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AEEFE % (botulinum toxins, BoNT) & HKRIFRR FAME =4 —FpagtEsan
FHEMAEEER, EHTEARCHEYAN SR SEERERMNERZ — %A BoNT
JKYLI, BoNT W] ot BH W #4336 JoR R J T 5 1 S A8 st PR ILIAD R, ™ o 1 ] 3 BN 2B K
. 124741k, FiZ BoNT ZElGAR TR 2B FIvG T #8352 20T 7 AR iZ2 ]
JLHARE X T BoNT B F AT, EMIEA R A4S T, IR B35 A DI
PR, AHOVFEERTRABPKARA R SER S, FERHIEKNAZR, $SRdEER
FIHELFANRTr AR BE R SIETER. BB CERBIIS K, BEIR AR
Hiel. JIE TR BoNT a0 A . 7€ BoNT B9 7 FhifliE &2 4, A, B,
E. FRIOSEHAFE. AUAMAZERE AL B R, T F HRAFBFRW RN
LT, WFiimE F AN SEHERN B wRERAEEES MR E . AR B il
I B AR R RN R T IR %) F B AFR R R R MR SER IR R R T bt
PRI BTN 58, AR EHAENSITAMRIIT RIZIES%.

NN FEREEDUE, AN F ARAEERWEES M EAD
IR, fEXPURBHTREME G, diREesadEEdsE. ey Naksis, |
b e 298 B Wk AR REORFE IR 0 ol i e BRI SR B A R N TR BB PR, DAk — 2Pt
ITHUEIVET

R 5288 5 B B0 & #9 2 B5T k pTIG-BoNT/F ¥ 1% Jr Bx FLHn, 4 8 & 4 5 ki
pTIG-BoNT/FLHn, @it KGIFEFTIARGRIEEHLHEA. 1] His Trap HP 2 FZEHT
FE L& PD10 i R A 51 20 85 19 2 B b AT b 2 B 2h #84E . GFl-pro32 sr 4T 8 (4l
¥>95%. 4lifkf5 EAH E 4 Western Blot 5550 Hpt ik, RHEHAE O TUMENGEEHT
Ak il 25 P 5 B S B s R e b i

HX, UL & BoNT/FLHn 2y 535 J5 43 i 458 FH BRI S e 1 B S s P B S 7 &
Gy M BALB/c /NRL, (R IAI3% ELISA v /N BRI R i L 37 R4 I 0 ask T 4 g,
R Fh S 0 F2 00/ BB LA S A B e EE AN M Rl 0 75 2 o PSS 32 R B s
ARG 5199 18.9%. 95.42%, BHYEZE3 5N 79.35%. 21.72%. il fF 3k 10 #%
FOPE s bk (1F8. 1G11. 2D3. 5B7. 10F6. 1D2. 1D6. 1F9. 2Cl11. 3E3) ,
Horp s e KR S R 5 bR A BRM PR E IS 0L v B A A Al Mo ik U i R N 5 A
YEHIE A, (R B AR & 56 B e 0 B b AT R il o AR HE BT A T Y (AN ] 43 5 SR A
Protein G #¥. Protein L #I: IgM Purification #:£{{{t,, {/H PD10 Mt Eh kb T sl £h e
£ GFl-pro32 43 Mk ali B fa xd Hgk 47 2 7 miTANT « Prik B aE T AU IL3R1G = Fh, 8E3Y
JaxBl, PRSI TR 2D3 M 1gGl B4, HR N IgM B, ER 4 H 1D2 & 1F9 K
IgG2b &, 1D6 K 3E3 Jy1gGl &, 2C11 JyIgM B, Xf4 i prgHiikifi il Western Blot
R RS ALY SR . GRS E M %L 1D6 K 3E3 LM% .
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AT IR B 09 BoNT/F S EHUAEIT LI, Fep iRl g 2L, 1G11.
2D3. 1F9 ByiRs AR, 1D6 Pk B G HonE ik BATURR R L4 GHrEas,
Horb 3E3 BARERU A Bom, (BHAFEE T SR R R R K. SHX A
YDy SR AR ED TR RIVE M BHIT VRN, M BoNT/F B seie K, P BUR S e B hi ik 3
T FIER

S ER, MEE AR IR EERORIET ELISA BMFER T2, FIH A A T B 4
FeonEE, Unaib EABUENRER, ZREE-k-y ¥ E, SRR ERN
4 R ANVE ik, T3 CDR X #5143 %4 : F2-1-C5: LCDR3:QVWAG NRSKC,
HCDR3:YWRFNGSFDP ; F1-2-C6: LCDR3:AADNGLGL, HCDR3:YGVY RDFDD ;
F2-1-B5: LCDR3:QVWDDNSLDQ, HCDR3:HSVFRVPFAV; F2-1-G2: LCDR3:SAHELRI,
HCDR3:HFGHRRPFAY . % FUk 4 3 l R A Sk Ja HSw ) SR e A T A B0 IE .

Wit Pl EWTsi e, BoNT/FLHn A E A LM KT HERERGEE, FIH
RIS RIEIR, FHIATEREAR T DR R A SR M. mRERYER BoNT/F &
TLREDUA . PIBRE A B o U I R R BRSE R FE R AN R B 2
{0 U G g% T BE R S v DU I B R WP Y TeM AEER, TN R Al Ak A e S .
SR, T RPN, SEAS A BT WE T BoNT/F (I MEAE M 8 38 R R Bt
il & 1L bR O 25 B B A B P RS PUE, F5 R b p A = nl se 5 hu s
SERER IR R .

W B A R FE AR R RE AT A B R Rk MU I s bR, XA 22 A0, R TR
WA E R BB BN PR F, o7 5 BT BUUEDUA N VR 1L 19450 16 Sk PR AIK B e [
PUARBRETT (E RS B B e B g SR Ak .

B, MHZSTEEATIES B0 TIFEFRE nmol/L (1] 1D6 HUAIK & 456 He i
ZE R 1E2B JLARE AL T XLk O ELISA Al J7 v, St A MIa [l X 8]0y 2.048-32.000
ng/mL, EEWRL, BHEZRIFEN.

g b, BRI SRE T NIRRT 8 5 B2 B BoNT/F R AR &t it s%
Bim, NEREEHART A S B2 ek v T W35 8 5 h SR AL B A B AR T AT M)
S, KW R KB PUATT UL 4E BoNT/F HEi297 258 1T 4 25 52 /i 1 s b S ht
BA SRR .

Ki#1E BoNT/F; BTERME; RTERA; BEERKRERAR; Il ELISA
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Abstract

Abstract

Botulinum toxins are an extremely poisonous protein neurotoxin generated by
Clostridium botulinum, It is presently one of the most dangerous toxins known in nature, both
biologically and chemically. When BoNT infecting human, BoNT can cause flaccid muscle
paralysis by blocking the release of neurotransmitters, which can lead to death by asphyxiation
in severe cases. Whatsmore , the prevention, diagnosis and treatment of BoNT in the clinic
have received so much attention from researchers. Until now, there is no effective chemical
drug to treat BoNT poisoning when Horse-derived antitoxins are often used clinically. To
replace it with antitoxins, monoclonal antibodies have emerged as a novel therapy option in the
treatment of BoNT poisoning. Today, with the increasing development of antibody drugs,
monoclonal antibodies have become a popular research field and development starting point
for the diagnosis and even treatment of BoNT poisoning. Among the seven distinct serotypes
of BoNT, 4 of them: A, B, F, and F have been shown to cause human poisoning, however, past
research has mostly concentrated on types A and B. According to this, BONT/F seems to be
receiving less attention, especially in the aspect of monoclonal antibodies. Furthermore, no
antibodies against BONT/F poisoning have been approved for commercial use. In light of this
situation, preparing the neutralizing antibody of BoNT/F is of great significance. In conclusion,
this study aims to prepare and evaluate murine neutralizing monoclonal antibodies with strong
specificity and high affinity for BoNT/F, which will be accomplished by the use of hybridoma
technology and phage display technology, respectively.

In order to prepare botulinum toxin monoclonal antibodies, a recombinant antigen against
the toxic domain of BoNT/F is first constructed. After the antigen is expressed and identified,
the recombinant antigen is obtained by affinity chromatography. Then use different
immunization methods to immunize the animals. Further use two technical means, hybridoma
and phage display library technology, to screen murine monoclonal antibodies and human
single-chain antibodies, respectively, for further antibody evaluation.

Utilizing the plasmid pTIG-BoNT/F that has been constructed in the early stage of the
laboratory to amplify the fragment FLHn, construct the recombinant plasmid
pTIG-BoNT/FLHn, and express the recombinant protein through the E. coli expression system.
The recombinant protein was purified and desalted using His Trap HP affinity chromatography
column and PD10 desalting column, respectively. The purity of the protein analyzed by
GFl-pro32 was >95%. After purification, the recombinant protein was identified by Western
Blot for its antigenicity, indicating that the recombinant protein can be used as an immune

antigen and screening antigen for subsequent antibody preparation.
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Abstract

Furthermore, the recombinant protein BoNT/FLHn was used as the immunogen to
immunize female BALB/c mice with two immunization schemes: rapid immunization and
conventional immunization, respectively, and the indirect ELISA method was used to
determine the titer of the tail blood supernatant of the mice and screen positive cells. It was
found that the mouse tail blood titers of the two immunization regimens can meet the needs of
subsequent cell fusion. The fusion rates of rapid immunization and conventional immune cells
were 18.9% and 95.42%, respectively, and the positive rates were 79.35% and 21.72%,
respectively. A total of 10 positive hybridoma cell lines were screened (1F8, 1G11, 2D3, 5B7,
10F6, 1D2, 1D6, 1F9, 2C11, 3E3), including 5 rapid immunization and conventional
immunization. The monoclonal hybridoma cell line was obtained by the limiting dilution
method and the ascites was prepared by the in vivo induction method. At the same time, the
titer of the ascites was tested after the preparation of the ascites was completed. Then,
according to the different antibody subtypes, Protein G column and Protein L column IgM
Purification column were used for purification, and PD10 desalting column was used for
monoclonal antibody desalting operation. After analyzing the purity of the antibody by
GFl-pro32, it was evaluated in many aspects. There are three antibody heavy chain subtypes,
and the light chains are all kappa type. Except 2D3 which is of IgG1 type, the rest are of [gM
type in rapid immunization. In routine immunization, 1D2 and 1F9 are 1gG2b type, 1D6 and
3E3 are IgGl type, and 2C11 is IgM type. All the obtained antibodies were tested by Western
Blot for linear conformation. Results 1D6 and 3E3 were linear conformations in routine
immunization.

Then, the application evaluation of the selected BoNT/F monoclonal antibodies was
carried out. The specificity test results showed that the specificity of 1G11, 2D3, and 1F9
monoclonal antibodies was relatively strong, and the 1D6 antibody had a strong tendency to
specifically bind to immune recombinant antigens. Although 3E3 has a relatively high affinity
index, it has a low specificity index for immune antigens. In addition, the biological activity
index, namely the neutralization activity, was evaluated. Through the BoNT/F challenge
experiment, it was found that the obtained murine monoclonal antibody had no neutralization
effect.

At the same time, the phage display library technology uses the existing human phage
display library through ELISA solid-phase screening, and coats the purified recombinant
antigen as a substrate. After three rounds of enrichment-washing-amplification, the affinity is
obtained. Four human single-chain antibodies with strong indicators. The sequences of the
CDR regions obtained are: F2-1-C5: LCDR3: QVWAG NRSKC, HCDR3: YWRFNGSFDP;
F1-2-C6: LCDR3: AADNGLGL, HCDR3: YGVY RDFDD; F2-1-B5: LCDR3:
QVWDDNSLDQ, HCDR3: HSVFRVPFAV ; F2-1-G2: LCDR3: SAHELRI, HCDRS3:

IAY
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HFGHRRPFAY. After plasmid construction, expression and purification, its affinity and
specificity still need to be verified.

The above research shows that the BoONT/FLHn recombinant protein can be expressed
using the E. coli expression system, the expression product is used as an immunogen, and
hybridoma technology can be used to screen BONT/F monoclonal antibodies with high affinity
and high specificity. There is no significant difference in the evaluation process of the
monoclonal antibodies obtained by the two immunization schemes except for the affinity index,
but the rapid immunization may increase the probability of the heavy chain subtype IgM of the
monoclonal antibody, thereby increasing the difficulty of purifying the antibody. However, for
the screening of neutralizing antibodies, the screening antigen prepared by the transmembrane
domain of BoNT/F as a hybridoma technology antibody in the early stage of the laboratory has
obtained antibodies with good neutralizing activity. It is speculated that the yield of
neutralizing antibodies may be The choice of antigen domain is related.

Phage display library can also obtain high-affinity single-chain antibodies. Different from
hybridoma technology, human phage library can be used to directly obtain human antibody
sequences, without the need for later humanization of murine antibodies to reduce monoclonal
antibodies. In addition to the therapeutic effect, its own potential immunogenicity.

Finally, a double-antibody sandwich ELISA method was established by combining 1D6
antibody with an affinity index of nmol/L screened by hybridoma technology and 1E2B
antibody with Hc terminal domain. The linear detection range was 2.048-32.000 ng/mlL,
repeatability was good and had statistical significance.

In conclusion, the rat access to the source antibody can be BoNT/F for the establishment
and application in the clinical diagnosis of poisoning kit provides reference data, the sequence
of single-chain antibodies are to achieve targeted treatment or botulinum toxin poisoning to
provide reference in research and feasibility, this study obtained antibodies for subsequent
BoNT/F poisoning diagnosis and treatment of drug development preliminary experimental

basis, It has practical application significance.

Keywords  BoNT/F; Monoclonal antibody; Hybridoma technology; Phage display
technology; Double antibody sandwich ELISA
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1.1 REHR

111 HEEER

NEFERREAENEZRAYE—RNERBEEKNEHEMI B =41 —F
MR, REERLKERANERAR, ARIERTHANEETE. ARERLG
BEREM. Hd, IEEREMEERDTRANREN—RRAMEIEFRRYN. XHNT
HihmEshER, ABESREWNE, FEAERENEEE. N> TEHLEE, FHY
FHREREGHAEWRIEN, 478N 150KDa, Hialh —6igHiE. LT R4EH
ME, A A=MIIREER, EE Cmik N msS s N AFEBREN SR SHEAMRT
ZHEE RN FEENER. BREMEMEHE, EERXLIBEENARAESEH
R4 M RAEYFIRE R, S RERLEEERS,
1.1.1.1 HEBRRBEENET

LT, AFFEREEHIAA-GTHOLER, NKAFHFEHIHFTHA. B. EFF
A5, CHMDHUSNMBREREL . YASSMREATZTERBREN, FRTURRME
B 1] RE B B 4o 22 R M R A A B I R T 24, B MR seIl B R %%, 4R BH L AR ER
REM AN I —— BB IE R RBRS T. Hhst, FRZAL GG EMEE T #h &4 Mg
RIES S FIE3E, S5 TN RIS i R RR T ek 42 33 I ) ThRE i PR A1), 45 2R
W KR IERE AT, #miENa2IRES, FBULRMR BRSS9, BRILH]
WML LT BKE, KB EMAELNEKER, mEETRES DI
RSB EER, FHHRO R B2 7T At IMBBERI R,
1.1.1.2 BERNRG AR

HESEERFEAN—MECRBNAT RS, P& nERGE A MERR &
K, HREREARSORATEDEGRE. 19864F, MEX—LBEREEEAIASE
ARAULBFRTPOHFELOE KRNI, TR, REEENHGEZESHRRE, FENAT
EEF. BARSMEETEREARNERTHRRREE LT REWIE .

