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HaF48 (Pomacea canaculate) WAEYIHEF= . A BRI N 4 fE B A BOR
(IR it AN 22 4R 24502 B R B VR AR A MR IR 8 FH iz — R SR 7 v i L
RIZG R DU S W . SRR S DB LA R, SR —f i R Y, © 0k
SIS HE AR MR A 4% o T I R BRI, AH 50K FH TS A Bh 2 v
T, ART AR 70 R B AR 5 B S B AR B (A 2K B (Advlin, PcAdv).
P Y W RBHRE- BLUR A8 B A 25 S AE R A X1 (neural Wiskott-Aldrich syndrome
isoform X1, PcnWAS) FIZfFE/MREH (Rootletin-like, PcRoo) JyE:fil, FIH
REAUTRIE T Bk T — RIVEA A FFRE RS EY, 5 DUy Sl d
SE T R SE R R R B T 2 TR 6 R AR, D B R MR BRI S 1) BT H AN
TERIRAE T IS MEARTT R FEE R

1. B R EEFR 2R PcAdv. PenWAS Al PcRoo [ = 25 45 Ff  J 1
STREHG G456 77 AT 7 W0, SEARBERR A Ao AR T 5 ML, I
G T e B A 1K L IR (B A% Sy AT i B I = R A MY o DAL A A,
K AT R TR A SR R A A G, SREY, HHETA
58bREE H PcAdv, PenWAS 4545 B8 13RI XA 5 AR 3 A, A 5
PREEE PcRoo G5 & RESI BRI IX A 2 A, HE— B Frig RN, EhrEa
SEREH G B BT A RUSREIRSS & 1AL 505 AR 549 5 22 500% | 585 S
M2 112 5B 47 52281

2. RHS T30 T B DrugBank 04 122 7 1) 9213 AMEAPIHEAT T R
Jifiide o WITEXT 24 FR I, EFX#E4REE 9 PcAdv. PenWAS 1 PcRoo 435 i i3
BIHE S SERT AT 15 Ao DL B2 07 13 21 1) 285 BN BRI AT 2 ekt 252,
LR T 254 Re B BRI 6 MG, 2370 6-DUBERR I Y Jk-7,8- &S |
3,8- R FE-6- R FE-5-[6-[1-[2-[(1,2,3,4- DY S -9-FY WE K2 )2 K] £ FE]-1-1,2,3- =
BE)-FERE . MR . UACHHBEIRE RS AR HIR . AT RIS R R .

3. WAL T I EERRAT . DARHHEG IR RS AR . USRI R R AR A
WA RE AR TE . A AEYTE TR T 45 R, B AR A RS R R A LSS
B RAE AR LCso [H4) 7124 16.2437 mg/L 1 57.7102 mg/L. A= BRARAEAS L J2 A4
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FEHRIE 45 R, (S PR . B Al B AR P — A% R A 2L 425 T LA
SEARF R AP RAEIR, BARRIOVHEY 5 2 . A RHEE R A
BEAIG . MU EE & B PR AIG SRIRER B 00 vk S HEbR £ 1 BE DR I B PRAIC, 1K etk
SEREME AP B B A R RI I AL 2 5 48 A5 0 (1 BERE IR AR Ao 33— 25 R H
IR E BAVERE T T s A SR EANG S EN, SRER, BirEA
PenWAS 56 E iR A AHIBE IR TR KAE AN G, S
WY RN 2.1740.51%104/M F1 2.084+0.94%104/M.

4. DARTB R A BN, B T ORI S D AR 5 T ) 25 2 A
1 3D-QSAR HEAY . R AR M s 45 IR, AL 4 MEERHIE G R,
HARHE 2 NBKIE BRI 2 DMEEEZ AR, Bz s e c RS
AMEVEIE B — M UL R, Bk VR L S AN S A BE AT A
52 A 1) ) P B LR APl 13.624:10.516:5.895., 3D-QSAR 45 R W # & B A
S L TR = SR A A 0 0 45 R RN R MRS AT R 50 i (R AH DG o S 3 57
HY. #H. Bk, SR SR Z AT ECR, Wit T 3 AN
(K BA RIS I B R G, 7 TR R BRI B &) SR EE A4S
Ja 45 e R AR
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Abstract

Pomacea canaculate does great harm to crop production, ecological environment
and human health, and currently, chemical molluscicides are the main method to
control P. canaculata. However, common molluscicides such as tetraacetaldehyde and
chlornitrothiamine can not control it effectivelly. To find new compounds with
molluscicidal activity for the prevention of P. canaculata, in this study, with the help
of computer-aided drug design, protein Advlin (PcAdv), neural Wiscott-Aldrich
syndrome isoform X1 (PcnWAS) and ciliated root-like (PcRoo) were set as targets, a
series of compounds with different degrees of molluscicidal activities were obtained,
and then a model could reflect the relationship between their structure and
molluscicidal activity was established. Finally, the efficient and reasonable screening
of molluscicidal compounds was realized. This study provided a technical scheme for
the screening, development and directional design of new molluscicides, and the main
results are shown as follows:

1. The models of target protein PcAdv, PcnWAS, and PcRoo, as well as their
binding sites with probe compounds, were predicted through computational. Five
models were constructed for different target proteins, and the most reasonable model
with the lowest energy and the most reasonable arrangement of amino acid twist
angles were selected. On this basis, cavity method was used to find the binding region
between the probe compound and target proteins. The results showed that there were
5 and 3 regions with strong binding ability between pedunsaponin A and protein
PcAdv and PcnWAS respectively, and 2 regions with strong binding ability between
arecoline and PcRoo. Results of molecular docking indicate that the binding sites
between the target protein and probe compounds pedunsaponin A and arecoline are
549-ser, 585-lys, 112-ala, and 47-ser respectively.

2. A virtual screening in database DrugBank with 9213 candidate compounds
was conducted via molecular docking techniques. The rigid docking results showed

that 15 compounds were screened for the target proteins PcAdv, PcnWAS, and PcRoo
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respectively that ranking high. Based on the results of rigid docking screening,
flexible docking was carried out, and 6 compounds with significantly reduced binding
energy were selected, including 6-adenosine tetraphosphate methyl-7,8-dihydropterin,
3,8 - diamino -6 -phenyl - 5 - [6 - [1 - [2 - [(1,2,3,4 - tetrahydro -9 -aridinyl) amino]
ethyl] - 1,1,3 -triazole] hexyl] - phenanthridine, potassium alginate, thiocoenzyme
adenine dinucleotide, baclofen and acedoben.

3. Several new molluscicidal compounds including potassium alginate,
thiocoenzyme adenine dinucleotide and baclofen were obtained through indoor
bioassay. The killing effects and symptoms of hit compounds on the snails were
studied by immersion method, Winkler iodometry, sodium hypobromate oxidation
method, ultraviolet absorption method and paraffin section method respectively. After
that the target of these compounds on P. canaculata were verified. The results showed
that the LCso values of thiocoenzyme adenine dinucleotide and baclofen killing P.
canaculata were 16.2437 mg/L and 57.7102 mg/L, respectively. At the same time,
these compounds could cause similar poisoning symptoms in P. canaculata, which
were manifested as abnormal excretion, alteration of metabolic pathway, decreased
content of hemocyanin, gill cilia shedding and decrease of target genen expression.
Further, isothermal titration calorimetry was used to study the binding of candidate
compounds and target proteins. The results showed that the target proteins and
candidate compounds were bound in vitro, their binding constents with PcnWAS were
2.17+£0.51x10%/M and 2.08+0.94x10/M.

4. Setting pedunsaponin A as a template, pharmacophore models and 3D-QSAR
models were established to reflect the structure and activity of molluscicidal
compounds. The construction results of the pharmacophore model indicate that the
model contains four chemical characteristic elements, namely, 2 hydrophobic
interaction groups and 2 hydrogen bond receptor groups, and the pharmacophore
characteristic elements of the compound have a certain geometric constraint

relationship with molluscicidal activity. The distance ratio between the hydrophobic
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interaction group and the two hydrogen bond donor groups and the two hydrogen
bond receptors is 13.624:10.516:5.895. The results of 3D-QSAR showed that there
was a high correlation between the structure and molluscicidal activity of
pedunsaponin A and other pentacyclic triterpenes. By optimizing the template
compound pedunsaponin A, compounds with higher activity could be obtained. By
changing the three-dimensional field, electrostatic field, hydrophobic field, hydrogen
bond donor field, and hydrogen bond acceptor field, three novel compound structures
with snail killing potential were designed. Molecular docking results showed that the
binding energies of these compounds after binding to target proteins were
significantly reduced.

All these results indicated that, based on the structure of target protein PcAdv,
PcnWAS and PcRoo, new molluscicidal compouds could be found via
computer-aided-pesticide-design technology, and this study lay a foundation of new
molluscicides design.

Key words: Computer-aided pesticide design; Virtual screening; Structure-activity

relationship; Design of molluscicidal compounds
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B—E XEER

HAVIRIE R N AAE R 22 R s S K. 324 Rk, Al A PR 77 T
T K A AR N 6k = 22 4 R00A BT B, IX Rl ol — 75 s T
I B S 0 L, 57— TR % e B S A A e Z e LRI AR
N RFRRSE,

7S ESRE, R 25808 T 2ians, B TATE R AR E A
WETIRE RIS, T RO IR T AR EAE I BTARY ., REAR, X
G, 2 it BR RE S TE AR PR ) 55 A0S L 1) % Bl R AR 7 A R e PEAT AR S 4 5, N

SN AR & R A B R . I AR TRNT, T REAR AT 25 i ik B
TR .
1 9B I STV Rt R

AR PRE AR AN LR 2 ¥E AR A B T 25 RERR , B IBTEIR A A 2580 Re I R b 24
YIERIAEI R G T, AW SEMIE R AN B SEAM. TR
ZiRkR, A R EAR I FUBONIR N, AR 2R A, AL R
REGHDEE S RZIRB TV, AR R 250 B 2588 bR E T B E i e, i
RO FEAR AT RS A0 IE A BRI SN B . NI DR 45 51 70 1R B iR
A T2T-CHM13 £ B, NRQEAFEH 0.55 A0 FT 19969 A4 fith 8 /i
LN, Hrh % & AR SP0% MR AR g BRI G, tuk ] VR 2 2 AR 0
A DME N2V ERE AT 7T, AR H AT, 2D 90%0 = 25 8 AR 1 1
R R,

DR R R IR IE XTI IR TT AR 2K R S B OR L B
AR A e LR S R RHE I BT, I AESRIM B T VR 2 08 L 2 AR B
iR, X SeEIAR R [ 8 A I E 1 757 T R B R R AR R
EYME B BT FERAD S, BB TE AR E ARG . YR
R LYK [FIBLERSRRIRRAS XU r) 2 228 SR F K RS 28 R TH1 45 55 74408
SN R . BB AAi. W TR E AN, AREHE R /T UL BN TR A
5, o N B2 T R SR ET I SR R R IR AR R R IETE.
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LRI R BRVEFD RNA FHUEE14, sk 20 8 0@l 2 aRErids, RILT 145
THN 20 KDa (5 (A fe 5 SIERAT A LA DIREN R AERE 45 &, 2B ThAE
BAFLE IR R, 2 A R A R 7 LI RE, BRI aT DAE 8 1 (1 B e 254
TER AR Zhang SEUOR] e 20 2 43 LR 1 1B RO 28RS R 1K B e
mRNA, KILT 14 NSS5RGHRAH SR ZE A, b SR RUE IR i 2 2
PRI 2 5 o A TR AR AP S AE G 12245 SRR WA SCRE U IR L G 2 T RE G
1RTT B A IR TR A TN A 3 2 AR R R EE AL T B AR AL AT S
JH-Je 40 i () B B R IA TS L, K IERZD CCNB2, MCM2. MCM3 %5 10 MK
RS S5O e 200 M 3% 1 HH I AR AL, 1 2 SR AR N IX S B 1 AT R A2 TR YT IR IR
¥R Fung SEUSUO] R IR 58 i 4 4> BE R 43047 T RNA T &, RIUIR S
T R E L% B T MLL4 DL 1 H3K 4 (1 B EE G R i A FRl i 55 MR v e i A= B e
AR REER 2 — o BB F0 T FIREE BT S 4 R AR T 1O, 45 ARAIE B
[ #i 2 F9 MLL4 W] AR J9vRd7 i 8 s 10 72 77 5.

TE R IR )RR 5, G of 50 225 ) 25 K R AT S AT 102 2 P R KR it 7 1)
KRBt —, BN ERASEN, Rl =Ra— BRI, HEamh—
RIVHZIRILIZERE 1 o B ATREAR R [ = Z 454 R U vk 2 B SE B0 A
2, HSEn AR X M ERATI . MR VR T B AEED O, i
R SEIFARG I EE A GOV, ER EBt . RIS B A A] 2
HRTEZ5 it U, THRR ARG = i i 1 2T B

T EE O FRIVR R . WSk S 2 2R3k ) R B ) SR FE 2 AL
W IR PP 51 B ML 8 B s s 2 2 B H A el B 5 S AR R R A B AR [,
PR H bt B R R P 41 S AR R B A R T 30% R R HARR R B R DL
i B AR A K A L T AT DA RIS R Ak T 55 H bR o 1 B ) = R A4, {H
AR BARI) A TR A S e L, A AR 8 — SR m S L R e
SERZE S BUORIITE LRSY . F3 A, ASEAR EE 1 PR SR T SR e AR Sie B y2on Hof B
R — 2 45 K RS £ 11 I PR 5 A EAT 43 A, RIS b 7 YA 4 2R R D T
RIREIEBRIIPRE], TERZHIEH T, W F—MRAMEAEA, RAER BT
A AR ISR R 1 o MK ) A B 1 TR 1 = RS M LT H S IR
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HIRFEA, FEAbTBARM H AR, WOFVETHRAR, 05 2 H bR A E s
W75 BN ATARSE ) ERAL 2 . BTIke. B TYEM AR, WG FiTiaH
261, H i O — LS B B B A B TR AT, 1A, Rosetta /& A
SKTH BRI 2 5 5T = R G5 A AR () — Fh LB D 7 v, AR Bk b 3= 2
K H ¥ £ % (Markov Chain Monte Carlo, MCMC ) A1 41l /K ( Simulated
Annealing, SA) 2 #7737 B TIHREER. 1HREE. LRt ERER T
KT 150 MR ot DA S AER PSS ), Sk Bt SR B i = R 4
VR A FH LD 271,

Fh T PR R L A 2 A R PR M5 R, )P B M A B T = 4
SRR 7 OB RS BN o 28 ZRI5 SRR HT B RIS, SR A ALY
SUHEIR ¥ BB AT A AL R S 4, PR 22 2 1 s B AR AL s () 46 ), HE
B SR E BT S%IER T 25%, RUmFERVE, X FIXREAR, 5 %iEF
@ EEIR P B A i fn) Cn — R EER ] . Bk PE . BRIESE) i §1 70 s
SRVPAN — AN AR LA 51 BT T 82 14 45 00 A2 75 B 85 T 06 1 45 7 10 45 A B85 o 28300,
A RS 5B - (Structural Classification of Protein, SCOP) IR, # %
2009 FER A 1.75 BRERE, 4525008 78 3R15 (¥ B8 1 5 4 P 45 4 B 97 B A5 201X
A 1393 Fh, Xt /NFEE AR E HEEL BT AR BT 9T S A
A, DRl I g RV S R T S S M R RIS EONHE R R 45 SRB
2 BTN E B MR AR

