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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 1 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
(%)
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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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Table 2 Characteristics of different types of antibodies
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VA IE & AT RN S . A OP S i RE S AT 250
ARG R P B 2 R, JKAEAL B 4ii
A RETE RSN 7™ Az I B 1 vy 26 F T3 A K ATk
JriEHA W SEME . SR AT TR TS
(ELK L VRRE O 2K B — 2 R TR Y 3

FUAT, SR S0 w3 T 8L
FEALm S BT A T AL LB i
B AR IR D BE Bk AT A Rp S e U o, B Az iR
ERCHA, HAAB S RRENE . sy —1t,
AR EBUUR G  Z v LA . SR
M7, ZRTARY B 2)a] BEX e AR AL St iA
AR B, 7 YR 0 T A N o A 4
TEH

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
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The principle of antibody technology for detecting foodborne pathogens.
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HAZ 7 ¥ i e R S B o R A ORI L 7 32k R
J15 L4 v0 1] G # (Salmonella enteritidis) 5
AUEEAR, FIAE 11 min NIESEPERN 80 CFU/mL
# S enteritidis; It4h, AT LLKS L. monocytogenes
VER 75— A BERVEAR , 1A P A% AR X 22 IR
BH /BHE B G I EL A AR g 38 M . Shi 801
P2 T — Bh L T 3 0E Y 58 B = 59T (surface
enhancement of Raman scattering, SERS)J LFIA
PUHURG I AR Wi s, TR AR AL E. coli
O157:H7 ) R W€ & 50 M M & 5¢ -6k %
(SiO/AW)H K ER A FEF SERS Y LFIA R Giiil £
TEtEReRg, H 2 ERigE S0 TR
FiARMEMf) SiOy/Au SERS FR%E Al LUAT R 5
E. coli O157:H7 454, I AE MLk [ TE i — 1]
NER b I NI B I 0 L N W 5 NE N E VA=
B, AT LAEE 5 g ekl E. coli O157:H7,
MBR A 50 Cells/mL. 5222, Tu N
T —F 3T SERS 9 LFIA $A, i /N IR
ZEBESE K (wheat germ agglutinin, WGA)&1fi it
Au@MNP-WGA KPR, X6 dh FIEREERE i
H A R TR A T R A, R DT

B<: cjb@im.ac.cn
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153 A B EAEAR] LFIA 450 Btk b, nTRAsK
PXE 3 A WA RPN, B L. monocytogenes.,
C. jeuni F1' S aureus I1)1m R BN, KFR Ky
10 cells/mL, AW [E]/NTF 35 min, FIHE S
— A, Ao 2 R U R A R I - 5 B A7
Rl N 51 BR o A 4 g JE AT I AR AR HOR
(colloidal gold immunochromatographic strip
test, CGICST)&—M&5& T IRIEEIRICH A |

FIERTM AR | B ARG A AR G2
FRE AR B — A AR AR i I B A, A1) AR 4
PR ft s BT IARAVE R BT, i BR 4T 4k K AR
N R B 3R, MR A AL B Y B A JE A
B, U A OB (%) R R AA A
LA @ PR RS S TR IR Y R
AR X R B A, AR, SO
[ LA = P L) Zeng SN R T —
P LT CGICST PR il /) 45 W 4 B /R 7% 1K
i (Yersinia enterocolitica) O:8 f 7 ¥:, Rl ik
EARICHY mAb FE EFEMNIRZL ) mADb 53]
PRl P AR FAG I HT i, CGICST Xt Y.
enterocolitica O:8 CICC 21669, CICC 21681 #/
CICC 21567 fRMIBR 53514 1.3x10°, 3.0x10
1 8.0x10> CFU/mL, Jf HiZyk % JoAb A e 2L
I3 PR B S8 X o Alamer 25L& T —Ff
RE A% A AL A AGE I AN [+] 7 £ DR B0 1/ P 15

FORITSE T LR AR P R A Bk 25 b B IR 2
WA, I SEE TR B E KSR BT i,
KA s 7E 20 TR A AETE s SR A0 M R AR e L Ak
B RV SR B S BB UIA S G R 9K BR 2 T

