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mE

LR 5 302 AN [F BB AR S = AR AR, 2R M. % SRTJWAME
o A ERRE AL (FAO) #E, tHF E 25% BRI HEHE R E. &
M, AL — IR RN, 4t 60~80%MITEYI % B A E R Y, X—H 7l
M TRRARALG R ECE . MEEAR 4 NS 339 R &AM E R BRI
W R R . AR S PRt A, RN v it AN A AR ih A AR IR
Ry, BABERBCEER . HATC & 5% 5E R ih & 5 5 LAY A 20
ZHh, Hh #5355 E Bl (AflatoxinBl, AFB1)ERIEME B, #tt 5 TR0 40
[ Brgs fE A AN (ARC)RI G0 T KB N 1 % AFBI 75 3 XU, JLF-
Gt BT E SO X S E T AFBL ) SR 1 PR SR

NTERZBEMERR Bl S5, MITA 8%+ AFBL FI& & BRI E
B OYRTAIR 2RI A W] R TSI AFBL, 3 EALFE I AL 5 A S g 2 vk
o Hob, Rkl T IO R, BRAERT TSRO0 AT M R AR
M AFB1, (&2 & R BUEAR R PUE. &S T B LREMNRS LR, =HA
YU ) & BE BT/ (Single chain Fv antibody fragment, ScFv) H 3 5 F s f b ik
) 22 /0N i) N ) 65 0 508 B S A s ORI AR B . (U, PR HUiA S R A
FEREPUAARLL, SRR BRI Ma e MR, TS BENH E B JRBR . #F 7t
JEATAR 8] B AS ) S 7, 1) BH BB B A4 S A g R s AL, RT A B R KT 0 R
ok, SR E AR AE T . AT TT I 4 A R T AR A O e i
W ERR B MPUKHUR, #t—Baa it ENU @ Bt sSembriatite, FEN
SR AN

(1) T W T A Jr s B AR FH 5 6 =2 i U o 10 4 6 e A 2 7 a2 1) % 3 ot 2 25
= Bl PR G5, fECEEA X i TRIE, DRI KES AFB1 456 1Ak
i, BEEET AR RIET A, PR BmRAEMAE N IR ZE% M BL21 (DE3)H,
BEAT S T R AR TR R 0 2 A ED K B, T AR v ) 45 58 SRR . ELISA Al 4y
#T G5 X AFB1-BSA 454 R DL AFBI XF G5 454 FIFNHIR, s & iRz /71,
ZERLEZMH, G5 X AFB1-BSA K] ECsoZ1°4 0.95 umol/LAFB1 5k 5a4+45 4 AFBI-
BSA [f) ICso 214 43 pmol/L, &M 110,
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()% 8 F] G5 A REAFAERAM A G FE R EASRA A, R H T — R Tt 5L
51 1) [ A AN 531X B AR S SR A0 73 B TT R AG TR, S8 v S B4
H b5 5 2 RIS AR P3R4 H 4w P 91 5 [R5 SRS ) 22 3R A b, (RIS 0 [R] YA
R R AR PPl . A, ARG — NPT EEM =4E 85 . INBUAR-PLR B & 4t
ERE, R IZREA @R GS 5 AFB1 17X, HHATHIEAEH 1000 W
SRREGYREAHT, fEBICRIXSWBERE. BT, & G5-AFBI
HEYIRE RS H N-6.29 keal/mol. GS5-AFB1 5 49145 k3% B BB BRI A R E X
(Complementarity Determining Regions,CDRs)[X #1770 #1, AFB1 540 KHTiASS G 1=
FERRHRFESL 4. TYR103. VAL102. ARG101. ILES1. THR52. THRS8, JfH AFBI
HE ARG101 JE B FaE A S N 28 i R . o S BB, 1EFH Jlkai; A
it 5%% % TYR103. VAL102. ILE51. THR52. THR58 JER | Bi/KAER . it PyMol
AR T B 6 SA WHIREEIRIRE:, IR G 1E R E: ARG101 T RAE, RA
A IEL101, F|H] 5 & 2L (genesplicingbyoverlapextension PCR, SOE PCR)3f15 5848 5t
BRI LR BRI E G5-1, @ HINEAZ4M)E, EC50 {H4 0.196 pmol/L, A1 )42
79 1% IC50 {EH~ 10.27 umol/L M| 3w 17 4 £, UEBLIL B R 3.
REEW: WHIESFER Bl WEARRER 2ERAKTTAE UL 17X
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Abstract

Abstract

Mycotoxins are secondary metabolites produced by various fungal species,
predominantly Aspergillus, Gibberellus, Fusarium and Penicillium. According to the Food
and Agriculture Organization of the United Nations (FAO), 25% of the world's food is
contaminated with mycotoxins. However, recent studies suggest that mycotoxin
contamination affects 60-80% of global crops - a figure exceeding FAO estimates.
Aspergillus comprises four subgenera and 339 species; its mycotoxins are known as
aflatoxins. Aflatoxins are secondary metabolites produced by several types of Aspergillus
fungi, particularly Aspergillus flavus and Aspergillus parasiticus which have potent
carcinogenic effects. Over twenty different types of aflatoxin and derivatives have been
identified thus far; among them, aflatoxin B1 (AFB) has the strongest toxic effect and is
classified as a Class I carcinogen by the International Agency for Research on Cancer
(IARC) under World Health Organization guidelines. To mitigate risks associated with
AFBI1 pollution, most countries worldwide have established mandatory limits.

In order to prevent contamination with aflatoxin B1, it is crucial to conduct AFB1
level testing on all food products. Currently, there are various detection techniques
available for detecting AFBI, including physicochemical analysis methods and
immunological methods. Among these options, the immunological method is widely
employed due to its high accuracy, strong specificity, and ease of use. However, it requires
antibodies with high sensitivity and specificity. With the continuous advancement of
molecular life engineering, recombinant antibodies have emerged as a research focus due
to their advantages such as easy modification, minimal batch-to-batch variations, short
preparation time, and high expression levels. Single chain Fv antibody fragments (ScFv) in
particular have gained attention. Nevertheless, compared to their parent monoclonal
antibodies, single-chain antibodies exhibit lower affinity and stability issues that limit their
application potential. By studying the different interactions between antigens and
antibodies and elucidating the mechanisms influencing single chain antibody affinity at the
gene level can provide theoretical guidance for modifying single chain antibodies and
enhancing their affinity further. In this study, nano-antibodies targeting aflatoxins B1 were

prepared by screening a fully synthetic phage display library while incorporating
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computer-aided modeling design for antibody optimization purposes. The main contents
and experimental results are outlined as follows:

(1) Utilizing phage display technology, the aflatoxin B1 antibody gene G5 was
screened and prepared using a fully synthetic antibody library constructed in the early
stages of this study. Subsequently, it was expressed to generate a substantial quantity of
single-chain antibodies specifically binding to AFB1. An expression vector was then
created and transformed into receptive cell BL21(DE3). Following induction, translatable
proteins known as nano-antibodies were obtained for biological activity identification. The
binding rate between G5 and AFB1-BSA as well as the inhibitory effect of AFB1 on G5
were analyzed through ELISA, comprehensively evaluating the antibody affinity. The
results demonstrated that G5 exhibited an EC50 value of approximately 0.95 1
mol/LAFB1 towards AFB1-BSA, with an IC50 value around 43 1 mol/LAFB1-BSA,
indicating favorable affinity.