FEAREE 20 R BERR BRI 97%0Y, WX FERIBCR ARG Bk, B e
i b FEbR 2R 13 AT 2 9T 0T DA S IR 48K 22 B0 2 0 T T R

BT HUAR R A 2P BT DAAE G 2T BER g BE R AN IR A AR J
R — Rl T7iE, B R IRBARSER: i R AL G 75T K 25 TR = 45
A BT B, I EATH A m B A, BARAN R R A () 25 (R RIE  BAS
MZERK, HguitBon, HamZmiih, OMGEYIRIBERLIRE 2L S
WA e 20X — SRR AR R I IR g 250 75 28 10 4F, AN 8 125 18
1276 B335 O T I TR S E Y, $RTHITER RER, BRI 2 1
RFRAS, H 2T I AR s 1) e T bR B A ) A B2 B
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BT HERR B A2 BOTE B ZE R F B 1 B EE AR RO I &R 25, =2k
THEEAUR AL 10 R, H REE I X7 AT 2 R AE e 250 4R T S
RrBO, IR SIS 1 FEK R, AN R « JE o BRI AL IR B 2 R
TR YR YT # T LA F X P 7 AT Bt

e 1L, VR 2 9P R0a REKES T B TS A1 500 242480 b5
A, B, Sz RS B B AL G VAR TR F R S RS S AT 29 s 4
Tl DB R0 i KK R LR (ACE) M5 RITE R IF L. BIR ACE
(¥ X G2k AR AR5 BRI RGBT, (HR S H MM IR A 1451
A& T FRIKEE A Rl ACE A V5 2 M [ FRFE , BLHRAE S R T M AL R # A2 AE
— BT, BT IEASAE BRI EE R BRI KSR ACE 48 S
HIFI ARG R, B BT A = N UL T ACE MiEPEAL A, JRil
I HEE TS BRI, X2 5 — A 3R15 FDA #itiER ACE #1157, JF 7 1981
BT TR s M ER . w3 AL I R0 B 2001 A 1R 4RI 2 DL A
Ber-Abl A$EAR, I8k b LB, EARSE R TR Y R T R IT 1 E E
2 1 AL (R 2 R B L X R B — AN T THE [ Ber-Abl fill & 2 I IR0 24540
AR IO T iR o T ¥R AR ST T AR B 2020 4, DL RNA 41
SARS-CoV-2 AEFR I F 2B e o e | . HAR, SE. W4 41
A ] G R b DX A FH T el o B B IR T, AR — I R, RE
RN EIR EAZ R A BC; IR ASE] 2 4, 2021 4F 12 H, MG 6125 LUK
Y 3CL R ARG ASEAR I T T AR IR, ZAR AT R R
JEGL VIR R 24 Paxlovid F I B RLSr Z —, IX AR BR 11 22 A B St
FH 038 65 9 B % % 1 2 1 R 214,

3 HHENFEB AT RITTEMEOR

ARk, BAETFENRI AR REEEE KR, TRVt
(Computer Aided Drug Design, CADD) £ 87 25t 5 A 25 Tl - IE g 7 —FhAs
AR AR RS , FRB MO T AT 3 T8 8 A I 25 v (1 R BT iR
CADD K25 T i1 2 B SAK, 1X KR B b B T 250 R A i B H
W, HEr, C&FEFZFIH CADD FBIF K H 2 psh i, nkk
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TRRBRETEG BUE 1 7RI HOCIRM A 2 ez 54T HIV R EKMEBE R T
T SRR 2 ZE T HE T A SRR R BT T IR T SR 2 B R
Wh DA K T Bk I B s v 1Y 7 VR Y7 I 26 TR AR ZE B 254) Ro466240145-47),

CADD ¥ KA tH R AU R AT S 2R, REDR A
SZARAAR EAER CanyapEse 7y, SO ER . S fER . BKPERSE) AR E,
RS T HAT R, BRIV 2 T IS REE, AT Bl L 254 53 1 1%
TR e B (0 5 R 4 T x ey T8 B AL 3800 R 43T R 0L i e 4

[48.,49]

3.1 o X

Gy TR CADD [MZ O HIAR, ) BARUE T Fisher E ) “8-4H8AL 7,
AR FH 5 85 2 A 3 7 2 A1 3@ 5 L ART UG Fc R e 52 G 0 AH F 1R 531 54K e fE DT
R A g i 5051,

U] St 52 AR L AR 5245 Ak R 34T 2 1) U i R 6 D 2 4 7 Xt 4 v B B 119
[, BRI A 2 (A1 DC 2 43 1] AR A AR F AR, T e 2 DT G2 23[Rl R AR
FESE G AR . RS R T T, H TR R VA AR NI B R
PRI AR, WM S T8 0T 5 R R B B (R 4, AR X A
TN T PSRRI (A AR AR AN, DA BT 7 vk v B S s s )
TR EENATERAR. KRS K050 R s &7,
TEZS R, N7 IR SO v DURIR B 0, 10K TR IR AR
T R PR AE R AR T, B UK R b S AR AR (R4 G35 mT LA B AR AL 530,
XTI R T RSB R T RGO . TERE R VLR 7 T, ARIE A R 10 2%
S TR E A OTE AR N TAE M B RE. SRR K. R R
2. H AT Z 15> T 54 AutoDock. AutoDOCK Vina. LeDock.
rDOCK. UCSF Dock. MOE. Surflex-Dock. SYBYL. Discovery Studio 254,

3.2 JEHLRIE

B SRR BEFRE . BORAL S SRR O R R, KRR
Y R RR A T RN, T 7 A R L S 2 R A ) A i
(Virtual Screening, VS), T4Z% A ATA 0 AT 52 AR 10 P F 6 S Ak & R I —
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Tt B EEROR T B SS),

VS 5 R A T L K B i A A P R I — R G
Yy, PR SER AT IE P I — T vE, BRI AT R E AT
i e HOB K 2 S S I BUE LS

YEN CADD [WRE s, RH VS #7515 AT DU A A P8 122 Hh i i H
HABAELYIE A &Y, IR T8 25 AN E], BEE A b 3 A8 5% 28 20%,
X RRHE S T IR NI, FERE8 A R AR AR, PRl TH R AR 1 R
FEFIAL A 28 B0 R 1 56 38, KPR VB N T 250 i 1) s 7). H
I H A& P8 B R 1-1 B

# 1-1 CADD & H b & V3545 Fe

Table 1-1 Commonly used compound databases for CADD

Hos e A4 PR Bl RKE AR
Name Website Type Quantity
ChemSpider http://www.chemspider.com/ NIPE 68000000+
ZINC http://zinc.docking.org/ ~HE 750000000+
PubChem https://pubchem.ncbi.nlm.nih.gov/ NI 102000000+
ChEMBL https://www.ebi.ac.uk/chembl/ ANILE S 1879000+
BindingDB http://www.bindingdb.org/bind/ AL 786000+
Toxnet https://toxnet.nlm.nih.gov/ AL 400000+
Drug Future https://www.drugfuture.com/synth/ N FEE 7000+
DrugBank https://www.drugbank.ca/ NFEE 13000+
SMPDB http://smpdb.ca/ AL 55724
HMDB http://www.hmdb.ca/ L 114000+
ChemBlink https://www.chemblink.com/ N 40000+
ChemDiv https://www.chemdiv.com/ ENLE 1400000+
Enamine https://www.enaminestore.com/ [ERIAEE 1000000+
SPECS https://www.specs.net/ [ERIAEE 200000+

Chembridge https://www.chembridge.com/ [ERIAEE 700000+
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Maybridge https://maybridgechem.lookchem.com/  F&Mb & 60000+

Lifechemicals https:/lifechemicals.com/ [ENIAEE 600000+
Microsource http://www.usmicrosource.com/ [ENIAEE 100000+
MOLBASE https://www.molbase.com/ ML EE 45000000+

Vitas-M http://vitas.chemcd.com/ [ENIAEE 18739

Interbioscreen https://www.ibscreen.com/ [ENIAES 550000+

VS R T o FRHEEAR, MR FkdE, VSH 2 AMtseim, BT 24
(1 R A 7 18 AP 6 T P A 1) R DL a2 %1,

BT 2R REAUR L, MARIESE TS5 1 R UM %8, 2 LAY R 7> THI =4
SER R, WL T, FESE S AL AL B B UL RS S PR
INFTAEY), RN SIS AR G, RS GRe. SRAIESE
R SE R W AR HE XS 32 AR FIBC A (1 25 6 e S BEAT TN, S 28 BhI 7 & SOR AL &4,
M T RS8R NTETERE TR, XA TR R A 352 e A R0k S s AL & il
N EE R AAL BT SR BV PR, (BB AFAE— LA, AndT 7 eR B A AER I S i
WVE. —RABOLN, N 7R, SR F ECBLR BT 2 R, (H X 2]
FAFRIFT 73 RS REAR S bk 70 1) s 55 (A ELAE R4 20 B AT H B, TRl R 132
AER) READLIRT A 75 2 58 ) 32 AR G M RIS T8 O 45 5 L L, SRTITVF 22 B E AL AR 2R B
AT BTk EOR M S MR, B [ 8 OS5 S An e, BRI 3 T A B R 00
TR TR 2 R

LT WO AR PR R AL 075 176 P B 1% BE Al D9 W0 5 1 S5 4 R RE R BT (001, XA g vk ) B
WA 25 BT 2 b AR B R B, FL AT f ik Dy SR ARACA K 737 8 H AT AH A
WIAEYIEYE . VRN TR A B SR 78 T B, B T IO A RS BAT = 38 AN
52 SEAR Gy T B AL BRI S0 55
3.3 EEMRKREK

E B FR% % (Quantitative Structure-Activity Relationship, QSAR) #& CADD
(¥ F F-B. il QSAR, it/ “ & S @ L T A5 M ANEER G R 7 O, QSAR
EEARIR VN, (BB EE R T R e 2 450, SEMBELEY
APEVEATREE (L SV Ak Cndrhaiig . AL A A S H OF
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fEVE L B PERNR RS AR A, A4 AT Re RO AL, SRSt 4
AL S I S5 A B TR HL 3 1k B e AR BT A A 5 DA v Hm 1, A B
STINSEL DECERG AN TBL, BN TR N 2 AR
R, R AR I S P e

ZYERr IS, QSAR A7 A 4EE MR R (2D-QSAR) MZ4EE &1
MIRFR (EER 3D-QSAR) 6364, 2D-QSAR K JET 20 th4C 60 FE4X, 7EH
W2 i T R S, R ERG A TR R A S,
X4 F WS PEHEAT R 4B, BETT LA AR . 2D-QSAR H i I 7V 2
2tk B AR R OT I, o TR — MR G % M5 . 20 20 90 AEAX LA
K, BEETHENLT SR IR SR AR 2 A K T S RS R R T, Ty
TR 3D-QSAR IBHTHUA T 5] 2D-QSAR fE L BETH UK T2 300z, &
A OA T RN B 2B A T B S U7

3D-QSAR 7E 2D-QSAR A i # (1 24t - HE I T BRI SLARZE R,
[BIFE RS T A A5 2 RS0 TR AR i e . S MM Iree. MM
e JESAH ELAE H e S IR AH EAE AR E . AT 2D-QSAR, 3D-QSAR LA
RALEEFNELE, AERFNPER . % LK 3D-QSAR J7iLH FEEs J AT
% (Distance Geometry, DG) . 7)1 /4R 73 112 (Mocular Structure Analysis, MSA).
2> T /13573 Hii%: - (Comparative Molecular Field Analysis, CoMFA). 41
UM FE B #17% (Comparative Molecular Similarity Index Analysis, CoMSIA ).
4 BB BRI 24001 (Hologram Quantitative Structure-Activity Relationship,
HQSAR) FlEHIZ4KJ79% (Pseudo Receptor, PR). Hir, fii &N iZ 12
CoMFA F1 CoMSIA®3],

CoMFA 72 3D-QSAR B 7t i f i FH 7 ik, FE R Jim i, &
SEAF T ARG YE S 13 280 e B OC R, T RN 52 A (R e o L L
HAREL T HIZ5% 17 CoMSIA, J&M CoMFA fiTAE I I—FJrik. TEITHE Y
T3, CoMSIA K 1 5 B0 B AH 5 iy ek HOE 2, X AT LA Rhci i 5 CoMFA
ST HR M DU 09 43R THT PRI A R D R 1 8 2 A A 5 Il R, DR AP A 2 1 7
VAT — MR T Sk, CoMSIA B 2% T k. #Hig. Hikig.
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SR B AR 55 7 T RFAE, X LRRFLR 5 1 BCAA S 2 AR TA) A AT ]
TRARFIE, DL, RENE R SE B AR s BC AR A A 400 1R 5 O AR 55 32 MM LA %
E A IWPRES KRR

4 BRI R AR

RAGEBNE R ERVFFIRTE BT ARSI BOCR AT « AR A4 251 LA
Sk B I RV Y (B2 T AR et AR AR 77 1) 6 TR el e T B Rk
R AHb 75 A BT 18 T i o A 28 R AR A P o AR KRR T B T An T A i 2
s B BRBAR 25 0 1A AU A% O 17 FL, H RIBAR 25 e 2 22
A LAR BN B 1B AR 25T RN LSRR A% O R AR 24 1 [07:681

4.1 PARERUAEARRIFT R AT K

CAR RN LAl BB AR 29 WE A A S AR S W R e AR e AN IR i, Bdk
R EVIARAE T TN 5, KB BRI SR, WXL SV T )=
YRR B AR B, RIS IS USRI ANE R R AE 1 TEAL
WEMARZGERANE AL, K2 H AR Z# Rl XA E R Bt — 2N
DN = &2 A El o | 4 Yl 1 P SRR NIV AVAVATIE B ik LS W D) W e S T
MRS B E VAR B 88 B AT AR VPO, AR TGN RIS, — e RE
JZ EERENE SR 2GR A A B AT A AL S 2 b, i His
PR IR A 3R B A 2 2000T AR AR PRS2 RS MARSR B, DRI B e R Rl
RER

R, M ermIriimiRa], PERADYERRER 290K & 2R KR
I TR A, R BOMKT, BABENLIEATE B DO, LA R /e 1874 -l
C& ] DUBR AL 1 T BOdk AT & B, (B EH] 1939 4F, A BORBLRA 4 JuS R,
FALRY, M 1825 FEH IRG HLE] 20 H20 40 A 1F LME R BRI Z A,
FFADAR LGN ANN IR R Z B RS 7153 100 020, 74, A R 2RI
7B R PR AN RS, A KREARZE I [R]INB 206 R AR ARSE b A= P36 7
i, RAXSEAFEEMNEBR. XTSRS, F2EZR AR L
B AR LT TR R, LLan#i R 2019 47, HE CFH 46 P Zph Bk 2k
IEER AR A, AR NN TS 305 RE AR A HRBREE, M
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2024 4F 9 1 HitE, WHERE. WERNIBE. AR L AR Bt A5 R
AT, bR I, 22 0 R R 2R AW ok, TR AR SR AR AR
SERIII R AR 25 B 7 VR TCVR R AT T I R 2 7 3K o A T B m AR v A
Y, TREAWHE RS L — PR B IRSEA RR AR 2, DRLI AR AR
%O R 2GR TR R T A .
4.2 DUEERR AR L RIFT R AT K

H T AREAR A% O IR AR 25 R A58 2 R AR 24 24 ST IR 34 T 4003, 3k bt
FAGEACAFLRAE . PREEARF s AR 7 BRI ISR . DABERR A% O R 245
FANRRZHR P A A T A R B R 1, AR X B 2
TR R S5 M BRI R 3R 0E, WA AT Res BIA SL A FRTh BRI H A, Wi 400 )
KA FEYT, 2015 FF2 2018 4, KHELE. 4 [E DAL HASE K7 5
R TERT 20 ZFEERR IO HTR 25 56 Fh, X H i G VF 2 UR B3 H ¥EFRH
A R RAS RN E, HEABE RS2 2R, o DN Ka i 4
677, FE A [T JLAE Bl BTl F g L A 1) =9 5% . Beflubutamid-M. #FR
Bifz . HAEDRNE 2.6 XA PR HUES . Fenpicoxamid. XU HTBREAMS . F5UE WL it

LSS JLAA W AR 25 A V2 AR T BB AR A2, B B X A R

T ST TR TP 90 R MM Lt T (VP SR 23 T R 2R 28 B A B 3 S AR I SR T

. RARME 5B JAZ B B LA RS & 1 B U884,

ARk, RAATIHIB R 2 e Bt AR R 25 1) B e B0 A AR R

I, BN SRR, G 5 R 32 B A AR R AR 24 R R 1 SO
BEAR, TZEAR 2R R B AR K 2 0 U Ho AR, Bh= 2k 2 hi e
VERIRE J7 o FERXMIIG LT R IUHT R 25 /E FIRERR, JRARIE AR BT IR TT AB iR
ZIHA R = L