FH—EEaAi; A S typhimurium,

S enteritidis., S aureus 1 C. jejuni F#JiERHA %L ;
ek 2 TRT %) 25 €0, 5 J3E I S0 R R R ) S
W, MPNERER S typhimurium #1 C. jejuni
ARSI R AR 2 10 CFU/mL, S enteritidis A
FR>& 100 CFU/mL, S. aureus f46: I R A% 2

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

100 CFU/mL. VA FZ2GI¥EN], FoapEhiiATE
Rl 4% S E (0 2 PE BUR BRI T B R, B
Gy SHE ARG T T K ) B

FEAL B G v v R P B B B ARG T
PR w0, 1 OO 5 T R R
THAS [A] 1 75 784 Salmonella /Y PhoN & F1 MAD,
FFETZ MAD 1l 45 T Salmonella %y & SEmi Rk,
Xt S typhimurium 5§ 5 O[] LE %Y Salmonella
A AR 1K 70%L E, XFHE Salmonella i 4k %
&TF 7%. Zhang Z£1°711L Salmonella 4t J5i il 4
o REHTAR, i 3 O e £ mAb; #H
BRI E mAb 1B12 18 7E IMBs 2 18 LA A/
3% Salmonella; fdf F 4t %} Salmonella FI{#5F invA
FE P RRIR 51 0K = 4 7 ) (IMBs-Salmonel la)
TN FERY B BB 3 d 45565
50 min. Luciani Z£®5F & T —Fh i T B TERERT
ARG Y. enterocolitica O:8 M ik, £
fEFITEGE T 9 A sEREHUIA, THEE 2 Fhitxt
C. jejuni ELA 5558 U B PR FE PR, RO
PEH MAD 54B11, #3733k ELISA IR TFHER
rita 8 JBT (PR 2R R L ) R A Y. enterocolitica,
BriZ )7 B 5K Y. enterocolitica AYE 5 7k
(ISO 10273:2003)' k47 T b, HAXFHERAEE |
UM AR SRR E] 100%, FEXTHABE R
FIBEBEME VI T TIFR, B 90.3%0 B T BR A
100%01E15 FFR. T Schnee 257 T8 5 it
R A e U T G 2 0 5 723 (enzymeimmunoassay,
ElAs), tal FFK: C. jejuni 5% C. coli fZE(H
i)

ORI R A B Y62 | A F B G2
R N, O TR iR K
BAS B R SO G I T HL, Sk R R
T 7 ) o Chen Z5U'M 3 2 BR 0 5 &R
A(Saphylococcus enterotoxin A, SEA)E [ 5
F| BALB/c /NMRAKIN, il %5 740 SEA FLFCREHT
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& (anti-SEAmAb), Ff:LLE & i T e G iR
(quantum dot beads, QB) N {5 59 Ha#REr, &# v T
— Ff BT 14 92 €633 15 (immunochromatographic
assay, ICA), AJ PRt 7 fc il o 0 PG TR FLH Y
SEA, Fr#E i QB-ICA XF4-Wikk St sy SEA
e B = REJE, RIBRA 1.89 ng/mL,

X E LRI (445 SEB. SEC. SED #l SEE)
JUF- 364 38 LRV Bu 7544 T —Fp G kRic
GogZe M e v, a5 i A [ D H fef D REAR 1Y)
AuNPs AN S0 17 5 38 3 8 R B A 9 2K
TEAT R AR TR b, DATATXS B AR 40 R 1 TR
Fric, e 7E IR Y s B TR T LR
SPERIR AuNPs S G0 fERAEFMT,