X TREERTENNET, Ei Ak B ilsa A hEke— 128, Bl
EUEEREGNE, BEHSWEHARBMBEE L TIRKYER. BP0 EH
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REFAFTHERET TR ARG, #HERECRIUE RS 5T W B KRR o % Fh gk
RIERI R4 R U1,

LEENEIGE, AFRREN-BIMNEER, GALBEBEARREUTE
MR RENE, SFERARRTFAERANAERED, XHaEREARKRAINER
D8, AT, WERHIHABLNANAEEZRTHANEREIERERLE, FARES
ERARKREANEEHEAFAEREMNRES, BREFEENEDS L, FHSLES
B P R LA HIE §l & R A TR, 5 & FEREMN RS0 X
—HER, A2 i T IE 0@ I A 57 R R R T TS R

AEMAENG—DERERNERATERRAZHERPEFENRT PIENEES
W, BEMEAHLHERRBRYE, BREFRFEE. RERR. £F-APKNRE, 5
FEHRBROER KNS ARBRUETHT SR BILER, EsiRE kT AN
BRIE, £—EEE LERTIWA S AMENRERYE, B ERKNARER D
E Y AERTREERE, LERNBEE A S RE R AMEERA L ERE
[20,21]
1.1.1.3 BEBRRNIEKISH

REESd, SHIEKAZTEERNPFRUS M, ewbE, BILBBE. 4G
MrpdE, RAWBIILESE. BEERTEFERACEHE, FESEERBX. AR
ITRFRABERE, NERRNERRRTERNRYERE, TERREAIFERERTHIR,
HUCHPIH] RS, BEG DB R,

R ERFERAZEH KR ESTFEAFHIAERS, EFELL
W7 B = A A U O 3T B M BAE Y. SRR — AR E AR B E M L
W, MHFROFEN, e EEees,
1.1.1.4 FHAHRBREASIMIREHR

BEMARFRRZERPIREITE 1960 £ K 1972 ££5% j5 4 Moller f Midura #i#,
HEBETRAFHASESEPE. BEXE 1979 RS EZFEEFRAETUSERILFTH
2728, B FAZRERNREXNBETHA0FER, BANE4SH, FRRNESEPENT
REPEDRARTEAE, BRI SIEME R G RN IS R — AN B R L 1

FRNERRAWAE S HAAMEES, SUMEANBHEREREHTLERAEY)
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FNEEWA B [ 2 BUEA SR #R238 —— Z BRI T Sl -3, B w1l iy
RE R FLMIEI AL W, Ritika ChauhanPY1%E A 8-32 3L 0k R 5748 2 By THL &
PLL{E S BONT/F FRRIZEH A TT & A& - Yongfeng FanB3314% A | F B2 £} FeoR & 48 K i ik £
% T BoNT/F K] scFv B8Efitk, id = 4EE SR AHAEHI K 1 BoNT/F.

1.1.2 pREEHE

H 1890 # Behring Mt IS = BR4TH 1 HrdA AR TTRSK, HiASURERER
FLRA T R AP, B IE, PUA TSRO Z AT AR IS,
TR AT AR AL A B IR AE M HE AR RS AR, s
P i R AR, LR RSO M S5 R N IR AR (B AT IR i = A T
A BALRHER (R FES, JLHZ B A BREE RS AT, A BRI AEYHI 207 L 30 ARTE Rk
L, R SERESASE — R AU 2t B B R A P G U ) T R 1o
1.1.21 BREREREE

BRI EPUANGRIE TR E 1975 4F, B 5 Kohler M Milsteint313% T 5 48 20 HR
HRAIALT B R RSB EOR . AR /NECATE £, R PURE AR LA 7 4 14 f
A7 FOE RLE S B G /N R, By FE IS TR FS E JE T R v 43 B 45 30 /N BR B4 M BD B
MO, BB BN S AL F R R, TERE R R RS,
W T HAH R & BRI R e il S A iRt , O/ B R BETT BLar sl difk, M
e R ST ER JE PRI T A Bl S N A KG9, TSI AN &R, B AT SEBlx A — B R
G AU K A AT R AR IR A, S S e 0 DR o] 6 O3 A P 5 A A A B 2 U s
B 44461,

ti

(B o B BT A il 4 D7 sUAMUUR IR T3k ZRATIE TR Pt 28 O 240 I o R

11 B 4R N IA RUAREL G BIF 2 WA BT X AL 8 1% 2 IR M LA B Th g R A — B AR

B ESEIL T R A 2L I iR T (R, (B R M R RN B 1 s DLBS A =)

BRAYEND, @I S Besh W& KR e B SR 53 B B IR AR IR E A FVE, fElmK

BRI S RAERR RN, X AR NIRGUA T K (T8 7 S 22 R A [T 9 Bl PR R
PR T AN AT A PR IO

T PR HUA A S R A JF A 2 i L ZhBE MR FR AR T H R R, B e BE HUAR A AR [R] )

# 7GR, AR BOR IR R A JE AR BOAR BBURARRYEVES0L, 12 AR A o W o 1A R
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RG] LR R ANE S B IF R GRAE A Y& YR Th e SRRl S BT T e B, I R 2898
B Y e R AE JRMPUR,  BASRERN ) A 5 P A X6 o 07 12 8 7 Y Wk 1 4 41
wEREAR, EAEYREN T REL M EGRANEE, EhEs—81e, &
VG A AN k7 SRS TR BT HRE SR AU IR E A S, 5, B
P B9 0 o1 = R AR AR KRR B E T B FE (M 45 2 R ILZ MR AR5,

Wt T A R AR B AR SR e LA st R SR 23 PR B s = A A b, @ Bk = 4,
Vel By BRI SIS B A . AR R S R e BB ] & ik R R I — Bl
[50, 56-58] |
1.1.2.2 BRERENRA

G R —F A, RS E TERITRT . 28, RIT &Y.
EBIR TR /7 1, —Segp il TR LA EE ik vT DU il 4225 T AR 20 i i ik,
ez il i 7 AUBA WL U S B0 7 IS G, 4RI SEBZE R B Ty .

Fisic b, A HE, BRBEHUAR KN HTTIHET R a2 Wlsn], JiialeR .,

e oA, AT DMt SR e st i S g kst T o itwis. JEshis
5, HxIMEiizk. R EARL. S ARG o (B B X SR IE 1A
NERATIE A . ASESS BRI ROR T BORE,  # Se B DA tIy N7 - Bl BB S 2 M P 6
Tt Bt S PE LA R A A AR 55 4% 7 ik i B A e 162 631,

11577 e P S 7 R N R R e s D0 B A el PO = e LA S R2 57 NGRS T
A RN B B A SRR I Sh G shRIGUA S B A QR IR R —Flih 7 M bk oo,
b3, HAAPi et 5 AR USSR BEHUA R R BRI, INESH, & PRI
& HAREZ UL R AL Z5 1027 B B A TR BL “ i yF iR e, W piikaid
bR BRI G ) T SO L U R4, TR E ek, ERFERA
SCELEG I R R AR U4 e AT BUFE — R RE I B4 8 R4 25 3t I, v 25 R4
R, AT DRI S 25 P80 A B RS 76,

1.2 REWFRAREZER

1.21 EHARENHEREE
BB 4 5 — 45 R R H AOBUE, HLRE BoNT/F (9 =Nk, He w53tk

-

5



RRRIE R ML RSB 22 AR 3

G G IR O AR T A 9 S PR R I e O R R 2 R R T RS PR RS MU 4R AR
SR B R N ARSI BRIR s B LR . TR ARBUE ] BoNT/FLHn £5#435, B
PSR A MR R A R PR, @ EARE I PTR RO &, 48T Se s Uik
I fie.

AFR Gy LA SR R I R V) B B A I BURL, 44 BoNT/FLHn 45 #3804
BEAFPEE RS U N1, SRR A BOWBE V) A48 11 T4 RIS . 587
wERELEERERGREEHADUR, “AiL/aLL SDS-PAGE. Western Blot &5 7% % 4l
IR EBET AN ST, )R8 R ATRDUA R GRE S0E Seaa At .

1.2.2 ZZREARARIFE ZENR GG EREDFEE TN

DA % 1 A HUR AN G IE DUR o220, 5 S JR I 48 o U L B R 7E 4k 5% )
BT BTN RR G . B A B R AR A L AT R AR W B e REFUAR R . A TRl
ELISA, HAHIFIENEDR, 2k ae8iae ol duikny st fits. &
WS ER &P, 4LE 3l Stni 8, 2. MR, FEMI. Frm i k&4
E AR AR AT AT AR

JE K 1) BoNT/FLHn 45 #9380 5% R Fe A it i O HL4AR 45 #7] BoNT/FHe 45 R s i 7 7k
FHUARRE N, @il & N ELISA K07 sUiH RS in #23,  @ar ik ELISA #1777,
FERPHATMR . F2E . KL IR IR AR V- o Do B AR I e () S PR Rz
AN EIRHLE %

1.2.3 BEFRTEARAANRAENIERNTGE
BRLUBE L B A S B RIS L, 473 5 85 1 AL 0 LA BB AL T 458 (0 v 7 G
P ISR A2 AHT R0 SR A PR o T SEE S A0 B A 4 s s P BB AT 4
F 5345 A ST LAVRR S J& SO N VR AL A BT B 1, AR KRR BE AR 1 I T AR o
ASSEROR FIBLA NS P, R IS0 T BB D I R AR,
[ ELISA BB AR, 20 3 SR M- BRik-0 B SR A3 veble, 9RA9 4 MRSV AN
F1 RSV AR GRS

1.2.4 FRRBERNI L ELISA NS ZERNEL
% BoNT/FLHn £ ¥/ AT EH R E T AWM E AR AR EM A EENIAS
BoNT/FHe £ 3% 30 5 [ 7 3K 8 1 B bR BB & R A, HE7 F Bl B XU
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AR ARIR R R £ W -2 i 3

> ELISA ¥ 55
g5 b, ARE A X F HREEREKREN R EETEEDEN T RRES%,
FH B TR =K A B S PR 5 LR R B SR .



i
=
¥

RIERI ML R 2B # A

2 BoNT/FLHn B ERARREIREE

21 5|

BEH, AFFRPENROENARE, X CEARFFEF LEREHFH
B RBERAHBIERTUR, BTRELEIARIRL. 2% NCBI ##EE+ BoNT/F K751
REERIBRIS, txtsesh = Il pTIG-BoNT/F [k, 38T PCR KEFUIEZME AT
B BEMF SR RRIAE, BRI AXEHEEZRE RS R N 2N ET kB KE
HIESRIE KA, S%5EGREGEE KSR BoNT/FLHn.

2.2 SERHMH
2.2.1 BikFEk
Bk Rk I
pET22b FikiRik & TR ERE
pTIG-BoNT/F [RRIFKEH LR ERF
KB DHS0RZ A0 IR ERF R AR AT
K 8 BL21(DE3)&RZ A4 RN A A R A

2.2.2 STRUBREHB

e T % E B BSMLS ™K
PCR 1% T100 Bio-Rad A ]
RERRERIKX 041BR Bio-Rad A ]
HEERES H0?PRO EREEYREAT
B L5 AX Gel-pro 2020D Biotech 2 &]
= PN eStain™L1 SHEmEYR AR AR
AKTA purifier 24k{X B-900 Cytiva A F]
AP EEH R 221B1/PAC200 Bio-Rad 2]
R 1652100 Bio-Rad A

EEERKER MLS-3780 HAx=FAH




e RIR B MR F B A8 3

BRBK HZQ-M HRZRMER
IR RE B 0L 3K-18 Sigma 2 ]
TR ESE RO 5424 Eppendorf 2 &]
BERR PR AX Gel-Pro2020D Bio-Rad 2 ]
oI E T UV-2100 RELEMNBERAR
e -5 A4 21 733BR-2751 Bio-Rad A &]
HFRF BS2202S Sartorius A &
ST RF BP211D Sartorius 2 ]
217 914 milli-g Millipore 2 &
EaiR X 550 Bio-Rad A ]
-80°C VKA 861388 HRERAT
PERHL 1575 Bio-Rad 2 &
EPSON SCAN B 3#i{X 11000XL EPSON A #]
P R VC605/VC750 SONICS A ]
AhETR 4% MS2 IKA AF]
12 96-1A B RN B E AR AF]
pH 7t FE28 BRS-ERZAHRAH
His Trap HP =R BT H: 17524801 Cytiva A &]
PD10 R #h 17085101 Cytiva A ]
96 FLEBHRIR 42592/9018 Corning 2 ]
2.2.3 sciulin
B4R "EMHE &K
FastPfu DNA Polymerase AP221-13 AP221-13
GeneJET Gel Extraction Kit K0692 Thermo A H]

IXTAE & % 550k CR00101M B EMRIE AR A
HOBASE 162135 Biowest 2 ]
Trans2K Plus Il DNA Marker BM121-01 ERERNEEVHEARAFTRAF

6xDNA Loading Buffer GH101-01 tRERESEMHARERAHA



MG IRIE R b R S W 22 A8 3

W& (XhoD) FDO0574 Thermo A &
MRS (Xbal) FD0684 Thermo A ]
T4 DNA Ligase MO0202L BioLabs A &]
2xRapid Taq Master Mix P222 EREMEREDRERGERAR
RN BT & 8084011 ERERAEVRBHRAF
Protein Marker 26630 Thermo 2 7]
6xProtein Loading Buffer . DL101-02 IEtHREXEEMEARFRAE
EasySee Western Blot Kit DW101-02 ERERESEVEHERFRAH
Jit. B A600669 AETAEMTE (LB BHARLAF
PVDF & MMO0100-1 Millipore A ]
- 1xPBST #A Bk CR10101M EHEDREAERAF
HRP-Anti-His-Tag Mouse mAb 294367 Abmart A H]
BCA EHEERA& Z3102 LERBEYMELRBERAR
EasySee Western Blot Kit DW101-02 ERERSEMHRARERA R

2.2.4 RS

BB

Hetl 7 i

LB k4t

LB [E &7

TE REK

AFHEEXR

10xBE RS2 R

1< IR

BREAK 1 g BEHERY 0.5g. RikB 1g, HBKEEE 100

mL,121 ‘CEEXH 20 min.
FREERE 1 g, BEEHEI 0.5, S 1 g, M 1.5g, &AM
KERZE 100mL, 121 CEHEXHE 20 min.

10 mM Tris-HC1 1 1 mM EDTA BUBSKECH], BN 5% [ B
7

HFXEBEERKR 05 g MBWKERIEEE SmL, £ 0.22 um 3

L BERRE, S EBRET-20 C.
HE® 29 g. SDS 3K 3.7 g. Tris58 g, MEIAKBEMIFEAEZ 1000

mL.

43 100 mL 10x¥BEZ MR M 200 L FEBAERKEEE
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1000 mL, FERHFHF-
Glycine 188 g, Tris 30.2 g, SDS 10.0 g, MAEBKBMRIFEEZ 1000
10xSDS-PAGE 221
mL.

12.9 mM NaHPO4.7.2 mM Na,HPO,- 12H,0. 500 mM NaCl # 20 mM

Binding Buffer
BRME, FHZEIEKECH], ¥ pH 7.4
12.9 mM NaH,POs. 7.2 mM Na;HPOy4-12H0O. 500 mM NaCl 1 500
Elution Buffer
mM BRME, DLEEIEKECH], 8 pH 7.4
2.3 SEWFE
2.3.1 RABE

2.3.1.1 FHSHESIHER
Z I8 NCBI ##E FEE i) BoNT/F 53143, A 258 2= A7 BoNT/F 4K Bk,
% EditSeq X DNAMAN %0477 51 5371 UL X BE D1 53 H7 v 15, BoNT/F £+, BONT/FLHn
HREREFHIKER 2571bp, GC 5t 45.7%. & FRIESESE pTIG BI04 B4
GBI, EEMYIAL A Xbol & EcoRI #4T iy BrifhiE#E . EditSeq ¥ it /B PCR # 1§
515, RHAEERNLREH R A E S e
#2-1 PCRY 5%

Table 2-1 primers for PCR amplification

Primer Sequence (5'—3")
FLHn-EcoRI-F GGGAATTCTAATGCCGGTAGTTATCAACAGC
FLHn-XhoI-R GGCTCGAGCAGGATCAGGATTTTGTCGTTG

2.3.1.2 XY 85 K BB

PLIRA B pTIG-BoNT/F Jii b AR, {5 F] FastPfu DNA Polymerase 31T PCR ¥ 1%
BoNT/FLHn ZHF%1, PCR KRRk RIE 2-2.

#2-2 PCR RBitk%

Table 2-2 PCR reaction system

Component Volume (pL)

Nuclease-free Water 32

11



RRER M R LRI

TransStart FastPfu DNA Polymerase 1
2.5 mM dNTPs 4
Primer F 1
Primer R 1

5xTransStart FastPfu Buffer 10
Templete 1

Total volume 50

PCR 438 [ B kA 1 38 2-3:
& 23 PCRYW&EM

Table 2-3 PCR amplification conditions

BH LB BE B i) TEFEL
s 2 95°C 60 sec 1
AR{: 2 95°C 20 sec
Bk Tm-5°C 20 sec
40
GE{d © 72°C 60 sec/kb
IR FE A 72°C 5 min 1

5 PCRY WA, #Eid 1%FEHEK BIKEEBESMR BRD, E/RETHH,
M[3EE GenelET Gel Extraction Kit fZ BIRGAF] S X BT 8 v Bt AT Bk, HARBREDSRM
* 2-4.

x2-4 RPEIWERE

Table 2-4 rubber recovery operations

B BiE
YIk 320 nm EAMER A ATMERE H AT, AFRITITTF, BALEHELEH
B BB BRI RFI AR Binding Buffer, HZE 50 CIEE&REH

REABRE, BAREBRERERM A, 12400 ref F4» 30 s, HINAEE Wash Buffer 700
uL 12400 ref B> 30s,
£zl 3 BRI E T H 0% E 30 min

e W AL P in A BCE Elution Buffer 25 pL, 12400 ref B4 2 min

12



e R R ML R 2B 2 A8 3L

2.3.1.3 8k, RN ERE

YRR B B R B SR St R AT B D14, BEVIRBIR R IR 2-5, R RECHI5E
RIGE T 37 CHEEEFAT 1.5h. BBUITRE, FRERESEERR EKETEE XE
g8

' %25 (a) EEFBNEIGER

Table 2-5 (a) gene fragment double digestion system

B B BB Y14 53 R (uL)
HEIAB 16
10xFast Digest Buffer 2
EcoRI 1
Xhol 1
Nuclease-free Water 0
Total volume 20

®2-5 (b)) HiBWEIER

Table 2-5 (b) Vector double digestion system

s B H 2 B (uL)
pTIG 4
10xFast Digest Buffer 2
EcoRI 1
Xhol 1
Nuclease-free Water 12
Total volume 20

B f5 B ) 344 & BE R B T4 DNA Ligase 7E 16 C&BINE& A TR, K
Mk R T & 2-6.