HTIAE I SBOAR R ARG B 04 FE AR (Rt 0 SR, DR 7 R H B A 5 AR
FANVESR TR, W BN REAEEAF IR R ARAZE, —LSF AR 2558 bR IE
AW g R Bl e, 2018 45, Camille %5 & 3L Wk 1 B Ik I i 2510 & 0
VUO463271 A M @A AIL AR 12 B A DhRe, %8 FIAE GABAergic {5 5%
SRR AL 3k A B B T A, R ERES I1 ik B R RS, B
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K FHERBLLAE M TS, H iR W5 1% AR AR 2y fnfls 2019
%, Hatamotoa <5 & IR A ST IR FE R 59 Aminopyrifen ] LA 1 1011l it
SRRl GWT-1 [ It M VI A 5 A2 5 IR 45 5 R H AR B 26 2R AR
H» iz 7008 Aminopyrifen Sz H AL A4 71 U 1 BT BERE 1 2R 2020
S R T A P D T 23— P B SR R R A OB A AL I B Il
WA R BIa T IRCR B3, AR ISR 2 GABA 324K, HEIX 5T 50,
IR RUECR XU S /2 GABA 1% 5UE T lE A7), Reis A& SBE R4
AR, 2017 48, PR W BEAL 1 [ ok S PTPEAT 30 2% B 4R T
FR HGRIETE8, 2022 4 Qiao SRz 1 A HRN SN HRBLRZ (0 R FH AL A1) 41 ) A
BLRzBg s e, X249k TRPV & FEEMN KM G, AR 30 S fOR LT
P BHRME RGP R 9 DNEE THbS, RN 2 v B 5 OO L
A% BRI R 737 BEARE,

FEB (VI REAR B UE S » A0 P A B AR #EAR HEAT W AR 25 OB A s AR 24557
AU B R T R — ORG24 IR 75 25 Jm A DU AR 2 4B A Y A LS BAIE
ST RSN RIS TR 7T = A S TR PR AR IE « 33 B A 7
Mgz Y . A SR . & R LA S LA HE ) SRR T, Hrpot
TS EH IR BB NI, Pog 1A 2 B O EEAT BT

TFRHTAR 24 T BEH AR R B M [ R BE B Bt s, I R — Rl 24,
A IRIEL) 15.9 T MMEEY), FEHL 2.86 10670, —FLEYMIMNEIRE K
BB R AN I P 11.5 4E00, BRtL, KRR @R 5§t I,
AT R TEE 5 AT Bk 7E R eI A4 1) 516 A 45 0 A AR 24 81 1 B i s 1140 5 B e
O, FH B, %G LR T g LA 1 AR 250 A s S Toiaimi s AR T S i AR 24
(IR K, DR A HERR BT, R S0 & B B I 704 R AR 245 61 i) 45
SRANELACAMY ) 17 it B A AR M T RS2 BOR SCH . i CADD BORAE S T-4E H5
R0 24 W v T AT PR R T L P S A5 F 03 AT TR B RO X 75 920n A S I &
BN ] T ARG 2T T, R OV FT R 250 R 1) — A R0@Ae, A BRI FCRT 5.

HETAH CADD $50R, WA #EAR T R AR 24 (1 77 15 1R 38T o B B AR 245t 7
ORI, LSRR AR EIE B AU LT BB AR SR 324k, X

11



SPECS ¥4 =t i 130000 MEEEAT 1 R IHiL, &A1 5 MAEF—E
TR AT, oAk BRI AR SR A T BRI T A SRR s B S SIS i
HAREE 2. (REIERTREEAL T BEGIE A AR O, i LR R R, £
Chemdiv REAF=HIPE L T 8 ANEAERIHIAIFR,  HE— Dl = i ae il e,
B ZAFE) 3 AN B — @ SRS A R BT Mt b 77,
Xie SFONFNL T L 3- (-2-98) BRI RV RATEN AR 3D-QSAR #i%Y, Jf
RIEF Y. BUKIZES A RBOTIFE MR T 4 B SBREE IR &,
I 1 S ST DL B A v 1) B2 A Y B T S S R TR SR AR, R TR T JAKL
JAK2. JAK3. Tyk2 W4l i) 1) RE 4005 16k 77323 FH T4 S PR R R B 0, medodiad
TR ILT 1A KRGO i B B 22 A K LA 2 2 3 8 11 2 AL 5420
PP SE PO SR IR & B 1 ) A5 AR B R 2 BRAR RS2 A4, I 04k
W E PubChem HEATREHGGIE, MARILT 6 Muaiy, i b BAT—5¢
[ R A

XL TS5 R KB, CADD HRBEM NI 24 2 SAG GV R I, 7ER
Z5E P AR I R IEE R LR EIE .

5 WEVMBRBFIRERHT TR

TR E R 2RI EAR A IRPA W EE TR —, Bk 1 C&A/Fm i
AMERTT T 10 SR AT DY 58 2841, H R C ORI A3 B8 B AT 5 8 AF
MIBGEAIR S, WMETERE S, SRAEN IR, 2 0% TR Z D™, AR
Xt T IX L) Jo R AR AR IR ) 3 A 52 B 1) o B BT I 9 » T IXRE D ) 52
PR B840 27 B3 R S8 AL BT U AR A7 AR R R AR O S e B L. R
AR B RLI 5 O R, (H i a8 A K Pl 1, AP BN R
7%, H AT RABAFIE R MR E AR IR TUAR IR AL T2 2D B B, $ERR IR 52 (o7 B9 I
o H TR ARG DU 3R SR SRR AL, e AT R LR 2 A e et &
P LT S A B8 TSRV 40 1) B b A S A B R AL R A, B0 T8 BRI AT A B
R A S P R AR HL R AN FEARAIE FEAR D U0010U, by T4 A3 BRI Bl ¥ 0 PN K
1B (R 257500 SE DU AR AR IR KA 2B 2, DR R BRI (R 3 R B A, I DAL
NFERHFEAT R AT & B BB
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ATHARE S0 R I, ¥ 55 "B A RIVEARS BT 48 A7 8 AT iR R 2 R AR, X
FEAIZFIZ BSEE AN 1.540.2cm) 72 h [ LCso {H 5354 3.983 mg/L #1 1.05
mg/L. Yang 250102103 2 G P pih g 1 3k Lo Ab, 5 40564 A7 I 1) B R LR AT 9, J@ it
A MR, WIS, AR A3 B By, R
HAC AR 3085 1 T BRRE RO EREF B 2R, ML A A, 20 oK & b

Yang 55104106155 58 53 RNA-seq SR15 5% e 4L IR IRt 22 e RA B B 5, F)
H iTARQ HiARMATHRAFIEEE (R HE 7T, TR IR T8 5 2 A Ao i
H 5 A A7 0 20 % 8 22 S R IA W R AR (. HE— 2D AR GO Thak iR i oy
TIIRE AN A 15 LA A A 20 2 B A7 490 3 45 T SR i 20 e JE 2 4 405 DA A B
TFREMPIRRIFITT, KIT AT DNA EHIYF A KT mem3-like (Zygotic DNA
replication licensing factor mem3-like ). DNA K #ill ¥ 7] [ 7 MCMS5 [&] fh £ X1

( DNA replication licensing factor MCM5 isoform X1 ). 2 2 -40S #% ¥ 1k 27a

(Ubiquitin-40S ribosomal S27a). £ 4 i F} 4 - BLUR £ BL 33 25 A AE [ Fh Y X1

(Neural Wiskott-Aldrich syndrome isoform X1). 2XEHEH (Advlin). ZARE
AR (B IENE (Receptor-type tyrosine-protein phosphatase beta). % #1 ILER
H A E4E 6 (Unconventional myosin heavy chain 6). £ E#H5<&H A 157 (Cilia and
flagella-associated 157-like) VAKX ZFE/PREE (Rootletin-like) 5 9 NEELLKIHE
P, 4 RNA THIERMAEE A (EFR PecAdv) . ME 4T RHRE-BLUR
i B ZF 2 AR R AR X1 (fAI RN PenWAS) FIEFE/MBEEA (fai KA PcRoo)
FEAE A IR OB AR B T

ERAR A A A P I SR BB B (0 45 ) S T RERIE AT ANIRON , (HIX 8 B
FTEN NS AR N BAELE T XA D) B A — BT . X2 Y
IR M3 AiokRE , PenWAS tHH NVILANREAI K& H, 1 PcAdv 1 PcRoo ¥4
BREF AR . HFFLRY PenWAS A R MNP RIE, S25EA84
REAES . M ENME BB R 2 G A amin s, WARZE A B RIE%
BUFNH) A AT S-S BN M A 2 1R i 4T R S M B AR , E T S B0E A R AT 007,
PcAdv #l PcRoo £ AL BRI E R, Hb PecAdv B A4 1 T & A
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A, S H5AMERHLFEYRE. MARGKE . NB)E A g0 5
ZHZURN DL R A 85 v U120 B 11 22 IR 55 AR A i B U108 PeRoo B 12— 245 il (1 18
FOREE 1, LT BAREMSE AR E0), R IR [k R ThEE, it
AR P EAR AR

H HE %A R AR A AR AR B AT 2R MR 1) e o SR 491 BSR4, A
W 5L AR 7542 PcAdv. PenWAS i1 PcRoo £5 [ 4 FEA, HEAT 1 & F-48 77 18 bR 2R
F R AR A AT, DLITRE A 2R B850 (it R SR AT 1 e b &4

6 HFFLNEREIAREL

6.1 FIAARE

TR RMETR BT R — LR AR 24 U BT UR R, T APk 22 b B A R 1Y)
Se PG VIR AR R I, (RAREE T et AR 25, REBUL G LLE A ), If
HARIBEMEAR A IR, TCVRTEART R & N SC AR F7 IR I AT i6 - AR 24 AR AR 24
531 (AR ELATE R ALAR AT 70 AR 24 2 U ) SR B i) L, R T J 1 O BB 2R A
PR 63X 26 2 T S 0 (R 4 ALt 58 R A 2 BS0& et BROR 1 2R MR R B 7 1 4
SR

AN LA SE G 5 FT AR 7T B R A AR AL P 5 4R AR e I E R R A K&
RNA FH045 REE R, kFe T8GR PR3 H PcAdv. PenWAS 1 PcRoo fE
NERFNT S, @R T RPLEIE . AR E . qPCR. SR B 2
DA% 24525 B AL 2 AT 3D-QSAR 257 VE T T LA R AF AT :

(1) PcAdv. PcnWAS 1 PcRoo # H =4 45 MR A ey i e 25 & A md T

(2) F=T AR A I RSO 08 S A 407 X Bk

(3) E bt AR08 1 5 P 36 00E & VB F #E AR IR

(4) FEF 2520 AR E RN 3D-QSAR AL AWy T BT A

6.2 BIARHEL
AT BRI 1-1 .
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F_E EHhEO=REWEANELETERES
iN)s ot Y

REFULIR A JE AR 245 5 AL S K I B 20840 2 —, BA SR AR 1
HAR H AT IR R X057 SRS I R 255850 5 0 w4k, (VR ENLAR Bh 25
W0 JT 5, ARG TR 25T R AT A = .

HE T BE R B AR 25 0T e A SR AR 24 U ) R s D, I AT SR B
PcAdv. PcnWAS H1 PcRoo 1 H 2 AR H SR, N 1 & T IR SRR
HA SR R BUB AR 2556 A &1, A FNEhR R B4R R g | 455407
SUVIE T VA K R UM 248 PR A PEBEAT T IT, DASUIRE 8 R DR A B AR EVE TR A &
Y.

1 MBS HE
1.1 Btk
1.1.1 EEBRFF

AT FC a8 L 3 3 B PP BORIRAT 1 AR AR R B AL AR Advlin (PcAdv).
Neural Wiskott-Aldrich syndrome isoform X1 (PcnWAS) #1 Rootletin-like (PcRoo)
R IR FI004106),

1.1.2 EERHE

A E B0 3 B NER 2-1 Frso
*2-1 By

Table 2-1 Softwares used in this section

BFiil3 AR AR
Function Name
W E BRI SSR  p TOPDRAW (CCP4: Supported Program)

W H R =SS R A I-TASSER (http://zhanggroup.org/I-TASSER/)
BORPEAL . LIk Discovery Studio 2016

HATSEE DA 1) POCASA

16




(http://altair.sci.hokudai.ac.jp/g6/service/pocasa/)

TR A AutoDock Tools
A s AutoDock 4.0
TR HE 2D WU E 2 Proteins Plus
Iy FXTE 3D RO B 2 Pymol 2.5
1.1.3 BIEE

JE U 97 126 Bt 9% 82 FH 1) 25048 2 O DrugBank #5040 B (1) 1~ 45(4# £ DrugBank-3D
structures, ZEHE FEELHE 9213 AN H AT C AN RA — & 4YiE A& K 3D
g5

1.2 R
1.2.1 $EARERAHRINEWTR

KT S HERRTEN0, 3RS 4R 7512 PcAdv. PenWAS F PcRoo & F 2
HEL 7 5% N2 TOPDRAW (CCP4: Supported Program) {4, #E4T 5 H M4
TR b, AR

NS, A1 41T Save/Open function for reusing/editing previous drawings.
— Postscript output for printing/publication. — Runs (probably) on all common
platforms (anywhere Tcl/Tkv8 will run). = Horizontal or vertical helices and strands.

—New version allows diagonal connections.
FERRARBAT A PRI T 45 2R, el b ek 70 A
1.2.2 $EREA=ZREMRRME
K B IR B1: R txt SCASAR SOCERE SRS PeAdv 2 AT PenWAS
EHEHMWARERKRFY % E N fasta #% X, L 1% 2 -TASSER fIk %5 %
(https://zhanggroup.org/I-TASSER/), 4i& 1.2.1 HIGIHEM M T 4R, 1817
I-TASSER Suite #EAT¥LFR 8 1 = AR G . FARRAE TN
HINTIZ, 4rAlig4T standardize seq.fastato seq.txtand get the sequence length.
— run psiblastto generate chk, ou, pssm, mtx files. = runPSSpred to getseq.dat,

seq.dat.ss. = run solve to get exp.dat. —run pairmod to get pairl.dat and pair3.dat. —
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run threading programs sequentially. = run mkinit.plto generate restraints. — run
I-TASSER simulation.—run SPICKER clustering program.—run get cscore.pl to get
confidence score. — run EMrefinement.pl to get full-atomic models. — run
get_rsq_bfp.pl to get local accuracy and B-factor estimations. —run runCOACH.pl to

generate ligand-binding sites, EC number and .GO terms predictions.
BATEE ARG 730 T R T 5 AL B i = R A R
1.2.3 AR A =R AT PG
A I-TASSER Suit 1 5 47 (1 720 # B A, 3R43 Bl @ AL 1Y) C-Score
TM-Score Al RMSD, #R¥EFER I, Jiiik H e R RARM L/ R R 3t —
WAL . BEAME TR A Discovery Studio A2 il ¥E b5 B H = &5 MR A 1) b7
PRI, MG B A s TR v a2k
1.2.4 B E O S E DR TN
KA EAT . Wik POCASA B HRFEAR 8 A4S & HARI, figs 1
IR E TR A & DA E . IR E S H R 2-2 iR,
R 2-2 Hie HARTIN S A B 1% D
Table 2-2 Parameter settings of ombining pocket prediction
ALY N N 7 S B S HAREZSH
Grid Size  Hit Radius Single Point Flag ~ Protein Depth Flag

1A 3A 16 18

125 U EMERRELE SR

KIZRAE > Tx453% . 8] AutoDock 4.0 BAFE R E L& 5 80 k5 & (Bt
ARSIl ARAR 5 A R m IR I S SRR R A & A5 A DRI SR ),
HAREEAE 7200 R R
1.2.5.1 BAEKEDRBLE