%t S enteritidis (RN 5 10° CFU/mML, AR
W R FARK A SRR AR SR . it
Ab, ik oA S 0 5E A, T AR
E. coli 0157, fi#th 1 Hribnic SR HUSA: 22 1Y)
A5, Ha ZE745 A48 28 iRk 1 5 (N-carbon
nanodots, N-CNDs), H-# LA 10 mg/mL # k&
wmEE IR A 425 nm K
6 MR AT HR S N-CNDs #h 7o il & S 97 2k . IF
{8 23S T AT &% 7 %F C. jejuni NCTC11168
RS 1 B S B BT AR LAHS Bl K 5 %6 78 N-CNDs
() s R SR I R H H A G2 i) Bolton 1RV B 47
Bz I B g 5 5 e 9 K I SR . Poonlapdecha
U R T R THREEIO ek B2 —E 1k
i 20 DK OB ) ERAS I A PR RE S C. jejuni 1
D5, R RS 30 min, 200 5E ARG I PR
4 10° CFU/mL; C. jejuni B2 EIRIE N 100%
PR, 5 32 BRARS il B TR AR A 28 R
FEFRC B A BB IR HR SN 5 A5 10 5 AR AH 2
&, ECHPURS SRR FoREEYI R, W]
e R JEE b 8 o S I 7T S A I I 1) R

I AT A B EAR, WEPR ., Piik ik —#F
RAEYR, 20 20 40 4540, EA@EThr

&: 010-64807509

TR S BT AR S B A I A A 52T Tin
S 7OV i i A ) R A AR PR T R BUAR R AR
o ) B [ T AR KR S M 4 S B A W RE R
Salmonella WIAFFEAR b, SRIEREEEEMR
AL 1) /N B AR AR AN KR R 5 DU R I
PUiZR Salmonella, %7744 Salmonella FLAT4%
R ST T HEYE, 7E 150 min N, 4lidEsR
Py R EL SRR S R BR Ol 2.3x10° CFU/mML,
Bonaiuto £V RIRENEFT T MBI K SR PR
RALPURPIWESE , 2 10T M G 40 K B0k (surface
active maghemite nanoparticles, SAMNSs)/&— i}’
oy G 2 PR AR K R AR 3 -5, SRR
2 %} B(rthodamine B isothiocyanate, RITC)
XTSRRI T DI REAL, PIAS BN AR A
Y, JF M T 456 Puhs L ih 7% (Campylobacter
fetus) B 77 [ $i 148 (SAMN@RITC@Anti-Cf) ;
PCR BUEZ5 R BoR, MAALESAb 2 Fivas ihA+
(C. jejuni 1 C. coli)FE AL T, Al SEBL e P4
W sk, MPtEYREREM SAMNs, B
R R R EGOR AR, I T E A
Z 1L i $L L. monocytogenes % 7 [ i 1A
(SAMN@avidin@ Anti-Lm) ; ¥ 3 Fh 5 92 i 1k 28,
RERTE QCM fZlddr, FFHRuill 4w iy
L. monocytogenes, HllBRAEZE 15 cells/mL. HAFE
EPUAER S IMS FAREE AW A HE R 1kl
PEfE, Zhang ZEUSHESE T 4% L. monocytogenes
T MM mAbs, DIWELH S IMS M
FES 2B L. monocytogenes FUBE 15 HiHp,
mAb M3686 R HAMRRI R -, BEAE AR 7 AP
M ALY L. monocytogenes (1/2a., 1/2b, 1/2c.
3a, 4a. 4b Fl4d), AL PIREEHNTINE
an AR AE i oh R BE43 25 L. monocytogenes 1)
IMS J5i%.

FrREHUAOE HETE AR . B2 T k5%
Sk b N Tz PR EOR . SR, H A T

B<: cjb@im.ac.cn
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EE ARG A R, W98 T 2% ik
— LB BRI 25 T8, Fland o4 Ae
JEA I R R e TE S Ay, HEH SR,
ERTRPERCR 2 2R A, REE R E
TRAF . SER TR H 5 T s PR B 3G Rk
FeR K FETT ] o
23 EFEIREREERFEHESHFESNH
A9 R A

PURE AR S T & U5 B0 TP A I Y
K, BT 2 PR s SR RIBRYE,
PRI B IRARREE N TRSUAE 2). K
TR B IR B0 TR Y U L R
PE, FEEL S N R et RIEE . ATk
RSA S RO, A ARSI T B AW T .