(2) Considering that G5 may not have high affinity and strong specificity, an in vitro
affinity maturation method based on computer-guided homology modeling and molecular
docking was proposed to optimize the antibody. The target sequence homology modeling
template was searched with computer assistance, and multiple sequence alignment between
the target sequence and the homology template was performed. At the same time, the
homologous model is constructed, evaluated and optimized, and finally a reliable
three-dimensional structure is obtained. From the perspective of antibody-antigen complex
structure, the molecular docking of model G5 and AFB1 was constructed according to the
experiment, and the interaction force analysis was carried out. The docking results are
sorted according to the energy value of the complex, and the lower the energy, the more
stable the structure is. The optimal energy fraction of G5-AFB1 complex is -6.29 kcal/mol.
The structure of G5-AFB1 complex was selected for analysis in the Complementarity
Determining Regions (CDRs) region of single-chain antibody. The amino acid residues
binding AFB1 to the nanoantibody are as follows: TYR103, VAL102, ARG101, ILE51,
THRS52, THR58, and AFB1 formed a stable hydrogen bond network with residue ARG101.
The shorter the hydrogen bond length is, the stronger the force is. It also has hydrophobic
interaction with residues TYR103, VAL102, ILE51, THR52 and THRS58. Through PyMol
visualization analysis of compound amino acid residues within the 5 a, select the most
appropriate residues ARG101 mutation, mutated into IEL101, by overlap extension
(genesplicingbyoverlapextension PCR, The mutant gene and its corresponding protein

G5-1 were obtained by SOE PCR. After purification of the target protein, the EC50 value
VI
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was 0.196 1 mol/L, and the affinity was increased by 9 times. The IC50 value is 10.27 1
mol/L, and the inhibition rate is increased by 4 times, which proves that the optimization
goal has been achieved.

Keywords:Aflatoxins Bl Phage Display Technology Fully Synthetic Nanoantibody
Library Molecular Docking
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1.l EHEEEH

HH R R HAFE MR ARy, 2. fE. BIJE
ME R . A ERE A4 Z{(Food and Agriculture Organization of the United
Nations,FAO)RiE, A 25%ME M2 B HwEE RGN AR, HiTr)—
LT FE R, At F 60~80% I 1E) 32 1 o 75 2 AR, X — il 1R
RHRG BT 5B OR 4 NJE 339 #6l, fh&E AN R ERERA
T [t 75 75 % (Aflatoxins, AFs). AFs & ARSI, H5 /2 3 dh 5 F0 27 A2 dh
B EREY), BABUEMEMEIE. BTS20 8% E 1R AFs S 0
T 20 280, HApiE & #E K Bl (AflatoxinB1, AFBI1)M#HEIEF Hag",
X7 AFB1 85— i 78 mT LLIE T2 20 42 50 SRR 60 EAH] . B seidk+e
AMAE NRBEGE R A E ) 71058 AFB1 454 ) H A& g4, M a] BA
{ER b B U E] AFBI.

1.1.1 RS

£ 1960 £E48, KLAHT 100,000 R KXGAE s 22 AR FE BT I — DA TRIRIET,
IR AN, SR8 “ B X7, ZJa R PT RSByl kbl it
AR O fiE, 13X — B 2 XL KRG ANRGr HY R E K 1 AF
B1 firi5 40, 75 3% [H pR 48 B T %2 Bi ) Bichi 22 HIB L MR e T i & B RN
ey A, DN GO s i a5 kAT 1T A AT AT

AFB1 CER SR WP ORI, REN TR, N KEL . KK,
FARMIEAE . IR ARAT . I AL AR B AT RE S AFs, Ril AR T AT
WA T, IR AR AR . LR, AFBI R H 2
=, R 2 0 JEURLRI P S R TS B AFBL. 2011 48, HhAe N R E 57 & i
B A SRR IR, SR Al SRS Y ) AFs 7 EE H R AR R E v
2016 5 3 J1, QTS An 24 i e EE BUR AR AE A PRI 21 B A R AR . X
G JFURL AT ShAEAE R B AFs 1055, ANBU™ BRI P EAR fh i E, T EXEA
PRAGE RS OB

112 #hEREH
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HHET T 25 E ok AFs RHEATAYP), AR # s aFm i S5 R BlL(A
FB1). # %5 % B2(AFB2). HII&EH R GI(AFG]). EHI&HHER G2(AFG2).
5 il B 5 R M1(AFG2). ¥ #1575 & M1(AFG2. AFG2) 15 il %5 & M (AFG2).
Hr, AFM1 fil AFM2 4353k H AFB1 F1 AFB2, A JSEH ALANWITEA IE
I AFs B E ULk, fehshPiiid R, TR SRR IR AR FL
i AR A ROT

R RS, AFs & BB R IR RoARRE R E R R L —, THETLAK,
HA5# 208 C17TH1206, A iy A XU R RGN, I0A — A E R ZE BRI A
(.12] 3 2 S A 0 I B B 2 S5 M R iR 03), RV T oK A, ¥ T FEE
RSN, 0 FEEN 312~346. TS ER RN KA ILIERSE,
DRI B A 8 s ) R e M, 0 RIRLE N 237~299°C, AFB1 J3 iR N 268°C . A
F AT LLLE 365 nm [FEAMNE T K HIOG, ROGIE A AFBL 1 AFB2, DLt
TR AFGL Fl AFG2. S8AMER 2 06) 35 il 85 75 25 IR P58 7 A BB K 1k A 52 i
04, fEEMERELUMCHYIh, AFBI StEfoR, HGE AFMI, AFG1 HE%S
=[15]

AFs fEMIRIAEK WOR. i85 A Db a2 8li5 4. gt
WA EARH, SEIRE. EBRANEGENY™ 2 B50, RAE N
P R Y00, I B R MR BT S BN E. FREER. R
EFIA]. B PR, AERS . ERRIRIL. KRB BAVE FRE T EA L. RIE
Rt kAR 5 R VORI IR F R R BT AR R T
10 £ B 8 f%; AFBI1 fEARIMAHALSMZEHHE, FEHIE DNA FIZER
B BEAE P, B SRCEIE R, RGeS il . RS
AFB1 M523 LR B 2 R EULA IR0 K& A e, an g AR 284k X
B, RIS, HUAWEILRSER, ZA0HIL, EFREII TR,
REWERG, KE RS HEESE,