H5E, WEGEET T R A A, FH MM2 THRETREERL, FIH
OPEN Babel GUI X ORAF-AF I sdf SCAFREAT PAL R, 46 3 ORAT- 9 mol2 4% :0C A
FHX, FIH AutoDock Tools # Ligand & 5. T i AEH [1] Tortion Tree 3% K i1
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FEEE A L, B pdbat #5300
1.2.5.2 ZAEFEEKTHALE

{8 AutoDock 4.0 73 4T HF4EFR 8 H PcAdv. PenWAS Fll PcRoo [ 4514 3L
i, EBIKST, AR IEATE I, RAEA pdbat 16 ST
1.2.5.3 Auto Grid Z¥CCHFHIHES

HMH] Autodock Tools H' Grid 5., fn# B pdbqt 4% X0, WE Grid
Box, &R /MKHEE E#ATRE, S 1O BB Y E B S T A G
AAbR, KB I () Grid Box 174 gpf A%t
1.2.54 5 FRESE NS

FF AutoDock Tools ' Docking S5, IEHEAT T E M Z AR, Kh D
SeHE 5L (Lamarckian GA) € SURXTEEE, RAFA dpf M C .
1.2.5.5 Auto Grid HJiZ1T

7t AutoDock 4.0 FAF 35 & i A\ fir 2 Autogrid4-p name.gpf -1 name.glg,
AR [ map #% 30 (name R U4 R 6
1.2.5.6 AutoDock ffIiZ 1T

7t Autodock Tools ] Docking > .16 #% Search Paramerers, X442k Hix &
N 500 #2 Rk, 7E AutoDock 4.0 B B4 i & H ¥ A\ 72 Autodock4-p name.dpf
-1 name.dlg, £ dig #3032 (name TR SCAFAFRO.
1.2.5.7 S TFREER S

f#FH Autodock Tools H' Analyze JET -, FTIF3R1F 1 dig #% 2 CHF, 16 R
HE FP 4K Vi £ Conformation #1 Play, ranked by energy 135, [5] i £E 3t HY f1) 356 75
HEH %+ Build H-bonds. 5 7 Write Complex 1% 06 &5 S50 4F 5 i pdbqt #% 24
S, GritdiaRe s, IRl G
1.2.6 FT R4 420 B ik

1.2.6.1 EAZEKE X

£ Discovery Studio #4FH ) Macromolecules FiH R T T #E kR PcAdv-
PcnWAS Hil PcRoo =R EEFIRAL, St AT AL, 258 AL 3, IR PeAdvy.
PenWAS F1 PcRoo 1 435l 58 SONZ A4, FHHRHE 1.2.5 M4 R S 4.
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1.2.6.2 EifiE X

¥ DrugBank-3D structures U5 & HH 4L A 45 ¥4 B2 3 A Sy B p R 5040 P27 SC
4, 7£ Discovery Studio %47 ] Small Molecules FH N ¥ F-4b & W0145 M K0 dh 2
XX LA AR AT MR R AE, BATE RGBS &I TG, A B
Ip &L
1.2.6.3 LibDock 27 iz 4T

7t Discovery Studio %47 ] Receptor-Ligand Interaction 5t N % £ & X ¥
A AV, R A IS G AL AT MR 1% )5 B B AR P84T .
1.2.6.4 RIS FRHEESE RS

IBATE G, AEEE RSO A SRAF I T WA 437 X RE AU B (K1 T 40 15 005
i1t LibDock Score, IEFEERFAST /- HEAHT 15 BRI G WIVE g IE A & Ptk AT F 1k
O3 TR o
1.2.7 FTFM4r1 X0 B %

K ZME Sy Txt ekl AutoDock 4.0 BK B JUL 97 48 3175 1 i e Ak &
Y5 8EhR e AT, IRIELE G R s AL & 5 E A RIS S5, B
BAETIESIREE 5 1.2.5. R RATTH NS &Gk BEa ik R aaei—
ARRAR,  HBRARRE B2 O BRE L S g IR A & E N BRI E )

1.2.8 EHrEBE B eMa el ot

bR R A ST S B S AL BRBBR I 45 & Be R AR bR, T
SR, TG4 G R BRI T AR R O -BC A 2 &4, R Proteins Plus
A Pymol 2.5 FAF X AT P 04T, SRAFHEAR HE 1 5 ARSI 45 G B

2 SR 50

2.1 AREBHIMEHEITAR

B0 K% TopDraw 4897 S0 K HABM G L0, IS 37 B MRS 75
WA ITAR 2R 11 PeAdv. PenWAS Al PeRoo (N H, B L85 Hafi 411 Je 3
BT THAE, A WTE A AN 211 Cay b Rl o) BT
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K] 2-1 PcAdv (a). PcnWAS (b) #l PcRoo (¢) HEHHFNGER 34T

Figure 2-1 Topological structure analysis of protein PcAdv (a), PcnWAS (b), and
PcRoo (¢)
T EOXIRRAE R A B X, b T XA B S R AT e BT RE e A
AR AR R R olB e i kR pE A
Note: The blue area represents the energy replaceable area, and the secondary
structure within this area may undergo changes due to capacity distribution.

Cylindrical representation a spiral. Arrow representation § corner

2.2 AR A =H SRR A=
{5 B35 B A% T-TASSER JR 4538 J FLARSC L1, 48 & 04N sE T AL 55 4L,
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B I 7 R V) AR A B e B HE AR B 9 PcAdv. PenWAS 1 PcRoo [ = 2 45 Fi i
ANE 2-2 FiR.

k | m n 0
K 2-2 #UFREE A =R TR Z K

Figure 2-2 Schematic diagram of the tertiary structure model of target proteins

vE: a-e, - fl k-0 73A N¥EAR S PcAdv. PecnWAS Al PcRoo [ = 2% &5 fa A4
Note: Figure a-e, f-j and k-o are tertiary structure models of protein PcAdv, Pcn WAS

and PcRoo respectively

2.3 AR EA=RE MR

2.3.1 DARERNERNRE PR
HF I-TASSER Suit H () 73 b B4 K i 16 2 9 5T = R 45 AR R ) Jod B R 8
(C-Score). A E AR ] (AL R EL (TM-Score) FIREAL 5B (8] (1) B 25 J 22
(RMSD) #HAT/r#T, SR 2-3 . MRAEE 2-3 HIEHE, 254 C-Score.
TM-Score 1 RMSD P 45 5K, #7588 PcAdv 25 [ a #5, PcnWAS & [ £ 117
Al PcRoo 2 A k #E7 [K B A5 ¢ = i) C-Score TM-Score 143 LA & & 4 ') RMSD,

Rt PcAdv FE HFAY a. PecnWAS & FH A £ 1 PcRoo & A k #f ik H i3t
2



AT e SR BG SRR, B 2R A U (S B R 2-4 B
2 2-3 PcAdv. PcnWAS Fl1 PcRoo & H = 2% 45 fy R BRI PEAYy

Table 2-3 Evaluation of models for protein PcAdv, PcnWAS, and PcRoo

FbREAAAR BASS  REWMGRL MLERE EEmE

Name Number C-Score TM-Score RMSD
a 0.69 0.62 11.4
b -0.70 0.60 66
PcAdv C -3.07 0.55 77
d -3.21 0.51 72
e -3.21 0.46 600
f -0.33 0.67 7.9
g -2.67 0.62 220
PcnWAS h -3.24 0.58 172
i -3.47 0.46 159
] -3.07 0.43 152
k -2.49 0.42 13.6
1 -2.68 0.41 9.4
PcRoo m -3.27 0.41 8.2
n -2.91 0.38 8.9
0 -2.85 0.37 9.3

H: C-Score FURMM (1 BT R PAL R JEHIN[-5, 2], ZMEMOR AR 1]
BRI TM-Score M RY AR H] A ARABURE 22 %, 70(6>0.5 W AR BA IE
B ES AR AN, WS, <017 WAL R TRERIAR AL, ARfE;  RMSD Ui
AR 1) ) B i 2

Note: C-score is typically in the range of [-5, 2], where a C-score of a higher value
signifies a model with a higher confidence and vice-versa; TM-score and RMSD are
estimated based on C-score and protein length following the correlation observed

between these qualities.
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% 2-4 PcAdv. PcnWAS Fl1 PcRoo £E EH = 25 45 #0155 U AR i

Table 2-4 Protein structure templates of PcAv, PcnWAS and PcRoo

PcAdv (a) PcnWAS () PcRoo (k)

PDB Ident Score PDB Ident Score PDB Ident Score

1 1donA 0.5 197  2nbiA 020 1.67  4cgkA 0.13 132
2 3gawA 0.8 174  2nbiA 0.15 1.66  2tmaA 0.11 2.20
3 3ffnA 014 528  2iffSA 016 124  7mkdL 0.11 0.70
4 3javA 023 4.05  2nbiA 0.15 235 6ftA  0.18  1.26
5 1donA 0.15 2.65 2ifs  0.16  4.62 6z6f  0.09 1.19
6 3jadA 0.5 133  2nbiA 020 245  SnnvA 0.09 1.57
7  1don  0.15 5.79 2ifs  0.16  3.64 6z6f  0.06 1.54
8 1don 0.5 3.97  2nbiA 020 287  5xg2A 0.2 2.08
9 3gavA 0.8 1.73 2ifs  0.16 6.73  4iloA 0.10 0.80
10 1dOnA 0.15 439  2nbiA 0.15 1.66  7rscD  0.11 136
VE: ARDIIH T F L& PHEZ AT 10 B PDB F/8H A5 PDB %5
Ident /R ST H A BAEE ; Score FanBIbR 5 50 751 (% S+ EE, K
T 1 R fr I 5 5 S AR B BT BR SR 8CR

Note: Rank of templates represents the top ten threading templates used by I-TASSER;

PDB Hit is the PDB number of protein; Ident is the percentage sequence identity of

the whole template chains with query sequence;
2.3.2 DA N EE AL A RY DAk
TE UKL TR T AL I % i D7 T, oK 1 0 = 245 ) 18 VP AR AT s IR
(Ramachandran Plot), 1Kl 2-3 (a, bl c) Fim. XHEFAFIE PcAdv. PcnWAS
1 PcRoo & H =AM #EAT iz RIS A A el g, BAE 3 Fi A B 1 B B mi i)
HEWATE . KT PeAdv BEH, 93.3%HIFEEAL T 58 & SUVFIX I, 3.5% M EEAL T —
FRATVFIXIER, (A 3.2%ME A TAE X X T PenWAS HH, 83.2%M5%
FAE T A FUVF XA, 13.0% HIBR AL T — M SR VFIX 38, A 3.8% kI 4b T A
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HHX A KT PcRoo HEH, 94.1%HFk AL T 58 2 UVFIX IR, 2.9% R EL AL T
— MR AVFIXIR, A 3.0%MRIEL TAEGH X . L ESREH, ETxEaen
VX I R R IR SR ISR KT 85%, DA il o7 2Ry A4 1Y) B 1 R — R b A A Y
HA RSN, rTLHF RS,

c
& 2-3 PcAdv. PcnWAS Fll PcRoo & [ = i 45 H A6 R 43 [ 5]
Figure 2-3 Raman plot of protein PcAdv, PcnWAS and PcRoo
e B S SRR AR, AORRZAERL T AGIXIEA, GEER
RSB TEB XN, §HXIBERE AR XM —RAFX: BEHEX
HERTEERTX, BEHEXIEER —RATFRX; 5% TEEX A KRR
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FHE KT BHE R 85% MR 1% 8 A i = A AR R B B g B 54, AT BA
L FH T J5 BT 5T

Note: Each green and red point in the figure represents an amino acid residue. The
closed blue area represents the fully allowed area, while the closed pink area
represents the general allowed area. The number of amino acid residues in the
reasonable region more than 85% indicates that the protein tertiary structure model

can be used for subsequent research.

2.4 BEARER RVEME D4R TR
FKHEATEE, FIH POCASA Hikr %t PcAdv. PenWAS Al PcRoo £
H = REHBRR RSN DRI R, IR KL PeAdv EEEHHA 5 /MEEH4R,
PcnWAS 25 4 54T 3 MMETE 48, PcRoo HAAA 2 MEMELLS, Ll b4 n4s
(¥ 2 (B AL AR AN 2 2-5 FIT7R o
R 2-5 TUEME 48 AL bR

Table 2-5 Coordinates of protein activity pockets

E=EA A=
X Y Z R (A)
Name Site
1 181.702 89.599 105.545 12.9
2 164.352 119.929 119.359 14.5
PcAdv 3 164.352 156.684 135.172 13.6
4 111.806 133.429 189.848 5.0
5 109.647 136.581 188.630 5.0
1 176.555 188.596 137.491 10.4
PcnWAS 2 150.439 141.394 76.057 12.8
3 95.723 82.122 126.473 13.5
1 101.538 104.196 139.149 11.4
PcRoo
2 108.652 97.341 105.417 5.2

2.5 HEMLEY ERRERS & XA
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KH AutoDock 4.0 BAFKIREH LGP B 21 AL BT 5 LA E 10 4
W ST o, SRR 2-6 FR . WG RN, BREMEEY) SR
HASMEE R AA —ENESH, Kb E 2 H A 5 PeAdv SHH M4
1. PenWAS HH F4% 3 45 &8 T FMEUER K, 70]75-6.30 #1-3.23 keal/mol,
HERBHE S PcRoo B2 H H4% 1 45 & A8 T FEAUE AR, 4-5.02 keal/mol, E7RiX 1L
A4S 47 B 5] BE N REHL S W075 5 2 AL BEHBAR S #6728 4 PcAdv. PcnWAS
H PcRoo 454 [ F BRI, 1% L8 XAl 7E SR A 1 o 1 7 B /R = - an ] 2-4 Fow

R 2-6 AW SR E &S5 G DRI R

Table 2-6 Docking results of compounds and target protein binding pockets

AR

PcAdv PcnWAS PcRoo
Name
(A= 1 2 3 4 5 1 2 3 1 2
AR
-6.30 -2.53 -3.61 -2.75 -2.63 -2.00 -1.63 -323 -5.02 -1.94
(kcal/mol)

C
K 2-4 4EhREE S TREHL S EE A & XIS B

Figure 2-4 Schematic diagram of the main binding regions between target proteins
27



and probe compounds
1E: a N pcAdv HEH, b A PenWAS H5H, ¢ PcRoo HH, MO XIBERIKE
a5 E B FER LS X
Note: a, b and c represent protein PcAdv, PcnWAS and PcRoo. The yellow area
represents the main binding region between the probe compounds and the target

proteins

2.6 HEHUEMEEREAS SN RN

b 2B 0y B R AT I FEAR B - PR ET b S W ECAR 1) B2 S5 R HEA T 20 AT
ZER SR, TREML AW B B A RIBERPIR-S $EFR 2R (1 PcAdv.PcnWAS FT PcRoo
KAET —EMMEEIER, BAmERT7 LailakERMERE. HhEEai A
5 PcAdv HE S G AN L E IR EIR, w521 A5 PenWAS HE ML &
B ECNNERR, BRI PcRoo I IEE &AL mUNL IR . T3 IME PeAdv B H
MR BEIR . BB BRIE; PenWAS & AMFEEIR . BEMRKIE; PcRoo
AR R R PT L SRS S WY B KA E R X R RS & 5 2
H AL BERBOE 550 FR 8 19 PcAdv. PcnWAS Al PcRoo REWS K AEAMEAE M, HEBA
B TR SR R ] DURHEARE o SREHL &P 5 b B B B A IR 4 FH A A
B 2-5 B
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Sera7a

/ oo
H-0, -

.\\

CA

K 2-5 REHL S SRR A 4 SR
Figure 2-5 Binding mode of probe compounds and target proteins

FE: a flb AP HIFORT B A 5 PcAdv H 4. PenWAS B AL SRR, ¢ &
AR PcRoo dH HIZE SR B v o il A0 T8 € R 270 0 AR R HE AR 2R
H S5 IREH LS DI RGBT FH AT