FE TREHUAR A 2R 77 A — eIk, HH

Q1@
O[O

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

B2 RghthSARERTLERAKEHNESR
ZiR T BL B HUBEUIR. Fr g0K$TIK

A ENEEM,; A, @] LR A=
HE— it SR, FEE TPk IERRE,
HA R S RS . Nzuma 257
T X C. jejuni 40 iEdE S E AL scFv Buik iy A
MEAE, VAKX —Fh scFyv HUABEF] IMS & fiE
PCR (IMS-qPCR) J ¥ B 1AL , 12 5 ik AT |
REMEEFHEREMICEEN C jguni,
IMS-qPCR J £ RSB AE 3 h WK INIR & 35574 h
1) C. jejuni. WiR A JE/REAIE H AR 2 ff
MRS =ik iz —, HEA S T
1B, RIEHFOLE, BATEDYRE; It
Ab, DAWE B A SR /R oA 2 v i A 7 i 1 W] LAAE L
JAN 6B, TR LB BT A 1) FH 2% 52 988 A i
HepE B B R Moreira 2587 5E T 454
3 P B AR SRR BRI vk T R B SRAE

CAb
150 kDa
—— Disulfide bond
F Short chain polypeptide
Nanobody
12-15 kDa

A fRGUR. B BEESUAR. C: G HTIR. D: HTs

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.

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



XM F | MERRERREEBREREQYFOFRER 3997

— R ALBL Listeria AL HUIAR , IZPUIRBERS £ X
TE B 20 O AR Wb A A —— TR I R T S A
Y1-B 2 (pyruvate dehydrogenase complex enzyme
2, PDCE2); ZHIBAMEH T 2 SR & FRI N
PO HE , FH T2 85 51X Listeria 2 (340 1Y scFy
B, %A scFv-Fe JER; i ELISA ¥
i TEABAY Listeria WA EA/EH; W
ORFeome Wi FEIAJE/REA LIS IMS-FTik 4 A
FHF HARRSI, JIESE PDCE2 A[{E K Listeria #6
T A

YPURPUARAM L FAE G 2/ e TR, H
AL R, HE—ESE, XRKEMIKT
U LE £ IR B0R WA R, R T ILAE
82 2% mT REH BLAY T3 - Bl & 4t 1gs 1 S aureus
(1) g 284 2 T 8K 11 22 (8] (4 AH B4 R BELAS T % 3L
AT AT . Hu KGR S aureus
WD, RIEME Nb U, NPRR
F| 4 MR SPE Nb; BESS, 7 TR Nb
RN S aureus By J&.0> ELISA, HAg I FR Ay
1.4x10° CFU/mL; £33 8 h BELTE, Tk
AW RE S H 10 CFU/mL 19 S aureus, He
SR IE 4 B R S enteritidis AYZNK
ik ;s X EEGORPT AR R 1R PR et
FESEME, JRHHEE S T 960 ELISA, HAGIR
4 1.4x10° CFU/mL; %5 it FH TR 0 2 7
fh Y S enteritidis, &4 10 h 5 A& 4= 5
1 S enteritidis, fMIBR A 6 CFU/mL. 4% Bk
# & 1 A (staphylococcal protein A, SpA)F]REH
& B B AR B 7] 45 & | B (fragment  crytallizable,
Fo) Rl G, FFEURMM, FRE T gk s
PR Rk, Ji P99 % T AELE Fe K
Ui AN KBRS AL G P TUAR 1) ELISA ¥, e At
T, BT Sl e HA N 1-512 ng/mL 1)
B E VLA 0.3 ng/mL FIREIBR ; Inkr2E4s . 43
Wi WHEEFNZE R A RICRAE 87.66%—114.2% 2 [H] 5