1.1.3 REFRE

TENFE AR, AFs FIVELESURMEZ B2 BKOGE. 1993 45, AFBI #itH 5t
TAEHZ (World Health Organization, WHO)PJJEAE R 711 (International Agen
cy for Research on Cancer, IARC)¥I4 [ ZKEUEY RIS, X—3KBE TXA
A R () BT AT B, el A AR B i S JE A R T 5 G R 2 . IR
AFs 5 AT R B A R B 96 3 BT e g it S JEORHE B BT 2, 8 T B
AR LI AR, PR AT RIfERR, 5t AR ZU(WHO)/BA B & Aok
Z(Food and Agriculture Organization, FAO)T 1966 & kil H it E i R 1 &
= LB, HETJ LA 0 SBUR Bt X R 2 it 2 58 AR S B & 10 XU PP Al

2



1 4w

il e T AN E R BR A DABSAROT (g (1 UG - (e B e 4 FRE e &
it R 3 B R R AR K RUE Y 0.5~20 pg/kg), angk 1. W ] 5 Ak X )
X B i o e I R R SR AT S IS A R, R S R R R RV R
SE NS 0~8 pg/kg, AT 2240 ) LA & i I ZR ) 5L 5E AE M FLET 2K AN
I 0.1 pg/kg 2, HEERRNE, RELESITHCHRHER, X AFB1 il AF
M1 PFpirE R e i R R AT TIRE, JPRM 2R, 5HERE %R
ZE 143 (Codex Alimentarius Commission, CAC). X ¥ (European Union, EU)LL A
L A2 B #E R (Food and Drug Administration, FDA)FJREERILL,
ATER AR B B A 5 o XA G 2 1 3R E AR ™ S E bR B 5 s g /0, Rl
RS T APRIATHARSE, X E A2 77 2 3RA 100 TR MR et 1 . 77
R L1 HEESER B M &SR M1 IRER

Table 1.1 Limit indexes of aflatoxin B1 and aflatoxin M1

B BERAEM PR & (MLs)/(ng/kg)
oK A A S AFBI 20
KoK RIS E K FEAE ) AFBI 10
FfRE. 928, KEEaM AFBI1 5
B4 ) LI T7 & AFB1 5
fie: 7, AFM1 0.5
FL b (B L) AFM1 0.5

1.1.4 EBEENEE

N4y, AERVE AT AFs i€ 7 IR B ERRE. X SEHREA DR 1
X B i 22 A AR AT A FE PR AR, B RS I AR S HY 1 B g R —— K 1
FESBUSMEWE S . KT AFs FIARLIIHR, KECTIAAPIRSR: — 24
EE, CRERIESR . S AN E, BT PR R b 1 e AR e T

1.1.4.1 AFB1 B HTIE

B AR A R BRI L ORI SR AL S T L R A
RERRIN TR o P RAERET SR ERE T RRGRA EE SR R
MG BT AFBI ANEATERNE, 5 B G EAT o Hri, o T 6
W TR SRR I A 2
(1) #ZEEE

2 B RHA(TLC) MR Gk A2 — Pl T E R TR 6 6 i A R PR 2 € 0
BJ7RE0, 20 fited 50 FEAURELOR, MR GWACT ZMHATAEN S K
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AL TV EESIE . IR, B O TR AR R, JFC O E
FEEINEAR . V2GR, 2 EE AT DS T8 TR &N, b
R BORNE A AR I S B, LA A A B AS Ge AR
KEEHEE B B S il A g JL-Fiss 1A B R0,
J2 0 TR FH & 2H 0 XoF (5] — WS B 5] ER) A [RI R B e 7, AR sl Al I 7)) T 22 2] 5E AH
(B0 IF, R AL BB AR PR PR, SEINASZH 70 HOAH T 70 B8
BU. BEAR TLC 771k C A, BAAAAER IS RIS, SEgea F5 43 1o S e
EAE N RIS T FF S A AL PR AT 2 S Bk i 5233,

AR, TLC 5EUR A4S & LU SR ImIG i h 2061 . Bl it
RSB BRGS0 R ikt — DR TR Ik R e, s 1R A
FER A AT S AEBSST), TLC F Al & b & it A 54051, ans e
(1) AF, 28 Bk a 0 o i TRBS,

(2) =R Bt s

RO Bt yk (High performance liquid chromatography, HPLC) 2 1R £
FUEM TR RN A &) 2 B H RS T7 R4, FE . FE AN = AN
B 3R P SR PR ASCRS 4 707 0 e SR 3, ARV anAH 5 [ e AR ], fpksr
AR 2 R EAER T, F, X2 R SENE PR S 12+ b
BIFHE. Realex AFBL ki, R tibtlfs, HadmisIriEirEi,
REeUR H B ARG E 5. Ak, 2RI #s (8 v o0 kAT 5 14 o€ By
Frle2le SRTT, AFs BIZOGIE VIR ESS, Rl SRR Z Ao thrh, 2
Tl 2 AT S PR K IR MERR, X AMNHENGS 1 26 PERT, RS 1 20 B il & 1) R i
JE SRR RS Dy gt — n) @, e bl R e i R R AT R E AT AR
AOALEE, NI E S T a2, 38 1 AT B ) R . Takahashi 55 A
FEH T — PR TAERTAT A IR AT, @I G| =R CIRATAE AL SRR, A R L AR
1 AFB1 # AFG1 73745k L RO, 3R1F 1 @ ais AR 4 AFB2a 1
AFG2a. ATV A EIG9R 1 F 5 K 2O6RE,  [FIEPRAS I T FRAE 2 0.02
ngkg, BEIRTE TIGE W RBUESS, SR, FERTATA R AFB2a. AFG2a BRALPE
FFAKERE, Ak, MW TR EATAERFTE, AR RATAEAE . B E
A4, HPLC BRA =AM . WS REE S 1R 28 H N
M2 B E SEI A, ATA KEN ) /500, (A6, anag
JEERE . BRIT AR, WA m S FEETRER AN G5B,

(3) BT HRALAE 5 ) HoAh 7 v

B T LA ETIRAN, m RO (i - 1% (High performance liquid chromatogra

phy-Mass Spectrometry, HPLC-MS)HH AL A b AN Bl 7 2 T8 A HLES
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&, BE AT E EAE T, HARERII D BRET . MRF IR R m R
Ve, AR 2, BT oA AR 2 A, JFH T HRE
FR AN SOOLERREA B, B IR AR, R
Rl e G BRAREBE SRR N E K RE i A BIRE dh 400 £ FLI7 3N TR 1iE
Mo L 22 58 S AR B AP (R 0 AR P, SBLA R0 B B il Uy i

1.1.4.2 AFB1 )52 ik

TAER, B TAR G OIS EOR AN, BFFE N SRR 485 A S8 4k 7 7 R sE
BT ERER. RO 2 R E H (Igs) 5 HiR (Ags) MR 2 1 AH
BAER o J U S e 7071k AN T8 i b B R R A, G e S AT
Pl TG 2 W B o TSR S8 U 5 Y P FL A 2 B S A% TR AR A T
(1) S om ML

o 2 A S H R (Immune  affinity chromatography, TAC)$as | —Fiokh %
B FIRALH, B T E R R R S BIR B S, JHEA T L&
THRIEIERE N . BRI, ettt d e iz A n, Kb s il E SR S50
R R IR, BB S IR, T AR (R 2EL 50 MR e it o 31X IHTHE AR )
T B PR B SR IR R | K s SR AR ANV 0T TR A AN TN AR
W SR N O T FA R AT AL B BR, i3k 11y 5 FARAS M SRR I, S o
BRI FRERAE 2 — o B R 0 BRI N 3T TR AIRE, e
TR S SR A SO AR 25 A (R 7 FH AP AR AR S HoAim A
AFB1 B&&E. Bk & MTEAMUESA 0.3 pg/keg FRH R € &K, R 7R
B 1) DA B B AR A 557 H 5 A B B A T B T M B 3 AR A
(2) BRI o B W BT