®2-6 FWBESHRGBERKR

Table 2-6 connection system between fragments and carriers

EHH S R (ul)

AU 5 B B B B 7

13



R IRIE R L RS W2 LSO

)=l e 4 1
T4 DNA Ligase 1
T4 DNA Ligase Buffer 1
Total volume 10
2.3.1.4 WL

Koo BOERR 5 M7= R 2 RIGFF A RS2 S, 58D pTIG BA B S HEWHETH
ERTUERTINERE, BARENTE 2-7.
21 EETMNFERAE

Table 2-7 connection product conversion operations

2 BAE
KB W2 AM K DHSa T 4 COkBHRifk, A 10 pL EE™Y), #E 30 min
il HIREWBN 2 CHHEL£EN 60s, 4 CK# 3 min
THitE  TREEH GRS 200 uL Thitk LB WIEERE, T 37°C REHF
R 3% 4, 200 rpm/min 3% 45 min

ZENHEFNEBROBRAZSETYEFERTMEN LB BEPiR L, 37 C HEH
FRPE BRI 12-16h

2.3.1.5 @ PCR PR ¥ S MFF
7E LB B PR FBEALPREUR sk, B TS puik R ik 372, 37°C, 200rpm/min
RRENNHEK . FIF 2xRapid Tag Master Mix #H{TE # PCR SR E, ERE
SIS AR RIET B X AR A R4, B PCR RNk RINE 2-8.
¥ 2-8 W PCR REifEFR

Table 2-8 PCR reaction system of bacterial solution

B W PCR & R 44 B (L)
ddHO 20
2xRapid Taq Master Mix 25
Primer F 2

Primer R 2

14



e /R LR B2 AR

Templete 1
Total volume 50
BV PCR ¥ 8.

#£29 B PCRIMERF

Table 2-9 PCR ambplification procedure of bacterial solution

MBI RE I [A] B A
oAt 2 95°C 3 min 1

g a 95°C 15 sec

B’k P 55°C-65C 15 sec

FEAf © 72°C 15 sec/kb ¥
I HE 72°C 5 min 1

FER KGR TR W EEBOX EARNF, £ 0 DNAMAN FHIL IER )G, #
AR IE B RL-20°C RFE -

2.3.2 EBAFRARRIEAEE

2.3.2.1 EARRNEURBESTEL

FIRKGITE B EE RS E P RZA BL21 T EHRBREL, BhE#TE
Wik, P IPTG iR HEOXRIE, FEFBNIIFFEIREES pTIG MUK pET22b ¥
FORAE R ER B . #BESBRW TR 2-10.

£ 2-10 FrhifbEEERE

Table 2-10 plasmid transformation operations

B B
K& FIRZAMN BL21 T 4 CkisPRitk, A 1L EAFRKN, #E 30min
#ili  HEEYWEA 42 CHEESLER 60s, 4 CUKA 3 min
EHitbE TEXEERGFTRESHHMA 200 L LHitE LB MAEEFRE, BT 37°C REGEF
Mi¥EZR 48, 200 rpm/min #53% 45 min
e ZTENEEFNERYSRAESETFERANMEN LB BFEFIRE, 37C HER

FRFHEBESF 12-16h

15



g NN T v S DA

PREAE  BEVLBRELAREYE, S R SnlL FETEEFEEN LB BAERE G, 37 CIRERE
% FEE T HUH
it FIXREMWMA IMIPTG 2.5 pL #THS, 16 CIREEFIR
B 1mL ES RN ERTELED, 12400 ref B 2 min, 5 L3, A TE RER
FKIKBR
500 pL/&

HEHE 4 COKBBABREEA 3 min, BHEEH

HWEBEESS, P SDS-PAGE X EAEAKFEIREBTESE, FHERMRIK
EN12.5%.

2.3.2.2 EAFEAEE

FIERAE R CIR N 12.5%) SDS-PAGE #HTHk e HARAREEN, BEERE
WMFFE 2-11.

F2-11 RIEFAFERHE

Table 2-11 sample preparation of expression forms

PR #1E

LRSI % WEEEBRNRES BRI NEEE S
LEEE A& ABEFES, 12400 ref B0 2 min, B EFER N LERERS
ARERERE R  2EEMS 12400 ref El 2min, F EE®R, A TE ZERESNEORERES

BA 0 B 1 2 2P IR R E .

2.3.3 FA4it
2.3.3.1 EE#RBIE

¥ ORIEERREEANERY XEE, BRFAFRLE, SHEKBPEREOTRE,
1:1 B AZi{L.F7 %% Binding Buffer (A #&) EEH . 7 4°CrkigHERBHE BT H Ik
BEATHERE, KT BEIIER 37%. 75 30 min X REHEE 10s 85 5s, PHdEE
IR ERRERE, EERR, FEERKOK. 85 E#HERE O 8000rpm/min,
20min YR RRR L.
2.33.2 EBN L

RURIR_EIEVE AL E BRI AKTA Pure SE4LAGHITEAF ALk, %M/ His Trap
HP SRR E i s aif iy, Rl aMAbrFm R, SRR EEITNEEEBk
BRBIR A, HBIEE 3500rpm/min R4 E & E R ERIF PD10 B3k 472 vl B #: Lk
P HR. BAkEBERLE 2-12.

x2-12 BEHEAMMRE

16



M RIERDNEAF B L F AR

Table 2-12 purification procedures of recombinant proteins

S8 #AE
Yt R L34 0.22 pm JERERL 38
ST 028 B G AR R EHE 4R 758, ¥ His Trap HP B
His Trap HP #-F AUEK ML B d 28, M Binding Buffer 3t 5415
BhRE 221833 ¥ /5 Bl Binding Buffer ¥t ZEH & TR
BEt Elution Buffer #£1T e iU
RV S Sl ABKPREEL TR
PDI10 i P4 FAEKPF¥E 30mL, PBS Mk 20 mL
prid e BERERP A EAE AR 2.5 mL
Belt PBS 3.5 mL $Eft, Vel ES 4. dEke. PERESR
PDI10 i EEHELRTF AUEAKPPYE 50 mL, FIKZEF 40mL rh3E, HIF

WAL 78 3] i Eh A e B VR BP N BT & A B LML, SDS-PAGE HLik &, Fi@id
Gel-pro32 4 ES . ZEAWVEHEEERENEHAEIMMEBIE, RaET
RFEZE-80C.

234 EAERSERE

2.3.4.1 BCA ZEAER

FIF BCA BT EEAMKIKEN E, {#/ Omin-Easy 1 % BCA HH & &R &t
7%, PL50:1 MBI E RS A TIER, HirtEmSEMm TEGRE 20 L A ZE
BEARIR R (BETL) » AR TER, SR\ =MRMNEITCHEEFTHER
&, BEIRY 570nm AbiEE. MR AGELHIFRERL, BEAXTEEAKRE, HiHH
FREALE.
2.3.4.2 EAEARREE

FER S BHE A4 K AR, $88) Western Blot X B IR BB B HHT K%
iE, HEEHATAEEAD His REHFEW HRP NHAES, EEEEER. BiEd
R TE 2-13,

#+ 2-13 Western Blot #{E

Table 2-13 Western Blot operations

PR’ Fdm RH %1MF it ]

H 3k BoNT/FLHn 1 =8 30min

17



R RIE R K B #0783

R BoNT/FLHn 1 =R 15min
HH . e Gk 1 4CHRE 2h
R 3 PBST 5 ER Smin
—Hi Hi His-HRP Hifk 1 =R 1h
ek PBST 5 ER 5min
26 ECL 1 Eij Imin

2.4 IRERS S

2.41 [RRIHE
2.41.1 HRYREH 14

PL BoNT/F 8R4 K AR, it PCR AT H K F B FLHn 23 B, 1%E8 la it
FBS ERIK 5 5% Marker (IALE, SR7E 2000-3000bp F27E — 45 &8, 5 A BT/
2791bp AHTF, RBH BRI By M.

M  BoNT/FLHn

bp

000 &

FLHn

K21 HHEET
Figure 2-1 amplification of target gene fragment

2.4.1.2 §itk. REWERL]

STk S ECH B A B RS TER VI A, BT 344 Xhol 55 EcoRI EFYIAL 1) %
BAEHEENTHRAS FBEX/DMHER B, #EWEE pTIG BSUIRH L %H. 5,
BoNT/FLHn J BES VNG R & TE A BRAD, 58k —FE.

18



bp

8000 pTIG
6600

3000
2000

— FLHn

1600
730
300

250
100

(@) (b)
B 2-2 HeER B A EWEY]
Figure 2-2 double enzyme digestion of target gene fragment and vector
(a) PCR ¥ # BONT/FLHn #[H FBt;  (b) pTIG Bk
2.4.1.3 B PCR R BN

A T 0 P 46 5 Bt 51N B At 3o TR B 0 BB DA RAE SR AR 45 R 1A Rk, PCR JRik#%

{F Z BR X BE AN PE M SE B0 AH X E A T T, B PCR 453 X4 DNAMAN #4F
Eext Bl e 45 R i 2-3.

e M + BoNT/FLHn -

! 6630 5540 8550 BBEI] 687!] EBBI] 859[]

(b)
K23 BHiE SRR

Figure 2-3  screening of positive clones

(a) WM PCRERE; (b) EARKFFIHITE

FREERRA S R E R, Ps B4 RR AN A AR, RIEW
R, FIBHESRERFLEEN SRR, U LESREHAEHFRAERI.

2.4.2 EAFREARFTELR
2421 EABFSRAERE
KHAEHAEAE LM KB EEZRILERS, Bt IPTG SEAENEL, 25
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M IRIR P K S B A2 68 3T

¥, £ SDS-PAGE BiFinE 2-4, SEAMEXTEEML, 98kDa fbF—HHE &4, FE T,
Al #%7 BoNT/FLHn £ K E h F R R HERE. AEBITZRGETEAREEAK A
5E o

e M - BoNTFLHn

256
130

FLHn
100

70
30

40

30
26

15

[ 2-4 BoNT/FLHn RiL¥s5E

Figure 2-4 expression and identification of BONT/FLHn recombinant protein

2.4.2.2 EAFEERNERE

¥ 2 UL O 5 30K R FE R AR 458, 4 BUHIRE LR E BoNT/FLHn RikFE . 4
Bl 2-5. BRER, R EREIIERSPEE, BTN THEE, Hik
AT HIBT BoONT/FLHn AR U B ERENE, BRERENE, NETELARGE
A

ke M - £ B iE

TlHn

5

& 2-5 BoNT/FLHn EiAFERLERE

Figure 2-5 identification of expression form of BONT/FLHn recombinant protein

243 EA4W
24.3.1 A Ni &4

FIAEMEAS pTIG LA M AR RIFE R & R & B & X Ni BRI RJIR
A Ni SRR B REAZE QA R0 E k. SR BEH &3 Buffer, BE
veiny, EARAEBIERME 2-6, Kb EREENRBES, FABEEREDIEE

20



M RIR ML R 2B L 220 18 3T

R, AEEMIBITE R E R

s M E# BoNT/FLHn
250
150

10¢ 7 5 SIS R e FLHn

B 2-6 BoNT/FLHn Ni &:4ti{kHik &
Figure 2-6 SDS-PAGE of purification of BONT/FLHn recombinant protein

2.4.3.2 FAMEEALTE

B A BB 45 Ja LART IR 5 4T PD-10 b A AL, 2.5 ml fSkitiT E#E,
SR PBS YERL, BRI 4 Sk B A VE & 51T SDS-PAGE H3k, HikEmE 2-7 Fis.
it Gel-pro32 HFAE SR, FIBEHAEOLWPALEAERTIX 95.0%L L, #F
& RSB E b .

i2: M FLEn

B 2-7 BoNT/FLHn 4ifELiE
Figure 2-7 BoNT/FLHn purity verification

244 ERERSEE
2.4.4.1 BCA :ZEQER

%18 BCA EBEAHERE, BRiGERELR irdEtiL, mE2-7. RANAAT
BEEAREN 0772 mg/mL, HBL 146 mg EH.

21



M RIER L RF B AR

ODsm

G.GH.Q 0.3 1.9 2.2
C(mg/mL)
H2-8 EEERITERL

Figure 2-8 protein quantitative standard curve

FEEEESEFEFANEASEEAMKEY, K TEE-80CHRF.
2.4.4.2 Western Blot SiFE4BH/R

EAEEEZEARAR, RIFIH Western Blot X% BT W EIRIE, B 2-8 &7,
B —— &R R KT AL T 70kDa-100kDa 2 7], fF& BMER S FEXAD, ATHEX
FWNBREAHIR. 5B, ZPURET His #7538, X TH His SHEFRERSRE,
BB RAE T ZPUR AT R e BISCit S B DR K R LR 458 .

M FLHn
kDa =

2.0

100 e
30 e
40 e

N e

14w

B 2-9 Western Blot &
Figure 2-9 Western Blot figure

2.5 XENG

A4S FIH PCR. BVIEREM TN B MRS FkE, XAWHK PCR FHtER
MFRAEERBEARN. EHREERERSEN BoNT/F FIFHE KB REWIRHITES
Rk, FIRAEREFYS Ni EFSERHB PRI EAFASTHAL. FASSRER:
SDS-PAGE ik S EHBEEME HIK, Gel-pro32 B4 Hr ¥k & Western Blot B[
LR, FrEgdik=maiE ik E 95.0%0h -, He—HiRRET LA S G ERRs Y
SR KR EDURRZER.

g, AEFERTEHAFRPIMEDTRE, 5t BH¥ZEE BoNT/FLHn FI3RIE & 4LAT
BT TR, WRIE 85050 MR 217 B e 250t
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R RIEEDE R B AR 3

3 BoNT/FLHn B 5EREHHRIEI& X EWF BTN

3.1 5|8

BoNT fEA—MARENZR, HERESBALIUHELTENFANERE, DR
DIRERIMIEEN B AT AR 5 LG T A FEE TR S B A R I ™ EL B K
KiK. SBEAETER 4 FEE S BoNT/F $1# B i E o3 RG4S EIE T AR
ARMEMReH R &1, KLRUIRE RGN H MG PIT K sk w5
MBI AR R, SHRTERAREREERREARF A, UbiksRM
MEE AR ATaER, 20 AT RIE X AR e Sk A T i

3.2 SLHRHH

3.2.1 HIZRMBAR

3.21.1 SCREIISHMN
7 % SPF it BALB/c /MR (JLIR4EER LB SMHERERAF, GHRIES:
SCXK (3%)2016-0006; Jb 5T &7 AR AP H AT R AR, EHIUES : SCXK (5()2019-0010);
19-21g [ SPF £hifEtE KM /MR (L R4EBF LRI ARG R AE], SHKIES: SCXK
(F) 2016-0011; JbREFTUEAEMEARBGR AT, AHIES: SCXK (3F) 2019-0010) ;
Sp2-0 /MREFEERAM (ALRERF) -
3.21.2 SERMNBEHH

