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causing harm to the national economy and people’s livelihood. Achieving rapid detection of
foodborne pathogens is currently a key strategy for preventing and controlling foodborne diseases.
Antibodies naturally possess high specificity and sensitivity, serving as preferred tools for specific
recognition of foodborne pathogens. We list the main methods for detecting foodborne pathogens,
introduce the evolution and development of polyclonal antibodies, monoclonal antibodies, and
genetically engineered antibodies, and review the application of different antibody technologies in
the rapid detection of foodborne pathogens. Furthermore, we recognize that the combination of
antibody technology and other foodborne pathogen detection methods is currently a reliable
means to improve detection performance. Finally, we elaborate on the existing limitations of
different antibodies and summarize the current research status and potential issues, aiming to
provide a theoretical basis and practical ideas for the development of rapid detection of foodborne
pathogens.

Keywords: antibodies; foodborne pathogens; foodborne diseases; rapid detection; specific

recognition
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Table I Common detection methods for foodborne pathogens
Methods types Methods Advantages Disadvantages References
Conventional Conventional culturing Low cost, weak Long detection time, easy to miss  [9-10]
culturing method method instrument dependence detection
Immunological Immunomagnetic bead High sensitivity, strong Long detection time [11-12]
methods method specificity
Enzyme linked High sensitivity, strong High technical operation, prone to  [13-14]
immunosorbent assay specificity, quantifiable false positives, and less effective
(ELISA) and highly reproducible for complex sample detection
Chemiluminescent enzyme  High sensitivity, strong Poor selectivity, high requirements  [15]
immunoassay (CLEIA) anti-interference for detection environment
capability
Lateral flow immunoassay  Short detection time, False negative, sample [16-17]
(LFIA) high sensitivity pretreatment
Latex agglutination test Low cost, simple Prone to missed detections, unable [18]
operation to quantify
Molecular Polymerase chain reaction = High accuracy Complex operation, strong [12,19]
biology method  (PCR) instrument dependence, inability
to distinguish between live/dead
cells and easy to
cross-contamination
Loop-mediated isothermal ~ High accuracy, strong High technical operation, easy to [19-20]
amplification (LAMP) specificity, and short cross-contamination and inability
detection time to distinguish between live/dead
cells
Cross priming Simple operation, high Poor repeatability, poor stability [21]
amplification (CPA) sensitivity, and strong and inability to distinguish
specificity between live/dead cells
Rolling circle amplification Short detection time, High cost, unstable reaction [22-23]
(RCA) weak instrument system and inability to distinguish
dependence between live/dead cells
Isothermal multiple High sensitivity, strong Complex primer design, inability [24]
self-matchinginitiated specificity to distinguish between live/dead
amplification (IMSA) cells
Recombinase polymerase Short detection time, High cost, purification required, [25-27]
amplification (RPA) high sensitivity, and inability to distinguish between
strong specificity live/dead cells and non-specific
amplification
Recombinase-aided Short detection time, High cost, false positives, inability [28-29]
amplification (RAA) high sensitivity, easy to distinguish between live/dead
operation, and weak cells
instrument dependency
Multienzyme isothermal Easy operation, low cost,  Slightly lower sensitivity, inability [10,30]
rapid amplification and short detection time to distinguish between live/dead
(MIRA) cells
(75550
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(E= B}
Methods types Methods Advantages Disadvantages References
CRISPR/Cas system High sensitivity and High professionalism, strong [12,31,32]
strong specificity instrument dependence, high cost,
and inability to distinguish between
live/dead cells
Biosensor Electrochemical-biosensor  High sensitivity, reusable =~ High requirements for detection [33]
method method environment, susceptible to
interference, long response time,
and short lifespan
Raman High sensitivity Susceptible to interference, high [34]
scattering-biosensor professionalism, and strong
method instrument dependency
Fluorescence nanoparticle  High sensitivity, strong Some toxic fluorescent [35]
biosensor method selectivity, nanomaterials , high raw materials
miniaturization, and and instrument costs
integration
Ultraviolet High sensitivity, intuitive ~ Low accuracy [33]
absorption-biosensor results
Other methods Phage typing screening Low cost Low specificity, bacteria resistance  [36-37]
technology
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TRkl BT, FEIE Y 2 AR R
I & A D RE R PUIAR T B, BRI TR ST
R R B 2, A3 9OK PO/ B B BT 4 (single
domain antibody, sdAb) . $it R 45 & F B (fragment
antigen-binding, Fab) . H.%f Hi 1K (single-chain
fragment variable, ScFv)LA X % & Prif (chimeric
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PR B RN A R
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FEIE N v BT By 2 g5 AR R 7 By, R
— Hi 5 fH %€ [X (constant region of heavy chain 1,
CHI1) #1 %% 0] 4% [X (variable region of heavy
chain, VH)Z5F 3 L B — 2% 52 25 i ik 2H R
1M ScFv AL, Fab Z5# B fiNf/N, i VH Fiz
W] A8 [X (variable region of light chain, VL)i% %
MR, HEZEEYHKELE 10-25 MEER
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Mg, Ed N TFB ok HeAb Al EIX,
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VHH 51448 mAb ) VH HATEE & 1R IR,
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SRR SE R AL F AR FOKT-, SRR 9K Bt
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Table 2 Characteristics of different types of antibodies

Z LB U S Pl s s B R, iR X 8
W2 A7 K e, R BB I ;
QP EK, BRI AIZR; G
YL RE R AT A TS e, AN R
, DE TAR SR 2% 075 () BA ShwE b
JEAIE G AT IR N S o AR ON o e RER AT 30
Jefe gt e A B 2 I, JKAEAL B 4ii
A RELE M SN 7 A R 28 g 2R A AR A
Jria HA B . SR H AT R RS
(LA VRS BN AR PR — 20 K SR A 5

FUAT, SR S0 A 3T AL
T EALr S BT S T A AT DL i
sl (B D RESE AT B e S P RO, A% R
R, HEABESRENE. #fiky—4,
e ERUE S 2/ LA . AR
T, GRS R IR 2) FT REHS v A% S BT iA
R JRIBR A L 2 B R EO BT PR ARG I A A4 R L
TERL.

Polyclonal antibodies

Monoclonal antibodies

Nanobodies

Molecular Two heavy chains, two light chains Two heavy chains, two One heavy chain

structure light chains

Production Simple, produced by rabbits, Complex, produced by Simple, produced by bacteria or

process ungulates, rodents, chickens, and other ~ Chinese hamster ovary yeast
animals cells

Production cycle ~ 2-3 months 4-6 weeks 1-6 weeks

Stability Decomposes under high temperature, Decomposes under high Resistant to high temperature,
strong acid, strong alkali, must be temperature, strong acid,  strong acid, strong alkali, can be
stored at low temperature strong alkali, must be stored at room temperature

stored at low temperature

Repeatability Lower High High

Specificity Weak Strong Strong

Genetic Complex Complex Simple

modification

Antigen binding Can recognize multiple epitopes on Flat or concave antigen The exposed convex ring structure

surface antigens, flat or concave antigen binding surface, unable to  allows for better contact with the
binding surfaces, unable to recognize recognize internal surface and interior of the antigen,
internal epitopes of antigens epitopes of antigens and can bind to epitopes that

traditional mAbs cannot recognize
Cost Low High High

http://journals.im.ac.cn/cjben
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Detection platform \

CadF) & 57 X 1Y i & 2 & 07 HT )5 (multiepitope
antigen, MEA)A: " Z s BEHUIK ;. IF7E RIGHF IR
(Escherichia coli) W FKRIF I AL T H 2 4
HIRPRZEHR A B9 MEBA, 7 R85 ; [l ELISA
R R, RINTE AP MEA 2 5aBEBUARN
BE] 16 000 %5 £ AT MEA Bk ] DU 5
PARB] C. jejuni FI%5 1525 # B (Campylobacter
coli)y&=4M A, XTAEZ HhAT PR A A8 UV o FE
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The principle of antibody technology for detecting foodborne pathogens.
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i A b A B EE EAE R T, A S
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R Sy IR AR, (S E] 43 B HOR
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TDH); & FXHTIAIe A I B, KBl 2R ¢ N
KERE AR R pAb IR, HEE 9O
R4 5 ol A B 3R 2 K BRI B
FESE i SR K DOty , AR T
SoME R SR TR R BORE; eAh, O k]
F£ 15 min P5ER TDH ARG, A8 I PR AE T
50 ng/mL, FFEARIFHFESE, SOMGIKE
WA (Vibrio vulnificus hemolysin, VVH)%§
HAFER IO LN . BRIBIEDOCIRIL, i
G ER (impetiCbead, IMBs) ik 7£ £ TR M B0 # K
bt B R 5 U, PagN 25 LT Salmonella 1Y)
NIRRT, A ZAFEL, Sun SEPUHI& T A
Xt EE 4 PagN K11 pAb, IF5RHEERIHEC,
¥y T3k Salmonella 1) IMBs, $K J5 B H 5
qPCR HARMZE A, FIF invd &R S5

http://journals.im.ac.cn/cjben

WAt L RV R, T A AN AR AR
Salmonella BRI A5, FaE Wik zCR R
80%, HRARKLMFR Y 10 CFU/mL.