PEFIRR 4 9% W B 38 (Enzyme-Linked Immunosorbent Assay, ELISA)J2 il F
BB 2R B I 12—, 8 AR Tgs M1 Ags 2 [A) RS M 90 988 S B 1) i 24 1%
THFITF A B o 3 G 20 00 7 (1) S 1 2 Bl T3 FH B AR TC 1) Tgs B Ags P 25 5T
PR 1) 14 2 BR AR SR A SR 0 A W b R AR I AR, IF AR IC I S Bk 8 B b AT Rl
ELISA BEARFER ST WKL AEVEOR. MR TS IAT 2 7RG (1)
RIEFZ KN, B — S 2, it la 5 25 4H 70 A BLAE F S 8o £
JR I FEAR . At ELISA HH AR Ao WPy, Bgbs. il Y4
FEHT R, F O ERAr ISR T2 ELISA BRI AR H . Tk, B
FoN TR FH 2 A RAE X b & () T R SR Bl e — 20 7y B ELISA [T RE, RF
A RAE RUE . HERR I AN E P 7 T,
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T EREER, BT ELISA M —M, JHRIREA S AR TR 56
77, O Z R T8RRI, 40 Qi F52R A ELISA il UPLC-MS/MS
R AL AR ) AFBL, E2R LOD fUCA 1.08 ug kg-1, {HiZ &+ UPLC-MS/MS
() LOD(LOD } 0.01 pg kg). ‘B PRHAEM. PJuMEAL SmARE . XT
SEBRAS AN R & A (Gl Tl AEARdm . A BT AR )
fhf5 FEY) i AFB1. AFB2. AFGl. AFG2 %%, ELISA #ill4h f4 N, HK
FEAR T2 BRAA 051, FEIERY b, BFR N R R T —F kil AFB1 [R5 FH B
LISA GfI&, &R & T B T 656 & FMAE N I 2 FRE i, R DU BR AT IR 2 3
ppb. ESR H R ELISA AR BUR A GORAFAERERT . RO = HRAE B84 ) &,
HFEEH AR, ELISA HiAR BIR H 58K 1 B /™
(3) TR el 5E

T A e 3% U 52 R (Radioimmunoassay, RIA), K Z bR 1 771556 TR
PR NEATE R, HREE SRR SR, R T R 52 (B
LISAMI L, J&#& i AR ic BUR B PE RIS 2, DR e 22 4 ik R 3R R 1
EYGH . A RIA 2 RN BRI 72 A PR v B AR e 1 5 R v B T A B 3%
R PR T A BR ) 7 L2 LA JE BRI AE T3 7 1R AR 3 P 38 5 56 4 A
AR R R AR o BRI, RIA RS Us pe fe e v B ARRI A iR 3%, LM
FAT) 75 R
(4) HAb 22 G R AR

HL AL 22 A2 W45 % (electrochemical immunoassay)%t B H TP (5 HBTEFR /N
S5 BUBRIER I TERE, TR MRS 2B TR G, RE R
FEA R AFBIL [7KF081, AFB1 B4 A= WA 8 v DAL= AR SR 2R B ) 0 M5 5
e AR B0, FRiE (L T 7 R A SEBR BT ER ik
(5) ET il enik

bR 1 IR IR B G A TV, A AR S % E T HTi%(Gold Immun
o-chromatography Assay, GICA)J2 LA EAE 7R EEFRiC) ) —Fh e brid sl
RN A F IR G M E T2 AV o ArBoR PSS — € 7T, X
67590 B e B R ARG E A, AE R 70 5 BEC 5 L b 3oR N G B BT
&, I EIRAVEDIRED, A E S bR s T A PR A 7R

1.2 SR RARBI R it R

1.2.1 EETIERE



1 4w

e BE DA LA AR 28 = AXHTAAR, e e A 0 240 R 7L 5 0 4 i e [R]
=AY, PSRBT TR PR IE I B BB E AL T4, Morrison
FI R I RN PR 5 NMERE X ZEPUR 7 OEE R TREBE 1SR
KNG F/, TEfaxtsh e iele),  FEDIGUARLE & dh 22 il i B ks A 2

1.2.2 4hKirik

YR BURAE N EE R TR BRI —Fl, —SBORIE T 58 JE R sh P (i 5L U 54 3¢ |
FIEE PR ERE AR, 2 H RIS s RARBURS & B, BAFr
FefEsR. AR MRS R A VETSEI A, ERETS AR A RE R
MNHPEHER. HoFEMCN 15 kDa, &4 EHiIA FE(150 kDA)
1532 —, /NT R ZE R TARPUAA 1) S 5 P4 (single-chain fragment variable,
scFv, 7784 27 kDa)fI$iJii 454 v Bt (fragment antigen binding, Fab, 77§ &
279 57 kDa). 1993 4F, {ESRIEIMLIE HH KHRIE T —FORIRI . /DL DhREVERY
FEEPUARMHCAbs) . 5 HA R I RASE WA BUARE, I HCAb #t
ZREEZ K, Jf HARERE P = 5 —fH e S5 IB(CH). [HRTER M2, HCAbs
PR S & AR E — AN AR RS M. 245 IRy VHH, AR
B HUAR(sdAb) AN K A& (ND) 8T, SRR A, X LEGRKAR P45 () SRS St 1
FEARSN b B AN S5 Re RS AN IR A AN &5 S0 R B se 0%, i an fai 44 () 44 VHH-
Fo FrAARBOSIURI7E BRP EF B vh /NS 730 28 VHH 23K 82, fEiia TP EAT
FE RN AR, 51 TARZ A FEFEIRE. fltn, AUtk VHS, B EHA
HE PRI A i) 28 (AN A B4 () 20 AT AR 25 A 383, U T iE #E R VR T o 4R,
AL B v EBUAAE LL, GNOKBTAARE (7] 2447 (0 HA 30 AT DAAR R (g i 4044 24 M 2
JEIRIT MU K . CAR-T J7 i K 1 Sy e Ve I I R
1.2.3 IREAFRREA

W ] A PR 7 3 AR A T 425 2 12 200 T 40 6 PAY J e AR A2 A P 7 o 22 R R ] AR
W HBE DNA VEN HARSHE A, FH 1Bl 5 2218 5 40 5T N 52 i) A ZH 280 1 s 7
WET o RERE RCGL R AT T ) 22 DR W T 445 28 T A DTS = 2 o 0 Wb (R K T 4 R A 22
BAH MM BT 5 THRAENAE—E iR pH YU N KF e, F rfrmrE
ZRWE ARSI RN, B4 F1. Fd A1 MI13, n{EAHEH AR ESE, H—HAE
Wk B A 3 THD 2 7 N SR PR SO T 20 4D 90 AR SR - Uik B R B /R HoR
1R it A g DR B N SR04 e DR IV o o B Kl A i B A v, 94 LA 2 il 221K
WA o TE AN AN P2 5, Ik S T R IR 7 L3 T BoR Uik A B, 1B
NEREINFER L —RIRE Y AU SISO EBATIRL, PLor B O ER
(RN B ARTUAAR o Dy T DR SCEE P BT A S B BR e AR AR IR AR R A, 3088 5 0175 326 PR Wkt 17



H PR =W 2 e i 27 18 5T

PR B BT ME—HUA P A 1 S 8 T 2R T A e 2 3 TR AT P A
B 10BN, PR ds AR A 2 SCBLIZ A 4 Boid 781 .

