
DNA Z5#: 3-[E € £ MBs PO, @& ReARrT e 5 A Argi & KAt i O157:H7 454, A
AL CP B e . IXECRRFR ¥ CPs B /5 15 i 514284 [ B (PER) H 45 B K 514 DNA
i) 5°-end FP AR AZIRAE IS Ny 1 ik — B A I i REBE A SE M, Yu 85I T
SEAEARC AL G AR 8 I TS I ARG (1 IR TE 0, RS SR s i
WRERE A EINE . BEJS, AT TR F RO 72 A 0 R AT HEEAT T RS i sr U,
M I EE S I T 5 R A B O157:H7 B AT ARSI o I vE AN AR i 1 A 1 v
Bk, R 1 AR SEERN A b AR AN S R 1260

e ERTR, ERIGFE O157:HT Mkllrh, &R IREER 777 R 2 AL .
Ak, BSOS TG 025 & T IS, SEOL T KIBHFF R O157:H7 ¥R FZ T mT A AL A .
[, RCA AR5 PCREARMEGIN, HAKBHITE O157:H7 FIPRIE . HEMR 2t
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TR ROR R .

AT HET B AE B A S5 G WE 5y B AR RN KA 18 O157:H7 %6757, B
REEORIRFR WK 2. ERATA,  JETHUA BRI 75 24 R Y 0.35 ~ 102 CFU/mL,
Rl R R o AH LG T HUARR I, T FC A PR 0 v 1) R UG, Rl B
10 ~ 4 x 10> CFU/mL.

2 WOy B BRI KA B O157:H7 (177 1%

Table 2: Methods of detecting E. coli O157:H7 by magnetic separation technology

Wl ¥ il 2% (R 2k B RIR (CFU/MmL) ATk
e MBs—Hi A Hiz 148 [18]
BEEE MR B MRS £
e EIEz = e 0.35 [19]
ECUEARLS TRy
GRS MBs—#] %] B U0 g (5 ) EEE T 10 [20]
HERIEMR Bk S Y
EIIRES STk 102 [21]
ECUEARUSSREy
SELEN dsDNA-MBs HEEEM 4x 103 [22]
Z Ik MR ZIKR-BEF AR MBs (A :E 1 10 [23]
B W) & AL ss-dsDNA -5 £
AL Vi) 422 1% 1 7.2 x 10! [24]
SE A1 ZE MBs
TE R BRI RIEREE (CP) —~MBs EEER e 530 [25]
R A JH ¥.5% DNA-MBs EEE T 10 [26]

4 FILE5RE

TR, Wy EEORAE R b 2 e U N UG 1 R ke, Rl e 3k
O %) BRI AN K AT 1 O157:H7 BRI Tl RHIF 53 32 248 I BUAA/ 38 PR 2>
TAERC T, W B AR/ R BAB 07 SR I T RAER R T, X PR 09 B HEAT = 2
AR E, v g e E Rt A SR
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FEE T ORI A BRI ORI h, AR T DURMBIRREER, 25T T8RRI 2 B it
BRI SRAG I 5 AR R @RS, (HR A R A SOE RS 112
WRLER 2 I . X2 TE RS T RERS 5 H AR TREAT R SR I 25 4, DRI EAE
il R BB s R T KA O157:H7 (e, HTA B iitiEk i #428
R B 1R I R . IR NSRS HARPUR 25 & A a1 B Rr S AR
A7, NS e 7AI R HERR T . PR, 5 i O A BRI AR AR B, KA R
O157:H7 ££] W AR 1 TR IR 125 A 7 A E IR R IFA iz . XA RER H
TR E O157:HT7 [Rs S Aeam, 75 2 B vEE AOAS I T BOR i DR AR R3] o

RK, BEFE WL B HORAWTIR RN E R, FIE B AE R bl 2 A U
PN EZ A .
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BifsR

R Hahg Al AR

PGS PEILARR H 34 RR
o O A PR B R T A
SPA Staphylococcal protein A
Fi A
BHI Brain heart infusion i IR R RS IR
HRP Horseradish peroxidase AR S A
HRP-IgY HRP-chicken anti-protein A IgY HRP-1EFHiEE H AlgY
HRP-SA Horseradish peroxidase-streptavidin HRP-5EF 2 AR
R EIR IR
FITC-SA Fluorescein isothiocyanate-streptavidin
SRANER
PBS Phosphate buffered saline MR Eh 2% Pl
PBST Phosphate buffer saline-Tween 20 TR Th -1 I 20 2 iR
1= (3-HIEIENEL)
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
EDC ~3- L b i BRI
hydrochloride
i
NHS N-hydroxy succinimide N-F2HE T BRI %
BSA Bovine serum albumin A IE A& A
WGA Wheat germ agglutinin ZMEER
H>0» Hydrogen peroxide A
TMB Tetramethylbenzidine VY H BRI R %
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