4 ¥ 14 43 B (immuno-magnetic separation,
IMIS)$52 AR 3 12 3R T [ 1 7T 1A BT Dt e I
PR GHR, TEPUAR S TR AR e e 25 &
Ji , AEREG BT H AR 7 B o Tejada
S DR IMS AR K XS Py T C
Jjejuni, i FISCKLRE R SEH 4T C. jejuni 1) 2 S0k
PR EE C. jejuni; $4ZIT R S1E5 )7k
1T T ek, SR, C. jejuni ¥R E
B 7%, WG TIERCA 3%, eI L
F, Wenbap S5 IE T —Ff F T [R] HAS 3 [X.
9 C. jejuni F E. coli ) IMS ZH %% PCR
(IMS-multiplex TD-PCR)J5 ;5 #4i MEA 1%
v B B 5 WL M 94 K KL (ferromagnetic
nanoparticles, FMNs) ff} B¢ L 7= 4E it MEA
FMNs; ZIEZG T IMS RS0 F AW
AR, T EELIR, TEXG N A &b b r A PR
4 10* CFU/g, C.jejuni £ E. coli W FE
100%, AT 7E 4 h ARG Z5R . BRilkZ #b, Fabiani
OO IF g T — W G B K b 1L ¥
(enzyme-linked-immuno-magnetic-electrochemical,
ELIME)M &%, N T [RIEHEN C. jejuni F1 C.
coli, i} ELISA it T 4 Fhbi L i s biis; i
A H L 24025 22 v R (R B FE R PR R
TAD) 15 B8 1 W FR ¥ (alkaline phosphatase, AP)Z§
B B A R HTAAR (Bn 30 4 2R B9 40 B ) L 1k, X C.
Jjejuni Fl C. coli #HAMARAIKMFR(C. jejuni:
9x10° CFU/mL; C. coli: 2x10* CFU/mL).

AR, B PEOR A B I, &
FAZEE WG . Masdor W58 T —Fh LT
2 1H1 45 B T KL JE (surface plasmon resonance,
SPR) {14 4 12 41 1l 1 5 1 (subtractive inhibition
assay, SIA), FFHREAKM C. jejuni; B XS
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g bR, Z oy B IR EUR A
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HhOREBIARRUR . Perruzza 0571V BH 2 FhA
TR ST RESTIR(CAAL FI CCG4), 774 11 H IR EE
HopWPERIEERE D A, HA R M v
W MUIE A 1 FID RRCR , B o 25 i i ks
THE A5 VS T o Castillo 28R & T 1% 7= G4
#E % E. coli (Shiga toxin-producing Escherichia
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&: 010-64807509
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e A2 W 1 £ it e 42 ) W LA B A
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PEPERR SRR LFIA AR s, 4 Ehnic
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HAZT7 ¥ v e S B v BT DR E LU 126 fig
T35 BRI 1T R H (Salmonella enteritidis) N5
RUBEAR, WI7E 11 min N IEFEPERI 80 CFU/mL
B S. enteritidis ; LA, T LUK L. monocytogenes
VER I3 — ADHERIEER , %4 WA AR X 5 22 IR
I/ BF1 e TR 14 A LA AR 2 A I 1 o Shi AT
P& T — Fh L T 3 T Y 5 hr = B (surface
enhancement of Raman scattering, SERS)*J LFIA
PRI A WAL S . T AEMIRE AR EL coli
O157:H7 ) R € o0 s M & 58 -k
(SiO/AW)H K ER A FEF SERS Y LFIA R Guiil £
TEtERetRgs, M 2 BR2E S b
PUARMBHIR SiO/Au SERS HR%snl IR0 5
E. coli O157:H7 #5545 , FFAEM AL _EIE il =W
ERC R RS U NP PR iRl R W % NE N E VA S
&, T LA%S 5y g A E. coli O157:HT, £
WP Fy 50 Cells/mL. 5226, Tu %255
T —Fh 3T SERS B LFIA $A, i /N IR
ZEBESE E (wheat germ agglutinin, WGA)& i it
Au@MNP-WGA YKERZE, Xf £ i AR AL
HP B B R A 7 e SRR I, SR B v BT

P4: cjb@im.ac.cn
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PG E TEANR] LFIA Z5A iRk |, mIRASE
BXT 3 ey W PR PEANE , B L. monocytogenes .
C. jejuni F1 S. aureus {1im BN E , KMIFR Ny
10 Cells/mL, 3]/ 35 min, FEHLMER .
& N Rl B = B U RO oAl R e i
RN G335 Bk o AR 4 e g JE AT I AR AR BOR
(colloidal gold immunochromatographic strip
test, CGICST)Je—Fh&i & T IR Fric s |

FIERTMEA | JZHT T EAR TR AR S Z
T AR B — A AR TGRS D B AR, ) IR AR 4
PRIC BT R BURAE R B, R R £ 4 2R A
RN A, AR AL BEE 1 R A0 A 2 T
BRI A 4 UKL ) B A, TG
LAk i BTSRRI S & TEMS IR AT 4E R
A R X R A W, HA AL SO
[F1) Jf LA B v ) D 380 Zeng SR & T —
FhHET CGICST PR A /N 25 i 58 HR IR AR IR
W (Yersinia enterocolitica) O:8 W75k, FAMIA
EFrCH mAb FE EENHAL F ) mAb 735
FIAE A AR BT AR FOR AT MR, CGICST X} v,
enterocolitica O:8 CICC 21669, CICC 21681 #i
CICC 21567 HIKMFRA: 510 1.3x10%, 3.0x10°
1 8.0x10* CFU/mL, JF HiZ kX HoAth £ 1 24
I PR A 58 UM o Alamer S5 TF & T — b
REAE PTRAAL AN A [ A B PR B I 1 5,
FA I E T FLER AR 1A A BRI 45 b R B0
W, I SEE T REEYOKR R AEfL, &
RN G A T A0 A e 5 SR AN M B AR 7E FL kR
LRV S Ve B e BE BRSO AKR R Z 1], &
H—En B ; M S, yphimurium . S.
enteritidis . S. aureus Fl C. jejuni JUERA %L ;

R R 2 T ) 2T €0, 5 R it S0 T R RE 1 1 o g
A, XSRNREE S. typhimurium F C. jejuni
BRI FRAEE 22 10 CFU/mL, S. enteritidis H K5
PR} 100 CFU/mL, S. aureus HIFI FRINME 2

http://journals.im.ac.cn/cjben

100 CFU/mL. DA EZEGIEIUEN], HIgpEfiiire
Huj&fhseit gl gom mi F&h, 2
Ry ARG I At R R B ) DR B

T A2 558 9% 305 v 1) R A e A A T 2 U
PEEOR 0w WL, 1 OO 5 T R R
RIS [R] I 375 Y Salmonella ) PhoN & 1 MAD,
FIEETFZ MADb 45 T Salmonella 3% & LR,
Xt S. typhimurium 5§ 5 FORN[E MIERY Salmonella
I HRIR 70%LA B, XFE Salmonella fi#k3%
X F 7%. Zhang ZLL Salmonella 35l %
FTEREPUMA, L 3 YO sl mAb; B H
A =R mAb 1B12 ¥R 78 IMBs 2 [fif A
# Salmonella; [ FH%ET X Salmonella WIRST invA
SL R R IR T | 0 F & 577 W) (IMBs-Salmonella)
TN AR . KllasE A 3 d 4553
50 min. Luciani Z°F & T —Fh 3T g b bt
IR R BEASI Y. enterocolitica O:8 FHT 7 s,
RALMNGH L T 9 T B se BT, Gk iy 2 Mt
Xt C. jejuni FLAG 55 38 S N B B sw B PL A [H]
I i 26 Y MADb 54B11, &7 448 ELISA 1A
THEEMER(AEMILE S P AN Y.
enterocolitica, Y% )7 58 Y. enterocolitica
f9°E 7 75 85 (ISO 10273:2003) kAT T Hudi, AH
XTUERA FE | BUBPE RRE S IR B 100%, I X
oAt £ ah B S SR BEPE R AT TR, BoR
90.3% 1 & 5 T BR A 100% /Y & {75 FBR . i
Schnee 2¢O B o B B AR 0 31 0 e 0 il 0 028
I %€ 7 (enzymeimmunoassay, EIAs), 7] HF
Kl C. jejuni 5 C. coli FIZEAEPTIR .

YRR LA 2 | A B G 2
FEPERE RN, o T —Fh b i R
BAS () B IR ORI T H, S R Rt
T o Chen Z5U'M A 2 BRI &R
A(Staphylococcus enterotoxin A, SEA)E 7 4t
7 BALB/c /MR, il % T Hi SEA HLoglEdi
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& (anti-SEAmAb), FfLLE & i T G iR
(quantum dot beads, QB) N {5 59 Ha#Er, &# T
— BT ) A % {235 7 (immunochromatographic
assay, ICA), AJ PR 7 il e 2 IR I FL iy
SEA, FrfHii) QB-ICA XA WhFE 5 i) SEA
e SR e R AU, RIIER Y 1.89 ng/mL,

Xt R WL (145 SEB. SEC. SED #il SEE)
JUT- A A XU - Bu ZE72% 1 7 —Fh Jokric
B 1, a5 A B AR IE B AT D) Rk
AuNPs AN SO 7 ;38 2o i H A EAE £ 2R
TEan A B A b, AT H AR 4 I 217 %
FRic, R AR I 2R b A B v B BT T LAY
SR AuNPs K GV fEmAESRIET,

XF S. enteritidis BRI MBR A 10° CFU/mL, W[ R
O TR K AR SE RV AR S A . it
Ab, ZERA MR RS T, Wel TR E.
coli 0157, ffPk T Hiibbric B HUSME: 22 1Y)
[, Ha 251715 i /U8 24 1 Bk B 1 55 (N-carbon
nanodots, N-CNDs), H-# A 10 mg/mL 1)k &
I nE) e R IR Ky 425 nm B9 &
A BES N-CNDs #b i & SR 57 3. IF
fd FHZSTE MM I &% T XF C. jejuni NCTC11168
5V B S REHTAR LAY Bl 5 %1 2 N-CNDs
) e AR 3G 7R 2 R AR G2 Y Bolton P HE 4T
ez I B g 5 5 e 9 K I S R . Poonlapdecha
UV R T R THREEIO ek B2 —E 1k
i 28 KRR P PR A XS PRI RE S C. jejuni 1Y
Tk, KEEHEAY TS 30 min, %0 %E ARSI FR
4 10° CFU/mL; C. jejuni ML ZAEIRIE N 100%
FHE, 5 32 BRAEZ Mo bR IR A8 UV
PEPRICH AR B PUA SN 5 bR il B AR AR S
G, FECHMPUASU R FoREEY R, AT
AR AR b % s A U e A s g ) R RE