PUPR o e e 3 10 H 2 20 B A BTl DO RERF IR LA AL AR ik 2iAL Y
SRR VAR SC Pl 5, DA 5 R S O R R AL P A1) ™ o T TR A S R e A
M HELAE IR A AR DU, 8 I ] 5 £ 2R i (] A B R B RAER () .
AR BT I S Wk B A SR T VAR PP Al O R Fe VRS A R R PESLAR AR
e 22 IRUEE 2 BRARSE S R TR VRO, 1T PR (10 I T 4438 AR (IR B ph 261
Beoell, DABIAPUA-PURS & ARXMEMP TR )G, R REARTTAgH K
AR T B 5 IR, AF BG5S B SO SR o NI I A R 4L i)
IHE W AR DUAR TR SR . BT ARKR SR RS S R R RETE, BTN
PI=FX AR IR IR, UFE L SR R S a5,

1.2.3.1 BHEAHARRES R

Wi R A AR Je 7 B 8 5 AT DA 7 Dy = 2 186-881,

(1) KRR (naive) ik, BEIEMARGBE B & AR SR TR W A i, @
i PCR ()T By B PR EE LR, R 5 v e B MR TR R R on Bk b, EHR I R/R 24
PERIPUIR B I « ORI R BE A% LU SU S ) e L fit e (A 1) B R i i A
ML, #HRAEIRN % KRGS IR BT B REMEEE I 1, Pikssiy
EERA R R, REENAEEE R, BHig Er] DA ERS L B 25
FE R, S PUiR EE Tk 2 58 4 NIBUR, ATEGIMNEAT IR N ED
AR R .

(2) e (immunized)FiiRZE, TR BUIASE R PR ) ik R 2 il e 4t
SRS (B Gy, WA E) B, XIEERR A TR 2 15 24 %1%
USRI A m PR, (H A2 G PR A 0T X RN LR EAT SR g, T H—
FRIGIESRAT NI L B 5 73 85 (R SRR ) A R DR 2 22 5 53 2 ) N AL 8
AReHZ.

(3) B REE -4 Mi(synthetic or semi-synthetic) iz, Mt HiiA %L
I v R B HUAR 71 B B R IR AH ORI AR 5 4 R, AR Hidls G T H ATASE UL 25
N L& 82 FE IR AR R DR il IR B A4 P o AR A AN PR I3 7 8038 7 1 I R R
& EIT730 50 6 BRI G U - X BT AR 72 n] LAIE R & B 77
AR BIE bR sy T Z e, IR S M UR ER A &R T3] 102 2L E, 7]
DR 170 SR oA AH ELAE FH ) L SE 4 kg el 2 5 A ARDUE B, A B IR BT HREIR IR
Jai 18 2 A A SR 0 2 470 R B8 S0 i L AR R R IR I



1 4w

w4, WRBEAA R BORAE DR TT R s A7 H 2 2, RIEFERRAS T 7K
A5 B, W0 TR A S s AR R PE R 75 G ILAE ) ¥ 3 (W1 AFT. DON. OT
A S PR & N BT 2 50 . Qiu 5 AR F IR ARG B A4 Fi 7 22 1 328 i
#% 7 DON HIghkdifk, REUEET] 1.16 ng/mL. HEl, SUHREVHRN S,
1R T R A R TS AR ) % IR B AR 22 SRR T R AR R Bl e g% B, DR = R T )
SRy, R, VRS BUE TR R & RS, B R = R En, B
W B AT DARETERREE T, BT PASEBUAT AT s B PR &, HA OB T B R ek
WL R, T LA 52 BR [ 57 A A0 mT i i R A S A sttt — Atk

1.3 ERERS T

WA S A AEE B DS A i, TR B LR A
Ao PSR R T AYICE T YU L) st STh &, IR,
N TR BEADEAR SN AR T R FA RS, Bilan, FgE e K a4
FE I8 R v AN S A R SR I B\ SR IH(Z) 2-3 R) B RE, AT
RERN EE =R S-S E PR ZGY0T &F G001, Wang 55 NAE T 126 3R BUER X 8
AR RE N A A HUAR S E L v SR R P58 AR 7T AR B A = R IR
PACREAT T T, SEERAUESEARAL JE LSRN U4 T T AP EE S, SPigs R
FAMRT . AEHATH) 2> T LR, & 2RRABFARKMA CH e, s
WA LUAR DI REIUAL BN T RE . For, BENLRAR . B B I AE RS TTE
ez s TR PR SRS 55 ). fERENLRAZ RIS, 54 B G
3 Vi (Polymerase chain reaction,PCR)J& — T 2 A 21T B . i id ik H [ 5
RAREE ) DNA ZR5 g LA ALAL PCR 2541, AT DAFEY S8 BRI A2 v 5] N BENLIE
KA, HEMIRL A R IR AR . B, Wang S5O0 58 N 2R FH L
ARXF HC-1 HR ) BB AR e R RT3 AT 1AL R AR, R B R RE e v e t 1
AT IHET 92 A RAL A

NS GPUE TR I — AN REER, B KRBT — %8 R
ANAZ, T Iy — SR B G I R 5 NHT I 2 e o 3R 2 R I i i AR B L
A SEIL, WK FE 1 BuiREE R ZREE, B0 1 3R1G SR A0 ) i ik
#. Brockmann 5557 {2 A HIX A EOR MG 1 e R R BE B e, B2 iz
TR D) R EE R ST 20 £ BP0V PR R HTARDS . B S A AR 1) S S R R ROk
REPUR-HURE S V)G AT A5 T 2500 8 RS 76 H ik e . Sox
PR K BAMIE X (CDR) B 4L X (FR)ZAT ARG A R A, & MR TR E Pk
SR A o XS5 NI e — A SR BINIE, A AT TR A BE AR )OS
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IR R (L IE MR TR L HArg40 A1 LHis38 8484 HLeud0 A LLeu38)iEAT 1 ¥
IR R AR, DR T 1 A 58 PR K RBURE S SEFN ), ANy L B A A
FEEPTIARSR R T 2.23 504,