LR TR /M5 R
R RO 5424 Eppendorf /A &]
BERME CDIC1819 OPTEC
B (TP HE) YDS-35-125 W REH AT
KEX CO. MEEFH M 3111 Thermo A &}
HAEE KB R XMTB BT R R A A
PCR 1% T100 Bio-Rad A ]
FaE R R kAL 041BR Bio-Rad A ]
HE&ER H203 PRO SREEYR A
BRI RARAX Gel-pro 2020D Biotech 2 &]
Baja eStainTM L1 ST AEVHEERAR
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AKTA purifier ZE{L{X B-900 Cytiva A #]
FTF R A 221B1/PAC200 Bio-Rad A ]
X 1652100 Bio-Rad A ]
REARKE R MLS-3780 HA=FAH
B E UV-2100 ERELBHBRERAR
2RI B 733BR-2751 Bio-Rad A
BT RF BS2202S Sartorius 2]
BHRF BP211D Sartorius 2 ]
2K mini-Q Millipore A /]
EbR A 550 Bio-Rad A ]
-80°CYK4E 861388 HBRER AR
BEARHL 1575 Bio-Rad Al
EPSON #ERZ 13 H{X 11000XL EPSON A ]
PR 4% MS2 IKA A
VAL Uk 96-1A IR R FIERRAR
pH it FE28 BRH-HERZHERAF
PVDF & MMO0100-1 Millipore ]
25T 43I 3055 Corning A 7]
MPFHFE 430659 Corning A 7]
96 FLAH ML EEFRIR 11092018 Coming A 7]
Hitrap Protein L HP 17547851 Cytiva 2 7]
Hitrap IgM Purification HP 17511001 Cytiva 2 7]
Hitrap Protein G HP 17040501 Cytiva 2 7
PD10 f bt 17085101 Cytiva AF]
3.2.1.3 WiRAH
WAL FR B"S S K
QuickAnyibody % {7 KX0210041 HHEREEERRERAT
1xPBST # & FUhL CR10101M HAEMREERAT

24



e R R LR E B 22 A0 S

1xPBS ¥ BRI CR10201M HAE YRR ER AT
DMEM 5% D6429 Sigma 4 7]
50xHAT Supplement 21060017 Gibco 2 7
100xHT Supplement 11067030 Gibco 2 ]
DMSO INAG0430 FEHFEINFEERA A
100xFHERBESR 15140122 Gibco A 8]
fi 4 i 10099-141 Gibco 4 7]
PEG 36632100 Sigma 2]
WERRNE MRO05101 Ea R AR A A
TA/Blunt-Zero Cloning Kit C601 MR IEMER AR R AR A A
BAGRE TMB B A% CZ-TBO1 ERBRERAEYMHEER AR
GeneJET Gel Extraction Kit K0692 Thermo 2 &]
FBRAFTEER F5506 Sigma 2 &
PR F5881 Sigma A #]
1xTAE 3 %5 50hs CRO0101M = EMRBE R AR
BEOBRIEHE 162135 Biowest 2AH]
Protein Marker 26630 Thermo A &]
Protein Marker 26610 Thermo A ]
6xProtein Loading Buffer DL101-02 IEREREEVTARFRAFA
M5 #8585 i B B marker MF-290 EBRAEEMREERAR
HRP #Ri i 5D R 1gG BF03001 TR R AR AT
HRP #rig EHD R IgM BF03006 FMERERBEHERERAE
TR EERA& BF16002X FHER R AEERERAT
BCA HAEERNE 73102 LERBEMEAPRARAT
3.2.1.4 BARKH
B AR Bowl T v
DMEM 5E&35r  &F 1%MX0, 10%H M7 K DMEM 4% 57 4

HAT iE# I FR5

50X HAT H 10%/1.7% ) DMEM X3 Ef RN 1| XHAT.

25



LR N 2 T e U479

HT &3 L7 100X HT A 10%I07E ) DMEM &3 EFH BN | XHT.
MG 4 90%iE, 10% DMSO.
R ENE NaHCO32.93 g, NaxCO31.59g, MEWMKERE L, #HfFHA pH 9.6,

5%IB A ke 4 100 mL PBST ZHBHF&H S g BRI .

2 M H,S0: B 217 mL IR IMA R IBM/KEAZE 200 mL, HHIFE.

EMEER 025 g MAWMKERZE SmL, £ 022 um EBTIERE, SEREE
£MWEER

#TF-20C.

AEFEOSg MBEMKERE S5mL, #H 0.22 um BT IERE, 485

W45 T-20C.

AFEER

10xSDS-PAGE £ Glycine 188g, Tris 30.2g, SDS 10.0g, MEMWMKERZZE 1L,
1055 FEZ2 Mk HE® 29g. Tris 58 g. SDS 3.7g, MBEBMKEEZE 1L.
4% 100 mL 10xE5 Mg P A 200 mL B HARMMKEAE 1000 mL,
ERRE.

IXER IR MR

Binding Buffer(G) NaH.POs; 1.47 g, NapHPO4 12H,O 1.1 g, IHERIEAKEAZ 1L, i pH7.0.
Elution Buffer(G) Glycine7.507 g INZ&MWAKEXZE 1L, #HpH2.7.

1 M Tris-HC1 Tris—Base 12.11 g, MZEM/KEARZE 1L, H HCIE pH £ 9.0.
Binding Buffer(L) NaisPO43.28 g, NaCl8.77g, MZEM/KEARZE 1L, # pH 7.0.
Elution Buffer(L) EREB=9 2941 g, MEBKESFZE 1L, fpH2.7.
Binding Buffer(M)  NasPO43.28 g, (NH4):SO04 105.71 g TNEIBKEBRZE IL, A pH7.5.
Elution Buffer(M) Na;PO43.28 g, MZIMKEARZE 1L, ApH 7S5

Regeneration Buffer(M) NasPO43.28 g, M 30%RAEEARZE 1L, # pH 7.5,

3.2.2 R REAR
3.2.2.1 XBRUFSHH

W&V E S MkS "X
AR S A REREHE O 3KI15 Sigma A ]
Nunc MaxiSorp 470319 Nunc A H]
96 FLIERFLAR FPT021 BRREPEARFRAFA

HAMESHEE 3.2.1.2.
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3.2.2.2 £
A B BEME |4
BKEEEA C8221 EREREEHEERAH

Anti-M13 Antibody(HRP),Mouse Monoclonal 11973-MMOST-H  JbFE SGEMMEIEHFR A7

PEG 8000 25322-68-3 sigma A 7]
HLRFIF 3.2.1.3,
3.2.2.3 BARKH
BRAR Eoi vk
BREAMK 1.6 g BERHZE 1.0 g . &ALH1 0.5 ¢, MAEMKEZRZE 100mL, 121 C
2-YT MiE R E
BB K E 20 min.
FREAM 1.6g. BRI 1.0g. Fb810.5g, MEHKEAZE 100mL, I
2-YT [E kB3R5
fg# 1.5g, 121 CHEEXKE 20 min.
20.0 g HEBERR MO EZMKMARBEZELER, TAE 100mL, ZLIEHE
20%H AT
MEESE, BFET4C
ERBEREIEKBBELIRE 50 ng/mL, F/ 0.22 pm BT IERE, S%E
EMWER
W TF-20C.
o AERLEBBELIRE 50 pg/mL, #H 0.22 um ERITERE, 2EREHF
) F20C.
oz VORI ITKAMELRE 10 pg/mL, {F/ 0.22 um EEITERE, 2BEL
IWEZS
£TF-20C.
FREX 200g PEG 8000, MM 146.1gNaCl, INFEIHKEFZ 1L, 121 CREKXE
20% PEG 8000
20 min.
HL£AFIF 3.2.14.
3.3 SLWH*
3.3.1 FIZMEAR

3.3.1.1 iR YU

1T 10 2 SPF 2% 6-8 fA# BALB/c /MR GHEME) 1E AW T A E S 5 R A E31Y.
G R BRBUE N R ERRE /DR HE 2N RRECLRE. BAREFRN
T 3-1 & 3-2 fimn. HFERBERERABRNERNREF B . A 3BAEFEIL5BE
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RO, TP S | B R 5 15 45 43K I N2 T A2 B — P i B0 S e TR SRR 4 ey e 5 3K
K31 PRERBETR
Table 3-1 quick immune protocol for mice
PR G [A] ST SREFIE/R FESTE
VIRGBHE-F 1R ETEEEH  Sopg FUE+SBBRTAEN 500 pL/R
TREE-FE2NR BETHEEAEH S0pe FUR+ZBEBRAELSER 500 uL/R
BoNT/FLHn =X%&E-F42 K HEHEEH  SOugiiBE+SEHKAELER 500 /R
R 4r-58 56 K - - -
hEmpE-E 63 K EREES 100 ug HLJR 100 pL/R
x32 PRIELETR

Table 3-2 normal immune protocol for mice

7 S B it 1] G775 HEHR/R AR
VIREE-F 1R ETSZHAEH 20 pg FURHSEREER 100 uL/R
ZREE-FB2SK KETEZAESH 20 pg HUR+HLE R 100 pL/R
R 4r-58 30 K - - -
ISR -5 42 K FE s i 100 ug Hi /R 100 pL/ R

SRR K Rl ELISA Wl B e/ BB AL 4h, {3 T A4 T8 E A PR
PA 10 pg/mL AR RRY, REGE/DR LA RAMRBNLE, 8O UR IEE
IR ER, BEOEREM BIERITE, fE—HilL 1:1000 MR GEFBE LG 2 MR
BTAEE, BEBRMERE 33,
33 RMmBYIERE

BoNT/FLHn

Table 3-3 assay of tail blood titer

;2 R LA KH B ]
PR BoNT/FLHn 100p1/4l, 1 3h
27| i R 9k 300ul/%L 1 3h
gk PBST 300ul/FL 1 -
—Hi /NRILFE 100pl/FL 1 1h
b/ 3 PBST 300ul/fL 5 -

—H HRP 51 IgG 100pl/7L 1 1h
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bR PBST 300ul/4L 5 -
B TMB 100ul/4L 1 5min
231 H-S04 50ul/4L 1 -

TR /N BR R ML B I 5 45 SRR 3% 8 U 8 v s U S 8 /D BRAE D I 4 4 i R 5 1) JBR 4
FRIE. 59, PAP Gy sURTHEAT IO 28 SO At I AR i e R e R ZE R, IS 4En9 4
MR AT e B DL S A RO B 58 4 — B
3.3.1.2 {HpERES

A A BT ZE U SP2-O A M B35 I5 S AR 57 E 4B A i 2% 3 /B . ORT SP2-O MY
B, TR EATGFMNARES, BRERERESREGEHE, U&ME. S
1-2 1 SPF 2 6-8 fA#% BALB/c /N (M) Wl taz Z 4, DNEBEIE, EXH%
P FARBIBIIT /N UG SR R, ORAIE IS IR 58 47 B B v 46 4 1973 445 HH (1) DMEM
R R BEAEAENAERNDNRIER, 255 Smin 5 H, B3RS ET B8 GRUEE AR B /)
B AR 25 G L B 5E 4. TR D RIS 20 E 75 R BARAIR, WA EW
Bl fiuis 77 ZE 854 10 B 96 FLANMISEFRIR, 100 pL/fL, WM E T 37°C, 5% CO ¥i7748
i,

R, FRELEEMNE N, PR SR E /MR, R E, B E
Jil DMEM B: 323535 Be UL Bk I 4 A 4R R RG 1T - 1538 58 i BT 40 B 0 B Hh if 5, 1Y
ok B Al ] B DMEM #EAT7E e, JFRAH MR T . 50 OB 4 il ) £ 5 75 7 SP2-0
i — RS T HEUE, SRR EE, Bl 110 # LG SP2-0O 4,
BEREAETR —S08F ., = 1000 rpm S50 5 min, 5k FEE BT PEG [ 37°C fil#.
B SE RS T TR, R R AR A A L, B A SE Y PEG, VRO BESS
ek A (PEG (F i ERIFAIR A ETIE) , ff PEG &FMASTEASE, & 2 min EiH
EIE I TG DMEM R4 85983 1. 20 4. 8. 164 31 mL (3£ 50 mL) DAL ILFEE
G, HAEEEIREREZE M, CUABIRHIREE (M. ROES TR S = 5 40 i DL
800 rpm (3% 20 8 min, F LiF, HITEAEES S SEMAIRN HAT #5586k, L
100 pL/ALINA Z /7 HA AR 37 2 A M 40 i 2 4R
3.3.1.3 PR:4mBaEkiEIE B e BELIESF

TEAURR AL &5 R 5 d AR, nIREmiSs I A A M W R IS TE A I R, Dok G iy i
WG MM A LB RIHR, FR8GES 14 d T EGR CRARBORI MEm i A 1
SUTSE D AL TRt Fi v, TG IR HE 9738 100% HAT (185024 & # 100% HT,
I SE B HNE 10 %S I IRk, LS IEE 3% ) 28 28 981 40 B (1) 00 46 Jin i i e

TE AT A M B SR Ak vt FE b, HALAR Ol M 3% 3% 3 135 k47 [a)$% ELISA, LA
HAHAGUFNED 10 pg/mL AR, 4008 E#5A—$H0, HRP 5K 1gG NP1, LU SERRH
PERATHMPIH — Bk . SELRER I FAEME R LEEE, B aEgEr
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BIRE 3-4.
R34 FETEARIRIEERE
Table 3-4 hybridoma cell screening operation

FR B £ wE 8]
HR BoNT/FLHn 100pl/FL 1 1h
E= 17 Jii R 9% 300pl/FL 1 2h
Pk PBST 300ul/4L 1 -
—i FRATIEMNA L 100pl/7L 1 1h
b3 PBST 300ul/7L 5 -
t HRP ¥Hi R IgG 100pl/FL 1 ih
HeEk PBST 300pl/FL 5 -
B T™MB 100pl/FL 1 5min
£k H2S04 S0ul/fL 1 -

HEACEMMEAEEFEETRENEE - EER, AEDMEsR SRR
—HUHEAT e AT 40 i A WA B AR BE T AR Bt ELISA . ek vl DAFa e 4wt bk B 3k
MR RN TERRBE S B AT, ¥ KE 6 FLAERiE k.
3.3.1.4 HARTREER ERBNITS

DA AL 7 o T Y A O S A S v IR B SR FLIE A 80 % LA EubnutE, SRAIHLAA T A% 2k
FlEEe ik Ts, FRMENEMAREERN. B, THERREDNR 3-5
FiR. g EREMO DA DB IRME N —B, THERERBEAERE, BEEAR
34,

K35 MPITRLTHIE

Table 3-5 identification of monoclonal antibody subtypes

;2 B % /¢ e 7]
PR BoNT/FLHn 100p1/FL 1 1h
B i A8 ok 300pl/7L 1 2h
iRz PBST 300ul/FL 1 -
—$i FATTEA R L7 100ul/FL 1 1h
b2 3 PBST 300ul/FL 5 -

—H W R Gk 100p1/7L, 1 1h
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sk PBST 300ul/fL 5 -
B TMB 100pl/FL 1 5min
#ik H2S04 50ul/FL 1 -

3.3.1.5 HAFAEXEE TN
W R FRE —ERER, BOREMM. B4 RNA £IUSH&
BEAT RNA 25, BA&PEIEK 3-6.
£ 3-6 LS RNA REUEEME

Table 3-6 cell total RNA extraction operation

B (YA R B AERT ]
TRIzon Reagent ImL 1 #HE Smin
a0 200 pL 1 PR 15s. #E 2min. B0 20s
10%Z.8% 600 pL 1 B0 205, FEEEWK
Buffer RW1 700 pL 1 B 20s. FHIEWR
Buffer RW2 500 uL 2 B0 20s. FIEW. B0 Smin
Elution Buffer 30 uL 1 B0 2min

2204 Ml RNA J5 A0 (E HORE R, Mg H € BFIE 03T T — SR
1€, TIRBGE-80CHM T RFF. Wi %K MonScript RTIII All-in-One Mix with dsDNase
Wil&E, PRINTE3-7.