JEA PTG HERR, MBI . Pk k=
REWH G, 20 4 40 4%, SA7 @R

&: 010-64807509

EALAR S B AR R B A A A B 5T U2, Tin
S5 UTOLY Ui g 2R W 2l A PR v B BT MR R A ) R
Ao B B B T A Ry S 1k A G B A 5 A
Salmonella WIAFIFERR b, RIS R R R MER
£ 5 1) /N AR AL R AN KR TR ST S B I
VIIR Salmonella, %7753} Salmonella B A
AR ERGT T 0, 7E 150 min N, ZlilEsE
Py R SERE S AT BR 4 2.3x10° CFU/mL.
Bonaiuto VR BEVEST T (BB R SR BRI A= 4
RAPUAIIBEGY, FRIANE YRR KR (surface
active maghemite nanoparticles, SAMNSs) /& —f}r
P S W PR AN OK AR I - 5, TR AR
2 % F}H] B(rhodamine B isothiocyanate, RITC)
XK BORL AT I RRAL , FIAS BN DOBA KRS
Y, IFH T4 E PR ILE #hE (Campylobacter
fetus) B 75 [ BT AK (SAMN@RITC@Anti-Cf) ;
PCR B iE45 R Ros, HAFLETIHb 2 R T i
(C. jejuni Fl C. coli)JIHHL T, AT SZBLE R4
s HAh, HBTEYRENEM SAMNs, JEK
W RS RGO B, I T E )
K AL W BT L. monocytogenes % i P P 1K
(SAMN@avidin@ Anti-Lm) ; 33 Fh 5 52 i 1k 28,
WA MAE QCM AL, T TR A= 25 v i
L. monocytogenes, FrMFRMEZ 15 Cells/mL,
SUREPUARIAR S IMS HREEGWAE RIS
MIEBE , Zhang ESE T 45T L. monocytogenes
RHE A4 M mAbs, DIWEIHE T IMS M
e 43 L. monocytogenes BIRE ST ; Hirpr,
mAb M3686 7R Hi SRR 1, BRI ARTAR 7 Fh
MUY L. monocytogenes (1/2a, 1/2b., 1/2c.
3a, 4a, 4b fll 4d), ATLAME—PRFEMNTAE
i ARG RE i i B4 2 L. monocytogenes HY
IMS 51k

g PP HRT A | B2 T k55
SR BUABOR o SR, Hi A5 T

P4: cjb@im.ac.cn
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G AR AR e, W T TRk
— A B S BRI L, Bl ngR T e AL
A R AR E M S . R E A,
TEE IR W 7 2 2 R I PR s b, AR AR
TRAT . S5 M TR B H ) T B0 PR s 325 K0k
PR SETT 1]
23 EETENRAERRFEEBRERN S
B Rz A
PUMHARAMEZ 1B W5 B TR PR A I Y
R, T 2 vn BED TR B v BT ey R
PR E RAIR I N CARPUAR (& 2) B
T FRHU AN £ 1 S T 1 v U L R
P, TEBL R T R e M . RIEME | AT ok
RA SR PL S, ARG 7 T HAT )
BEDN T RRPUARAY A 7 A — AR, HH
BB AN, BT LU A 5 113 5%
E—2B BTt SR, P AR PR A
HA R S RS . Nzuma 257
TXF C. jejuni ZMHI4EFPEE A scFv Uik H =4
FIRAE, AR —F scFv HUIREA IMS & &=
PCR (IMS-qPCR)J7 i (I PFAl , 125 15 Al Pk |
RO R 2R g C jejuni
IMS-qPCR J7 V£ REMS1E 3 h NI & B 324 b
W) C. jejuni. WERRARREREAE BRI 2
RSN iR I ik z —, HHEA 5 T
1B, RiGvEmpiis, HATEIYerE;
b, DGR TR AR S R B A4 vh 4 7 i e mT ATE L
JASERL, X AH B T BT A F A% 5890 4t i
AP A R Moreira 8 RGE T 2454
3 ik A R BOR A T, T R BRI ERAE
—FHT BT Listeria BAPUA , Z PR RES £ X
Ve A0 T AR W b 35— P R R I Ui 525 )
-fiff 2 (pyruvate dehydrogenase complex enzyme
2, PDCE2); MBI T 2 SR ZEFEA AR
YU T B &EXT Listeria 2 113543 W) scFv

http://journals.im.ac.cn/cjben

B, FFEAL R scFv-Fe JEx; @il ELISA T¥
i TEHAYUKRYS Listeria W BEAER; N
ORFeome WEPEIAR/REARLL K IMS-FigH A
T H#RS], UEZZ PDCE2 RIVE N Listeria ¥
T PR BT A o
QUKBUAAR L TR G 2/ e iR, B
AWML, H&—FEE, XRKEIRT
PUARTE B IR PR BOR A I L # v, R T ILAs A
2R e BLAY T4 . B AN 5 5 1gs M1 S. aureus
1) 1g 454 FR AT ER [ 2Z 18] B AH BRI BEAS T X% 3
PTG . Hu P KIER S, aureus
WMR 0T, RIGME Nb SUE, NPhRR
2| 4 SRR FVE Nb; RS, EESr 7 Nb
FRFKLM S. aureus (J2.L> ELISA, HAGI R Ky
1.4x10° CFU/mL; %1t 8 h &AL, Wk
I 2R g S P 10 CFU/mL 1Y S. aureus., He
LI R IRGE 4> B AT S, enteritidis FIA8K
Puik; XEEYPORBUIR R R 1 R4 i # g PR
RSk, JFHILEST T3¢0 ELISA, HAGIER
3 1.4x10° CFU/mL; %77 EE L 46 I 2 B
s S, enteritidis, & 45 10 h J5 ARSI A= 45 o
(4 S. enteritidis, KR 6 CFU/mML. %55k
# & 1 A (staphylococcal protein A, SpA)r|HEH
& G BTk 19 1] 45 i | B (fragment  crytallizable,
Fo)AR st &, F-FEURPIME, BRI T Sy i e
PR A Rk, Ji PR T ALE Fe K
Ui AN A HUA AL G P TR R ELISA ¥, TEfRcfE:
ZMET, HETR RN E HA M 1-512 ng/mL 1)
B TYL A 0.3 ng/mL BOREINFR 5 IARA-05 . 45
¥y« WAmEANAE Y [BISCRTE 87.66%—114.2% 2 [1] ;
TER N SEB 1 F2HT, Nbs-ELISA A3 SpA FISEI
FH T A8 KT A A AT T v O R 5 A
SRS, TE IR BRI, AR AR
BT s BB B B R AN, X
TRIE TSR E P . Sun ZEB5Yf A8 K Bt A -
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o M R (nanobody-alkaline phosphatase,
Nb-ALP)El 38 T A& T —Fl i T4 SEB 19
Je it Ak 27 K B % 43 B (chemiluminescence
immunoassay, CLIA) /5 i, SEB Z56 44 KK
H— N REE AW F R8P, T Nb-ALP
filG A P W E A M AR, O] B U E
PE, JFHTE CLIA rhnlRER—Fh TR b4
PP, HT 0 SEB ML BEHUARELS EH
Nb37-ALP, .0l 5 k6 S o3 i) AR
4 3.12-50.0 ng/mL, A S HKE(50% of
maximal signals, SC50)>4(8.59+0.37) ng/mL, ¥
MBR A 1.44 ng/mL. Liu 2500 B % 2 IR
KRBT, BIE IR BT I 32 (A 7] 42 X (variable
domain of immunoglobulin new antigen receptor,
VNAR)WHESRAE 4 T WE ARG O, ARTG 4y
SRR SEB . BURRTE R AN BEAT I 2 R AY
VNAR, Kl fR435MK %2 10 ng/mL. 40 ng/mL
5 1 pg/mL, [FEEUE T 90 K B 7E & I BUR
G I PR )OS RE T

KRG iz W it TR UL s £/
BT TR I RO o AR TR Tl
BT T SR R AR ) G588 0 5 15 (pentameric
nanobodies-based immunoassay, PNIA), X}t
Pt A OC 40 MY % B 4>+ 5(carcinoembryonic
antigen-related cell adhesion molecule 5,
CEACAM-5) i) 46 I 5 A7 3 5% 1) R B0 FN R S
Yo R THESR CEACAM-S 786 i H A3k
AR T T, BETH T ARG BTR (bispecific
nanobodies, Nb1-Nb2-rF)fE NHiFbiik, Fx%
T 58 UL 2% Y6 & (fluorescein isothiocyanate
isomer, FITC) 5 i ) 1 R 1K g0 Kk #i 1K
(FITC-labeled pentameric nanobodies, Nb3-VT1B)
YE R K Fi M . Nb1-Nb2-rFc I Nb3-VTIB KJ

SEFEMI B ERTREM MG RPUE, %
PNIA X%} CEACAM-5 P& A4 5 7 Ak A

&: 010-64807509

SRR I R R S © X ROSURE S P B M 9 oK e
PRBEIRE Ry AR S el o i B4R JE i

W58 K A KGO T TE B I B A
S R A, 2 AR P A . Yu
LSy BRI T V. parahaemolyticus JMNETE 1
OmpU 75 4 T& B ML Hh i SC B VR T 5 (]
sdAb W E A /R R LS V. parahaemolyticus
OmpU 254 Mk sdAb, 4385 H LA BH I
RoelE; ok — AP bE UAD2S 2 —M A
= E B EER S BEXT V. parahaemolyticus
OmpU K sdAb; it /rF X4, #EMl UAb28
) CDR X A[LAIAT OmpU £545 Tk imal4h
A A HI LRI UE T UAB28 HAA U OmpU #Y
AEJ1; UAD28 AIBETEASK WS A B TIF &
BT sdAb B REIRITHY, LIS V.
parahaemolyticus J&Ys , T — ¥4 H T 77 5
F) 73 B A