g P RTR, s X e g I AR T, R A # AR 7R R i L RE A
OR SRR e, AUES) T AR, TR A R SR B 6 9T 52
BT ORI R T R

1.3.1 ERRERARMGE

E 1. 9875 (Site-directed mutagenesis)i% 0 /&I 5] N4 € 1) DNA J7 51 284k K
B HE R A o i — AN AR, AT P AR R e ) R AR e o) L e I
FARZ & CRISPR-Cas9 £ 4, ‘EAM—FlHYfi CRISPR ) RNA 515K 5] F Ca
s9 K% BREEFE AV E] H AR DNA, M SEBLIE RN A B g A i . E RURARME N
HERFINEARP—MRITE, EARFEAEFEE AR, DI ERIER
i, R E U R EEE BN . B8 RBRAR Y, BlinSE
BRI SRR REMEER N (PCRN FHIRA . @A RALTT P REE
RARVE, SHFBZ L Fody, PUdE mRARE AR FRRE R I8 [8] & RO £/
HEE, T2 RS T 20UAEY TRETH . 2R B P e MR BN A
WK 2 Tt IV g I P 37 7 U AT BSOE I 5 RN R i 1 HEXS R 45 & 2R 0 )
fEALRCR, 2L T R DhRe AT, ek, ZRSEHIBAOSIZRFE N K Zeta LA
HIKE 2N, 8 A T LA R B R TR AR AL 52, KIL T Ser-14 5 Ser
15 B RS T B R HE E TR s AR AREE I AR ) 2 BT R B
[ 3 AR FT DA T8 R RARFR BB B O FATTIR M 1 — P K TR,
U R AL HERA R R, FEAEMIRL B SEIGAR R 5 N T K TR R AT B AR
MV EZAE M . EAMUERE TR EIEFEHIR N, S AR 2 R AR A 16 7 21
JE RSB .

1.4 KR BHNEXFTAE

1.4.1 fAmEBFMENX

A BARBA SR A E . S UK R PR AR I £ BN AFBI
IR Tk SR, SRS TUAN REUE SRR IR 1 s i 2R P
7 AEMEBORE R D, B BEEGUA DL R AR 8 | fa e A= IR
LR AT 77 B PO BT TSR R8T R o RV Rk, AT BEAR Y S ST B DR,
FBEGUARLE AN 15 TS S AN A2 o AT FUSDUIE L 4 RSt T 4 Jo s P i ) 5 5

10



1 4w

82 Bl FIAURPLil, #t—Pai G it Sy st seBptisiiie, N
WA BTG RAEN /R IPUAI IR PEAR S, IR E 3 5 2 Bl
{0 v AN A 28 I 3R i B 5 K B B VA SUE BA, fe MR 55 T H ™ IR R
B A

142 IXAE

(DT A=A RGBT & R J R, T8I SR - B3 38— R0 1) i ik
77 3050 B8 H LA R e e A, 5 A R B R B R DL RN e TR e
S RE 8 25 G B AR PR IR 3% 50 5 B B R S R 271 o K i oK B A e o 2 R 4 1
7 R 2 JFALRIEH A, 1E IPTG '3 FHHMTRIE, @l E&Jmm M E T %
AR IUA . 8T ELISA AT AR GRKRGUART T AFB1 SRR ). 58
SRS, R R A A T U AR T R

(2)F] ] SWISS-MODEL . AutoDock 258 {1 i 37 ik~ il 25 7 = B1 A&7,
NI SR LS A 07 05 . RIEIREE B e S, BT PRI . R s s
PGS A T S B R AT AL JE S PR R, BT A S U ISR T
S, FRE SRR

1.4.3 FAREEZE

AT BB L AT, 73 NPT 3EAT: (1D)EE T G AR IR BT
4 AFB1 99KFifR: (Q)KIETH RN BIL AFB1 9K Hi ik

11
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Figure 1.1 Technology road map (1)
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2 FET ARG MINRPUA TR 38 i 8 % B1 YUkl &

2 BT E2ERMARMFENRIMESE Bl uiFHl&

2.1 SKEEMRIA{LER

2.1.1 RIEw Rt
WRIE T fF MR A2 Kk 2.1
* 2.1 MBS

Table 2-1 Materials and Reagents

mwl AR
A 1ML 2 (BSA) WD R PR A F
IPTG R REMBEA R A 7
AR H 57 (Amp) Fig R REVFBHEA R AR
+ 3% (Kana) BRI RAEMBEARA A
it Jig @k AETAMTRE (R BRBARAR
TMB & i EREREREVBHA R A A

TMB 4 1 B8 E A REDRH AR A A
PBS ETAYTRE (R BROaARAT

M13 Antibody(HRP)
Anti-HA tag /&
2x YT Righisedt

ABST SRR PH AR B 47 BR 24 7
AL SGEAHIRHBAR A IR 2 7
ATAMTRE (Big) REARAR

2.12 NE5EERE

F£22 FEMNBREERS

Table 2.2 Main instruments and equipment

€

GV 3

NG RO HL

R URE 0L
mEFRX
AL BEAR AL
GBI
e 7 R A
PCR JE[H 11X

Thermo science
BECKMAN COULTER
7 [ PO A5 A PR 24
S FE R B AR AT PR 22 7

SCILOGEX
R R R A
Thermal Cycler

13
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2R 22 FEMNBR SR &

Continuing Table 2.2 Main instruments and equipment

(€ R
LA PO FE 4% Kylin-Bell
(D GEbRIEAS I ETAEYITRE (L B A RAF
NANODROP ONE Thermo science

2.1.3 AFIBCH

(1) Tris-HCL:3& & Tris-base, MIAE BT /KEATIHEM, WK HCLIHRFEL
pH, BT =IRMEF%H.

(2) 10% i Rk 1& | R, I TCR KBRS 2], R 4°C fRA7 .

(3) M50 mL UKESER . 25 mL 8%, & F/KERZE 500mL, H2JRE.

(4) PBST : 50 mL 20xPBS &N ddH20 M4 1 L, il 0.5 mL Tween-20.

(6) PBT 7 0.25 g BSA [El4& i1\ 50 mL PBS ¥+ JG I 25uLTween-20
(0.05%).

(7) PEG 8000 (20%)/NaCl (2.5 M) #&#i: 200 g PEG 8000, 146.1g NaCl [& {4
IO 1LddH20 1, Vi, Wi wsig. 1w, =REFEE5H .