Note: a and b represent the binding mode of pedunsaponin A with PcAdv and
PcnWAS respectively, and c represents the binding mode of arecoline with PcRoo;
The green curve and black dashed line in the figure represent the hydrophobic
interaction and hydrogen bonding between the target proteins and the probe

compounds, respectively

2.7 SRR R
7t DrugBank-3D structures 4 2 Hh 0 #E bR 5 2 HEAT 2 T NI 43 7 00 2 (1) R
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A%, 23 B LABEFR 1 PcAdv. PcnWAS Fll PcRoo AR ARHEATIRME, Gt &4
HEA4 T 15 A ITE AR G, 47401500 LibDock Score 43 7l 1% 2-7. 2-8
F12-9 Fiw e

B DR e 2y 0T R IR 7 SO SR AR IR e A S I dEAT 12, e 5 TR
A 5 PcAdv ZEH . PenWAS HEHZ &SR8 (-6.30 keal/mol, -3.23 keal/mol) LA
BERBR 5 PcRoo £ 145 & RE (-5.02 keal/mol) {F JgbRifk, st & fe AR ML
BN BRRL A . TSt g 3-2 Fis, ML T35 5 B A ARG, 1k
H W 6-DUBEER AR FH2E-7,8- NS L 6- DU R A 17 HH 6 -7,8- A ngy . 3,8-—
AHE-6- IR FE-5-[6-[1-[2-[(1,2,3,4- DU 5-9-FY g B B HE | £ K ]-1-1,2,3- =P L )-S5
WE MR . BRACHIEEARIERS R ALY BRI SR E A A S S
HAEFMMLE SRS, XK, WIS PR, XA A6 5 0T I R AR
HH PcAdv. PcnWAS 1 PcRoo 4, &I/ HA RIREVER HEr L&)

% 2-7 PeAdv B HEMIRHIE LS R gttt

Table 2-7 Results of virtual sceening based on protein PcAdv

EUREof g

Ay E N S A4 R N
T4 (keal/moD)
LibDock Binding
Name Name in Chinese
Score energy
6-(adenosine ‘
6- DU B i F 22:-7,8-
tetraphosphate-methyl)-7,8-d 224.61 -10.03
A RS
thydropterin
Thionicotinamide-Adenine-D B A5 B IR N2 e — A%
222.908 -8.22
inucleotide 7
[(2R,35,4R,5R)-5-(4-acetonyl [(2R, 3S, 4R, 5R)-5-(4-
-3-carbamoyl-pyridin-1-ium-  Z B 3E-3- 2 F G - e
1-yl)-3,4-dihydroxy-tetrahydr ~ -1-8§-1-3%)-3,4- —F¥2 8- 216.997 -5.82

ofuran-2-ylJmethyl VU &k R -2- 2 ] O
[[(QR3S.4R.5R)-5-(6-aminop [[(2R> 3S~ 4R, 5R)-5- (6-
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urin-9-yl)-3,4-dihydroxy-tetr ~ ZJEMEM-9-F)-3, 4-—
ahydrofuran-2-ylJmethoxy-h  #2J& PU S k-2-Jk | B 48 2t
ydroxy-phosphoryl] 4 LT Pt e 1B IR 2
phosphate

Adenylate-3'-phosphate-[[2'- ‘
JR R -3 W R -2'- Tt 4

deoxy-uridine-5'-phosphate]- .
PRAEF-5'-BE IR -3 - B IR 1

3'-phosphate]
3,8-Diamino-6-Phenyl-5-[6-[ 3,8- R Fk-6-7KHE
1-[2-[(1,2,3,4-Tetrahydro-9-  -5-[6-[1-[2-[(1,2,3,4-VU 4
Acridinyl)Amino]Ethyl]-1-1, -9-MYIEHL) 2 HE) &
2,3-Triazol]Hexyl]-Phenanthr ~ #£]-1-1,2,3- =M L5 ]-
idinium EnE

7-thionicotinamide-adenine-d  7-FA SR Rk fig i N Ay —

inucleotide phosphate W EH TR IR
Cpad —
Nicotinamide

8- 1R RIS AL IR W
2

8-bromo-adenine
dinucleotide phosphate

3-Acetylpyridine Adenine  3- Z LML IE BRPERS 4%

Dinucleotide HIR
Potassium Alginate TR A
6- 7R Jk

6-phenyl-5-[6-[1-[2-(1,2,3,4t
-5-[6-[1-[2-(1,2,3.4- 11 &
etrahydroacridin-9-ylamino)e
WY g -9-FL 2 5k ) R =
thyl]triazol-4-yl]Thexyl]phena
ME-4-JE T HENE-3,8-
nthridin-3,8-diamine ‘
— %

5,6-dihydroxy-NADP 5,6- ¥ 55-NADP

Adenylate-3'-phosphate-[[2'-  JRTFER-3"-BE R -[2'- I A

210.317

208.479

208.314

206.103

205.144

204.899

204.724

202.528

202.141
200.026

-4.97

-6.74

-5.79

-4.85

-5.94

-3.06

-6.83

-5.73

-4.82

-5.15
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deoxy-uridine-5'-phosphate]-
3'-phosphate]
3-Aminomethyl-Pyridinium-
Adenine-Dinucleotide
N-[2-hydroxy-1-indanyl]-5-[(
2-tertiarybutylaminocarbonyl
)-4(benzo[ 1,3]dioxol-5-ylmet
hyl)-piperazino]-4-hydroxy-2
-(1-phenylethyl)-pentanamid

€

PRAF-5'- R -3 '- IR

i
i

3k H

IR

FE)-IR B ]-4-F2 FE-2-(1-

HIL 2 F)- TR

Mok e - R R -

200.005 -3.83

197.183 -4.09

7 2-8 PenWAS 5 H MEAUITIE 25 R G0 1T

Table 2-8 Results of virtual sceening based on protein PcnWAS

EURERoy e

AW HH SR
P44y (keal/mol)
LibDock Binding
Name Name in Chinese
Score energy

3-Acetylpyridine Adenine  3- Z LI IRVE IS — 4%

222.338 -1.46
Dinucleotide R

Thionicotinamide-Adenine-Di  Fif X4 i AR s — A% Fr

221.86 -7.99
nucleotide 7

Deamido-Nad+ AR IR IR 221.76 221

5-beta-D-ribofuranosylnicotin  5-B-D- P TR 1% K J& ik 1t
‘ ‘ 220.336 -1.49

amide adenine dinucleotide Jiaz R RS R R

Carba-nicotinamide-adenine-d = E= KRk fig iR ME2 08y — 4%

219.889 2311
inucleotide R

EM-1745 — 217.93 -2.40
Cpad — 215.966 -0.59
Potassium Alginate NER AL 215.447 -7.71
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6-(adenosine

6- VU B i FY - 7,8
tetraphosphate-methyl)-7,8-di

212.497 -2.74
e 0
hydropterin
GDP-alpha-D-mannuronic
GDP-a-D-H #FEEZ ~ 212.046 -3.01
acid
Bis(Adenosine)-5"-Triphosphat
TR -5 - R 211.539 -2.99
e
[(2R,3S,4R,5R)-5-(4-acetonyl- [(2R, 3S, 4R, 5R)-5-(4-
3-carbamoyl-pyridin-1-ium-1-  Z. P FE-3-5 FF IR -k
yl)-3,4-dihydroxy-tetrahydrofu  Wg-1-§5-1-3%)-3,4- %%
ran-2-ylJmethyl H- DU UM AR -2 ) FH A
210.784 -1.83
[[(2R,3S,4R,5R)-5-(6-aminopu [[(2R, 35\ 4R, 5R)-5- (6-
rin-9-yl)-3,4-dihydroxy-tetrah 2 FEPEIS-9-3E)-3, 4-
ydrofuran-2-ylJmethoxy-hydro  ¥#%3& JU S We-2-FE ] H 45,
xy-phosphoryl] phosphate FEFR IEWE L AR IR #h
3-Aminomethyl-Pyridinium-A  3-2 J& 7 L i g - i gt
‘ 209.442 -1.48
denine-Dinucleotide W% H TR
Nicotinamide adenine ‘ .
T RIS A% IR
dinucleotide 3-pentanone ) 206.903 -0.52
3- BN & )
adduct
Uridylyl-2'-5"-phospho-guanos
PRIGEFE-2-5-BE R 51 205.167 -0.14
ine
7 2-9 PcRoo 1 H ik 4 Rt it
Table 2-9 Results of virtual sceening based on protein PcRoo
‘ RIERE A
Het i oS 44 i
#4745y (keal/mol)
LibDock Binding
Name Name in Chinese
Score energy
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Inarigivir soproxil
N-butyl-3-{[6-(9H-purin-6-yl
amino)hexanoyl]amino } benz
amide
Carba-nicotinamide-adenine-
dinucleotide
(2R)-2-({9-(1-methylethyl)-6
-[(4-pyridin-2-ylbenzyl)amin
0]-9H-purin-2-yl}amino)buta
n-1-ol
4-(2-{[4-{[3-(4-Chloropheny
1)Propyl]Sulfanyl}-6-(1-Pipe
razinyl)-1,3,5-Triazin-2-Y1]
Amino} Ethyl)Phenol
Ticagrelor
Baclofen
5'-S-[2-(decylamino)ethyl]-5'
-thioadenosine
Telaglenastat
Evodenoson
Methyl
(25)-2-[[2-[(3R)-1-carbamim
idoylpiperidin-3-yl]acetyl]a
mino]-3-[4-(2-phenylethynyl
)phenyl]propanoate
Preladenant
Acedoben

Dopexamine

2
N-T 3-3-{[6-(9H-FZI4
-6- AL LR R 2 2 )
R I iz
I EE R fre JIR e — A%

i

(2R)-2-({9-(1-H 3%

H)-6-[(4-MERE-2

5 Jk]-9H-NE 4

5235

)T -1-1%
4-(2-{[4-{[3-(4-F )
R A T 5 ) -6-(1-WR
55)-1,3,5- = -2-FE )%

3y 23Ky

B H v

EL&F
5'-S-[2-(BEAF) O
F)-5- T
B A% = A

AR T AR

4

)
"

(28)-2-[[2-[(3R)-1-E L

e V. i FE DR g -3- ] £

F = IE]-3-[4-2-FF 4
R ) 2R I P i

L e
[\R

Mt
S

e

FRIR

Vb1

160.532

158.493

156.608

151.599

148.706

148.004
147.826

147.437

147.327
146.685

145.367

144.34
144.236
144.193

-4.72

-3.58

-1.87

-4.59

-3.97

-2.83
-5.35

-4.09

-2.15
-3.62

-2.51

-4.23
-5.11

-2.74
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N-({6-[(4-cyano-2-fluoroben  N-({6-[(4-FJ&E-2-51 T+ L)

zyl)oxy]naphthalen-2-yl}sulf %AJE]Z5-2-55 BBt 5k )-D-  144.168 -1.09
onyl)-D-glutamic acid BRI

2.8 EirERE B eME e D

XTI ) E ARG S 6- DU B IR IR Y -7, 8- SIS | 3,8- R k-6- 2
SS5-[6-[1-[2-[(1,2,3,4-PUA-9-Y 1 ) R 3 ) £.3E]-1-1,2,3- = M| UL ]-FE0E L TR sE R A
B RGH G RS AL IR . BRI S R R 5 S 2R 1 1 45 & B QAT 0 i
R 2-6 A,

_H"—‘
H,N, N, ) NQ,,,,_
M ]\/o L S Y
NS 2 $
L NS N O O O O /‘\
] [N

A OO

Y% & "%
e e e

Val534A

Pro520A

GIn535A

Met519A
Trp505A

Asn504A
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Lys585A

R lieBaza

Ala537A
Z

Hey

P e

Asn504A .?

e

Glu516A
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Arg124A

R
ll Ser166A
- H, \

His171A
/\ LeudA
Cl

LeudA sl

Tyr7A  Phe168A
Arg169A Lys3A

h
K 2-6 ANFAAAMLEY SRR E AL SR ARER
Figure 2-6 Binding modes of different target compounds and target proteins
E: a-d 73R PeAdv ERH S 6-VUBRIRIR 1Y FH 2E-7,8- —SkI% . 3,8-—Z 5E-6-
PREE-5-[6-[1-[2-[(1,2,3,4- DU -9-HY WE ) B Sk ] £ K ]-1-1,2,3- = e LK - HENE | Vg 75
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R AN B ACAH B AR RS I IR A SR e A f 70037 PenWAS B H 55
AR i RIS A H IR AR R IR P 45 A A3 g A h 2073l 3R7R PecRoo tEH S EE
MBS AR 25 Ao

Note: Figure a-d represent binding modes between PcAdv and 6-(adenosine
tetraphosphate-methyl)-7,8-dihydropterin,3,8-Diamino-6-Phenyl-5-[6-[1-[2-[(1,2,3,4-
Tetrahydro- 9- Acridinyl) Amino] Ethyl]- 1-1,2,3- Triazol] Hexyl]- Phenanthridinium,
potassium alginate and thionicotinamide-adenine-dinucleotide; Figure e and f
represent binding modes between PcnWAS and
thionicotinamide-adenine-dinucleotide and potassium alginate; Figure g and h

represent binding modes between PcRoo and baclofen and acedoben

3 AR

3.1 B ER SRR SR RAH R

TEARWEFF, AT 2 2R 2 T bR 2 A = R MR, R 5 25 BUR
K% ZhangYang ] B\ A1 2 () I-TASSER JR 45 #% . 274 K 2% Charles [P\ % 5 1
TopDraw 73 AT 535 JAH LT, K 3845 1 2B 1R 17 41 HE 21 T F30I0 L 1 4 45 A A
WA, TSR R RN R AEREAT AL, 2N BAT T B i ok 1Y
BFRER [ PcAdv. PcnWAS 1 PcRoo [ =R &5 MRS . R & DL SE e oe 2 SR 3R
0, @ AR VA R R R, AT AR IR AR AT

AR AR AL R R A8, K2 B2 E I FEAR I R B . A
WA EET =, ARG 56 FEMMIER T At B R AR 5 AR BEbR 8 A R Ak
VEA AR B AR, BUEA AR L AR YR AR BT e . (Rl T R AR
1 PR 35 A6 1 )y e G A £ 1 0 465 ) U PR B AR ) R, SR AR 24 T R AU P S B 1) 7

BT D RE R HH O =R A MR E 1), DRI T A 2R IR = G A R g —
AR FBEAR T R AR 25 AR = o AERTIIR B 7o, A8 I & 1 i 4 46
HHEARNFHEAZ RNA FHRRRE A5 R PcAdv. PenWAS 1 PcRoo
IR EEIR T A, IF S 20 e HoA R BRI AR 8 1, {H7E NCBIL. PDB 4%
AR AT D RE RN A5 M A W J5 R R A MR AR R A PN 12 85 1 B T e AN 2544 (1 A
KT .
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T fRAR IR SR R [ PcAdv. PenWAS HT PcRoo 45 #42  B 56 M I R %
WA (R, T E AT, 8 SRR B o = A R R R R B 1 T 5 A A S 4
) R IT % H R 5 Bk b SR 1 i S R A AR DA AE I A R A
SRIRELAS T2 R, G0 2021 4F Mccullough 2507 B I-TASSER &A% 1 #4R
ELER D BT P 2 AN 2 1 K = R A Y, AR A 3RS T I EeEE 1 1Y) GO g
M, N T IRIXERE (I ThREBEE T kAl Zhang ZESILLES TR H QUARK 2
AT I-TASSER ¥ ) CASP11 3 H B =R &5 MY 5 S ARAT S 3- 45 10 22 A B 45
PR, GEBIEIR, R I-TASSER &7 AL HEREIR 7, T LAVE it — 20
FE IR ; Jethra 250195 F I-TASSER /N2 —ANSR AN B ETREAT 7 B4 £
RGBT ZAE AN T R AR, REEREIIE T %E A IhRE. L sl
PRk, J@IT I-TASSER 3K 1088 14 — 0 45 AR A0 mT LA R A ) S 25
R RFITRE, AT AR T 5 S 5T