AUKBUAH TH R8N B,
H i 7E AR 3R Py B i RE B 2E, Ik
FE £ B TR P BOW AT S B, IR E —
Bl . ARSI R R T S RIHE L
LG AR PUA; JFH, ZMakbiik B2
YRR HA R FBEMT), IEXE pH FA7E
i % B2 SHuEIRIGPUIA 11C12 MG,
T AU S AR YU (AT R
REZEARBAKPBAL, HEHHITEAL
b AN, ZEG A TE AL A OB ERER S ik
ORI TR A B, T A R ] DA
2.5h 5% E) 1 h, 7EEURMEECRH FEAIE 5 5
LAFEL AN R

SR, B0 Jk R T AR T AAAE U 7 A
To 5 B E REP IR TE S, HICTE B i A3 A ARG DU 45
WAz O, B REPUA R Z s
R R B 23N TARPUAR 40 4E 2 A I
H., Fab Y5 ScFv /N T TP, JEM

P4: cjb@im.ac.cn
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QO |1©
OO

Conventional antibodies HcAb
150 kDa 80 kDa
| |
FAb ScFv
50 kDa 25 kDa

B2 RS ARERILERKEHNES
L85 FBLE: BBEBUIR P gkyTlk

CAb

150 kDa
Disulfide bond
P Short chain polypeptide
Nanobody
12-15 kDa

A B hiR. B: EEEGUA. C: A HUIK. D: Fils

Figure 2 Differences in structure between traditional antibodies and different genetically engineered
antibodies. A: Conventional antibodies. B: HcAb. C: CAb. D: Fab. E: ScFv. F: Nanobody.

FEREMEIFARMAELY, Wik, @M
J1 | AR TE AR PR Z BB T2 R

BT, T8 5eRsh Y 0 =X B 5 A
RO EAR, FTLAAUORPUAZ AR, IR
AUOKPLIA R VNAR R4 R 1L B b &
B R e /NI 25 A 3, X LR o 8
1o BRI, &F VNAR HIWFFE 2 5 i Hke 5k |
SRR AR E TS, R TR B S ARG I A g
RIS B

3 gHh5E%E

PUARAE A B U5 B0 T OGS A Sk IR o
(S B R 1 P N 3 T M R g A 3 DAY N 71
MarketandMarkets™ & A7 [ #f¢ 25 45 Wit 2]
2026 4%, EBERGULTTIZHREM 2021 4£19 3.93 12

http://journals.im.ac.cn/cjben

KoLk #l 652 fLkoL, HAEHFWH KRN
10.6%2, HUAA T 3 £ SR B R B A" AR
A AR — R SRT, PUAREOR R R H AT
323 —E M2y, ZXHET LT JLAER: (1)
PR SR L RSB, AT RAE ., B
RS IHRBRUEIAR ; Q)FEHUAN & 51k
A ERR 2 T [ AN, ERROTSEARN WS, =
HOE S HORM R (3)2 ro YA S By L
PR S i SRR 5, A2 T ] R PR o R
I G Sl AR A AR S e B T T RE AR IE
TEAL D K JErf s (4B TAREDUIA H FTA SR AN
S TR b A5 B AE SR S ML, IR AR
ATy — B ], ELE il BE R AR BUAR A R &
WF5E 5 A P LA XE LR A

FURT, PURTOR B R R C BE— 8 &
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B, RN TR RS 2/ @ik e
R H . ARIRIY,  BE DA T RE A ) 52 e ]
WA 2 B, WP 5 A B X LR AT
ZINRAL, WA BB . SRRtk ALK
D N N ST 11 R D Q370 D L I
A TTGEIRAIR B 5 LUk, T e R IR e |
Wk TR PR e s SCPEAR | AR R AN L | il
R R X LR SR ] 4 T2 45 S B A
AR, LU Al 45 R A8 1 8 BT 1A 9 52 M) AT 1A e o
i e PR RS R B 5 3 A0, I R TR B AR
AABEFRBN, Wl Z B 522 Ll
AA, WWFE BN A3, MRS & 1%
TR 58 B9 EAR BN, RS BR PR AT R E DTS,
PROEHE VR BRI R iR s fdm, St
fi R Ji i MRy, B OHEARIRER, B
G e, EMUTEPMETRIE T, &
A HE R FE AE BT T S O TR AL

ARTRIN R, 2 RESUAS o BELIA
AR IEFR B AT E L PR B0 1 AR Ay 3=
TR, B TR g — AR P %
R PR BOCER T T, RRRE N
KA, EARE X R SER AP B, (EA TR
AT HEEA T R R BIF S B B, A
A RE BB MSOE 2 A, AT DU HAR
2, ATE R . B R . A T
RIESE /T . BRZY T I I BFSE A, BFE 3 X I
TEE AN 5 TR S TR D . HRE, B IR ITEEL
T R BRI g TR AR, T R AL
FEALBEE AR, BEMS [ I B A e ek
AN . AT RGO . ARSI A K
PR B W i 8k A o SR HRTIA B A2 AT
PAIBARHUAAE A IR BIOCAE BB BB , (U
TRAS . ABCEARBE . A SRR EE LK™l
BT I B E, AT AT A2, fEARRAR

&: 010-64807509

KB B, GRS AR A B i E0k
PR 4 e ORI T3 e 4 AR I

REFERENCES

(1] HEERY 2 PEERETER: 2016[M]. Jbat:
N R A, 2016.

Dietary guide for China residents: 2016[M]. Beijing:
People’s Medical Publishing House, 2016 (in Chinese).

[2] ZHONG ZZ, ZHONG ZY. Characterization of
Bacteriophage Insensitive Escherichia coli Mutants
and Their Subsequent Fitness Changes Using Genomic
and Phenotypic Methods[D]. McGill
University, 2021.

[3] e N RALANE K TARFEZE 5125, 2022 AEFRE T
A i e =l & J 4t it 2 4 [EB/OL]. [2024.04.28].
http://www.nhc.gov.cn/guihuaxxs/s3585u/202309/6707
c48f2a2b420tbfb739¢393fcca92.shtml

[4] World Health Organization. WHO estimates of the
global burden of foodborne diseases[R]: World Health

Organization, 2015. http://www.who.int/mediacentre/

Montreal:

news/releases/2015/foodborne-disease-estimates/zh/

[5] =M &, WA, W 2017—2021 AN T AR
WSS SBAMHT[D]. AATLEE S, 2024, 52(3): 249-255
LI YF, TAN YH, LAN J. Analysis on surveillance
results of food-borne diseases in Liuzhou City from
2017 to 2021[J]. Chinese Youjiang Medical Journal,
2024, 52(3): 249-255 (in Chinese).

(6] Haffimn, F/NEE, RhioiiE. 2017—2021 4R 742 i frii

PRSI DN 45 R A TR AR S0 AT (0], B A R T,
2023, (33): 46-8.
YANG YL, LIANG XY, HAN ZH. Epidemiological
Analysis of Food-Borne Disease Surveillance Results
in Xi’an from 2017 to 2021[J]. China Food Safety
Magazine, 2023, (33): 46-48 (in Chinese).

(7] 5K5, BRBEEE. 2019—2022 4F 1% BT £ U2 m ol
ZERANT[I]. RLFHTRG R4, 2024, 30(2): 118-122.
ZHANG G, CHEN XL. Analysis of monitoring results
of food-borne diseases in Luoyang from 2019 to
2022[J]. Applied Preventive Medicine, 2024, 30(2):
118-122 (in Chinese).

[8] &=, fh=E, XI#r. 2019—2022 4FF & i fH X &R
PG W25 2R A3 BT (0], o [ 9 A AR A, 2023,
37(8): 78-81, 85.

P4: cjb@im.ac.cn



4000 ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

[13]

[14]

[15]

LI G, ZHONG Y, LIU J. Analysis of surveillance
results of foodborne diseases in Chengyang district of
Qingdao from 2019 to 2022[J]. Chinese Primary
Health Care, 2023, 37(8): 78-81, 85 (in Chinese).
ZENG DX, CHEN Z, JIANG Y, XUE F, LI BG.
Advances and challenges in viability detection of
foodborne pathogens[J]. Frontiers in Microbiology,
2016, 7: 1833.

JRER, Tk, ERAE, XURTE, BEEE, XIBefs, 6
GEE, XIME. B e RS AT 0157 L HT K
R A TR [I]. R A N5, 2024, 35(1):
303-313.

ZHOU BW, YU Z, YAN ZL, LIU YH, HOU JX, LIU
XQ, XIE JY, LIU Y. Research progress in detection of
Enterohemorrhagic Escherichia coli O157 . H7 in
food[J]. China Food Additives, 2024, 35(1): 303-313
(in Chinese).

CHEN J, PARK B. Effect of immunomagnetic bead
size on recovery of foodborne pathogenic bacteria[J].
International Journal of Food Microbiology, 2018, 267:
1-8.

ZHENG SM, YANG Q, YANG HY, ZHANG YZ, GUO
W, ZHANG W. An ultrasensitive
ratiometric
SRCA-CRISPR/Cas12a

and specific

electrochemical biosensor based on

system for detection of

Salmonella in food[J]. Food Control, 2023, 146:
109528.
SINGH M, AGRAWAL RK, SINGH BR,

MENDIRATTA SK, KUMAR D, KUMAR B.
Development and evaluation of sandwich ELISA for
detection and quantification of staphylococcal
enterotoxin-a in food[J]. Journal of Food Safety, 2024,
44(2): el3114.

HUO BY, XIA L, HU YL, LI GK. Flexible microfluidic
co-recognition coupled with magnetic enrichment and
silent SERS sensing for simultaneous analysis of
bacteria in food[J]. Biosensors & Bioelectronics, 2024,
255:116227.