(8) 2YT H59%Mi: 31 g2YT ¥ T 1 LddH20 ", &K, =iRfEF, BRI
FToRATIMASTAER

22 SLHE

22.1AFBl SETeMEHIEE5LE

FIH X RSB AFB1 5 4+1f13% FH 25 H (bovine serum albumin, BSA), H#41f
5 UFIF) AFB1 5 BSA 735l AW IR 3h G2 ph Ve i, 78 70 TR ST 1) IR SR AE VKIS 25 AT
NERE 15 min, /R ETEIR FRSLEEH 90 min. ZJRZEZEHIN 1/10 AR 1
mol/L 1] =38 F FE & FE e 3h R 25 [tris (hydroxymethyl), #EMT. W48 5 34T 4
KR,

2.2.2 AFB1 $ 3 4B KR 5 1%

()IFIERT e FLR A% PBS idMEM B BLR, 4 CIE® BF4L 100 pL.
VIR 10 pg/mL-5 pg/mL-2 pg/ml-1 pg/ml Fiik, FEARHLIR 4R BT 3K
HEEEEAE A, FAME BSA VARG, #A TGL T30 mL 2YT ¥J%
Wik 220 rpm, 37 CHEFRLI 3 h, KL OD600=0.6 J5 & Tk LA

14



2 FET ARG MIRPUA BRI 51 i 5 5 B1 PUikhl &

QX HFEPUR, PBST WWPEIHEYE 3 G IIA200 uL 3 AR = R 12 5
2 ho 5P FERACRFL A R B TRAA

Q) RE M, PBST WA GE 3 K, MFLINAL00 L WREAAEE I, =
RN E 1 ho SERHMREABINA TGS 1 h 5 IIAAFBI-BSA fLH, £t
WA AN A B PBT VAW 100pL/FLAIE B Andi i .

(4P BRI T A O FBPBST MRS 20 Wk, Tk o, TEveiksisZ,
BRI 40 IRULE

(5)EFLINAGlycine-HCI ¥ (pH=2.2)100 pL, =EEE 10 min, FFHEH
A E MR AR, FERE R R RGN LS mL Ep B .

(6L 1/8 RFRE LR A Tris-HC1 A (pH=8) R T Ve i i pHZE 1% 1k
N5 IE ] Output.

(MFZIR (6O v 12 IRBIME AR INAS mL BTG i+ 220 rp
m, 37 CE:3% 0.5 h JGIIAAmp+ Al M13K07 4k4:557% 0.5 h.

Q)KL (T)H TG1 AR ZE 50mL 2YT/Amp/Kan ¥;5: H 220 rpm, 37 C
ORI E TN

OV ISR MR 2B O E T 10000 g B0V5~20 min, B FIERER
B, IMAL/S AR 5 X PEG/NaCl ¥ 5 B T UK L UTiE g B & 30 min.

(10)10000 g, 4 ‘C, B30 min, % i, AL mL PBT R ER I
FZ1.5 mL Ep B, VK L E 30 min, 10000 rpm /0S5 min EREABEMEL .

(D BA FP IR IS RIIRTS3EAT  — #8071 1) Input WERARE, HE DL FHRAER
55 3~4 BRI AT RAG 0T BT IR S5 RN L 1 11 W R A

2.2.3 MEEA-EEEK e A IR MHA 10 &5 B E A _EIF Y AT

()¥ B Ja —5E 073 P SRR R 44 B3 4 °CIRAF, 96 FLIR L4 PR (2 pg/mL).
0.5% BSA ¥4 100 uL/fL 4 °Cid .

Q) PUE, PBST 100 uL/FLIEYE 3 K.

(3)200 pL/FLINA 5% Mifig@5%3( BBI NON-Fat Powered Milk A600669-0
250)FRBRREA 2 he

(DFEERE AW, PBST 100 pL/fLiEYE 3 K. MAWREA 3G 100 pL/AL,
FWE 1 he BB LJE)E PBST iE%E 3 K, MIA100 pL/fLHY Pt (PL M13 —
P, 1:8000 #ike) , ERBEREME 1 ho

(5)F% K — 9, PBST 100 pL/FLiE¥E 7 K.

(6)INATMB #JEZ 8 100 uL/fL, ZFf4 5-10 min.

(DIMABCHIF 2M H3PO4 100 pL/fL1F LE %A B, BEFRIY 450 nm Rl &
OD 1H, VIt i 444 e 12
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B R =k P it A8
2.2.4 ESEMNOEEAEL TEHE

()B4 B 10 Output YL TG (500 pL)7E 96 FL U FAR 4% B B (ak
GG EEI 5E 16 96 FLIR), WEFRIE XY TG EHIFLCE F 300~400 4N/4L, HIERAPkik
BT AR IEROMAN LB R, SR AR SRR ER IR, B2 A
MBI, B, HHET 37°CHRIERE RN, ST, HaE S L
75T T .

Q)E 96 IRFLI I 800 pL/ALAY 2xYT/Amp/M13k07 55559, F okt
3k LB B TG 4fAFLH R AR 18 58, (3 R A EAT AT I B3 U 37°C, 2
20 rpm SR EEFE. TN BIRE 2.2.3. FefaPhik mrm v ik 24 TAY).

2.2.5 ScFv BIRIEE &

2.2.5.1 PCR ¥ ¥k ik 3

HEAT DNA JUF, #R4% BELISA 45 BPhik miom il ) R ke m e s oa b, 38179
eSS AN IR R A, B 10 uL MR B ARSI S 100 pL TG1(OD 0.6-0.8)
[ Ep &b, ARG B Ik B4 T AW TR (EE) B R A S EHT IR DNA
s I SRARAZAT R 751, 18IS Gene FAFK 3RAF IR B AR BUIAR 7 91 04T LU XS
Phik s B A AR FFIR H R, 0 HEEEET PCR Y. PCR ¥ 1
I 025 R ) R B Rk 2.3

R 2.3 PCR 1Y W A &
Table 2.3 The PCR amplification reaction system
Hor A(uL)
(Composition) (Volume)
2x Rapid Tap 25
Reverse(10 pmol/L) 1.0
Nano 1.0 Forward(10 pmol/L) 1.0
VHH DNA 1.0
ddH>O 22

2.2.5.2 ZEHRFE DNA SR H 1Kk 20 B8 Hiid 2 IR R e el i

JeBCH B TE bR e, AREL 1.2g BIRRE, IO 120 mL 1xTAE &3+, BT
PR E Om# 3 min, BUH SN 12 pL Y Super red #ERGLRL, BIAMEE A1,
AHER, M PCR ¥ 38 58 BUFAWR, 7E 130 V. 40 min 50F F AT RE HLIK .
15 FH B i B e DN (RIS & =T B PR 2L R

2.2.5.3 EHAFRMAIMEREL

16



2 FET ARG MINRPUA TR 38 i 8 % B1 YUkl &

FIHE 2min, ASLLG LA Pet-25b(+)BURAE Az i, Tl R il 14 4% BR 3 1716
X} UKL Neol-HF 1 Notl-HF X} FURL#EATBEY), M H RS Pet-25b(+) 4 4 BE
IREEA 122, sl N A B P8 (0.04x 38 N\ Fr BBl X $i(ng), fid oo B4 A
£ FH B2 090,02 % b B BRI X £ (ng)), 4 B B IE R 5 #8UR g TiES:, MBS H Vv
HH H 2R B E A, Wk 2.4 iR
# 2.4Pet-25b (+) HARERY) I Nk &

Table 2.4 The restriction reaction system of Pet-25b (+) carrier

45y AF(L)
(Composition) (Volume)
10x rCutsmart Buffer 5.0
DNA 1.0(ng)
Notl-HF 1.0
Ncol-HF 1.0
ddH:0O To 50uL