£ 3-Na) WHEHFEFLH

Table 3-7(a) reverse transcription temperature control

BE /¢ e 18]
37C 1 2min
55C 1 15min
85C 1 Smin

R3-1b) HHEFER

Table 3-7(b) reverse transcription system

Component Volume

EIR RNA 50 ng-1 pg
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MonScript RTIII All-in-One 4 uL
MonScript dsDNase 1 pL
Nuclease-free Water To 20uL

Wi F 5 AT BRI cDNA iR, DARESLEREREFHIT BHE 5198 PCR
W5|¥ (F 3-8) , 3% TransStart FastPfu DNA Polymerase WPl By WHAERE . BEK
[ X F R, PCR ¥ 14Kk & 3K 3-9(a), PCR ¥ 34544 L3R 3-9(b) . Fl & cDNA A A-20°C
VKAERTE

& 3-8 DEREXYHFIY

Table 3-8 primer for variable region amplification of antibody

Heavy chain primer Sequence (5'—3')
VH1 AGGTSMARCTGCAGSAGTCWGG
VH2 SAGGTYCARCTKCAGCAGYCTGG
VH TGAGGAGACGGTGACCGTGGTCCCTTGGCCCC
Light chain primer Sequence (5'—3')
VL1 ATGGAGWCACAKWCTCAGGTCTTTRTA
VL2 ATGKCCCCWRCTCAGYTYCTKGT
VL GGATACAGTTGGTGCAGCATCAGCCCGTIT

% 3-9(a) PCR RPMi{EZ

Table 3-9(a) PCR reaction system

Component Volume (pL)

Nuclease-free Water 32

TransStart FastPfu DNA Polymerase 1

2.5 mM dNTPs 4

Primer F 1

Primer R 1
5xTransStart FastPfu Buffer 10
Templete 1

Total volume 50
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% 39(b) PCR Y%

Table 3-9(b) PCR amplified condition

EH LR BE ff 8] E2N

TR @ 95C 60 sec 1
ke 95°C 20 sec
Bk Tm-5C 20 sec 40
FEAe © 72°C 60 sec/kb

IR 72°C 5 min 1

PCR =¥ EIE , ¥ 43 55 TA/Blunt-Zero Cloning Kit R & AT A& K T &
B, ERRMNERINE 3-10.
£ 3-10 FEEERMKR

Table 3-10 carrier connection reaction system

Component Volume (uL)
5xTA/Blunt-Zero Cloning Kit 1
PCR 74 1-4
Nuclease-free Water to5
Total volume 5

E RECHIERE BT 25°CRBL 10 min, XRS5 WK B b B #4402 DHSa,
PEFREEEM FREZXNEDMERN LB B FRETINERIE, B s MM Ek
P ERT AL, DNAMAN 34 FIRE AR ESEFS], IR Igblast Tool Xf#ll
Fr4s AT RIEE R thxt R EEBF 5547
3.3.1.6 MUKFEHFEREAL

RIRP TR AEN S EERS. THIEBHER 6-8 ARkl BALB/c /MR

(REARPGEAFEHERTERAE) , 0.5 mL/ R EREE S BRI 2L k76N R B
7d, JERIEEES T EAML 8x105~1x108 4, £ 7~10d JSHEUEAK, 4°C12000 rpm
BLEMAmME. BKEMETESE, PEEREK, B20CHFEH.

By Atk F R E A SR AL B AKTA Pure 24643, S8ECAS FHUATE BB
B, ALY KA Protein L HP &+ Protein G HP &% & IgM Purification HP #:#E{THifk
&fifk., - Protein L HP 4. Protein G HP MR FHEZ MBI A RS, BEH 2,
DA AL D B 47 SR L R 32 3-11(2) 3-11(b).

% 3-11(a) Protein L HP. Protein G HP F&i{L 4k
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Table 3-11(a) Protein L HP and Protein G HP column purification

;2] BAIE
FESh A EE REF LEEZ 0.45 um 3BT EE, 5 Binding Bufferl:1 1B &
AT {028 B JE 2K YL 50 mL, ¥ ENTEREEE AL
V5 ] ZIH/KoF¥E S0 mL, T Binding Buffer Pt £ R4 T
BERE 221833 £ 5 A Binding Buffer Wt EHE & T
‘ Elution Buffer BF{T#ER, IWEEFMAEE 1 mol/L Tris-HCl #§ pH
v £70
LAV E S| Binding Buffer /it B H LT, BEMKMEZEL TR
PDI10 i #h AT 45 ZEVBKrPSE 30 mL, PBS #i¥k 20 mL
BERE BERRYIP AL B R B 2.5 mL
B PBS 3.5 mL #Ef, Bili/EEE T, #HFE. HRESK
PD10 B EE{RTF MK F¥E 50 mL, JC/K ZBF 40mL #dt, #HAF
% 3-11(b) IgM Purification HP H:4li{k. ek
Table 3-11(b) Purification of [gM HP column
L2 BAE
#4F LiE£ 0.45 ym 3BT 38, 5 2xBinding Buffer 1:1 {84 (fFERE
AL
M EH 0.6 M BiRRE)
AT R {EE B R A& 1BK pPEE 50 mL, ¥ 1gM Purification HP A% 4%
IgM Purification HP R4  Z{R/K#¥E 50 mL, 7§ Binding Buffer tF¥tE R 4R F5a
BERE 22183+ 5 Al Binding Buffer /¥t ZEE &P
Yet Elution Buffer 317t it
BAE Regeneration Buffer 3#17 — iR B
AV SN Binding Buffer /¥ EH L P, BRMMKNBKERL TR
PDI10 it #h AP 4 Z21B/KIPoE 30 mL, PBS #¥k 20 mL
HERE HERERDE AL B B ST RE BLAA 2.5 mL
b/ PBS 3.5 mL ¥, EBEEZTE. #Hit. GRELR
PDI10 B RTF ZEMKMYE S0mL, FTKZEE 40mL #hik, HF
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3.3.1.7 hifddEEE
gL E 2332,
3.3.1.8 MG EREETRE
itk e B RGTHRIER 234,
3.3.1.9 #i{k Western Blot IR EE

1T Western Blot £ EHiA R, FHAMETBHAER—D, HRP IR IgG/IgM
ATDRE, BEEER. UK RS EEREW, H5a, WA H Bz
EREHHR . BAESBRIEK 3-12.
x3-12 BHLERMEE

Table 3-12 monoclonal antibody binding epitopes identification

i P RE e 8]
LK BoNT/FLHn 1 15min
M i HE 95 1 2h
Yotk PBST 5 5min
—Ht L §oN S 710N 1 1h
Besk PBST 5 5min
—$i HRP 3R IgG/IgM 1 1h
b RS PBST 5 Smin
g ECL 1 1min

3.3.1.10 FERHAEEERN

it IEF 4 ELISA ¥l 2 Hiik B3R 15 $. BoNT/FLHn AEWHLR, 38t 4 558
ERPHE AW IURR AN BES SWRE, BXERSERETGHE, EM 2 SRE
ke, 100 W/FLIDAE 96 FLESARIR, 4 CHRBIR, Tzl 16 MEERHE, FEEHH
{XAE 450nm K 630nm XKL HI 45 G 148, GraphPad Prism 9 #l & #iZk, HSHEXL
BRI AT E SR SEM .
3.3.1.11 $RiMEE

¥ B8 ELISA X i3 bk Rt ir £, AghES AR EMESR A, B,
E X F F1#) LHn Be& 13, #A{EPBF T 3-13.

x3-13 BHFRELE
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Table 3-13  specific identification of monoclonal antibodies

FR B %R R s 18]
HUE BoNT/A/B/E/FLHn 100pl/5L 1 1h
=1z [ RE 9o 300p1/4L 1 2h
bR PBST 300pl/fL 1 -
—H B R 100ul/FL 1 1h
sk PBST 300pl/4L 5 -
—H HRP *¥3i & 1gG/IgM 100p1/FL 1 1h
ViR PBST 300ul/7L 5 -
B TMB 100pl/fL 1 5min
A1k H,S04 50ul/fL 1 -

3.3.1.12 HikhAEEIES

2% 2015 FH4H “REFRENFRAM e E-DRRRE” , @R el
XA PR EAT AR I, LA IARTREEE T MMM IILE. F42
RAR, MNREREN 10LDs/R, Pk BARKRERNE#HTHELR, BEEEHEK
Nk 5HEEIMNES 45 min &, BL 0.5 mL/ R AR S EEST, 96 h MEZ/NRAELETE M.,
GraphPad Prism 9 314 7128 .

3.3.2 BEERREAR

3.3.2.1 HifkE—RERME

WHEDAEREREERAREY TEPFAAEZMER (GE2M) . filkE
(1 [E AH 35 @ T ELISA MISCIR T vEse k. s BE D 3 8, SRR KRS agE
BERYPLE BoNT/FLHn (PR ERE IR XM INTMES TR » BREHKRE
9 20 pg/mL PR EH PBS, 4CHEBIE.

B HEHBIER 2 % BSA # PBS (AT HEM 0.2 % BI/KBEREHSNE 2.5% M
JEYH Y PBS ZZ B 0) , 37°CH A 1 he FREHSETN 1| mL SHifkE. HEARA
0.1% (v/v) Tween 20 ] PBS BB T RIBEAMH THE (HIAERABERRBGTHERS
B 50 fFUl L, BAGRBANT SOERE*10/FERE. HKR7E LB BB iR PRl
RIEFE KB XL1-Blue, 37CitRiEst.

HEREFREERHER, BRNHANREEIEESTNEREE T, 4C
ZEHEW CGI8hE37CHEM 1 hEREHE 20 , EALHRELREAREER. Al
HERIZL R 4CRE, HiEBRIL iR P B E XL1-Blue T LB ¥i3f# 0t 37°CH#E5E
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R H, F PBST (0.1 % Tween 20 §J PBS %) ¥ 10-15 Ik, PBS ¥k 5-10 ¢k, 5
min/ik, 53 HIC R ST RIVEG BT (8] CGE—R PR Em] ALK, R4 548~
HOE ST URIR R A B TR D) o VRERIT AT & 2xYT-CTG M [E A HE 77K .

Vel 1 mL pH 4 2.2 #9 0.1 M HCI-Glycine (ZhERH & LK) , FEIEFEZS) 400
rpm*10 min ¥efit, ¥Pelise B E BB A S0 mL E.08, 100 pL IM Tris &R, &
pH7.4. BT HRE IR XL1-Blue PA 1: 10 fIEL@IEERd %5, LA 37°C. 200 rpm f%%
fF3EFR A2 ODeo=0.5-1.0 & . ¥l f5 HHEFHAE & 1F 1) XL1-Blue iR & E 30 min LUK
PR, FIR, METREOESIA 18 mL AW, JRAE FiRE E Y 30 min. &K
P g REOEH N 37°C. 150 rpm 1557 1 h.

TR, FHaEEPRREREOE T, BAEI 1 %K 0.1 %Rk m T &L
PR FRAR Y, 37TCHEBIEFEIH TR . FIRERIKRYS 5 IR A 2 PR i KR,

KH, ¥y REFREERIRAAESR R, W—2 =2 150 mL 1 2xYT-CTG ¥ 3%
Frh B3RS ODgoo 9 0.7 (HFEEEEIE 2x103/mL) , FIREEHMEEE-20C. KHEEFE
UF (T A% IR G 52 5 MOI=50 NN F B (& M13KO7, 845G =4 30 min, 45
WG T 37°C.150 rpm 55 5% 1 h; 3600 rpm* 10 min B0 YCEMF, EHE T 150 mL 2xYT-CTK
RS E, IBAIE A R 3 Sy, Ay BN 7.5 uL 1 M IPTG 4K 0.15 mM, 625 pul. 20 %
MBI R LIREE 0.25 %, Ha—HAIEEFER IPTG. = 433%)F 30°C, 200 rpm #5371t
® (10-12h)

R AFHTE S0 AL 8000 rpm*5-10 min B0 EIYSMEFT A LG, i 1/4 (ARG
JEJE 1Y) PEG 8000, J841)5 B F#K -2 /> 2 h; 8000 rpm*30-45 min &5.Lr, 35 L3, BT
W BMHEET 2-3mLPBS, 0.45 um JEMBTHEERE, ALK 0.5 %ER/KFEE
(5 F—fMENEMA—80 . BOENREE, FR-20CHEE.

TR E L S pL REINE A I, RRRE 495 uL i gRE T, TRAJEIN S pL Bt
SRR UK SERUE L 50 pL FOBE A 450 pl 53kt FIFERTERBE =R, ¥ 5. 6
PR N B R B B BT R B EP B A I SRR AL T X B 911 XL1-Blue (FERTHERD
RAGEIREG 30 min, 37°C 150 rpm 3538 1 h, #%HX 200 pL %75 F 2xYT-CTG X
2XYT-TKG AR, 37°CREFRIER, Wk H OGS .
3.3.2.2 HitkFE—REBRFE

W AR DU E R A E R S B R R T, HPUEERY, BBy
HABRPIEBREX B T8 —RmE. i EHRMAREARER, ZRES—FImEN
SR E R AR ANE (BRANEF RIUEE R HAGEEM 50 FLl L) o FE84EER
3.3.2.1.

3.3.2.3 HilkE=REMEMmE
W B ARG B = 0 [ A e S U R BT IS . A5 et B, BIARHIR 4CIE.
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E_HEE, REFHER ERRR, ATEREREE, MKRTs&£HERIR, ¥
KEFEACHRESH IR RELEES R e RB/HITHENLBIE .
3.3.24 MEGFRRESH

B BEENTTHE 96 FLIRFLIR, 200 pL/FLIIA 2xYT-CTG ¥537%, WA TR EE
KERER PR T E TR, 37°C. 220 rpm BEEIREWA . BEREISHER 96 L
WAL, $2 360 pL/ALIIA 2xYT-CT 553, ¥ali B 2MMBERIZ 40 pLALEEE
B, 37°C. 220 rpm EEFEE ODeoo £ 0.7. JC B FA 18 N R4 B 3 MOI=50 Jin A\ 3# Bl
KRB & M13KO7, ZEiRFE 45 min, RFEAN 37C. 150 rpm 5 1 he

BfE 35S FRIL, 200 pL/ALIIAE RIBHLAET X IPTG W 2xYT-CT ¥ grd: (RILWK
& 50 mg/mL, IPTG Z&¥#E 0.15mM) . 30°C, 200 rpm ¥53% 12 h. HEHIE 20 %HEAE
Y3k A1 0.8 % Tween 20 ff) PBST 4B, % 100 pL/ALIIAFTRIRILR T, dfidid Aot
FRAIRFLIR 4000 rpm* 10 min &0, 700 pL/FLRE _EFE A B HEFLRF, 480 rpm KF
BIR=RBEH 1-2h,
3.3.2.5 (G ELISA & 5EPa 2

5iiRiES M HHER 96 TLEFFRIR, %R 100 pL/fL BB EHBR, rhCD47-GFP-His
EEEAQ, ZH—H, —HimAHAR 3324 FWEHK, —HiEH Ant-M13
Antibody(HRP),Mouse Monoclonal, &% H&ELEIFR, BEPRYS 33.13 848 —
M. Z5RLIEEFROGES OD450-0D630>0.2 LB AR, MR,
3.3.2.6 AFREEEREE scfv FFIEEY

ERREF N RSREERFEERNBEEREBRIZEZATME, REANBEEE KDL
FErf' 5 BoNT/FLHn 5 R R4S & R B EEPLA P31

3.4 KRERE S

3.4.1 FIZREAR
3.4.1.1 PR BE MM

] DL R G 0 B RO e e A O A Rl AL TR EATURE B DR, SBEFRHE
e ELISA 3. AR D REMIERN G, 115 cutoff {H, EEFEZIEWRFT
XoF L) ML R R A B e 8 e E S K38 - AN [B] 538 J7 v BTl 8 /D R B L 4
& 3-1(a), 3-1(b).
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Olse

WIEES

@ ®)
B 3-1 FE S R uE e/ B Mo # sl
Figure 3-1 tail blood titer of routine and rapid immunization mice

(a) HEPAF/NREINER;  (b) Pk s/ R RMRM R
ZRETY, LRRENRELERPERETHRAERRZET R, ELISA £&H, 3/
R EFRBAEEUCN 1:64000 B, cut-off {E>2.1. 43 Bk ZR B E BN B = AR 2 f1
R 3 BT R A MR &R .
3.4.1.2 T HAMEME RIFE
FRIEFRIE 7d )5, MEHAREFERESNE 3-2

L.

B 32 B (100x10) MBS
Figure 3-2 cell fusion observed under a microscope (100X 10)
MR &I, FEFEFIA R ELISA VEBHTRME B H €, VBSOS EE
A EEERICEE R E. BAL cutoff >2.1, WFE e, LEFTHRE

MR E R, HREERDHRNTE3-1. 3-2,
R3-1 ERLEPTRAMREESRKMEER

Table 3-1 fusion rate and positive rate of routine immune hybridoma cells

WS e BH{%E =
1 92.7% (89/96) 37.1% (33/89)
2 92.7% (89/96) 37.1% (33/89)
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P ARIR R ML R B 2 AR 3

92.7% (89/96) 27.0% (24/89)
94.8% (91/96) 15.4% (14/91)
93.8% (90/96) 21.1% (19/90)
98.0% (94/96) 18.1% (17/94)
96.9% (93/96) 15.1% (14/93)
96.9% (93/96) 18.3% (17/93)
98.0% (94/96) 13.8% (13/94)
98.0% (94/96) 16.0% (15/94)

95.42% (916/960) 21.72% (199/916)

*32 PEGRERIEMRREEREER

Table 3-2 fusion rate and positive rate of rapid immune hybridoma cells

) RIER FHEZR

1 15.6% (15/96) 80.0% (12/15)
2 19.8% (19/96) 36.8% (7/19)

3 26.0% (25/96) 80.0% (20/25)
4 15.6% (15/96) 100.0% (15/15)
5 21.9% (21/96) 100.0% (21/21)
6 16.7% (16/96) 87.5% (14/16)
7 19.8% (19/96) 78.9% (15/19)
8 21.9% (21/96) 57.1% (12/21)
9 16.7% (16/96) 81.3% (13/16)
10 14.6% (14/96) 100.0% (17/17)

40



LS | N L e RS

it 18.9% (181/960) 79.35%(146/184)

RS R EREE LR HFERMABEEREMN, 7EIH /R R
R, FHHEERREREDEDRABERNMERKESR. Bk, FHEABRENZE
SERIBTEALENARBESEE R TREREMEENER. MEXEHE, 2F
MR A HEY, NEARMEENER, REAZBERBRETERRE.