FRBE, HR, RBRE, R, EAL VIR R
W fig it Pk K AT 0157 © HT ML Je O L2k
R G IR AL [D). A R, 2020, 52(4):
116-121.

XIN SP, JIANG (W/Y), LONG MY, LI S, WANG Q,

SUN WD. Development of a double-antibody

http://journals.im.ac.cn/cjben

(20]

[21]

sandwich chemiluminescence enzyme immunoassay
for detection of Escherichia coli O157 © H7 in milk[J].
Animal Husbandry & Veterinary Medicine, 2020, 52(4):
116-121 (in Chinese).

SHI LH, WANG ZQ, LI YC, WANG JM, SHAN IR,
ZHUO JC, YIN XC, SUN J, ZHANG DH, WANG JL.
Dual-readout ultrasensitive lateral flow immunosensing

of Salmonella typhimurium in dairy products by doping

engineering-powered nanoheterostructure with
enhanced photothermal performance[J]. Journal of
Agricultural and Food Chemistry, 2024, 72(8):
4405-4414.

YAO YY, HOU L, WEI FH, LIN TR, ZHAO SL. An
intelligent readable and capture-antibody-independent
Cu,-,Se
nanocrystals for point-of-care detection of Escherichia
coli O157: H7[J]. Analyst, 2024, 149(2): 357-365.

YADAV JP, MALIK SVS, DHAKA P, KUMAR M,
SIRSANT B, GOURKHEDE D, BARBUDDHE SB,
RAWOOL DB. Comparison of two new in-house Latex
Agglutination Tests (LATs), based on the DnaK and

lateral flow immunoassay based on

Coml synthetic peptides of Coxiella burnetii, with a
commercial indirect-ELISA, for sero-screening of
coxiellosis in bovines[J]. Journal of Microbiological
Methods, 2020, 170: 105859.

BALAGA KB, PAVON RDN, CALAYAG AMB,
JUSTO CAC, ADAO DEV, RIVERA WL.
Development of a closed-tube, calcein-based
loop-mediated isothermal amplification assay to detect
Salmonella spp. in raw meat samples[J]. Journal of
Microbiological Methods, 2024, 220: 106922.

PRIYA GB, AGRAWAL RK, MILTON AAP, MISHRA
M, MENDIRATTA SK, SINGH BR, KUMAR D,
GANDHAM RK, DUBAL ZB, RAJKHOWA S, LUKE
A, PATIL G. Rapid

Shiga-toxigenic Escherichia coli (STEC) in carabeef

and visual detection of
meat harnessing loop-mediated isothermal amplification
(LAMP)[J]. Brazilian Journal of Microbiology, 2024,
55(2): 1723-1733.

JIANG H, WANG K, YAN MX, YE Q, LIN XJ, CHEN
L, YE YR, ZHANG L, LIU JY, HUANG TY.
Pathogenic and virulence factor detection on viable but
Staphylococcus
2021, 12:

non-culturable methicillin-resistant

aureus[J]. Frontiers in Microbiology,



XM F | MERRERREBREREQYFHOFRER 4001

[22]

[23]

[25]

(28]

&

630053.
NDRAHA N, LIN HY, WANG CY, HSTAO HI, LIN HJ.
Rapid detection methods for foodborne pathogens
based on nucleic acid amplification: recent advances,
remaining challenges, and possible opportunities[J].
Food Chemistry Molecular Sciences, 2023, 7: 100183.
ZHOU ND, CAI RF. Quantitative determination of
Staphylococcus aureus using aptamer-based recognition
and DNA amplification machinery[J]. Methods in
Molecular Biology, 2023, 2681: 1-18.

T SR A AL R I TR (IMS A) Y 2 57 K R
YR EVT1. CVAL6, HTN9 Fl HIV-1 [ HRd
RTINS RER N 0Y AP A B <Y o2 B L BN 22 1 e X VA o'
2014.

DING X. Establishment of a new isothermal nucleic
(IMSA)
application in rapid detection of infectious disease
EV71, CVA16, H7N9 and HIV-1[D].
Guangzhou: Master’s Thesis of South China University
of Technology, 2014 (in Chinese).

LUO JW, XU DH, WANG JB, LIU H, L1 Y, ZHANGYY,
ZENG HIJ, DENG B, LIU XF. A Dual-mode platform
for the rapid detection of Escherichia coli O157: H7
based on CRISPR/Casl2a and RPA[J]. Analytical and
Bioanalytical Chemistry, 2024, 416(15): 3509-3518.
LIN LY, LUO QL, LI LJ, ZHENG YZ, WEI HG, LIAO
JY, LIU YQ, LIU MQ, WANG ZH, LIN WL, ZOU XH,
ZHU H, LIN M.

amplification combined with Pyrococcus furiosus

acid amplification technique and its

pathogens

Recombinase polymerase
Argonaute for fast Salmonella spp. testing in food
safety[J]. International Journal of Food Microbiology,
2024, 417: 110697.

FENG F, YUAN Y, FU Q, CAO FR, KONG RX, JI DD,
LIU HY. An integrated self-heating recombinase
polymerase amplification lateral flow strip biosensor
for quantification of enterohemorrhagic Escherichia
coli O157: H7[J]. Microchemical Journal, 2024, 199:
109979.

IMNRLL, JRoRNE, ZRIK%%, BB, BOH0ET, TFF, @
B A ML G BT S A ARG rh A S
PERE[)]. B hh5 A8 Tk, 2020, 46(24): 265-270.
SUN XH, HOU LW, LI DR, ZHAO Y, HUANG XX,
HE YP, LAN WQ. Research progress on the

application of isothermal recombinase amplification in

010-64807509

[29]

[30]

[31]

[32]

[34]

analytical detection[J]. Food and Fermentation
Industries, 2020, 46(24): 265-270 (in Chinese).

Eb, B, RO, L, A, IV, TR
FAMERA MY 1Y . AR TR S
2H SR A 1 B TE £ IR SO B PR A D b B BT
HERE[T]. iRk, 2023, 44(09): 297-305.

WANG S, YANG YG, WU ZW, LT HN, LI T, SUN DM,
YUAN F. A review of the application of recombinase
polymerase amplification, recombinase-aided amplification
and enzymatic recombinase amplification in rapid
detection of foodborne pathogens[J]. Food Science,
2023, 44(9): 297-305 (in Chinese).

FWUE, R, SR, HI, ORUDE, FHE X,
Zle, M. 2B IR AL R R SR I K AT
T§ 0157 © H7[J]. LigTipFBEss, 2022, 34(6): 511-518.
WANG 8SJ, FAN YL, FENG Z, JIANG B, SONG MH,
LI QQ, LIU H, QIN F, YANG MC. Multi-enzyme
isothermal rapid amplification assay for the detection
of Escherichia coli O157 : H7[J]. Shanghai Journal of
Preventive Medicine, 2022, 34(6): 511-518 (in Chinese).
HUKHE, PNER, SKRSCAR, XIELR, BRI, RESifE. 5
DI CRISPR/Cas i AL PR B0 WAL Py A6 Jy T
i 38 K B R [J/OL). & fh k=%, 2024, DOL: https:/
www.spkx.net.cn/CN/abstract/abstract58613.shtml.

DAI YJ, SUN J, ZHANG MR, LIU YJ, CHEN HZ, LU
YJ. Principles and applications of trans-cleavage
CRISPR/Cas technology for the detection of foodborne
pathogenic Food Science,
2024, https://www.spkx.net.cn/CN/abstract/abstract58
613.shtml.

GU XJ, TANG Q, KANG XX, JI HY, SHI XY, SHI LY,
PAN AL, ZHU YD, JIANG WIJ, ZHANG J, LIU JX,
WU MM, WU L, QIN YL. A portable CRISPR-Cas12a

triggered photothermal biosensor for sensitive and

microorganisms[J/OL].

visual detection of Staphylococcus aureus and Listeria
monocytogenes[J]. Talanta, 2024, 271: 125678.

Er, PUEW, mitf, Rk BIRAL RTERE
TR A A e A I 2 ot 000 T A O S8 R T[], AR ¢
ARIEHE, 2020, 36(11): 245-258.

WANG Q, YAN CL, GAO HW, WU W, YANG QL.
Research progress of DNA aptasensors for foodborne
pathogen detection[J]. Biotechnology Bulletin, 2020,
36(11): 245-258 (in Chinese).

YANG YQ, WASIEWSKA LA, BURGESS CM,

P4: cjb@im.ac.cn



4002 ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

[35]

[36]

[37]

[38]

[40]

DUFFY G, LOVERA P, O’'RIORDAN A. Detection of
stx2 from Shiga toxin-producing Escherichia coli
(STEC) by a surface enhanced Raman spectroscopy
(SERS) sensor using recycled silicon chips[J]. Sensors
and Actuators B: Chemical, 2022, 373: 132618.
T BT R R RSO AR A U A e b A
YNGR RIHID]. KA HARKREE 20008
3, 2023.
LI N. Fluorescent nano biosensor based on quantum
dots and its application in biosensing[D].Changchun:
Doctoral Dissertation of Jilin University, 2023 (in
Chinese).
YE IM, GUO JQ, LI TR, TIAN JX, YU MX, WANG
XC, MAJEED U, SONG W, XIAO JB, LUO YE, YUE
TL. Phage-based technologies for highly sensitive
luminescent detection of foodborne pathogens and
microbial toxins: a review[J]. Comprehensive Reviews
in Food Science and Food Safety, 2022, 21(2):
1843-1867.
T3, WAEEE, DR, P, Kok, WoE. BT
TS 11 £ 9 S0 T A I B R W ST i JE (7). 259 4
243, 2023, 43(10): 1645-1652.
WANG X, QI MY, MA HL, YAO YQ, LU B, CAO Y.
Advances in bacteriophage technology for foodborne
pathogenic bacteria detection[J]. Chinese Journal of
Pharmaceutical Analysis, 2023, 43(10): 1645-1652 (in
Chinese).
FRAE. BB AN e R T A A R . ANXA4
X i ) A LR A W DI RE R IR (D). KR A
R A28 3, 2021,
GUO J. Quantitative protein omics study of renal clear
cell carcinoma and regulation of ANXA4 on biological
function of renal clear cell carcinoma[D].Changchun:
Doctoral Dissertation of Jilin University, 2021 (in
Chinese).
A, FIA CRISPR £ AR iR e 40 it HGPRT %k
P [D]. A R 2 i85, 2018.
LI SJ. Knocking out HGPRT gene in rabbit cells by
CRISPR technology[D].Fuzhou: Master’s Thesis of
Fuzhou University, 2018 (in Chinese).
COLWILL K, PERSSON H, JARVIK NE,
WYRZUCKI A, WOJCIK J, KOIDE A, KOSSIAKOFF
AA, KOIDE S, SIDHU S, DYSON MR, PERSHAD K,
PAVLOVIC JD, KARATT-VELLATT A, SCHOFIELD

http://journals.im.ac.cn/cjben

[41]

[42]

[46]

(48]

[49]

DJ, KAY BK, McCAFFERTY J, MERSMANN M,
MEIER D, MERSMANN J, HELMSING S, et al. A
roadmap to generate renewable protein binders to the
human proteome[J]. Nature Methods, 2011, 8:
551-558.