B AR R TERE O B R IR AR FR TR, TR — AN R A AL T P SRS R A
A RE R RIEAN R AR BT B, D5 BL B 7 B 1 0R AR AR B T AR A T DU —
FREAEFRIREN R AEN R B8 1 IRl 4 T ¥EARER AR IE 0 4 B T AN L R
B, B A EARM T A M5 B o iR i o e B = ARG M AR AT, T TE A
BT, 8 A A s, R R AR B 1 = S MR AT AR S B AT

R T FAE AR 25505 AT e R A AR BT BRIV X35, I E— DR 49 X 2 10

JHERF T REHMG G S AR A R B S B, X A4 R ik — DT
FEBR VR SRR TS B 1 At
3.2 R SHREHIR

FEARBE T, FRATRE BRI 70 K B A8 A7 IR ¥ b5 & 1 PcAdv. PenWAS Al
PcRoo & FE NS, 15 0@l 2T NIV S 7 B2 R B A0 £ 3/ 15 7 — R 51T 4
B E Y, D I F I o1 B Ak S A R SR R 1 45 A i DA
R GRERHAT T EA T, @ IRORE, R T DO . AT I
SRR DA S B ARG R % B IR N ARER M A& . B HTEAR 2451 K 8,
FEAIT AR A — AN EE T RALHI A 71 TR, FORE B Bk 1 3 A 24 Vi R s
AR RE B, ORI T AR 2 IRE 1R
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REAIEEAE A DARA I R E R —, SHEG MBI 2AE L,
FA @8 AR RS s BT O V2l Mg 400 1% 77 SRS M 2459 C 2 4tk
#EA A, Wl Haloperidol. Eprazinone UL Fenbutrazate!'%, 73 7MbA V2 st
B 1A S 1 TE A W e o RO 32 £ 77 S04 L, 4 Kaplan %5121 F 5-HT2A
SRR RS, B LRIE IR T 2 Fh LSD 84, iR E T/ R A
AHAYER, (HA L T HE A ELINEIER- . 2R, TR,
RAFFRIBE RN IS, 18I je 4007 1 7R SRAF AR 2580 AR D, TR A ke 4L
348 (4 7 103 AT R MR T 7 446 RO 9 I 52 A Ak F 28 A AR — T, AT DA TR I
FRTHIE (AL AR AR 00 % AR R 2208, H AT A A R IR DY 5 S I ¥EAR 2
A SR IBTEEERG, BRULLASL, JUFEA e bR AgiRiE. [, A&
ZARIE W RAR AR DU SR QA T P E B N2, R R A TR E N2
AR AT AT 5T S5 — 7, A RMINTRILITE, R i bR,
— BRI T A AN 2 0k AU D SR i) R, T RO Ik R BEAR FEAT AN
S5 eI SRR LREAT I AN e, SR T AR EE - E SR R, R
HEHAG —, EE IR ERIF LA AT ORISR, XHR R~ EAT, E5R
WETR) () REDLIRTCE r, FRATT O R R RTR (RS R R AR, S EIR, SRR
LI T8 SE BRI 1 IR 05 128 77 V2 o

T I PR S AR SR S R FUMIRTGE TIT LA S AN 43 % 2 g Bt R 40 0 2 A
CAZRAE 73 1% e ZE Al 00 R U e W F 07 =0, 20l R AR AR B . B
LibDock SR ¥ LANIE 5376 B2 A Al 1) i 0L 077 328 EL AT 0 B33 B PRI s o5, {HL
A A BUS, B YRS, 8 T N7 5008 B e 5 i T R
ULRECI /N T o B 518 B 7R, LibDock 5 H 4 A AT Bt —Said ey
R DI IE A BRI o R S 4RI VA AT REAOLIRE T LUK A A4
WEY SRR AR R r RANZS SR, (AR SR B, 5 H T & s
WAEPDIEAT ZIRTRE 31T o AW FEE St AT 1 6T M 2315 42 10 e 0L e 3R 15
T —RIMEIRAAED), B0 0 X A5 A & PIEAT 2 T Fe M 207 0T H 10 R 4007
W, BN AR EPIIE T, TR f RET S, AT LAUSE DR fE 0 3R A i ik
WEY), XA BRI AE VI TRIE 777235 E T Bl
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ANFTFARE S R HGHAER T RA QLI RUR R 1 RITRERAR R, AR5
TREAR IH AL T2 DB B 1T RLEARAFIRLE A 1A RS AL PTG PR A FEAR AR,
577 ¥ PRI T LT 7 SRR IO A 48 A 08 B AT 3 3 ORI UK 22 AR 70 3k
5, A0 AT e siOF RTINS K — h AL S HUY) PEEE fE S5 # Aoy J5 T AR IR 2%,
I AT B BRI ERE R, eIk BN AR A 2324, AR RS DL N A A &
PBCE FeAor FRHT H AR R ANR S AR T8 AL 2 i D) 2 77 T S A R

N RBN AW T 3RAT 1 H AR S REAT BN R IR TRV, DUYSSIERE
LT AL A MR 8 o L P ) A BRI, AT SE R SRAT B A R IR TSR AL &0
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FB=F B EUXEAFRNEREHTR

AT AR 0 R I, REAOTT %6 3R 15 (41 B AR Ak &9 6- VU Bl IR i R 5-7,8- s |
3,8- B HE-6- A FE-5-[6-[ 1-[2-[(1,2,3,4- DY & -9-FY Ig H ) 2 ik ] £ K ]-1-1,2,3- =] 2
BE-GENE . IR AHEEIREN R EECT AR R AR A IETEN
AIRTENE, T RAEIX A SRS B R IRIE N, A E R N AR E N E
(K175 RGN B bR A A2 35 AR A7 I8 S T T BREIR A AR AT T
58, LAIRERS AR AR L B ia SR (0T I & 1 LB
1 MR 5T
1.1 e
1.1.1 #8304

A WRIG AR AR AR T 3 . K RAE B HOAR B VR B TR K
15 L KL FAFRFN, BUE M E 1, SREREE R 2 . TR FRMIEE A 20 C,
BE IR S EBE A2 508 16 h A1 8 he & H @ Hok. BORMARL. TRm=n
TFE 14 d PR AR IR (BREAN 1.5£0.2em) T /EELRK .
1.1.2 b EY

ST A AR 98%, RECHMYE HIR. ST, BRI C18 2
P ik e RO B AL JE IR A 1 5 R A A&

BERRER: 20 98%, W H T M AP A R A .

TR SHEN 99%, WH il AR R A A .

ELESF: 40N 99%, JH FgFrERARA A .

BEERIR: 2025 99%, TWH FitrdERHA R A A .

BRARAHER AR S — KR 4l N 98%, W FigRB AEMREA R AT .
1.1.3 EERA

A FTH ) 2GR 3-1 fos.
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% 3-1 W55

Table 3-1 Reagents used in this section

Al E AR
HIKLEE (AR) VU )1 PG AL T A PR A
THER AR R T PR A A
EZ Ll BRRAEDFEARAIR A
Al AR PR
SAREK g AR A BR A
et AL Z R FRHEA PR A A
HPE R AL ZRFRHEA PR A A
Marker III DNA Ladder IR RFKERH AR AT

AT 180 J i 2L I Marker
YHfEE 7R (DMEM, &b
s 24 i 37
A4 (DH5a)
Jokz BT
IR 76 G
LA (293T)
BCA £ EHR Bl e ) &

SDS-PAGE #t i il #1771 &

)ESZ
iy

Goat anti-mouse (HRP)
His-Tag
EedSEER iAol
TRIzol it
TransStart One-step gDNA
One-step gDNA Removal and cDNA
Synthesis SuperMix

2 X Tap PCR MasterMix

bR R TR IR A
SRR R (RIED AR A
B A MR AT TR A
BRI 2R AT TR A
BB AR 2R A IR A
BB AR 2R A TR A
BB AR 2R A IR A
BB AR 2R A IR A
BRI 2R AT TR A
JEs A G b A R AT IR A 7
Tl U e e R A IR A
S B AR A IR A
A TR A 7

b EEMHE ARG R A A

RIRENRHEAT IR 2 7]
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TransStart Tip Green qPCR

SuperMix

R EXeEMHEARGIR A7

1.1.4 {X#%&

A EE BT I 2 AR R 3-2 B

2232 FEAYZE

Table 4-2 Instruments used in this section

HFK

I3

T 1 Fr Bl
4 H 3L AL
722 RISy HIGRETE
SDS-PAGE ##
AR
ERI Y S TS AL T
I 3 7R A
HiETIES
NanoDrop 2000c¢ 42 i i F il 721X
PCR ™ #1%
Allegra X-30R 7417 550041

Rk BMARG( RIS AR A
Rk BRMARG RIS S AR
MR A A A A
1 R A A= i (i) AR A
1 R A B i (i) AR A
iR AR IR AT
FEBR G RBHE CPED HIRAH
ERL TR IR B ISR 1 4 PR A
NanoDrop A 7]

o A 473 8

5% [ D50 2 e R A FR 2 7]

1.2 HiE

1.2.1 BAMLE YR ERIRIL TR A4 BARS HRm

KR ATEH T H AR S YRR A IR A0 T 2 AN A PRES B 52Me  H RTR WA
SCRRARE X Le A0 S B A R EVE TR, A T RERIR T, R R i A S YR E
100 mg/L KiEW, VEJ9iRERA, RN BCEFK T AN B, 6 mg/L wHEH A
VA S 5 mg/L MERBRAE A BHPEXT R . AHEE 3 Kk, BAEE 15 K%, H4
S RMCE T 2 LIS . B S DR SRR BIE S SN, JET 72h &
BRI T HCR, IFRE L T AR RT3,
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FET- L

AN

1.2.2 BisLEUIXTEFIRE R T IR 5

KR AVER T H AR YRR IR IR AT . RIEHE =5 1.2.1 s
X B & YR R AR AR 1B BT VRAS , R VEAL SR, K B AR a 53
S BN RN FEREFEVEI, TEKIE R, HHEE 3 X, BNEEEH
15 ROR/N AR BRI (R 8 T 1 LIS, 40T 24, 48 F1 72 h Seit &
HARTFIEIISE TG O, IR E 771 e LCso 1H
1.2.3 Birfb WX R e E A R

M 7E 32 2K A Winkler BB VAT IR BREAEAGTE 3 70l X0 7K A BV e 4L & = A
RARE AT VRAEI21200 E e AL S E AN — R ERIKIEIR, X%k
HY (G AR MBI A 540.5 g, IR N 28 °C, AR E 5 3 K IR K6 4 B 6 mg/L
S A VRN 5 mg/L AEIHRIE U P T R B 7K O T R

HARRERAE Ay B3 SAEFRGUAE A48 518 (RS B AR N 1.5+0.2cm)
BT 500 mL LR ALFE S h, HUREL S K AT R AR R e . FEK
PERAR TE 5 B S R 5 e, SR AT 65 CHUAEHHLT 24 h ZHE,
T EAR A IR AR T E . FEEZ[Ro, mg/(g » h)]. HEZZH[Ry, mg/(g * h)] LA
b (Ro, v TFHEIFIEIF ARXFTIR,

WT-% (%) = x 100

_ (0-0p) XV _ (NPNp) XV  14XRg
tXnXW N tXnXW 0: N 16X Ry

E: I, Oov O AR EE 45 AR I K 6 FE L S8 2H /K A ¥ At S8 A
(mg/L); t ABTE (h); VAKPLEAI (L) n EFIBEHE Gk WNtE
FFIRHH T (g); Nov N ARSI 45 R iy K6 HE, SI2E6 2H /KA Hp 2 U5
HIKEE (mg/L); FTAdE A DPS 6.0 #HATX08 B Rt 21k T 22 57 B
Bro
124 BFRLAYIRHES R S S M

KAV AT B b & R RS SR A s i, RE 6
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mg/L FEERRET . 5 mg/L KM DL LGB AR, B AMLAMERIRIGA,
WFE 3 AER, FANES 15K, 36 h 5 FEFIZEEIHET I A, BARRRE
RNHLREE WK ZEH. RS A3, Y. HE 2t H . W,
1.2.5 BrfLEPxTE5518 s & B & BRI
K FER MR SO 78 H AR A 0t 4 A L 2 S S sl s), G4 10
SR FRGUAE AR IR, 0B T — BRI HA L&, T 20 Chb
P 40 h, ¥ 6 mg/L 7 & 21 A 5 mg/L HEMMAGE KNSR, BEFRE 10 /N 3T
HURE o ERURE I FH B85 - A 4 W O JUE A BBl (8 52, B O, A 1 mL AOVE S 38
MO E AR L, S22 A I ACH Tl B ) SR E A 1% (R RR R, P LA 334
nm WAKAE I B, i A A BN R AT A R FTR:
15 2 4 §=2.69E ] 2 mmol/L
1.2.6 B 5ERERERINE G BRTR
1.2.6.1 FRiE S PenWAS & A RIAZAL
(1) FRGFHAG S iR
Ko A A B E S pcDNA3LL (+) 3k L, TERGR AR Rk H A,
(2) kL2
Y 50 mL B, T 12000 rpm 2574 &0 2 min, FF_EIE. ETHEA L
JG N 2.5 mL Buffer P1 Al 2.5 mL Buffer P2, Hif#lJE5) 10 ¥, 7640 24040,
AN 3.5 mL Buffer P3, EUfEVEA] 10 ¥k, 7R AIMRAEA . T 12000 rppm
SFAFNEG 10 min, WO BIER, R BERE UE. RISV INN 300 pL BEEkK,
F 25 CHEE 30 min J5 43 3 F H Buffer W1 F1 Buffer W3 XHREERIEAT SRS I
500 uL Elution Buffer (70 ‘CHii#), 3000 rpm 21 FE% 30's, Btk DNA.
R FH A R 23 ' P T 52 SR BUTURE DNA RI9 B R4t J3E o F ) 0.8% (1 353 g it
JB 53 B Sk DNA, 48 HE I FAan il Jou b 44 2
(3) 2 ffu e e
HRBATHRE D 50 WA IR 293T 4, S5 EH 3]
B2 100 mm fIEFFRILA, 48 h L& 5 B OISR, 3T 100 mm £

Felld, 24 h 544k DNA.
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% Chemifect i iH 51T DNA ¥ 5%, MR FUR DNA WK, 115 10 ug Jit
KR AAR, NN 1 mL i) OPTI-MEM #5524, VR21JE B 30 uL 5 441k 7
Chemifect, MERIES 10 XJa T =0 & 30 min, FEFHIIA 100 mm 55770
MR TR IR AT . TH4% 24 h A1 48 h I ANl 72, 5 —WE S 6 h
JE R FH R AL VAR AR, %77 T-80 CUKAH

(4) EH4i

HRHE Genscript 1RG5 G IR AL 1AL 77 BL | Lysis Buffer. Equilibration Buffer.
Wash Buffer #11 Elution Buffer, 4ifk53Ru1T

7£ 293T-NWASP 41 g i\ 5 mL Lysis Buffer, /K 5 & 15 min. H24E 1: 100

(V/V) HIEL1% 50 uL Protease Inhibitor Cocktail JIANFIE AR HH . £ 4 C,
12000 rpm [R5 T B0 15 min, JTIEABMERE . AR Bif. Reshlieie /M
EREVE, B2 mL BABRFE RS BTl b, REMERF HiE . /£ 5 mL Equilibration
Buffer FOIABEREH X E RS, 7 HiE, EEMK. EEZPMA S mL 45
PRI, WEREIRS, 4 CWE 2h. REMER, FEE. EHRRPIIMA SmL
Wash Buffer, #IF0E RS 2 min, SREEMERTT BIE, Bedkmk. k22N 1.5 mL
Elution Buffer 7843 B A, 4 CWFE Smin, fREEVEMI, VEMLBIX. 4 CiEMT,
e R AR S BENT R 2 T 300 mL PBS HH#iEHE, 2h #H—V0, EE 3 XK.
ENT G HE AR IR S ImL, -80 CRAF.