ZERBH—F RN T ARREFNNEERRER . K, SHEEaZRHK,
REFHEX, AlREEER, MEaRE. mIEREEAYNE, EERED, 4
M N S B AR SR, EFARFEESRERIUERTRE. &8, 2BrK
Al LLRAE T RS E A BIE .
3.4.1.3 MBRTREER EREHAN

Py KR e i i TR e K EESMAm . WER%E e EhH
MR R R AR RS A& R, LERMREREEELE33.1.1, f
SR AWK 3-3. 34,

£ 3-3 WIHREMK EESO RN E

Table 3-3 determination of titer and subtype of routine immune cell supernatant

itk 1D2 1D6 1F9 2C11 3E3
X 102 108 10 10° 108
fIZit] 1gG2b/ IgGl/x Ig2b/x IgM/x IeGl/x

K 3-4 RESFEAM BB R LR E

Table 3-4 determination of supernatant titers and subtypes of rapid immune cells

Nk EmS 1F8 1G11 2D3 5B7 10F6
Bt 102 10! 104 10 10!
WA IgM/x IgM/x IgGl/x IsM/x IgM/x

WA ERAPER, WRARRET AMENENERTREFE - ENERE. ¥
Mt , MRNTATEREL NG H, 5, REARTRBHIFSTERLLIM EL.
SRS REARE R, gM AHUR SR E %™ A RTUERE, Bril i paRes igM
PIRRIBERAXEKR, ERARTE 1gG ik R,

3.4.1.4 AEXFFHHEE

RIS FE RN RNA, REFR cDNA 5, FIERASI T RABEAR
R, FEYIEBGEESE T 84607, 20 Igblast Tool 43/ B AR EIIAN AT EXRRE
5], LCRRTE3-S5. 3-6.
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R 3-5 ERRBHEIREXFIISH

Table 3-5 sequence analysis of variable region of routine immune antibody

CDR X EERH CDR3 EERT
HAHS Uk V-L/H ZH F CDR3 X J¥5i-L
-L 5i-L
CAGCAAAGTG
IGKV3-5%01 98
1D2 - - 10,3,6 ATGACGATCC QQSDDDPYT
6% (292/296)
GTACACG
IGHV1-76%01
IGKV1-110*01 TCTCAAAGTA
IGHV1S8132*01
1D6 VA 99.7% (298/299 11,3,7 CACATGTTCC SQSTHVPT
90.8% (266/29
) GACG
3)
IGHV1S5132*01 CAGCACATTA
IGKV3-12*01 9
1F9 VA 91.1% (267/29 10,3,6 GGGAGCTTAC QHIRELTR
8.0% (288/294)
3) ACG
1GxV3-12*01 IGHV3-8*02 CAGCACATTA
2C11 VA 97.6% (287/294 99.3% (289/29 10,3,6 GGGAGCTTAC QHIRELTR
) 1) ACG
IGxV3-12%01 IGHV14-3*02 CAGCACATTA
3E3 VA 98.3% (289/29 97.2% (282/29 10,3,8 GGGAGCTTAC QHIRELTR
4) 0) ACG
£ 3-6 FHHEEHAETRXFF5HT
Table 3-6 sequence analysis of variable region of routine immune antibody
CDR XEERH CDR3 HEBFF
hihwS  buikiER V-L/H #EH R % CDR3 X F31-L
-L Fl-L
1GkV3-12#01  IGHV14-1%02 CAGCACATTA
1F8 W 98.3% 100% 10,3.8 GGGAGCTTAC QHIRELTR
(289/294) (289/289) ACGT
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IGkV3-12%01
1Gl11 /- 98.3%

(289/294)

IGkV3-12*01

2D3 VW 98.3%
(289/294)
IGKV4-57%01
5B7 W 100.0%
(281/281)
IGKV3-12*01
10F6 - 98.3%

(289/294)

IGHV2-4-1*01
95.9%
(281/293)

IGHV 14-1#02
100.0%

(289/289)

10,3,8

10,3.8

5,39

10,38

CAGCACATTA

GGGAGCTTAC

ACG

CAGCACATTA

GGGAGCTTAC

ACG

CAGCAAAGGA

GTAGTTACCC

GTACACG

CAGCACATTA

GGGAGCTTAC

ACGT

QHIRELTR

QHIRELTR

QQRSSYPYT

QHIRELTR

Fext 45T, 10 BRI A 7 RS =B IARBREETEX FS. HPEMR
G R E BN AREEEREREM, 5, (N& 1 %5 IGKV4-57+01 F5] 100%
—H. EENTXFEIFEERKER.

3.4.1.5 HiEEEE

FIF] SDS-PAGE HLIK4: & Gel-pro32 B AF#T o4, IHLAILETE 2 10 #hkiikat

EES A 3-3. 3-4 Fis.

wa M ID2 -

1160 1160

(a) (b)

3-3 FAGKEETETIAARLEE

M 1D6

M
kDa

116.0

66.2

B
rao

1F9

(c)

kDa

116.0

66.2

184
14.4

M 2CII

kDa

66.2

350

%
> b

(d)

Figure 3-3 purity identification of routine immunized monoclonal antibody

(a) ID2 4%,

(b) 1D6 X E;

e
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(c) IFO AEEE;

(d) 2C11 4ifF%5E;

M 3E3

©)

(e) 3E3 4



RE RIE R ML K2 B 22 AT ST

1 : M 2D3 M $B7 M 10
0. M 1F8 w. M 1611 w0, M D3 wa M SB o, M 10F6

1160

(@) (®) (© (d) ®

B 3-4 i RERREFIGAEEE
Figure 3-4 purity identification of rapid immunization monoclonal antibody

(a) IF8EEXRE;: (b) 1IGIIHELEE; (o) 2D3L4FELE; (d) SBTAFLEE;: (o) 10F6 4
BEEE

aifb e pita, WA E%RZETT AR IgM 4371 2 B IgM Purification HP £ &
Protein L HP HF 4l {L.FT 15 . 5558 &K I, IgM Purification HP £EXt IgM HIZL{E F R T Protein
LHP #F, REAEZREBSEFIIREBMHEER T — R B 5T S0 5 5w s B .
51, Protein LHP #F4EIES, FEHERER, REHAELERD, XNEEHLEYESE
N ISR T — M.

M, Protein L HP 456 R B4 P8 1524, 1gM Purification HP 4%
A N R A AR ERR A R, ATEKFRISGEER IgM PSS b
#ifk, BIAM S, Protein G HP HEXI PR M4k EA Rl T AWM EREMN, G RKE
BEEW, BHA4dE 2R EEF N ITERERER.
3.4.1.6 MFERERE

10 BRAL R b B B RIETER 3.3.1.8, EoRGETRE. BUAEREEH
S EEIRIC S E TR 3-7.

K371 EAREERERET G CSE

Table 3-7 total amount of routine and rapid immunization antibodies

Hikms 1D2 1D6 1F9 2C11 3E3
BB (mg) 30.95 47.68 9.27 37.95 29.53
Hitkms 1F8 1G11 2D3 5B7 10F6
HE(mg) 2.13 1.84 38.92 1.52 2.98

&b, IgM WRIGUARRER 1gG K, BANRBEARN K. EFRGHERZL
FTERARIEREDFFETN TE. RERAFEEIGRELESRTEMM Y B X
BEERA R, ZEREER/DRRZFEASH, ASEHUESH &8 BT S i
B UM R FERKER.
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3.4.1.7 Hi{E Western Blot IS EE
iHit Western Blot 5%} 10 FHifk k) G KR 1T X 2, BoNT/FLHn fENFE M, HiK
R, 22— _dikEBERER. FRE 3-5 #5810 SRR 77E 2 SR g A

AL AL
M 1ID§ ‘> M 3E3
o . -
- . -
i “
o S i
®

(@
B 3-5 Hus S B v RE LRSI
Figure 3-5 purity identification of rapid immunization monoclonal antibody

(a) ID6 MREE; (b) 3E3HIZRYEE

3.4.1.8 FHMITEBEN
e 4+ ELISA Ml E Didk M H $, SPSS 26 BAtit 5 % #{f, GraphPad Prism 9

BT s G KU, F A% EouErsEfM e Bag B KRN 1.07 X 10-
mol/L, 7.3X10° mol/L, 3.1 X107 mol/L, 8.7X 108 mol/L., 1.3X 107 mol/L. H.H, Ll 1D6

PiERM AT, SHREFRMAFEEIES] T nmol/L KF.

4 3 35
- 5 8= 25 5
5 a1 = 10 pe - 5 =Y - 10
}/_ -+ 20 2 /./' -+ 10 24 -+ 20
& i - a0 5 y = 20 / > 10
) / ° /'/ e B /.
' d 1 14
1 - /// #
A L o i —~
4__',,0/’/. M «;_'_4-0'/’/
0 T T 1 T T 0 T T T T —
) a 0 1 2 -1 0 1 0.5 0.0 05 1.0 1.5 2.0
LogC ( pg/ml) LogC ( pg/ml) LogC ( pg/ml)
(a) (b) (c)
- 0.625 5y o= 5
¥ = - 1 /'/L—/‘/] e
= n/: = 25 K = -+ X
o - e 0
a
=} / - 10
= & '/‘ / /./
S ¥ >
// T
T T T 1
-2 -1 1 1 0.5 1.0 15 20
LogC( pg/ml) LogC ( pg/ml)
(e)

@
Bl 3-6 AL SR BT DTSR AN H Bkl

Figure 3-6 afinity constant detection of routine immune monoclonal antibodies

(a) ID2EMAEHRER: (b)) 1D6 FEFFTEERN; (o) 1F9 EMAERIA; (d) 2C11 FER
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TEHRW; (o) 3E3 EMAEHE

PR S P B DU 19 38 F 0 F B B F R X 1.96 X 10 mol/L, 5.81 X 10
mol/L., 1.66X108mol/L, 4.79X 107 mol/L, 4.79X 107 mol/L.

15
- 03125 - (.312
& (625 -& (.625
- 125
/’/
=
=

g
2
Cc
0.5
- 10
0.0
LogC ( pg/ml) LogC (pg/mi) Lo g( ( pg /m])
(@) (b) ©
3 3+
- 625 ¥ - 125
- 125 - 25
/f‘//‘/" -+ 625 -+ 5

g z /

g -+ 50 T / -+ 10

g / 8 g

1 / & k
—— 0
T T T 1 T T i,
1 2 1
LogC ( pg/ml) LogC ( pg/ml)
(d) (e)

B 3-7 R G B B B LA SR A 0 B
Figure 3-7 affinity constant detection of rapid immunization monoclonal antibody

(a) IF8 RANFHAGM: (b)) 1G1 B AFEHIGH,; (o) 2D3 FEMAFEHRNM; (d) 5B7FEM

FEBHM;  (e) 10F6 FEMI1HE Bk
ik, HETHEAEE, REREERINH W%ﬁﬁ et miK. KRR S

JilkE. EPURELRASE R, FRAeEIRERETREAE, FAEIEER

TG 77 VBT B A T RSB MPVESR N I A ERER N ESR .

3.4.1.9 FRitER

iH]#Z ELISA ¥Rl B WP TR BN S 2Pt THREZXR F /MU A. BEENE
%&Eﬁ@ﬂﬁmﬁﬁﬁ LB FHE 3-8.

4=
N AlHn
=3 BLHn
B Filin
= S
=
c
in2 106 1¥9 2C11 3E3 18 1611 253 3R7 10K8
Pk RS
@ ®)

E 3-8 HEuEHAERME

Figure 3-8 monoclonal antibody specificity

(a) HHGEATETEEFE: (b)) RERRRTREI AR R
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Percent survival%

(a) 1D2 FFyEH AN,

Percent survival%

HERE, EREEEF 1D6 R & =P, MR T 53—tk 3E3, 3E3
FISER J46 95 BARTTIE 108 mol/L, HHEFFRMEANR, HERGRKRRENGEIF AR, KN
HLZERG . BREEZETRE 2D3 feRttEm, HATEIRMNNAEXAK.
3.4.1.10 hRFHEES
SR BT I SRR S T B PR R R Al IR G ST MR RIF RIE 71, 435045 10 BREE T
REHLMALE LU FVE MR, DRAFiZL T B 3-9. 3-10.

100
— PBS s —— PBS 3 — pBS
+ 1D2-100pg 5 ©1D6-100pg E e 1FO-100pe
2-50u0 z S0ue = ”
- - 1D2-50ug E ol == 1D6-50ug R + 1F9-50ug
+ 1D2-10pg 2 - 1D6-10ug ' —— 1F9-10pg
g £ He
2 £
T T T T T =8 1 T T T T 1 T T T T T T T T 1
a 1 24 36 48 60 72 84 9 0 12 24 36 48 60 72 84 96 0 12 24 36 48 o0 72 84 96
Time/h Time/h Time/h
(a) (b) (c)
100
— PBS - PBS
= ~~ 2C11-100pg < ~— 3E3-100pg
z = 2C11-2000g z == 3E3-S0pg
5 504 5 s0- 3E3-20p0
g 5
T T T T T T 1 0 T T T T T T
) 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 9%
Time/h Time'h
(d (e)

P 3-9 R e e B S R LA o RS R

Figure 3-9 crude neutralization activity of routine immunized monoclonal antibody

s

(b) 1D6 H FIyE MR A 5

(e) 3E3 HAniEEE A

(c) 1F9 AniE M s

(d) 2C11 FRIFEMEH

100 100
- PBS == PBS - PBS
B . 2
. IF8-100pg s = 1GEL Mg 3 10006
- ]F8-50ug z == 1G11-50ug < + o 1F9-S0pg
g k E L ™
50 s 1810 a0 == 1G11-10pg z SO —— 1F9-10pg
ug g b ¢
e :
o 3
o -
T T T T T &3 g T T T T T 1 L T 7 | R 1
0 12 24 36 48 60 T2 84 9 0 12 24 36 48 60 72 84 9% 0 12 24 36 48 60 T2 B4 96
Time/h Time/h Time/h
(@) (b) (©
100
” —— PBS & ~- PBS
"T; —— 10F6-100ug -:; -~ SB7-100ug
2 —— 10F6-50ug T; —— SB7-S0pg
2 s —— 10F6-10ug = —— 5B7-10pg
& s N
o 2
£ £
] s
o &
b T T T T T T 1 T T T T 5§ 1
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(d) (e)
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Figure 3-10  crude neutralization activity of rapid immunization monoclonal antibody
(a) 1F8 FANEMEMI; (b) 1G] AEMEHEMN; (o) 2D3 hAFEEERN; (d) 5B7 PAEEE
W (e) 10F6 FRAIEMH R
B 3-9,. 3-10 AT &0, 43 10 BRbiiadr, EIRWITRIE AT MGUAREERT R
k. Bk 1D6, HEM ) RE R 0A E kR R RIT R ME.
3.4.2 MEFERRHEA
3.4.21 MEGHISENEES T

HIE=RHTH BRI ES RN HE, CEARAENEESTIn TR 3-8,
3-8 WHEAGIAERESES

Table 3-8 enrichment analysis of phage antibody library

i BEEBAR

BoNT/FLHn WE AR HE (pfu) FAXT =B MWE (pfu/mL)
1% ‘ (pfu)

iR E
"

(pg/mL) 1 B¢ 2 B 1 B 2 B¢ 1 B 2 B 1 B¢ 2 BE

g4
1 20 5%1012  2x1012 121x10* 1.79x10* 2.42x10% 8.95x10® 1.35x10!2 2.12x10%2
2 10 5%1012  2x1012  1.52x10° 1.85x10° 3.04x10® 9.25x10% 3.25x1012 2.51x10'2
3 1 5x102  2x1012 1.47x10°  1.55x10° 2.94x108 7.75x10% 5,22x108 7.98x1012

F—RNFHEXAT LU ERF R TR EESE] 100-1000 M EE. EESTEEEH
THRRENERSEE.
3.4.2.2 A\FEREBE{REE scfv FFHIIREL

PREL 300 M ELTefE, 2P EE (M ELISA vE#E TR SRR L, R THEM
FILB T 39

R 39 WREE AR TR R

Table 3-9 positive rates of phage monoclones

RSP B AR EE B
1 B 1.04%
2 0.52%

ik SERGEHITIRE N 9 MM R B E BT AN E, W4 RE Igblast Tool Bk
Xt iEEE 4 HERETAREHEFSIAX CDR3 XL &8 FE 3-10.