KOHLER G, MILSTEIN C. Continuous cultures of
fused secreting
specificity[J]. Nature, 1975, 256: 495-497.
BRADBURY A, PLUCKTHUN A. Reproducibility:
standardize antibodies used in research[J].
2015, 518: 27-29.

PhAl5E. SARS-CoV-2 JEULH MK BUALR I EFEAE[D].
JoMN: T BB R AT A8 3, 2023,

ZHONG KX. Protective characteristics of plasma
in SARS-CoV-2
Guangzhou: Master’s Thesis of Guangzhou Medical
University, 2023 (in Chinese).

PELTOMAA R, BARDERAS R, BENITO-PENA E,
MORENO-BONDI MC. Recombinant antibodies and
their use for food immunoanalysis[J]. Analytical and
Bioanalytical Chemistry, 2022, 414(1): 193-217.
ZENG XQ, SHEN ZH, MERNAUGH R. Recombinant
antibodies and their use in biosensors[J]. Analytical
and Bioanalytical Chemistry, 2012, 402(10): 3027-3038.
HAMERSCASTERMAN C, ATARHOUCH T,
MUYLDERMANS S, ROBINSON G, HAMMERS C,
SONGA EB, BENDAHMAN N, HAMMERS R.
Naturally occurring devoid of light
chains[J]. Nature, 1993, 363: 446-448.

WENBAP P, SEETANG-NUN Y, LUANGTONGKUM
T, KHUNRAE P, TUITEMWONG P,
RATTANAROJPONG T. Construction, expression and

purification of a novel

cells antibody of predefined

Nature,

antibodies infected patients[D].

antibodies

CadF-based multiepitope
antigen and its immunogenic polyclonal antibody
specific to Campylobacter jejuni and Campylobacter
coli[J]. Protein Expression and Purification, 2021, 180:
105818.

WANG L, KE YH, L1Y, LI YX, YAN YF, SONG Y],
YANG RF, GAO B, HAN YP. Preparation of
polyclonal antibody against a universal bacterial
antigen OmpA deduced by bioinformatic analysis and
preliminary evaluation of concentration effects on
foodborne pathogens[J]. Heliyon, 2023, 9(5): €16353.
DEHGHANI Z, MOHAMMADNEJAD J, HOSSEINI



XM F | MERRERREBREREQYFHOFRER 4003

[53]

[54]

[55]

[56]

M, BAKHSHI B, REZAYAN AH. Whole cell FRET
immunosensor based on graphene oxide and graphene
dot for Campylobacter jejuni detection[J]. Food
Chemistry, 2020, 309: 125690.

BAI XX, HU CY, WANG J, LI YW, XIN WW, KANG
L, JIN ZY, WAN W, L1 Y, YANG H, WANG JL, GAO
S. A lanthanide-based high-sensitivity fluorescence
method for the on-site rapid detection of thermostable
direct hemolysin of Vibrio parahaemolyticus[J].
Journal of Food Protection, 2023, 86(1): 100005.

SUN RQ, CAO HW, FU YL, TAN Z, LIU N, LI HL,
FENG ZH, CHI H, HUA DP, HUANG JH.
Development of IMBs-qPCR method for detection of
foodborne Salmonella[]]. International Food Research
Journal, 2023, 30(4): 978-991.

TEJADA TS, CONCEICAO RCS, TIMM CD.
Detec¢do de Campylobacter jejuni em produtos de
frango utilizando

separacdo  imunomagnética[J].

Arquivo Brasileiro De Medicina Veterinaria e
Zootecnia, 2019, 71(5): 1565-1570.

WENBAP P, RATTANAROJPONG T, KHUNRAE P,
LUANGTONGKUM T, ERICKSON LE, HANSEN RR,
TUITEMWONG P.

nanoparticles with multiplex touchdown PCR for

Biofunctionalized magnetic

simultaneous and rapid detection/identification of
Campylobacter jejuni and Campylobacter coli[l].
Journal of Nanomaterials, 2022, 2022: 5104187.
FABIANI L, DELIBATO E, VOLPE G, PIERMARINI
S, de MEDICI D, PALLESCHI G. Development of a
sandwich ELIME assay exploiting different antibody
combinations as sensing strategy for an early detection
of Campylobacter[J]. Sensors and Actuators B:
Chemical, 2019, 290: 318-325.

MASDOR NA, ALTINTAS Z, SHUKOR MY,
TOTHILL IE. Subtractive inhibition assay for the
detection of Campylobacter jejuni in chicken samples
using surface plasmon resonance[J]. Scientific Reports,
2019, 9: 13642.

POONLAPDECHA w, SEETANG-NUN Y,
WONGLUMSOM W, TUITEMWONG K, ERICKSON
LE, HANSEN RR, TUITEMWONG P. Antibody-
conjugated ferromagnetic nanoparticles with lateral
flow test strip

assay for rapid detection of

Campylobacter  jejuni in  poultry  samples[J].

&: 010-64807509

[57]

[60]

[63]

International Journal of Food Microbiology, 2018, 286:
6-14.

PERRUZZA L, JACONI S, LOMBARDO G, PINNA D,
STRATI F, MORONE D, SEEHUSEN F, HU Y,
BAJORIA S, XIONG J, KUMRU OS, JOSHI SB,
VOLKIN DB, PIANTANIDA R, BENIGNI F, GRASSI
F, CORTI D, PIZZUTO MS. Prophylactic activity of
orally administered FliD-reactive monoclonal SI/g4
against Campylobacter infection[J]. Frontiers in
Immunology, 2020, 11: 1011.

CASTILLO DS, REY SERANTES DA, MELLI LJ,
CIOCCHINI AE, UGALDE JE, COMERCI DI,
CASSOLA A. A recombinant O-polysaccharide-protein
conjugate approach to develop highly
monoclonal Shiga
Escherichia coli O157 and O145 serogroups[J]. PLoS
One, 2017, 12(10): e0182452.

WANG H, WANG LJ, HU QQ, WANG RH, LI YB,

KIDD M. Rapid

specific

antibodies to toxin-producing

and sensitive detection of
Campylobacter jejuni in poultry products using a
nanoparticle-based piezoelectric immunosensor
integrated with magnetic immunoseparation[J]. Journal
of Food Protection, 2018, 81(8): 1321-1330.

BU T, HUANG Q, YAN LZ, ZHANG WT, DOU LN,
HUANG LJ, YANG QF, ZHAO BX, YANG BW, LI T,
WANG JL, ZHANG DH. Applicability of biological
dye tracer in strip biosensor for ultrasensitive detection
of pathogenic bacteria[J]. Food Chemistry, 2019, 274:
816-821.

SHI LL, XU L, XIAO R, ZHOU ZH, WANG CW,
WANG SQ, GU B. Rapid, quantitative, high-sensitive
detection of Escherichia coli O157: H7 by gold-shell
silica-core

nanospheres-based surface-enhanced

Raman scattering lateral flow
Frontiers in Microbiology, 2020, 11: 596005.

TU ZJ, CHENG SY, DONG H, WANG WQ, YANG XS,
GU B, WANG SQ, WANG CW. Universal and

ultrasensitive detection of foodborne bacteria on a

immunoassay[J].

lateral flow assay strip by using wheat germ
agglutinin-modified magnetic SERS nanotags[J]. RSC
Advances, 2022, 12(42): 27344-27354.

HIIE, PR, BEE, XIEFE. MG S E AR
A% HORTE o 254G I 5T ) L ISR BOIR (7], A= T
22, 2022, 38(9): 3243-3254.

P4: cjb@im.ac.cn



4004 ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

[70]

DONG XX, SUN W, CAO P, LIU XD. Colloidal gold
immunochromatographic test strip for virus detection:
a review[J]. Chinese Journal of Biotechnology, 2022,
38(9): 3243-3254 (in Chinese).

ZENG L, XU XX, DING HL, SONG SS, XU LG, XU
CL, KUANG H. A gold nanoparticle based
colorimetric sensor for the rapid detection of Yersinia
in food samples[J].
10(6):

enterocolitica serotype O: 8
Journal of Materials Chemistry B, 2022,
909-914.

ALAMER S, EISSA S, CHINNAPPAN R, HERRON P,
ZOUROB M. Rapid colorimetric lactoferrin-based
sandwich immunoassay on cotton swabs for the
detection of foodborne pathogenic bacteria[J]. Talanta,
2018, 185: 275-280.