(5) Western Blot iiF

SR BAC 058 Rk H I RIS, SR )5 I Western Blot 71 &
BEATIONE . ARFERE R AP R CIRIE, THE 10 ng B AR E MR RER, InARR
ITEI e, e NFIKAE R, HEAT YK, 80 V IE R HLIK EAE & R TR (IR
MWD HEAN B, 120 VIR IR B8R A BRI 5 1E ik, FIBRA
IR IERERS, VIBRIRAENR, IREE7r B, BT PVDF b, i BJggRNIRE4R,
il & —BHIE S5 AL, BN FECAE, N FERR, 200 mA/IRTERL LA 2 h, HUH PVDF
i, BT TBST FLH 1 S%BARY t, A IF T =R BT 1 h 5 3 PR P A
PVDF JiE, TBST %% 3 X, HABEHH—Pu (HIS tag) W, 4 CKIHE
R EERETE S, WE IR . 25 H TBST BeilE 3X5 min, #ABCHIFH —Ht
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(Goat anti-mouse horseradish peroxidase J¥&¥ . —HLFHE 5 %M A5 W54 1) TBST
Mk, TEIRPEE 1h.
1.2.6.2 Birtb &Y S5EARE A HEER SRR E AR
] FH A5 € X ITC 200 #HATIRES, 1EFEHEY) (mmol/L) : 4BFREH
(mmol/L) =5 : 0.1 KR 54T R 6 . B AR AV 2 mL, bW
10mL LA & Elution Buffer 1 ddH20 % 100 mL £ H, FHE A4 B S AL 3 o
R4 GE Healthcare £ F T EAT IAE, ¥ B E BN 20, AN 1h, #E*
GREIBITRT . WESHE, 0EE A5 Kb FRELIEAS.
1.2.7 B &R IR G 0 B A E R R A KRR
1.2.7.1 & RNA H#2E
HEF S RNA FEREL: MEIAE 7748, BT R ERAIF A PBS Se il be R i iy 4
ZURG, IE B T WA A% . R DP419 iRX77 Gt 8 3 5 RNA B4 4REL, Fr
A IEAEEVK EREAT, FARISRBUE B IRl & it B kAT
ML RNA FI52EL: IR ARBI I BIITEFIR5E, P ImL 75 &8 10
HH UM AR & 1mL, X H TAKARA TRIzol iA7 &%) M40 M A RNA #EATHE,
FLAAR 3R B B2 IR & U0 I T kAT
1.2.7.2 ¥R B EFREE RN
K 208C i AT A S R IE IR . IR BB A Ak 3-3 iR
(B-actin FEPRAERE I R EFEHAT cDNA G, KRR R
N 3-4 Fimo. BB /K AL BRI mRNA R KPR IE A 357K T
% 3-3 qPCR 51¥11E 5

Table 3-3 Primer sequences for qPCR

ISR S5 (5'—3")
Gene name Primer sequence
PeAd F: TGGCAAGAGACATGCAAGGT
cAdv
R: GTCCTGTCCCTGCCAAAAGA
F: TCCCCGGGAGTATTTCCACA
PcnWAS
R: TGATTTGGTGGTGGACGGTT
F: AGGCAACAGAAGCAAACCAGC
PcRoo

R: CGCCACAATGACAGAAGTCGG
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34 S RONAR FR
Table3-4 Procedure for gPCR

LR IR (°C) IF(E] Cs)
Step Temperature Time

1 94 30

2 94 5

3 60 30

4 GO TO 2—40 cycles

5 95 15

6 60 60

7 95 15

1.2.8 HiE ot

{8 1] DPS 6.0 Zd AL B HEAT Geit oo b, RS RO AR Z= LT 2 7
WEMENT . FSEE AR AR NG T RERORZE S 52 (P<0.05).

2 GREH

2.1 BB B R BOR

TEWRFE N 100 mg/L i, B AR A Y0 AR 77 1850 T R IR A0 3R 3-5 FTvR .
GERRW, EZIRET, BESFRRAENERBR R, EAEEHIE 24 0
Je B AT S BUE AR K RAETS (60.00%), 7 72 h B, iZAbERAHAR A WR I FET - 3Rk
BT 100%. BRACHHAEIRES R B E AR AR A IR I B A UR, R
FEACFR G 24 h FHAE IR IIPET-FON 42.22%, KT EESFEFEA, HAE 72 h B,
A B AR AR IBET R FREE R T 100%. H3HERREN R A IR 1A — 2 (18
AER, TEACERSE 72 h B, BETIHON 13.33%, MBS R KER AR I H X 48 77 18R 1)

BAEM.
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*® 3-5 HIRL G0 AR AR IR B R RCR

Table 3-5 Killing effect of target compounds on P. canaliculata

TR (%)
RSB
Mortality
Name
24 h 48 h 72 h
T VR TR 0.00 ¢ 0.00 ¢ 1333 b
RS 60.00 a 100.00 a 100.00 a
Bt S AR R 0.00 ¢ 0.00 ¢ 0.00 ¢
I A A B AR S — A% IR 42.22b 82.22 b 100.00 a
K 0.00 ¢ 0.00 ¢ 0.00 ¢

e FSESE AR A RN FRERORZE R B2 (P<0.05)
Note: Different lowercase letters indicate statistically significant differences at the

0.05 probability level

22 B S RFIRRE AT /TR

TR R V2 s 23 R A A Tl I v AR T R B N AR AR MR LCso, AR
PR L 5T R I K KR53 85 BE 782 70 3 8 y=2.0768+2.4857x Al
y=1.8585+1.7837x, 115152 LCso {573 4 16.2437 mg/L ( LFR: 20.4768,
FR: 13.7494) A157.7102 mg/L ( EfR: 63.2942, TFFR: 50.9201), MHFRARE r
515174 0.9796 F10.9834.

2.3 HistEWREAF IR A B AR

2.3.1 WBEFBEH IR

kel 3-1 i, 8 B bR S PIAL AR Z7 08 72 h J5 AR BRES KB, 15 mg/L
ELEF A FEAR AR5 R DL T B R R SRR, BRI S A R I = A
1255, SISEPOIRES, LEULAT A, TN (& 3-1a), AR 5%
R AL S DA R B A T 5 A A MR 1) BRI IR AR R (] 3-1d) . 60 mg/L i A 4l g it
MRS R RR AL BAR AR RINIE R G, AN e AR BE B s R (&
3-1b), 5 6 mg/L 7% & 21 A AP 5 48 AR R I H A E R AR [H] (B 3-1e) . 100 mg/L
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MR PP AL HE IR AR AR IR IR R R A R R e . (I8 3-1¢), HTE AKX T4 AR
b, tRAFIRIVEE N TG DL R 2= 57

K 3-1 AN[R] H R4 S A0 B 48 A7 IR AR PR L
Figure 3-1 Status of P. canaliculata under different target compounds treated
TE: a-f PRI AT SRACHIBEARES AR . IR . BRARE. e
R A NI KA BR 5 A8 A48 1 A2 PR
Note: Figure a-f represent living status of P canaliculata after baclofen,
thionicotinamide-adenine-dinucleotide, potassium alginate, arecoline, pedunsaponin A

and water treated
2.3.2 B & YIRER IR HE & i R e

WS H ARG A ) FEAR 708 72 h J5 KRS LRI, 100 me/L g 35 R A |
15 mg/L 250550 60 mg/L B A iy R RS A% FF IR AL B2 W] DL B0 A5 R L TR
R R B B, BARRIUNHER Y 2 (B 3-2), RS0 IR & 5 2
T A PSR BG A B 5 4 75 R B v B IR AR [
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K 3-2 HARLE DAL ER 5 b B i 6 A7 R A A /KA A L
Figure 3-2 Water conditions after treatment of target compounds
e a-f pHRORIFEEIRA . EECE. AR “RHKR. WEEH A,
BB AN 7K AL B 5 AR AR A A7 /K A e O HE R )
Note: Tube a-e represent water conditions of snails after compound potassium
alginate, baclofen, thionicotinamide-adenine-dinucleotide, pedunsaponin A and

arecoline treated. Tube f represents the water condition with clean water treated

2.4 BistbEPX RS IR A H R R

X H AR S DD B AT R SSF A A B R R NS A% R AL T AR A7 U3
BEAT AR AR, MRAE S AU R, SRR 3-6 R S4REKM,
HIEAKIRAAELE, 2 EMEEMALTE 5h 5, MRS, AFERy i
T RAs, HARIUONEE R E G, ES5X ALY E EH A M
BB L, IR 2 A AL B AR A IR AE R L HFRCR IR R s i s, (X
PR S 55 B S A AR RI IR FH A8 73 08 7 A 1) 2R AR LA AL o
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% 3-6 ANFE HAE ST EAFIRFE AR . HRRCR AR O

Table 3-6 Oxygen consumption rate, ammonia excretion rate and oxygen nitrogen

ratio of P. canaliculata treated with target compounds

tEY) W (mg/L) FEAR HEE R HA
Oxygen NH4-N
Name Concentration O:N ratio
consumption rate  excretion rate
PRI 100 0.1341 0.0055 21.2266+1.1101 b
E&F 15 0.3916 0.0133 25.76324+2.8463 b
Tt A Tt
‘ 60 0.2528 0.0117 18.9059+1.3729 ¢
Wy %R
A 6 0.1313 0.0113 10.2415+0.6379 d
FERB, 5 0.2790 0.0124 19.6875+1.0859 ¢
BK — 0.5060 0.0123 36.0322+3.6747 a

E: AR T 7 RonURERR R B e R AR ML, AN 7-24 £oR

PLAR e 2 th B R AT B B AL Bk g, SRUEE R T 24 RoRHURTH AR e R 3 24 i
Je iAok &t B e bric ARG P RN ZE R B2 (P<0.05).

Note: The oxygen nitrogen ratio less than 7 means the energy consumed by the body
is completely provided by protein; The oxygen nitrogen ratio between 7 and 24 means
the body is completely powered by protein and fat oxidation; The oxygen nitrogen
ratio greater than 24 means the energy consumed by the body is mainly provided by
fat and carbohydrates; Different lowercase letters indicate statistically significant

differences at the 0.05 probability level

2.5 B S EFIREH LS EHRIEW

K 4-3 A7 100 mg/L HEEEEREM . 15 mg/L ELEZFAN 60 mg/L A A 4 ifg A e
W ZRZ AT IR AL FT 36 h JE AR IR BRI I AR . BRI AN, 5 7K Ab B 2H AR 7 IR
sEy R, ABHIEE (E3-30, M4 HMLEEERS (K 3-32). BA
2% (& 3-3b) FIBRARAH AT IR S 2 1R (& 3-3¢) AbFE fE a7 IR B 2T B
H5ZWREH A (K 3-3d) FIREM (K 3-3¢) A3 5~ E A .
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K 3-3 AN[F] H bR & V)AL B 5 48 AR IR A A
Figure 3-3 Morphology of gills after different target compounds treated
TE: a4 100 mg/L HEEEMRATALTE, b N 15 mg/L EESS A, ¢ 4 60 mg/L fift
NG IRNERS “AZHIRAC T, d N 6 mg/L B B A KB, e 5 mg/L BEMBHHAL
B, fONEKAEE; ANZERIHA, BONEE: AR A P20 B A B9
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100 5 (10X10), A AL A B ECN 400 £ (10X40)

Note: Treatments of a-f represent 100 mg/L potassium alginate, 15 mg/L baclofen, 60
mg/L thionicotinamide-adenine-dinucleotide, 6 mg/L pedunsaponin A, 5 mg/L
arecoline and water; A represents disapperred cilia, and B represents cilia. The
magnification of the left and right figure in each group is 100 and 400 times

respectively

2.6 HirfbEYIRHEFFIR I ¥ E B & B

W 3-4 Pios, EECEVIIRELTN, BRI ERN, EFIR N EES
TrEAE TAFERER . 55K, 100 mg/L R . 15 mg/L
FFH 60 mg/L B ARAH B IRIENS I AL FEAR 85, M A BT
AEFERE M T B, Horp, EEUSFRIBRARSH Nl IR v A% 1 R A 2 4 A 7 W
G A B AR IR Y R RSk T, (R R AL FRAE I 5 T B
JaW R BAIEIRES, TABLL TIEKACERZH, XF R 25 58 21T A AR AL 3 5

=¥
S

PRI M B A B FE R L T R ERES . RS S DI ERM . B

FOT AL BRI R G, AR I 1 I R ERAEIR, it
WP & S A AR AL B St A2 1A [F REAR .

e
-
=

=
= a a a
[=} a a a VL i TR A
E o.08- -211- [ooa ab{ ab, { By f TR
< C
g» 0.06~ c c e AU IR RS T IR
C .
;g 004l 0 WEETTA
= = FER
§ 0.02 — &K
5
© 0.00 LI = - - —
10 20 30 40
Time/ h

K 3-4 HArb & Yxsta 48 i 5 5 B & R
Figure 3-4 Effect of target compounds on the content of hemocyanin in P.

canaliculata
vE: FEUTEER EiR e ARV NS FREFROREREE (P<0.05)

Note: Different lowercase letters indicate statistically significant differences at the
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0.05 probability level.

2.7 B &Y 585 EH PenWAS KBNS
2.7.1 8RR PenWAS Bk S RIE

2.7.1.1 pcDNA3.1-C-His-NWASP 5 i 144 2
MR R AN 3-5 (a) B, 33— DR FHBIRPESEIS i pk R FL A g, &5
Rl 3-5 (b) Fis. S5REW, #EK pcDNA3.1-C-His-NWASP Jii ki 5% i i
WTEA S, BORIHRENGERE, TG RNA V53, A, KR 0.509 pg/ul, v LAH
F IR
o 1# 1#

{N-WASP}6xHis

5000 bp —>

2000 bp —»
1500 bp — Ko

SV40 late pA 800 bp —>
500 bp —»

200bp —>

CMV promater

a b
3-5 pcDNA3.1-C-His-NWASP JFiFi (1) 45 #) S B iE
Figure 3-5 Structure and validation of plasmid pcDNA3.1-C-His-NWASP
2.7.1.2 EERERT
K BCA VER I ) PenWAS Ht H IR FEBEAT RN, o i i v ith £ 2n
K 3-6 Fros, DN7E R IR INER 3-7 s S5 RERH, prik 27 R2 M R2E N
0.9995, UtHIMIE A RESE AT 5, B2 IR E HER .
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H

© 0.0 L& I T 1
0.0 0.2 0.4 0.6 0.8

OD Values
Kl 3-6 BAC VAT AE B R AR HE Hh 2
Figure 3-6 Standard curve for determining protein concentration via BAC
*® 37 EEWREE I AR
Table 3-7 Results of protein concentration detection

ELEZY N ¥4 OD & EWKE (mg/mL)  JFIEWHRE (mg/mL)

Name  Average OD value Concentration Original concentration
E-1 0.2967 0.1284 1.28
E-2 0.2404 0.0726 0.73

2.7.1.3 BARKHFHEAE

FIH Western Blot i:%F PenWAS 5 F &R IA G HLEEATIRAE, 25 R a1k 3-7 (a)
FiR. SRR, FEfH PenWAS B E 2 MHMERIE, SIHAMGE & iRl &
A PcnWAS FEH .

B0 R A% D i R 0 B A A o, 45k 3-7 (b) FioR. H

a6 B A 25 T BB BRI ZlAL 5 3R VT PenWAS 3 & B850
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E-2 -

N-WASP —»

e

3-7 PenWAS & [ %Kik

—— 65 kDa

marker
E-1
E-2

N-WASP —

— 65 kDa

—

b

T 0L S AL BOR B8 IE

Figure 3-7 Expression of protein PcnWAS and validation of its purification effect

272 SR E
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AW E ATC) RN
BRI, K H LG Vi R AR B AR RN AL IR E

F IR 1 PonWAS WIS, SRREIRSLZ) R L T AR, IRFELREI,

HARRIUR R 97 A TR N 5

, XFEERBEBSEE 2T A5 PenWAS A%

E MG AHE (& 3-8) . it — DGt TR R 4565 SRR ELE 124 E i,
SRR 3-8 A . 45 R IR A ARG IR e — TR S E N
PcnWAS ¥ H —E M4 &

, HEHEIRE .