K310 FEREEGUETERXFFI5HT
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Table 3-10 sequence analysis of variable region of routine immune antibody

F5 LCDR3 HCDR3

CAGGTGTGGGCTGGCAACC ATTGGCGTTTTAATGGGTCG

GTAGTAAGTGT TTCGATCCC
F2-1-C5
QVWAGNRSKC YWRFNGSFDP
GCCGCGGATAACGGCCTGGG TATGGGGTGTATCGGGATTTC
GCTG GATGAC
F1-2-Cé6
AADNGLGL YGVYRDFDD
CAGGTGTGGGATGACAACA  CATTCTGTTTTTCGGGTTCCT
GTTTGGATCAG TTCGCTGTC
F2-1-B5
QVWDDNSLDQ HSVFRVPFAV
CTCGGCGCATGAGTAGCTTA  CATTTTGGTCATCGTCGTCCT
GGAT TTCGCTTAC
F2-1-G2
SAHE.LRI HFGHRRPFAY

JE I N YR B A P E R R E IR E I 4 SR AR BB, HBREHTEXE
FHl, nTEERATHRETRZEK F ERNSEERN/Do FRRGIFIG <#:k”, Hharel
FIRAREFIIBAE NREEE XL LUl &2, BEEATHHGRFREGDMNAET
(1597

3.5 AW/NGE

A &R 4> FIF B R0 5 I5E AL T BoNT/FLHn SRR K NS BASEHUAAMI ik . o S5 ma b
R NN, BB REREAERRET N/ NRA TR — P NARRE.
M 45T PEG B4k RIS R 5% 57 25 R4 000 Fe 075 156 35 5% HE ] DA RS e 486 58 1 2 2 T 4
] i 1] A (R] 482 ELISA 5 LA 30 4l Ml 3% 3 LB 5 %% b ) BoNT/FLHn FIEFIJI1EN
ik tEts, BRMMHNBRNERE S BRENRE A k. WA aE T NERKES
o RNEESEEKE, RE\ESEEEEFEARPALEERPTEM L. LG
R MBI R BB RNAR, 5 oM BRANREEN TR, PiERERED. HBIK
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BRIARYUAE B IETEVERFRTEN . Kb Z R R KR R R B
1D6 AR, HEIAER N I1gG &, 5T4k, WA, KMIfERE nmol/L K5,
VT IT R A T s PRAS U 7B E DL

RERESIFRTEGARS, R R R R A R T Bodt AT AR scfv LRI E 3
fiiik. [AEE ELISA ik 3 #)5, @ AR E£-5 8-, REREGRRNIILRFR
R AJR B DL SE 4 . ZAESUATEE N ETE M TIsKE T Rtk &8
MBI GUARITTA -
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4 BoNT/F PIEBEREIN IR ELISA #8755

41 5|8

2 E B 72 58 AR ST BOAR B 7 45 ) RRUUR B e FE DA I PRAS U IR FRUTF R DD IR 5T
ERBRER BB EAT 1D6 BRI A R nmol/L K, HiEkriRiE. Kk
JRR F BF|ERM LHn &, &&LRFAHNER D He Smss MR PTATRILRTIR
BHmERs 1E2B B577, FHMRAFERALSE F EERTHAAARKENRER, A&
FRE LG O ELISA #3751k LT KA R A I F e 28 & F | R P RK
Fl S B E T TR

4.2 STERHH

4.2.1 SR FEAH
{28 BT R 3.2.1.2.

4.2.2 SCIEA5H
R 3.2.1.3.

4.2.3 BARSH
WIRECHIF] 3.2.1.4,

4.3 LR

4.3.1 &M ELISA RN mAREY

SHLLER 34.1.8, 1D6 Xk HE BoNT/FLHn IZER T H BUEHRAT&F] 7.3X
10° mol/L, % 1E2B S{#iJ& BoNT/FHc FISERI JIA[IA 5.2X 108 mol/L. LA BoNT/F JE#Ht
B, HaE N EFIHAIREE, %1800 ELISA 2R DR Wi AA &8 n 25,
BN AI{H.

SERWIFIN T . B PSR B E B i 4 B X B BoNT/F AR E, UWARE
JURRAE, WHEESTER . BEEEYHUR BoNTF €R)5, 45ILL 1D6. 1E2B A—1i,
1E2B. 1D6 A&In—4$i, 1E2B. 1D6 A—i, 1D6. 1E2B ABMN—HdiTL. Fi#&
SRS A, BAMA (B35, UHR-HERYBENSGEmR) , THAEXE,
WEEZHFTER. HBRFKKENDE, SR 0CEEUE, BESFEITE ALA,
Her Al. A2, A (1+2) 3 RIHARBIAIESMANTOLE REBMENTROLE. Btk
ESBUMTER 4-1.
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A (+7)-AlTA2

2
Al= x100% =
Al+A2-AlTA2

2A (1+2)-1)x100%
A2

FR 41 BN ELISA #1{E

Table 4-1 superimposed ELISA operations

i R (A W A [
LR BoNT/F 100pl/FL 1 ih
HH e AR 9k 300ul/FL 1 2h
ViR S PBST 300ul/fL 4 -
—PL 1D6/1E2B 100ul/FL 1 1h
ek PBST 300p1/FL 4 -
Bm—H 1E2B/1D6 100pl/FL 1 lh
—H HRP ¥$Hi R IgG 100pl/4L 1 1h
T PBST 300p1/4L 4 -
TN TMB 100pu1/1L 1 5min
%Ik H>S04 50ul/FL 1 -

4.3.2 WJzy ELISA 3L

i Al EBIERIERNE SRR, B LWPi0 ELISA ¥, % 1D6 Mk
ik, 1E2B A—Hidh T LR e iR pitk & — Bk E 4 518 | pg/mL K& 2.5 pg/mL,
ZHRBERIIEN 1:10000, BoNT/F LA 100 pg/mL ¥IEEIKREE 6 {5#FF 11 NEREE, FB
WERAMEXEA RN BoNTF #&) REAXMBA, FIT=4%%. BESRNT

% 4-2.
# 42 P ELISA E#E
Table 4-2 double antibody sandwich ELISA method
FR] = YA W e} 1]
Hilg 1D6 100pl/#L 1 1h
21| i R 9kn 300ul/FL 1 2h
ek PBST 300ul/fL 4 -
FEdh BoNT/F 100pL/FL 1 1h
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Bk PBST 300ul/FL 4 -
—Hi 1E2B 100pl/FL 1 1h
Ve PBST 300ul/FL 4

hat; 1§ HRP ¥5i R IgG 100puV/7L 1 1h
b3 PBST 300pl/fL 4

2 T™B 100pl/4L 1 5min
ik H2S04 s0pl/FL 1 -

4.3.2.1 3y ELISA 251 iR g hek
BHbR DGR BUE S H HArrE 2R, SMmie L miaE, R HL MR NG E s
HEHZR .

4.3.3 321l ELISA EiIFM
4.3.3.1 3> ELISA ZRBYERES 8N
FIFH BT S HL RO ELISA YL MG E Wik E [ —mBt r £ A48, +HE%
REH, BIEHFERE43.2.
4.3.3.2 32y ELISA XIS R4 E R
%A A.B.E.F ARIMLER M ERAHZ T ERITRHREEE, $EER L 432,

4.3.4 GEHEIH
SRFH SPSS19 SKAFALMETSETT A TR AR A, S0 Liees FR.

4.4 SKRERSHHh

4.41 M ELISA #MAEHR
& in ELISA IKAER Pk R B SMLUPUR R ER, M AL EHMBEMIEE N
BREBEN. TLRHEmMbidkERE, @& ELISA Ui ALE. 43RS
HEBMF AIE. AIFHE. AIZRRE, BEK4-1.
F 4-1 ELISA BMAHIHHE

Table 4-1 calculation of ELISA superposition coefficient

W 1 IRER 2RER 3IRER FHE BREAM
Al (1D6, 1E2B) 46.6 % 45.9 % 46.2% 46.2% 0.6 %
Al (1E2B, 1D6) 45.0 % 45.6 % 46.0% 45.5% 0.9%

SR, BREAPEDT 15%, PSS ENIURRRRER, BMEEXL
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R ER 1D6 1 3Rk L L Wi Je0» ELISA V.

4.4.2 FinFil> ELISA RfEphEk Y4B R X EpfaE
R 4.3.2 HiELHIFRAERL, e PiR O ELISA MLLHTEE WA 4-1 F1 4-2. BT
Bz R MITEELR 2.048-32.000 ng/mL, £ 509 y=0.043x + 0.348, R>=0.991.

ODasu

LogC (ug/ml)

& 4-1 XPideds ELISA FruEh4R

Figure 4-1 double antibody sandwich ELISA standard curve

0D450

LogC (pgmh

B 4-2 XHiJeL» ELISA L1 vaE

Figure 4-2 linear detection range of double antibody sandwich ELISA

443 RPBERENMHERN
BIF - REEREEHTETE 42,
F4-1 WH Fel ELISA REUE R E S R

Table 4-1 sensitivity and repeatability of double antibody sandwich ELISA

DRk E ODasso B2 R
FHE
(pg /mL) 1 RER 2 RER 3IRER (%)
1.000 0.833 0.727 0.930 0.830 9.988
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2.50x10 0.537 0.498 0.662 0.566 12.37
6.25%x102 0.401 0.307 0.392 0.367 11.55
1.56x1072 0.263 0.290 0.338 0.297 10.44
3.90x10%3 0.211 0.197 0.243 0.217 8.872
9.77x10* 0.183 0.157 0.201 0.180 10.02
2.44x104 0.152 0.132 0.166 0.150 9.302
6.10x10° 0.131 0.131 0.148 0.137 5.864
1.53x10%% 0.121 0.130 0,129 0.126 3.586

MRAIE, FrEsr)i R ng /mL BAE, CV %A T 3,586 %~12.37 %2 i,
TS T T BT

4.4.4 FREER

X FH BT #2 52 BoNT/F UL 0r ELISA Kl J7 3 AN A i B 32 R AT R - M,
Graphpad Prism 8 {11 7[5 BoNT/A. BoNT/B. BoNT/E =455 BoNT/F BB 5¥
HER, ERMHGAGR: ZHERE RIFFERME.

204
1.5

1.0

OD s

i I 2
B 4-3 WH L ELISA FiEr e

Figure 4-3 specificity of double antibody sandwich ELISA method

4.5 KFNGE

AIBAFIH T PRTIAL A BoNT/F NRIZ RIS S, BT WP J 0 ELISA &
WIrik. i@t B Rt E A EAERER#ERF SN ELISA NBERAKRE, &
Z Al HERIERRELEEARRARERER, SHEMERXWER. FEIWUHRLO
ELISA i, #@id Al {Hi&ER KA R —Pt, KR EERED BoNT/F 28 — @ REHER
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B, ettt Eme REtniiXE, 2B, REERRFENEER, TRx
BTN T G Rk

BZHENEMN AR TASERTELERMEERMERMA T LREM, £—28
B BRI T RERAU ) R R R AR BT A TE I PRZ B sk 2 sh T R
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NEASH, WKRDHRESETHEREECINERLE, A -REEAYLERERE
¥y, XTEFBE. W RBIT AR IS EEH L. o T REE RN TE, H
AT E BRI ETR ST A 12— R HE LA B8 B A9 43 ik AN B D5 i Hoag ) S EORAE
Horpxt PR s 00 M A oE BRI CL ELISA YR Wy BOL G —MRIKAE SR PLas R MLiE ok ok
AT EFAMAREN. BT F SR EREREYE, HERRENIZE &b TIEFL
LRI AR A0 36 7 VR R R 2 I 254, B SRt il T3 8 5 B A 58 K Sz SRR & 1
A4 F s RS A R AR IK R e T Ya L, StovB R EmKisiE s AEHRTHEE,
F AN AT R A R BT e . Frbl, AURBUEN A 5 7E3ET F RN s R PR
fiiik, VISRIEG &AL SR s s lsd st i B 80, FEx T A S iE e S
HARFEARHEAT VAN, S ULAIB R BE R mK 2 oIt R o.

HEAT BT )97 5 B T 4R R RS B A R Y s AU IR DU, AR TR o B R DR R R T
P MR BRIEEE, FRIARERERGHITEHAEANRE, FHARRIRES Ni W
FR e Ak, Gt SDS-PAGE. Western Blot Z5 3 R ks iz SR8 EHEAMN
JREEVEUY, DATF & S S0 34 G 155 B B PR ik 1 Sy PR e i B I R AR K

gk, @i praiih HAE ARSI E R FE S N LR R

TR ARPHER AN EAS, T O REPURIT/N BB 5 0 A K 3
SP2-O @, wIEHEICHRATHM, SARNSH. Bl aZARk, EER,
R ARG R ER B LS, FHESURCISERM R B bR S AT R

73 5 PRkEtEAn s S BE DU, SERLEPUE A FRRITEN G K, 10 #RPuiRH DUE LS5 ks
(I35 0 F7 48 8514 nmol/L 1 1D6 fe B R A

Bl ST AR Sb, 55 SR MR A A e am B R B FH P P AS B A AT R B R R A DA PR AT
RV M E AR L, 2 =R RITMRRREILIRTG 4 BRESRA ) RO R bn 00 NS A
HMRAET: NEFURR G2 AR T 5 50 10 2% 229 BRI 45 1Y RIS Bk B A W R G 97 5t
WITERANE, &I AR XA A PR S UE A oRIGEPE,  JUI AT 78 ¥ 1) B 5t v A Ve
ST BRI RN, 38 S e YRR a0 BUR B B il SR AN L BRI RIE L, 2 ROR A 8 1 ANV HTA 1Y
M RET R . RN scfv BISRIGHN IE L5 1297 DT R4 T R Se s B, scfv AN H
MU R F AP IT 24T R, ENSTRAMRNRRES T, scfv Hn] DUERE
] B ARBE A “HSk” , Db s R A iEM T RS EIEMWITHME S, SHhHES T
w0 HEAUH RARS) 1 a s, Fms T mE EH PR, BRI
BRI VR A R A E AR AR TE 5 TR, v FIRTTRET 718 .

LEPR RN 5 vE 43 RS B e B R R AR SUR G, MRS PR E LfEhigir
FUITF A& 77, F PR IE 5 KNI HPUE I ZIME, ES% kB HiEr &
bR, IR RASRR ARG ES RN 1D6 BEA 454 BoNT/F e M s iditk, 87
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Wik ELISA ¥, EELHREMLEHE T2 ENatEmiielE, RN BEFST52E .

HZEB, HirLeXTRZERI LN FERARIERR B 84 9 o vE i & 5% 4
REAFIF . HA, ELISA 2 Bl NAHEE R Z iR R, RN EZRA 0 ELISA,
X T H s b RS BoNT MRl 5 E—— PNRAM SRR, EHENBURERR, ¥F
MTHTERENER, HE 2001 £HPENRZERLPTFFTAEE CDC. FDA FL[EE# L MEI
Jl BONT/A, B, E WL EUSA FECEREB BRI TR ERBEG S/, SAE- M
W BoNT & Brik vl a7 v .

ERFFRIEREN T ERIT K BZH L ul, & ELISA 5t BBREMNEARBHEZIIA
fIIRICHE:, B LB PCR HiR & ELISA /¥, #EHH PCR-ELISA, FIHTIFLIR, BP ELISA
MRS, ST RALEMAERRN, HABET: BEEXKIFRN XSRS PFRB8A
AL, {UFRE PCR XK. ZAEEERGEHE, BFRE. XIHEEETEB NS
R, ARG ZEAR BB T — AN R R i i 2.

b, AREASEAREEARRRE | MRS 1D6, FFXTE T 4 ME-& T s
RFEHAMNS, XNERBENPAEALE BT AR R GUEA R 24 TEH#HIT TR 1.
5itER, WRARE ARG EERRE, @A EnEADIE BT AREDER
ffiie, HERERE AT HFE P MR IEDVAE RIGKREZERROEITTRE— AEAL, BHK
W T RSN EDRBF LT AT I RIE

B, FRARXRARETENENR RS BoNT/FLHn GBS ERDIA, BREER=E
AU #5588 ] BoNT/FHe £5#3k 1 55 — 1E2B fifk, E 745 BoNT/F I I 0» ELISA ¥,
FHEXTH TR BT BRI . AT RS R4EXT F IS B BoNT A3 il PRSI 22 52
T RTHASCISEEAY, R )E L R R A BRI T BT R IR L T SRR S
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&g

F 7Y 84 r B 4K 1 07 18 R AE s MR IS5 1R vT S A LR LA T T
(D) RAFEZTEEARAEER &R &EEZET DR REDUE, L5 10 HReefae o5k
FIgRatk, KB T —HREMSIEECN 7.3 X10° mol/L BItE Mt BT .
(2) FIANEERREN T EEERERSRESFENIN 4 RABERESEFS], "TH
FAEEFHH%.
(3) fEHFERN AR A ¥ M BoNT/F SRS MM 1E2B 23L& R 8UE P O
ELISA #:.