W, Eh, XV, BRONEE, TR, REE, W,
FEHi4e. YPITE PhoN 2K 1158 sg BT (A B FL S e i Bk
FI A [T, H E T S 24, 2023, 45(3): 287-294.
MENG C, GAO Y, LIU J, XU SY, DING RQ, KANG
XL, PAN ZM, JIAO XA. Preparation of monoclonal
antibodies and its immunomagnetic beads against
Salmonella PhoN protein[J].
Preventive Veterinary Medicine, 2023, 45(3): 287-294
(in Chinese).

ZHANG L, DU X, CHEN C, HAN Q, CHEN Q,
ZHANG M, XIA X, SONG Y, ZHANG J. Development
of a rapid, one-step-visual method to detect Salmonella
based on IC-LAMP method[J].
Veterinary Research, 2020, 21(1): 20-25.

LUCIANI M, SCHIRONE M, PORTANTI O,
VISCIANO P, ARMILLOTTA G, TOFALO R, SUZZI
G, SONSINI L, Di FEBO T. Development of a rapid
method for the detection of Yersinia enterocolitica
serotype O: 8 from food[J]. Food Microbiology, 2018,
73: 85-92.

International

Chinese Journal of

Iranian Journal of

Organization for  Standardization.
food

stuffs----- Horizontal method for the detection of

Microbiology  of and animal feeding
presumptive pathogenic Yersinia enterocolitica: 1SO
10273:2003[S].  https://www.iso.org/standard/34564.
html.

SCHNEE AE, HAQUE R, TANIUCHI M, UDDIN MJ,
JR  PETRI WA.

membrane-based and microtiter plate enzyme-linked

Evaluation of two new

http://journals.im.ac.cn/cjben

[72]

(73]

[76]

immunosorbent assays for detection of Campylobacter
jejuni in stools of Bangladeshi children[J]. Journal of
Clinical Microbiology, 2018, 56(9): €00702-e00718.
CHEN P, ZHOU MJ, CHEN XR, XIONG SC, SU Y,
ZHOU H, PENG J, XIONG YH. Quantum dot
bead-based competitive immunochromatographic assay
for enterotoxin aureus A detection in pasteurized
milk[J]. 105(6):
4938-4945.

BU T, JIA P, LIU JH, LIU YN, SUN XY, ZHANG M,
TIAN YM, ZHANG DH, WANG JL, WANG L.

Diversely positive-charged gold nanoparticles based

Journal of Dairy Science, 2022,

biosensor: a label-free and sensitive tool for foodborne
pathogen detection[J]. Food Chemistry: X, 2019, 3:
100052.

HAJ,SEO Y, KIM Y, LEE J, LEE H, KIM S, CHOI Y,
OH H, LEE Y, PARK E, KANG J, YOON Y. Synthesis
of nitrogen-doped carbon nanodots to destroy bacteria
competing with Campylobacter jejuni in enrichment
medium, and development of a monoclonal antibody to
detect C. jejuni after enrichment[J]. International
Journal of Food Microbiology, 2021, 339: 109014.
POONLAPDECHA W, SEETANG-NUN Y,
TUITEMWONG K, TUITEMWONG P. Validation of a
rapid visual screening of Campylobacter jejuni in
chicken using antibody-conjugated  fluorescent
dye-doped silica nanoparticle reporters[J]. Journal of
Nanomaterials, 2018, 2018: 4571345.
SCHNEIDER AFL, HACKENBERGER
Fluorescent labelling in
Opinion in Biotechnology, 2017, 48: 61-68.

JIN L, LI T, YANG T, LIANG XH, WU B, ZOU DC,
HU LW, HUANG GH, ZHANG JS. NMR rapid

detection of Salmonella in milk based on ultra-small

CPR.

living cells[J]. Current

iron oxide nanobiosensor[J]. International Dairy
Journal, 2020, 110: 104807.
BONAIUTO E, MAGRO M, FASOLATO L,

NOVELLI E, SHAMS S, PICCIRILLO A, BAKHSHI
B, MOGHADAM TT, BARATELLA D, VIANELLO F.
Versatile nano-platform for tailored immuno-magnetic
carriers[J]. Analytical and Bioanalytical Chemistry,
2018, 410(29): 7575-7589.

ZHANG CXY, DAN HH, van FAASSEN H, BROOKS
BW, HUANG HS, LIN M. Targeting novel LPXTG



XM F | MERRERREBREREQYFHOFRER 4005

[80]

[83]

[84]

surface proteins with monoclonal antibodies for

immunomagnetic separation of Listeria monocytogenes|[J].

Foodborne Pathogens and Disease,
186-196.

NZUMA RM, LIU FQ, GRANT IR. Generation and
characterization of a novel recombinant scFv antibody
Applied
102(11):

2023, 20(5):

specific  for  Campylobacter  jejunilJ].

Microbiology and Biotechnology, 2018,
4873-4885.

PELTOMAA R, LOPEZ-PEROLIO I, BENITO-PENA

E, BARDERAS R, MORENO-BONDI MC.
Application of bacteriophages in sensor
development[J].  Analytical and  Bioanalytical

Chemistry, 2016, 408(7): 1805-1828.

MOREIRA GMSG, KOLLNER SMS, HELMSING S,
JANSCH L, MEIER A, GRONOW S, BOEDEKER C,
DUBEL S, MENDONCA M, MOREIRA AN,
CONCEICAO FR, HUST M. Pyruvate dehydrogenase
complex—enzyme 2, a new target for Listeria spp.
detection identified using combined phage display
technologies[J]. Scientific Reports, 2020, 10: 15267.
HU YZ, SUN 'Y, GU JX, YANG FE, WU SH, ZHANG
C, JI XM, LV H, MUYLDERMANS S, WANG S.
Selection of specific nanobodies to develop an
immuno-assay detecting Staphylococcus aureus in
milk[J]. Food Chemistry, 2021, 353: 129481.

HE YX, REN YR, GUO B, YANG YF, JI YW, ZHANG
DH, WANG JL, WANG YR, WANG H. Development
of a specific nanobody and its application in rapid and
selective determination of Salmonella enteritidis in
milk[J]. Food Chemistry, 2020, 310: 125942.

JIYW, LI X, LU YL, GUO PL, ZHANG GW, WANG
YR, ZHANG Y, ZHU WX, PAN JC, WANG JL.
Nanobodies based on a sandwich immunoassay for the
detection of staphylococcal enterotoxin B free from

interference by protein A[J]. Journal of Agricultural

&: 010-64807509

[92]

and Food Chemistry, 2020, 68(21): 5959-5968.

SUN TQ, ZHAO ZQ, LIU WT, XU ZH, HE HW, NING
BA, JIANG YQ, GAO ZX. Development of sandwich
chemiluminescent immunoassay based on an
anti-staphylococcal enterotoxin B Nanobody-Alkaline
fusion for detection of

phosphatase protein

staphylococcal enterotoxin B[J]. Analytica Chimica
Acta, 2020, 1108: 28-36.

LIU JL, ANDERSON GP, GOLDMAN ER. Isolation of
anti-toxin  single domain antibodies from a
semi-synthetic spiny dogfish shark display library[J].
BMC Biotechnology, 2007, 7: 78.

GU Y, GUO Y, DENG Y, SONG HP, NIAN R, LIU WS.
Development of a highly sensitive immunoassay based
on pentameric nanobodies for carcinoembryonic
antigen detection[J]. Analytica Chimica Acta, 2023,
1279: 341840.

YU JF, SUN Z, SUN XY, SUN XY, WEI HM, JIA WL,
PANG MZ, ZHANG LM, DENG HK. Selection and
characterization of a Vibrio parahaemolyticus OmpU
antibody by phage display[J]. Microbial Pathogenesis,
2020, 143: 104136.

DENGY, LIU JY, LU YP, FAN XY, YANG YS, XU YZ,
QIN XS, NIAN R, LIU WS. Novel polystyrene-
binding nanobody for enhancing immunoassays:
insights into affinity, immobilization, and application
potential[J]. Chemistry, 2024, 96(4):
1597-1605.

NELSON AL. Antibody fragments: hope and hype[J].
mAbs, 2010, 2(1): 77-83.
MUYLDERMANS S.
single-domain antibodies[J].
Biochemistry, 2013, 82: 775-797.
MarketsandMarkets™. Markets and Markets Custom
Antibody Market worth $652 million by 2026[EB/OL].

[2024.04.28]. https://www.prnewswire.com/

Analytical

Nanobodies: natural

Annual Review of

(K529 ARENTT)