KRG R NAA R E T PCR R ACH A TEEDI R R [ B 37 °C
M 30 min, FIFENERESER DNA 440G &, S0l S8 G 1 H ks i BOT R
ERI S i1k, 2T IROGEAES Onedrop HEATIREENIE, #3H4T H LR
MEH, Wk 2.5 P,

% 2.5 HIFER BRI R

Table 2.5 Recombination reaction system of target genes

Hoy AR (L)
(Composition) (Volume)
VHH B 16 ug
Pet-25b(+) # 1k 100 (ug)
Exnasell 2

S5xCElIBuffer 4
ddH,0 To 50uL

KRG EARNARE T PCR R Y AT HE AR N 37 °C
M 15 min, FHEEHEEER DNA EIWORGH G A =Yt T |, (EA 3T
WOEAEAX S Onedrop HEATIRFEMIE o ¥4 B2 840 DHSo B T-UK Bk, BL 10
ul BHAYIRIIIN S DHSo, JRAJEAEIK EERE 30 min, 42 °CEJE N
#H90s, ARG ETUKEAEN 3min, JIA 900 uL 2YT AR 7%, N 37 °C.
220 rpm JFFEHEEFE 45 min, HU 100 pL BT SR TEEHERM 2YT AR
S, REERA RIS, BT 37 CH PRI E L R 12-16 h.
Phik-FA VR T 10 mL S AR N HEE R 2YT ARSI, A 37 °C.
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H PR =W 2 e i 27 18 5T

220 rpm SEFEHREFE 12~16 h, RH, R IGA R ER FUR/ N 2GR 1 R
U FO BT ORI, Hilid Nanodrop (X BSBEATIREEMIE, LAME T #5210
HALE, BGAF T -80°CUKAR A2 541 BL21pLysS HUH, @4 )G, HL 10
uL SEEU BRI SZ 2 BL21, 8 RS VRGN AT Bk kAT, 3 T SOk AN
IR Z SR A5, K E U E /YK EAZSE 30 min, 7E 42 °CHIE B IR ik
90s, FELFHIEHE N —0 N, — EIn#Gs aJE S vk B4 AT 3 min, I
900 uL 2YT WARR:FR 5, TERUSURIEEAL, KB 37 °C. 220 rpm W46
HRER 45 min, B 100 pL BEWT 2YT(AD) [EAE: 3 g, I # IS ARG
H¥5), BT 37°C Hi3fah, BIESREEFR.

22.6 ERFIEFHMML

2.2.6.1 S RIAR F) LR

AR FIRETE, T E SRR EE R 2XYT kB =2 (RN 5
ml), JF7E 37 °C 200r/min [FJ254F FRHATREIRRE 7%, H 2 A4 KRB BAK
Wi, B, TR RN B A JE-B-D-ii B B SR AR AR T (IPTG) & e &K
£ 1 mmol/L, #4K%E7E 37 °C 200r/min HUIREEF3E. 0 AI4E 4. 8. 12, 16 /hit
Ja KRR, FFR A e R R R B E . M, @it
SDS-PAGE #Ei% vk 712, AN R s 18] 550355 S R B4 2 AL R IA BT B 0T
2.2.6.2 BIEEFFEE

HIRIE 2.2.6.1, 43FHILL 16°C. 20°C. 28°C. 30°C. 37°C 200r/min, %St
e, H, WEEREMK, FHFH SDS-PAGE & )Rkt Bk 457 5 FhisFEia T
PR EARRIEEN .
2.2.6.3 IPTG ¥Rk

IR 2.2.6.1, 1E FRmIERERBFFREM L, BAFRFIRNESH
IPTG MNZE W, LA 0.1, 0.5, 1 mmol/L FIZRIKIE . 7E 220 r/min M4 HEHE
FE AT SRR, BEEUWEE BRSSPk e 1) 7 s R B H AR B
Fif 3L SDS-PAGE #E% FL UK AW 2 &K IPTG X HiAA 8 R IA KR 1520 o

2.2.6.4 FEBEEFREIRHE

IR 2.2.7.1, £ ERIEH M BIEHESFRIEFZM T, IRH, REFEEFEAR,
Bt B bR A RS, 2 LL 30s. 1min, Imin. 2min AS 5] IF] B 8 75 ik
WAL RE . BE)S, i SDS-PAGE #EKE F ik H AR WS I B 75 A FH R it
PR R B R IEE .
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2 FET ARG MIRPUA BRI 51 i 5 5 B1 PUikhl &

227 L EREEEBRY Ni #FEEMaL X ot

(WRI AR ZT RS, W& 5 B RS REAT 7 S 4.

) AN [F) R B2 RS BN SR AR AT iR, LA B VR H B

(OB BN R B, SRR EE .

(5) 55 E I 7 B AT

(6)HEAT It I FLUK 43 #T o
2.2.8 Bradford JEMEEBKE

(D)BCHI2E L35 R A ARAERE S B (1 mg/mL), W HRRRA R, 45
4 0.75. 0.5, 0.25. 0.1, 0.05 mg/mL.

(2)HX 10 uL AS[RIVA FE B FARE I 2 96 FLAR ¥ 2 AR AE S o

(3)HX 10 uL F£ S 2] 96 FLAR FIAE LA, EFEMAE 10 L, FNFsHE S
M REMAN 2 10 pLo

(4) FHEEFR G 5 25-2H. ODsos o

2.2.9 MAKINAEEEST

fLiR 4% AFB1-BSA, 4°CHFE IR MU 200 pl/FLET 5% 5495 7E = 1R
NEW 2he )G, BEAPUEGILRBIKIOIMASLY, =E#FE 1 he PBST i
BE 3K, MM Anti-His(HRP) —HiIZEIRME 1 h; PBSTiEYE 7 X5 MA TMB 4
RS ORI E, KBSV JEIE 450 nm AL, HIELE A L.

2.2.10 R AINEIZE S 4

LB AL 2 pg/ml AFB1-BSA, 4°CHi B 1% : 5% Mt g A= WiAE =55 T 3 F1 2 he
RIG, & 50 w1 9K Hi44(600 nmol/L) LA M2 % EL# BE () AFB1(1500. 750
187+ 46.875+ 11.719+ 2.930. 0.732. 0 umol/L)7> BN AEFLA, =EI T E 1 h.
PBST J&¥E 3 G A Anti-His(HRP) —HTi =M E 1 h; PBSTIEVE 7 % MO
100 pl/FLIY) TMB 25)i8 2 U8 (1, 281k B2 450 nm AL EEE, il /EHD
Gl

2.2.11 HARPURRZ X R

BRAFEIAR BTG RAEY R R, MG ER A (OTA). T2 8. TKAF%H
IR ZEN) 8 FVE AN B2 [ ELISA J7 VR4 S, AT Piiioxd A A 85 2= (1SR f0
R . AFB1 FI¥REAN 0.1 ng/mL, HAMEEZRAIWKRE A 100 ng/mL. CR (%)=IC5
O(AFB1Y/ZR MU H# 3 ICs0X 100"
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