&: 010-64807509

TERIN SEB 1 F2EHT, Nbs-ELISA 37 SpA FISEI

HI T AR BT AR HA AT T o i . R B8 55 A0 o
SRS, R R EOR R, AR AR
BT B e RS B W s R e R A, X
TRIE TS Ra e M. Sun ZEMUl F 90 >k i Ak
B 7k #F B2 B (nanobody-alkaline phosphatase,
Nb-ALP)fl & 8 [ JF & T —F Tk SEB (1)
Je it Ak 27 K S B % 43 B (chemiluminescence
immunoassay, CLIA) /7 i, SEB 2565 44 K44k
H— D RAEPEWE R AR E, T Nb-ALP
filG A E NWE A MRS, O B e
PE, JFHAE CLIA halgse—FhH TH b4
P HTH0 SEB HwBEHUAREL G EH
Nb37-ALP, .t b2 KOG S 43 i LAV
A 3.12-50.0 ng/mL, “PHIFE S (50% of
maximal signals, SC50)°/(8.59+0.37) ng/mL,
MFE A 1.44 ng/mL. Liu P00 BE A &8
KBTI, R & R T 52 14 F] 42 [X (variable
domain of immunoglobulin new antigen receptor,
VNAR)HHESEA EE T WE R IR O, AR5 47
SetER) SEB . BERRTE R A B A 1A B R 1
VNAR, FillPR 435K 10 ng/mL. 40 ng/mL
5 1 pg/mL, [FIAEUE B T 9K PUIARLE & IR M E0%
A B L S RE T

iR SR NTSE SR [/ =X AW (32 e
B ST UM RO 15 AT TF R T —Fh
BT T T SR R ) F0 08 00 % 1 (pentameric
nanobodies-based immunoassay, PNIA), X4 JIf
Pt A OC 41 MY %&b B 4>+ 5(carcinoembryonic
antigen-related cell adhesion molecule 5,
CEACAM-5) it 46 I 5 A 38 5t 1) R B FN RE 5
Peo BT ISR CEACAM-S 7E G il H ik
FRGTINAL T, BT T SR S AR BT (bispecific
nanobodies, Nb1-Nb2-rFc)fE HHiskpiik, FHx
T Feh R 96 6 K (fluorescein isothiocyanate

B<: cjb@im.ac.cn
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isomer, FITC)#xic 1Y 1 3R 14 44 >K $t & (FITC-
labeled pentameric nanobodies, Nb3-VT1B){E A4
Pk, Nb1-Nb2-rFc Fl Nb3-VTIB 45435
B E R T REMR KA, % PNIA X}
CEACAM-5 T J5 ARG S 7 HH A0 8 F et A
o RS o RS SR B 2 M KBTI B T
R AR AP R A BT R

WF 5% 8 A R P I 7E £ M B0 G
7 R [T EE 2 R AR A b fy . Yu
IR SY R LT V. parahaemolyticus #MEZE
OmpU 7E 2 T B0 ML H i SC s /R 5 (i ]
sdAb W A 7R E i £ 55 V. parahaemolyticus
OmpU Z5-4 5k sdAb, 4385 H LA B ek 1
R TERE s Hoh— PP UAD2S J&—Fl HAY
o LR SE M AR XE V. parahaemolyticus
OmpU fY sdAb; 7T %HE, HEN UAb28 fY
CDR X A] LIPiAT OmpU 454 IhfE; sdadaha
RIS IGUE T UAB28 HAT RS OmpU AYRE
UAb28 A RELEASK FIWTFE AT B T R BT sdAb
W EEIRIT 2%, LAXIHL V. parahaemolyticus
JEGL TR 200 T ) A A AR

PURPUA R T H I PRV . B,
H Ai7E AR 3 Yy B M RE i 25, Rk
TE 28 B DR B0 A I S B, TR —
Bl . APREA PTG RER R T 5 R K
WA G AR YUAR; JFH, Mg keiik B2
MR I EA B SRR T, I pH fF7E
W s K B2 SHUEMAGHUAR 11C12 A,
T —FRURE SR PR (ER T A,
RGP P RBAKCPBAR, B #1TE A4
b5 WAL, IZRG SR TE AR 25 KOG R S vk
ORI TR S B, T A B[R] A
25h 5] 1 h, AR RS0 RS I 5 1Y
R+