G, AEEEIN RERABIAEKFENEYZRFRIETN, KBT 10 5KT5
BoNT/FLHn £ #3345 & M fa b 4 tkimfe 70 sciv. 3R\ FTIiSHLis i 58 XFF
RUrE, ERHFEMSIEFRE nmol/L 1] 1D6 XA LR ERTHIRANE X F HEEN D — 25
1E2B, 5Em% T SFidets ELISA Rl ik I EE L .

59



iR R N e oy

85 3k

[1] Lam S M. The Basic Science of Botulinum Toxin[J]. Facial plastic surgery clinics of North
America, 2003, 11(4): 431-438.

[2] Hill K K, Smith T J. Genetic Diversity within Clostridium Botulinum Serotypes, Botulinum
Neurotoxin Gene Clusters and Toxin Subtypes[J]. Current topics in microbiology and immunology,
2013, 364: 1-20.

[3] Kreyden O P, Geiges M L, Boni R, et al. Botulinum Toxin: From Poison to Drug. A Historical
Review[J]. Der Hautarzt; Zeitschrift fur Dermatologie, Venerologie, und verwandte Gebiete, 2000,
51(10): 733-737.

[4] Dong M, Masuyer G, Stenmark P. Botulinum and Tetanus Neurotoxins{J]. Annual review of
biochemistry, 2019, 88: 811-837.

[5] Kammerer R A, Benoit R M. Botulinum Neurotoxins: New Questions Arising from Structural
Biology[J]. Trends in biochemical sciences, 2014, 39(11): 517-526.

[6] Simpson L. The Life History of a Botulinum Toxin Molecule[J]. Toxicon : official journal of the
International Society on Toxinology, 2013, 68: 40-59.

[7] Simpson L L. Identification of the Major Steps in Botulinum Toxin Action[J]. Annual review of
pharmacology and toxicology, 2004, 44: 167-193.

[8] Lalli G, Bohnert S, Deinhardt K, et al. The Journey of Tetanus and Botulinum Neurotoxins in
Neurons[J]. Trends in microbiology, 2003, 11(9): 431-437.

[9] Matak [, Lackovi¢ Z. Botulinum Neurotoxin Type A: Actions Beyond Snap-25[J]. Toxicology,
2015, 335: 79-84.

[10]Matsumura T, Sugawara Y, Yutani M, et al. Botulinum Toxin a Complex Exploits Intestinal M
Cells to Enter the Host and Exert Neurotoxicity[J]. Nature communications, 2015, 6: 6255.

[11]Argoff C E. A Focused Review on the Use of Botulinum Toxins for Neuropathic Pain[J]. The
Clinical journal of pain, 2002, 18(6 Suppl): 177-181.

[121YuY Z, Zhang S M, Ma ¥, et al. Development and Evaluation of Candidate Vaccine and Antitoxin
against Botulinum Neurotoxin Serotype F[J]. Clinical immunology (Orlando, Fla), 2010, 137(2):
271-280.

[13]Scott V L, Villarreal D O, Hutnick N A, et al. DNA Vaccines Targeting Heavy Chain C-Terminal
Fragments of Clostridium Botulinum Neurotoxin Serotypes a, B, and E Induce Potent Humoral and
Cellular Immunity and Provide Protection from Lethal Toxin Challenge[J]. Human vaccines &
immunotherapeutics, 2015, 11(8): 1961-1971.

[14]Chalk C H, Benstead T J, Pound J D, et al. Medical Treatment for Botulism[J]. The Cochrane
database of systematic reviews, 2019, 4(4): Cd008123.

[15]Hakami R M, Ruthel G, Stahl A M, et al. Gaining Ground: Assays for Therapeutics against
60



e R R R SR 3T

Botulinum Neurotoxin[J]. Trends in microbiology, 2010, 18(4): 164-172.

[16]HFE R, T, NEFERZEEHERBRITHEIANTRERD. EFE¥, 2013, 3707):
550-554.

[17]Pirazzini M, Rossetto O. Challenges in Searching for Therapeutics against Botulinum
Neurotoxins[J]. Expert opinion on drug discovery, 2017, 12(5): 497-510.

[18]Hifumi T, Yamamoto A, Ato M, et al. Clinical Serum Therapy: Benefits, Cautions, and Potential
Applications[J]. The Keio journal of medicine, 2017, 66(4): 57-64.

[19]Kim N Y, Ahn H B, Yu C H, et al. Intradermal Immunization with Botulinum Neurotoxin Serotype
E DNA Vaccine Induces Humoral and Cellular Immunity and Protects against Lethal Toxin
Challenge[J]. Human vaccines & immunotherapeutics, 2019, 15(2): 412-419.

[20]Griese S E, Kisselburgh H M, Bartenfeld M T, et al. Pediatric Botulism and Use of Equine
Botulinum Antitoxin in Children: A Systematic Review[J]. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America, 2017, 66(suppl-1): 17-29.

[21]Parrera G S, Astacio H, Tunga P, et al. Use of Botulism Antitoxin Heptavalent (a, B, C, D, E, F,
G)-(Equine) (Bat(®)) in Clinical Study Subjects and Patients: A 15-Year Systematic Safety Review[J].
Toxins, 2021, 14(1): 19.

[22]Amon S S, Schechter R, Inglesby T V, et al. Botulinum Toxin as a Biological Weapon: Medical
and Public Health Management[J]. Jama, 2001, 285(8): 1059-1070.

[23] A k2%, WESZRNPFMREN A VL] MEYS SRR, 2003, (02): 87-90.

[24]Evans E R, Skipper P J, Shone C C. An Assay for Botulinum Toxin Types a, B and F That
Requires Both Functional Binding and Catalytic Activities within the Neurotoxin[J]. Journal of applied
microbiology, 2009, 107(4): 1384-1391.

[25]Lindstrdm M, Korkeala H. Laboratory Diagnostics of Botulism[J]. Clinical microbiology reviews,
2006, 19(2): 298-314.

[26] FE#k, ERAN. AFREWHALTRRNUBARNGTALR]. EHEFFEREB T, 2008, (04):
386-389.

R7IFEE. EH fRARTHERIENEILATHEFEY]. BAEZGED S, 1981, (06):
284.

28)EA M. NEAFFHE B)——FFERKER]. T4, 1984, (02): 66-67.

[29]Kalb S R, Baudys J, Webb R P, et al. Discovery of a Novel Enzymatic Cleavage Site for
Botulinum Neurotoxin F5[J]. FEBS letters, 2012, 586(2): 109-115.

[30]Guo J, Chen S. Expression and Biochemical Characterization of Light Chains of Botulinum
Neurotoxin Subtypes F5 and F7[J]. Protein expression and purification, 2015, 111: 87-90.

[31]Guo J, Chan E W, Chen S. Comparative Characterization of Botulinum Neurotoxin Subtypes F1
and F7 Featuring Differential Substrate Recognition and Cleavage Mechanisms[J]. Toxicon : official
journal of the International Society on Toxinology, 2016, 111: 77-85.

[32]Chauban R, Chauhan V, Sonkar P, et al. Targeted 8-Hydroxyquinoline Fragment Based Small
61



M RV TR M RS R 5

Molecule Drug Discovery against Neglected Botulinum Neurotoxin Type F[J]. Bioorganic chemistry,
2019, 92: 103297.

[33]Fan Y, Garcia-Rodriguez C, Lou J, et al. A Three Monoclonal Antibody Combination Potently
Neutralizes Multiple Botulinum Neurotoxin Serotype F Subtypes{J]. PLoS One, 2017, 12(3):
e0174187.
[B4)4F &3, BRI, BB, & RREIAGYIREED]. P EZGE, 2021, 35(11):
1253-1268.

48

[35]Buss N A, Henderson S J, McFarlane M, et al. Monoclonal Antibody Therapeutics: History and
Future[J]. Current opinion in pharmacology, 2012, 12(5): 615-622.

[36]Ecker D M, Jones S D, Levine H L. The Therapeutic Monoclonal Antibody Market[J]. mAbs,
2015, 7(1): 9-14.

[37]Maggon K. Monoclonal Antibody "Gold Rush"[J]. Curr Med Chem, 2007, 14(18): 1978-1987.
[38]Safdar A, Butt M H, Ahmad A, et al. Progress in Oncology Biosimilars Till 2020: Scrutinizing
Comparative Studies of Biosimilar Monoclonal Antibodies{J]. Journal of oncology pharmacy practice :
official publication of the International Society of Oncology Pharmacy Practitioners, 2021, 27(5):
1195-1204.

[39]Xia Z N, Cai X T, Cao P. Monoclonal Antibody: The Corner Stone of Modern Biotherapeutics[J].
Acta pharmaceutica Sinica, 2012, 47(10): 1275-1280.

[40]El Abd Y, Tabll A, Smolic R, et al. Mini-Review: The Market Growth of Diagnostic and
Therapeutic Monoclonal Antibodies; Sars Cov-2 an Example[J]. Human antibodies, 2021, 30(1):
15-24.

[41]Grilo A L, Mantalaris A. The Increasingly Human and Profitable Monoclonal Antibody Market[J].
Trends in biotechnology, 2019, 37(1): 9-16.

[42]%R K35, JLHG. FDA 720 it B 294 L AR Bt J]. P EHFZ R,
2015, 24(14): 1604-1609+1647.

[43]Kdhler G, Howe S C, Milstein C. Fusion between Immunoglobulin-Secreting and Nonsecreting
Myeloma Cell Lines[J]. European journal of immunology, 1976, 6(4): 292-295.

[44]Daugherty A L, Mrsny R J. Formulation and Delivery Issues for Monoclonal Antibody
Therapeutics[J]. Advanced drug delivery reviews, 2006, 58(5-6): 686-706.

[45]Gupta K, Parasnis M, Jain R, et al. Vector-Related Stratagems for Enhanced Monoclonal Antibody
Production in Mammalian Cells[J]. Biotechnology advances, 2019, 37(8): 107415.

[46]Pedrioli A, Oxenius A. Single B Cell Technologies for Monoclonal Antibody Discovery[J]. Trends
in immunology, 2021, 42(12): 1143-1158.

[47) XUk, BT B HUAA A & IR & F AT SE[0). AL T iiaiin, 2016, 42(04): 200.

[48] Wittrup K D. Phage on Display[J]. Trends in biotechnology, 1999, 17(11): 423-424.

[49]Staquicini F I, Sidman R L, Arap W, et al. Phage Display Technology for Stem Cell Delivery and

Systemic Therapy[J]. Advanced drug delivery reviews, 2010, 62(12): 1213-1216.
62



e AR R R B 8 3

[50]52 =42, UK. Wi 1k R BE ALK EEE R E 22 o N A (], B EE 2, 2016, 29(03):
171-175.

[51]Shim H. Therapeutic Antibodies by Phage Display[J]. Current pharmaceutical design, 2016,
22(43): 6538-6559.

[52]Cortese R, Felici F, Galfre G, et al. Epitope Discovery Using Peptide Libraries Displayed on
Phage[J]. Trends in biotechnology, 1994, 12(7): 262-267.

[531ZHRE, T, . FIEESAARRD]. EEER, 2018, 24(02): 278-284.

[54]Nagano K, Tsutsumi Y. Phage Display Technology as a Powerful Platform for Antibody Drug
Discovery[J]. Viruses, 2021, 13(2): 178.

[55]Pande J, Szewczyk M M, Grover A K. Phage Display: Concept, Innovations, Applications and
Future[J]. Biotechnology advances, 2010, 28(6): 849-858.

[56]Conrad U, Scheller J. Considerations on Antibody-Phage Display Methodology[J]. Combinatorial
chemistry & high throughput screening, 2005, 8(2): 117-126.

[57]Petropoulos K. Phage Display[J]. Methods Mol Biol, 2012, 901: 33-51.

[58]Shim H. Antibody Phage Display[J]. Adv Exp Med Biol, 2017, 1053: 21-34.

[SO1EFM, fhadE. ANMAEEETEDUA elisa EFERIFNA. B ETEEEMIEFERL
e, PEILHITH, 1993.

[60]Hu 'Y, Hou J, Feng Y Q, et al. [Establishment and Evaluation of the Diagnostic Kit for Anti-Hiv1/2
Antibody and P24 Antigen][J]. Zhonghua shi yan he lin chuang bing du xue za zhi = Zhonghua shiyan

he linchuang bingduxue zazhi = Chinese journal of experimental and clinical virology, 2007, 21(4):
391-393.

[61]Mizutani N, Abe M, Matsuoka S, et al. Establishment of Anti-Mesothelioma Monoclonal
Antibodies[J]. BMC research notes, 2016, 9: 324.

[62] . HILETUAEAR RLA R AR PRMBAD]. R8I K, 2001, 05: 9-12.
[63)RFT, HER, EAN, HCF. BRBEFAEMEANGALM BRI HI]. Hi
o1 %Rk, 1994, 02: 64-66.

[64]Matsumura T, Amatsu S, Misaki R, et al. Fully Human Monoclonal Antibodies Effectively
Neutralizing Botulinum Neurotoxin Serotype B[J]. Toxins, 2020, 12(5): 302.

[65]Mirjalili S Z, Sabourian R, Sadeghalvad M, et al. Therapeutic Applications of Biosimilar
Monoclonal Antibodies: Systematic Review of the Efficacy, Safety, and Immunogenicity in
Autoimmune Disorders[J]. International immunopharmacology, 2021, 101(Pt B): 108305.

[66]Corti D, Purcell L A, Snell G, et al. Tackling Covid-19 with Neutralizing Monoclonal
Antibodies[J]. Cell, 2021, 184(12): 3086-3108.

[67]Hansel T T, Kropshofer H, Singer T, et al. The Safety and Side Effects of Monoclonal
Antibodies[J]. Nature reviews Drug discovery, 2010, 9(4): 325-338.

[68]Jaworski J P, Cahn P. Preventive and Therapeutic Features of Broadly Neutralising Monoclonal

Antibodies against Hiv-1[J]. The lancet HIV, 2018, 5(12): 723-731.
63



MR R B iR X

[69]Li M, Lee D, Obi C R, et al. An Ambient Temperature-Stable Antitoxin of Nine Co-Formulated
Antibodies for Botulism Caused by Serotypes a, B and E[J]. PLoS One, 2018, 13(5): e0197011.
[701BkE . PV BEERDRIBT AR, PHMEZDTA, 2020, 18(12): 185-188.

[71]Nelson A L, Dhimolea E, Reichert ] M. Development Trends for Human Monoclonal Antibody
Therapeutics[J]. Nature reviews Drug discovery, 2010, 9(10): 767-774.

[72]Rodgers K R, Chou R C. Therapeutic Monoclonal Antibodies and Derivatives: Historical
Perspectives and Future Directions[J]. Biotechnology advances, 2016, 34(6): 1149-1158.

[73]1Yau K Y, Lee H, Hall J C. Emerging Trends in the Synthesis and Improvement of Hapten-Specific
Recombinant Antibodies[J]. Biotechnology advances, 2003, 21(7): 599-637.

[74]Beck A, Goetsch L, Dumontet C, et al. Strategies and Challenges for the Next Generation of
Antibody-Drug Conjugates[J]. Nature reviews Drug discovery, 2017, 16(5): 315-337.

[75] Weiner G J. Building Better Monoclonal Antibody-Based Therapeutics[J]. Nature reviews Cancer,
2015, 15(6): 361-370.

[76]1Zhou H, Mascelli M A. Mechanisms of Monoclonal Antibody-Drug Interactions[J]. Annual
review of pharmacology and toxicology, 2011, 51: 359-372.

[77]1¥ 7K 5%. F AR R AR RS & R EE([D]. LT K, 2020.

64



[

PR

F AR AR

4B 17 2R TR
Amp HFXEEER ampicillin
BoNT HWEER botulinum neurotoxins
BoNT /F FRRNESE botulinum neurotoxins type F
bp TR base pair
CDR HaMEsRE X complementary determining region
ELISA Bl B S T B S5 Enzyme-linked immunosorbent assay
FR BREK framework region
HRP TR Horseradish peroxidase
IPTG RAER-B -D-YIBEH isopropyl thio- B -D-galactoride
Kan EWEER kanamycin
kDa i IR kilodatton
LD50 FHBFGEHE 50% Lethal Dose
oD T optical density
SDS + B sodium dodecyl sulface
PAGE IR B R B Ik polyacrylamide gel electrophresis
PCR e N polymerase chain reaction
TMB 3,3 ,5,5 -DUHEBRERK 3,3’ ,5,5 -tetramethylbenzidine
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