P4: cjb@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /00
    /04b03
    /04b03b
    /04b08
    /04b09
    /04b11
    /04b19
    /04b20
    /04b21
    /04b24
    /04b25
    /04b30
    /04b31
    /9px3bus
    /AdobeSongStd-Light
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Bahnschrift
    /Bangalore
    /BasemicNew
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BMaztecA12
    /BMbiscuitA9
    /BMblockA15
    /BMbugA6
    /BMcafeA14
    /BMchainA6
    /BMchocolatA9
    /BMcinemaA16
    /BMcorrodeA13
    /BMcubeA8
    /BMdelicoA16
    /BMdumplingA9
    /BMethnoA17
    /BMfeatherA20
    /BMfigaroA11
    /BMgaudiA22
    /BMgreatA9
    /BMharryA10
    /BMjapanA12
    /BMkitchenA10
    /BMleavesA11
    /BMmazeA9
    /BMmicro7A7
    /BMminiA8
    /BMnecoA29
    /BMplainA7
    /BMplamoA9
    /BMpressA7
    /BMreceiptA11
    /BMrizerA6
    /BMrubyA12
    /BMslyA10
    /BMsolidA11
    /BMspaceA9
    /BMstampA9
    /BMtoppoA12
    /BMtubeA10
    /BMutopiaA23
    /BMxrayA12
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BongonautNormal
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Borgnine
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candara-Light
    /Candara-LightItalic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Charting
    /Chiller-Regular
    /Clocks
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CorbelLight
    /CorbelLight-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Cube
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DengXian
    /DengXian-Bold
    /DengXian-Light
    /DengXian-Regular
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Dubai-Bold
    /Dubai-Light
    /Dubai-Medium
    /Dubai-Regular
    /E-B1
    /E-B1X
    /E-B2
    /E-B2X
    /E-B3
    /E-B3X
    /E-B4
    /E-B4X
    /E-B5
    /E-B5X
    /E-B6
    /E-B6X
    /E-B7
    /E-B7X
    /E-B8
    /E-B8X
    /E-BD
    /E-BKB
    /E-BKBX
    /E-BKH
    /E-BKHX
    /Ebrima
    /Ebrima-Bold
    /E-BX
    /E-BZ
    /EdwardianScriptITC
    /E-DY
    /E-F1
    /E-F1X
    /E-F2
    /E-F2X
    /E-F3
    /E-F4
    /E-F4X
    /E-F5
    /E-F5X
    /E-F6
    /E-F6X
    /E-F7
    /E-F7X
    /E-F8
    /E-F9
    /E-F9X
    /E-FX
    /E-FZ
    /E-H1
    /E-H1X
    /E-H2
    /E-H2X
    /E-H3
    /E-H3X
    /E-H4
    /E-H4X
    /E-H5
    /E-H5X
    /E-H6
    /E-H6X
    /E-H7
    /E-H7X
    /E-HD
    /E-HT
    /E-HT1
    /E-HT2
    /E-HX
    /E-HZ
    /E-KY
    /ElectronicaNine
    /Elephant-Italic
    /Elephant-Regular
    /E-NBS
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Ernest
    /EstrangeloEdessa
    /E-SXT
    /E-TT
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroSig
    /E-X1
    /E-X1X
    /E-XF1
    /E-XFX
    /E-XFZ
    /E-XT
    /E-XY
    /E-YB
    /E-YT1
    /E-YT2
    /FangSong
    /FangSong_GB2312
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZBSK--GBK1-0
    /FZBWKSFW--GB1-0
    /FZBWKSJW--GB1-0
    /FZBYSK--GBK1-0
    /FZCCHJW--GB1-0
    /FZCCHK--GBK1-0
    /FZCQFW--GB1-0
    /FZCQJW--GB1-0
    /FZCQK--GBK1-0
    /FZCSFW--GB1-0
    /FZCSJW--GB1-0
    /FZCSK--GBK1-0
    /FZCYFW--GB1-0
    /FZCYK--GBK1-0
    /FZCYSK--GBK1-0
    /FZDBSK--GBK1-0
    /FZDHTFW--GB1-0
    /FZDHTK--GBK1-0
    /FZFSFW--GB1-0
    /FZFSJW--GB1-0
    /FZFSK--GBK1-0
    /FZGLFW--GB1-0
    /FZGLJW--GB1-0
    /FZHCK--GBK1-0
    /FZHLFW--GB1-0
    /FZHLJW--GB1-0
    /FZHLK--GBK1-0
    /FZHPK--GBK1-0
    /FZHTK--GBK1-0
    /FZJZFW--GB1-0
    /FZJZJW--GB1-0
    /FZKATFW--GB1-0
    /FZKATJW--GB1-0
    /FZKTFW--GB1-0
    /FZKTJW--GB1-0
    /FZKTK--GBK1-0
    /FZL2FW--GB1-0
    /FZLBFW--GB1-0
    /FZLBJW--GB1-0
    /FZLSFW--GB1-0
    /FZLSK--GBK1-0
    /FZLTCHJW--GB1-0
    /FZLTCHK--GBK1-0
    /FZLTCXHJW--GB1-0
    /FZLTDHK--GBK1-0
    /FZLTH--GB1-4
    /FZLTHJW--GB1-0
    /FZLTHK--GBK1-0
    /FZLTKHK--GBK1-0
    /FZLTKSK--GBK1-0
    /FZLTSK--GBK1-0
    /FZLTTHBJW--GB1-0
    /FZLTTHBK--GBK1-0
    /FZLTTHCJW--GB1-0
    /FZLTTHCK--GBK1-0
    /FZLTTHJW--GB1-0
    /FZLTTHK--GBK1-0
    /FZLTXHJW--GB1-0
    /FZLTXHK--GBK1-0
    /FZLTXIHK--GBK1-0
    /FZLTZCHK--GBK1-0
    /FZLTZHK--GBK1-0
    /FZLTZHUNHK--GBK1-0
    /FZMHJW--GB1-0
    /FZNSTFW--GB1-0
    /FZPHTFW--GB1-0
    /FZPHTJW--GB1-0
    /FZPTYJW--GB1-0
    /FZPWFW--GB1-0
    /FZPWJW--GB1-0
    /FZQTFW--GB1-0
    /FZQTJW--GB1-0
    /FZS3K--GBK1-0
    /FZSEFW--GB1-0
    /FZSEJW--GB1-0
    /FZSHFW--GB1-0
    /FZSHHFW--GB1-0
    /FZSHHJW--GB1-0
    /FZSJSFW--GB1-0
    /FZSJSJW--GB1-0
    /FZSSJW--GB1-0
    /FZSSK--GBK1-0
    /FZSTK--GBK1-0
    /FZSYFW--GB1-0
    /FZSYJW--GB1-0
    /FZSYK--GBK1-0
    /FZSY--SURROGATE-0
    /FZSZFW--GB1-0
    /FZSZJW--GB1-0
    /FZTJLSFW--GB1-0
    /FZTJLSJW--GB1-0
    /FZWBK--GBK1-0
    /FZXIANGLFW--GB1-0
    /FZXIANGLJW--GB1-0
    /FZXQFW--GB1-0
    /FZXQJW--GB1-0
    /FZXSHFW--GB1-0
    /FZXSHJW--GB1-0
    /FZXZTFW--GB1-0
    /FZY4FW--GB1-0
    /FZY4JW--GB1-0
    /FZY4K--GBK1-0
    /FZYBKSFW--GB1-0
    /FZYBKSJW--GB1-0
    /FZYBXSFW--GB1-0
    /FZYBXSJW--GB1-0
    /FZYDCHJW--GB1-0
    /FZYDZHJW--GB1-0
    /FZYHFW--GB1-0
    /FZYHJW--GB1-0
    /FZYTFW--GB1-0
    /FZYTJW--GB1-0
    /FZYTK--GBK1-0
    /FZYXJW--GB1-0
    /FZZBHFW--GB1-0
    /FZZBHJW--GB1-0
    /FZZDXFW--GB1-0
    /FZZDXK--GBK1-0
    /FZZHYFW--GB1-0
    /FZZHYJW--GB1-0
    /FZZQFW--GB1-0
    /FZZQJW--GB1-0
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HalvettHeavy
    /HalvettLight
    /HalvettMedium
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /Helvetica-Light
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoloLensMDL2Assets
    /HYa0gf
    /HYa0gj
    /HYa1gf
    /HYa2gf
    /HYa2gj
    /HYa3gf
    /HYa4gf
    /HYa5gf
    /HYa5gj
    /HYa6gf
    /HYa6gj
    /HYa7gf
    /HYa7gj
    /HYa9gf
    /HYa9gj
    /HYb0gf
    /HYb0gj
    /HYb1gf
    /HYb1gj
    /HYb2gf
    /HYb2gj
    /HYb3gf
    /HYb3gj
    /HYb4gf
    /HYb4gj
    /HYb5gf
    /HYb5gj
    /HYb6gf
    /HYb6gj
    /HYb7gf
    /HYb7gj
    /HYb8gf
    /HYb8gj
    /HYc1gf
    /HYd1gf
    /HYd2gf
    /HYd2gj
    /HYe1gf
    /Hye1gj
    /HYe2gf
    /HYe2gj
    /HYe3gf
    /HYe3gj
    /HYe4gf
    /HYe4gj
    /HYf1gf
    /HYf2gf
    /HYf2gj
    /HYf3gf
    /HYf3gj
    /HYf4gj
    /HYg1gf
    /HYg1gj
    /HYg2gf
    /HYg2gj
    /HYh1gf
    /HYh1gj
    /HYh2gj
    /HYh3gj
    /HYh4gj
    /HYi1gf
    /HYi1gj
    /HYi2gj
    /HYi3gf
    /HYj1gf
    /HYk1gf
    /HYk1gj
    /HYk2gj
    /HYl1gf
    /HYl1gj
    /HYm1gf
    /HYm1gj
    /HYm2gf
    /HYm2gj
    /HYn1gf
    /HYn1gj
    /HYo1gf
    /HYo1gj
    /HYo2gf
    /HYo2gj
    /HYp1gf
    /HYp1gj
    /HYq1gf
    /HYq1gj
    /HYq2gj
    /HYQiHei-EES
    /HYr1gf
    /HYr2gf
    /HYx1gf
    /HYx1gj
    /HYx4gf
    /HYy1gf
    /HYy1gj
    /icomoon
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InkFree
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /JavaneseText
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /KaiTi_GB2312
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /Kingsoft-Phonetic
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothic-Semilight
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /Narkisim
    /NEU-HD
    /NEU-HT
    /NEU-HT1
    /NEU-HT2
    /NEU-HT-S92-Regular
    /NEU-HX
    /NEU-HX-S92
    /NEU-HZ
    /NEU-HZ-S92
    /NEU-KY
    /NEU-NBS
    /NEU-SXT
    /NEU-TT
    /NEU-X1
    /NEU-X1X
    /NEU-XF1
    /NEU-XFX
    /NEU-XFZ
    /NEU-XT
    /NEU-XY
    /NEU-YB
    /NEU-YT1
    /NEU-YT2
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /Origin
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-SemiBold
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SignLanguage
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SimSun-PUA
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaText
    /SitkaText-Bold
    /SnapITC-Regular
    /SourceHanSansCN-Bold
    /SourceHanSansCN-Medium
    /SourceHanSansCN-Normal
    /SourceHanSansCN-Regular
    /SourceHanSerifCN-Bold
    /SourceHanSerifCN-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 666
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF005b57fa4e8e201c005b9ad88d2891cf62535370005d201d005d00204f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