SR, ¥ 40 JE DA TR oA 7 U I THiAT

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

ok U BEURSE 4, HOE B b 20 A A D) 201
BBAREN) 2 R e ETUA T Z bt
PRI 4 e B 2 e R TARBUAA 40 4R 22 A T
H., Fab 5 ScFv S/Nr T2 TREHUA, ZEAI
Ty SR AR H, R
o Re B ME R OR PR Z BIDFFE )12 KT

FLAT, T 9% SER s 4 0 1] SR X HE 5 A
BamgEAL, Frulgekyiik 2 heli. B
ERBUARRD VNAR S22 4 0 1T A sh ¥ b &
B R S /NS G o, X IR L D v
1o KT, 55T VNAR BY0F5E 2 G AR S 1
SR AR VESE , TS HAE A St R A
I SR R TT

3 ZwE5RE

PUAAE g R S0 1 O B AR SR TR T
fF, X F RS . 2 WA N AR AT B
MarketandMarkets™ % #fi {% 4% 45 48 i, i1 3
2026 4F, RERPUATTIZH M 2021 4EHY 3.93 12
EXInikH 652 {0EIL, EEFWMK RN
10.6%, Prikiim B R EH A LA
A Z AR — KU SR, Btk R K & B aih
ZE—ERY, XEHFTFLUFILSER: ()it
KSR E LB, B MEE, i
HIGREEEE; )& EHUAUE S5igibi
PERRAZ T AN, FERLBE A X S, Bz
WHHEAR N Q)2 PR B ik
X S i, G PRI SRR S, £
158 G 98 S 0 AR 1 A A/ B 92 i R T AR LA IE A
AR SR (HFER TP H AT A H AR f 3
Bl E 5 433045 B A LI S RS, B R R AT
e — B AL, L 3 T AR A A A
WFFE 5 4 7= ML XE DL AR 4

HAT, PriAE AR L REE DK —1H0 5
B, B TR LR 21 stk T
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JR S TRy, BE DR C AR TR Y A )
g2 AL, WA 5L H BRI T
WAL, WA BBl . S BE eIk LA i
AN A S PRAUEHE U T, RSN E] . A
ANTGEIRAIR Y s Hk, #ESrSe e e | I
PR R JE 7R SCPERB | TR 20 AT e | ey 2
28 ML LA K BB AL ] 2 T2 85 R B 1
AR, R AR 5 R A8 1 T 7T 1A 9 52 M) AT A T o
i 0 R MESE SR BR300, IR R BT R A
AA TSN, Wl 2 22 BT 552 2l
ANA, RSN A 31T, MRS E& . L
TR BB BN, RS R HE AT R E DTS,
PR HEVERT PR T R AR s fdn, S St
fi By dr fr L MR, B OEARIER, B
G S BN, ML RN ELRIE T, &
A 2R [ E LA T 3 (3T A

ARTRINIR, ZREBEPUAS TR
AR IEFTAR B AT E P B0 1 AR A A 3=
TR, B TR g — AR P A%
RS RS SUm S e AR DIV S i L Pt |
KTk, BRI N XA E AP B, AAR
AL AT R R BF S e, A
A R BTGS2 6], AT DR S HAR
2, AT e . SRR LA R o . A T
IRTESE T . BREYTT I BOWT AN, WIS 0 I
TEBL S AN 5 T SC TR D . HRE, B IR IEEK
T BR AR DU A T B, R A A
FER R e, REOS R H A R A
sk . T RIEHOE . ARSI R Ak
UK 2 7 5 K A o AR HRTIT BE Ak al
LU IR BT BB B R, (RS
TIA . A . N SLERAEXERE L™ b
BT IR 8, AT AT RS2, fEARRAR
K— B 1A 8L, GRS ARATRRAR s Rk 20w
BT ) g A8 I 1 R A B A o

&: 010-64807509
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