WE A 2.17£0.51%104/M F 2.08+0.94%104/M.
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Figure 3-8 ITC results of protein Pcn WAS and target compounds
TE: a RoniEEIRE, b RoRAGMEEIRIE R, c R EEH A
Note: The treatment of a, b and ¢ are potassium alginate,
thionicotinamide-adenine-dinucleotide and pedunsaponin A respectively
* 3-8 HArLE N E PenWAS A% S S840

Table 3-8 Combined parametric statistics of target compound titration PcnWAS

a 4545 Kb TRELZAS
Compound ( X10-4/M) (cal/mol/deg)
R A
2.17+0.51 16.31

Potassium alginate

B A A i RV e X IR

2.08 +0.94 15.17
Thionicotinamide-adenine-dinucleotide
R A
298+ 1.74 18.62
Pedunsaponin A

2.8 B EYXT R E AR RE BRI W

WA . D SSF ANAR AR B RIS R IR 43 I AL BRAR 745 24, 48 1 72
h J&, AR H PcAdv « PenWAS 1 PcRoo ZERFRIA BB, 45 a1l 3-9
Fi7n. qPCRAREGSE FR M, WG, AN AR B AR 0s — 1 IR w] LA
S HARHFIEEFRE [ PcAdv. PenWAS 1 PcRoo [RRERI KA B %, Xfhis
o AN L G AL B S % B 1 R R R AR A A [ o SRTIN T PenWAS
B, WEHERACEARAFIBEET 48 h, ZEARREKEREE %, 48h J5i%E
1 5 R ik S P AR B T K R BT IRAS
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Figure 3-9 Relative mRNA level of PcAdv (a), PecnWAS (b) and PcRoo (c) genes at
different treatment times after target compounds treated

VE: R SRR R NS TR E R R E (P<0.05)
Note: Different lowercase letters indicate statistically significant differences at the
0.05 probability level.
3 NG5SR

7 2 B R AUV SR FLRR AL 24 1 RO AT T AR P,
1 S5 8 A0 0 PO A A W B EL 5 R P R — R ]
D\ S EURAFIRIE L . FEIKLEAL AT R AR AU vh B LA DL AL H5 4K i
R MR G ARG, B BRES . LRGSR, i R
VAT LA KA T AR A A

AT, FEXTRRAIRI0 R MR, 5 1E AR IR SR L & 55 520 A
FRERIBRAE L, S5 R 40007 i DA O 1 A XA U 0 2 5 AT 258, 74
RO R, (R b A 5 AR (45 & 0N B 0L B R Al S B0 712
KEFET:, TR LB LRI, B, AR B L4
2, BERTFI A EFRIOMARE F5h, WA LS A AR, XL HER I
(B, R SEURAIBITIT R, (MR, /N T AR U
BET R TAAE. AERN TR, BARL A SR Al S (e AR 4
P AR U FEE e, 24 48 M B2 ) LB I, R BT Hh B 2
SR, YL SRR L R GEIT, A F S A SRR R B, A
SRIK S AR AL A R AR RR 2R 19 45 4, (EL7E MR B e 1] P g T LA B A M
HR qPCR F U5 52, PenWAS 2 [ 5L Rl 6 i ik 70 SRR B AL B2t B T s
{165 T OB, BT 7 BRI 53 SM% G b 3R T A B 7 260 B B0
3Kt T i S B 10 A W SR TE Nk B A BEAR AR MR S R 2 —

AT 8 R BN 5 B AT A0 T3 MO A o, R T4 B AL
BRTE A 0L, VR SR B AR A IR S A% IR 5 HRAR 2R [ PeAdv
PenWAS B BT HILE 2% 1, BCRERO 45 S MU IE W T 3 24k &4 B 42 80
KON AR T LA B 7% TR AR AA S o SORE () S0 5K 75 I 259 2 ST B 1 < %
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FARZI”, PR OSBRI ZMR . Hlndnm R RE T O AT ZE 1 2
SRl gt R A T I 5 2 T A AR e Ay R P4 SO EE 1) 751 [ ik 4 A il £
FEVRYT e LA A UBEBE IR 25470 (4 35 LEEARU2Y, Ja g7 SR I 25 i s Je =2
EGFR Al HER2 BB 7500300; y6 77 18k Bl 240 i 1 1 (1 259 67 5 & e /2 Abl.
s R R AR A o-KIT JABE I3, £ERNATIR, RS bR — &
(R, QR TR % Li S5 T RN 20 S AA BULRBM O RE, Ml
#T7 OfHex1. OfchtIl. OfChi-h. OfChtll. BnCDA1. BmCDAS. OfchtIIl. OfChtIV
8 AR, FERILT 10 RAFET OfHex1. Ofchtll, OFCHTII %5 B 1)
SEYaR, dt— i BRI R I T A SR S EiR 2 AR A EAER,
XN Z R R 2T IF R AN TR SR A T RS2, Bk eI L, fEE— B RIHE T,

A LAZ A ORI 7L, I BRI A, A2 BEAR 0 S 0 AR R IR AR B
PcAdv Fll PenWAS #E1T 25407 i%

R AR, 254008 A [E) S A 2 1 PR S ) B R A B AR A — e IR L A
WA FEEAR B L~ A BRI Rt @ R 24540, SR A N 7K (97 RO AR B1 7K
SRR T LB Z A1 56 SR A8 S A%, A B ITEAS [ 4430 A T JE AN [ L AN T
ZH 2PV 1B P AN [) B TR 3 S R T A 1 S A0 g (R BRAEL L 451 o 451 v 97 RS 499 1)
AR, AR N IR DAL S-HT2A 2RI 2 B2k D2, Hff
FEW, ZAYx 2 B2 D4 LK 5S-HT2A S2AR ISR 7 Xt 2 B D2 52
PRISEAN I REAR, H 24 2 B D2 S2AR 1) 5 A FRIEF] 60-70%I0) & LU= AR E it 7
VERIBURE PR ROR, SRIMAE 5-HT2A SZARLE A R E I, WA D2 2k 5 A
Fid i, AEMARET ROk Sl k3135, RFEIBE S LS BALR AT, TSk E
BEATAG A 5 FEARER A RIS AN LU B R R BRI . S b, FERS I 29 Rt
TR, 2R RN AR 2 H T AAE RO R . i 24N LR GPCR
SEARFRE IR S G (RS PR 257 B 22 5 1 B3 fe GPCR 2 AR 45 & T 200
M R 3O, R AR AR FH R s, (BRI, MR
SHENZ T RIS B, PSR IR AR AL A i R . ST RN A il R
Mo A% RN A7 MR A8 L e R AR BIDIRAS P2 AR T — 58 MU, SR TE I R IR G 5
&)
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AT IR A RSO 07 308 05 V280 4T AR W57 Ui 08 AR AT 7, A a6 i kg 400 i o
ARAF T XA AR SRR FRAC A W 2 B2 ) 56 S AL B WD R A B ST AR A A il
JRUENS “AZH IR . LA BB FRE RE—PE ] 4R 7718 PcAdv. PenWAS 1 PcRoo
H A R E AR R E REAR AT AR 2 AT R A S VIR D RE A& th L 454
POE R, N RMHE B S M S WS 5 RIRIE T 2 M e &R, DA R
MRS AR HE R 1B AR T PR B PR 8 54
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FIE T 073 FERHE R R IER 25 % F A 2 fy 2
X 3D-QSAR B 5%

Vo R A6 10 LA A TR M IR (A0 2 2 W 5 FAE BRI R 2R,
LS B RN R L — . N T R B EAR 2, 4IRS A 5
LR W3 1) 95 R O 9 — LR AR 24 52 A% 00 1) 3

T RSB EE VI B A W, AR5 DL Rl R B AL A 1 2 0 R
WEEE A, DA B SRR A R, A2k AR DL J% 3D-QSAR [f) £ FEHR 5
T B A S S R EEE R IOE R, IE DA S REEAT R B
DL HH B 5 35 A58 U B S S
1 R EFE
1.1 ftiEA e
1.1.1 4L&%Y) 3D &1

RYEIRG LA, AR BA R EY SE S S, IF £ DrugBank $df 7
ALY 3D L5k, AT R e 25 R BT AL S b HOR R R KT Bk
H SCERIO2 1041371431, A S HAR I Z5H S IR P TS DL U R 4-1 P

R 4-1 WEMEEFY SRS TETS DL

Table 4-1 Structure and activity of molluscicidal compounds

Y E Ll
g A
5 (mg/L)
No. Structural formula LCso

239.00
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16 35.16

HO,

S

o™

HO,

17 26.25

HOy, HO,
g o
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HO' W
18 I 231
o
. ,,,1/1/1 (OH
HO, H OH o
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20

21

22

23

24

25

7.42

113.35

108.72

2.12

1.26

0.45
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26

Cl

27 ke 16.2437

OH

1.1.2 XERHG

A FE FiT B 3 B A R 4-2 iR
* 42 YR

Table 4-2 Softwares used in this section

Thke BRAF A4 K
Function Name
23 B AL by Discovery Studio
3D-QSAR SYBYL-X
waEmE R 3D Chem
fit A2 OPEN Babel GUI

1.2 RETTE

1.2.1 B T4 FILRRER REF A R FE R W&
1.2.1.1 YHES TFHE

T 46 1E Discovery Studio 1756 /N3 1] Principal 1 MaxOmitFeat J& 1% 12
177 X o 4771 Add Attributes XJ1EHE, BIX AN EIE, BLO, 1802 =X,
AN TIIAREEREAT /8 X o & 8P BOE BN N & L nER 4-3 FIEE 4-4 P

7No
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% 4-3 Principal J&VEE X701 BIE AT bRtk K fhi ik
Table 4-3 Standard and descriptions for defining the activity level of molecules using

Principal attribute

HE KR BEE bt TP RS
Value Level Standard Description
ZH0 T, T I AR
2 AiEE LCs50<<20mg/L U AE AR S 24 5 A AR B 0 it 22
B

58 N 2 AV RFAIE 6 3R I 75 2%
JEAZAAE VI 7 T A B
B TAEE N A BIRHIE T R
0 AEiEPE LCs0>150mg/L NAERE, TRt e X
HEBR AR

1 PEEME 20mg/L<LCs<<150mg/L

% 4-4 MaxOmitFeat & %4 & X iR

Table 4-4 Standard and descriptions for attribute MaxOmitFeat

B IR N 25

Value Description
0 P 1) 24 0 A B 28 o i A REAGE T 3R R A 5 40 S UL E |
1 IR 253 AR b RS 1 ANMRFIE R A S A YIRS
2 P25 BB A i R b R A L R S &L

1.2.1.2 230 AR T & RIIE R

FE T O b SR A AL &I 454, 78 Pharmacophore b 45 5 25 2% B RRAE
I AE BURFAE B 1% o FERFAECE R I RE o, 75 EAR I Se PR DLk & I RE T &R
AW 7 R R R T ROV A BE A2 /K HB ACCEPTOR. A #{it A HB DONOR.
Bi/K## HYDROPHOBIC. i B FH1.(» NEG IONIZABLE. iEHL & FH (> POS
IONIZABLE #1175 # ¥4 H1.0> RING AROMATIC.
1.2.1.3 T T FERHMER 4R E R 2

¥ Fl HypoGen %.7%, fE Pharmacophore #i &t v #] # Common Feature
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Pharmacophore, i A 238 A0 P45 14, 44 Conformation Generation 1% & 4 BEST,
M % _E PR 2 Maximum Conformation % &4 200, fg% H/{H Energy Threshold ¥ &
710, HESHUEFIN . WERIEBITIET.

1.2.2 2T A AFERILEYIN 3D-QSAR k4T &R

1.2.2.1 ¥R L

AARGS 75 20 R S R R AR A Bt e, P RS dE L &) 1
5.25.35.45.55.75.95., 105, 115, 125, 135, 145,
155, 18 5. 195, 20 5. 21 5122 5, MRECFILEY 16 5/ 17 5.
WEY R H 'S S 0K 4-1 s, @S0 M BAR SR E AR

EEATIF SYBYL-X ¥, #rg— M. 5 il B Ear s, FHaRm
BIRIMEEY) . Bbs il File 328 T 1 Import File BEI, 7E5H H A% 1 AE H i 4%
A G VIR SCAF R4, 3 mol2 k& X&) S, 1E Files of Type — 421
163 Molecule, iy OK BN 1ZCHHE SYBYL-X H14T T

BN G ARRG, &2 5 T — S A . sk B
Compute , £ N $i7 3% £ d1 1% % Minimize Molecule . 7E 3 H X6 35 HE o &5 5
Minimize Details Al Modify B} 7] 1R 4 3¢ br 75 2 15 € {6 77 7% (Minimization
method). UXEX %1 (Termination option). #x KFEHAKEL (Maximum iterations)
PAJHLfif (Charge) 824, AWM HARERAED, 1E4F Gasteiger-Hiickel 77
PSS PR, FE Tripos 713 R Powell J7yEHEAT AL . S KOG IR BN
1000, fERISI AT N RARAE R AL /N T 0.05 keal/mol, HARASHHAE . 1B
ZHG il OK, HHATREEMRAL, 85 FFEZ R &R 2 Bt P
1222 5788

F17F SYBYL-X ¥, iz B A~ s ) File, f£ Database —4~HiE+E Align
Database. 7E 5 H 1% HE T Database to Align —F:H ik H T B S ML S
ff. £ Common Substructure £ ik HEH T2 & AT A, AW TS A it
TAERERR.

£ Grid Orientation Jii% £ Inertial, Put Info Jjii% % New Database, %% 1E
Align TiiE$¢ All Molecules, #RJ5 i Apply FFIGHAT T &G . BFAHRE A
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TR View, fE T Hi B i%$E Transformation, ity Freeze All, #A4T
SREREH T,
1.2.2.3 BFRIEHIERK

MR BT File, £ T s 8rb iy Import Fileo  £ESH X TEAE H 4%
BB PE SR P E RS AT, 145 F T A2 1 B 1 3R M (K8 2 SCAF, JRAE Files of Type
NI %S Database. g OK BRI A il B T3 4%

FEFRIAL, i RAnAsE, 7E50H 13254 fiidi Add Empty Column; 7E
SE L R0 TEAE PR NI 1 A FR, B R 1% 4% Number, iy OK, Z ¥4
Yt T A2 R U A S B
1.2.2.4 ¥& B ¥ 0

A AR A Fd AR B, #ESE i $E Add a Computed Column. U1
@ A7 CoMFA #57Y,  JUIAE 3 H B R 15 AE Th 16 $¢ COMFA, miih OK; Wi 5L
CoMSIA #, i COMSIA.

#7. CoMFA 7L N 25 500 75 BLAE 380 S (100 65 155 A HH0f 7 7 0 6 L 3 1) 1R 35
W 30.0 keal/mol, HAMSHIN NHREE . Aidi Add Column, THEIFUINE .

#2537 CoMSIA R 17 50 75 AR 3 tH R0 1 AR ik 5y T35 K88, AR
kiR T AR . AR SLikY . B BKY . IR TR
0.3. A7 Add Column FFUHE N £
1.2.2.5 PLS 23#7

e A WEVERAE S (pLCso) A1 CoMFA 1|5 £ Hi T2 4% Hh R R e 3%
QSAR, FH7E FHEHH il Partial Least Squares.

FE 3R B B0 3 HE 1, ¥ B Components 64 6; 5% ] Use SAMPLES; 7
Validation % H1/4] 1% Leave-One-Out; 2Ji% Column Filtering, 1% 4 2.0; 7E Scaling
T $E CoMFA Standard, WE €S, Aiili Do PLS, JTARHEATA XIIE. %
F 45 54447 9 L) Analysis Name 744 [ pls #0301

XF CoMSIA #EAYHEAT PLS 73 #riny, #AERML. £ sy QSAR HI, &H A
WEAE (pLCso) 540 5 Fhor T3 BUE R AT,
1.2.2.6 FHEMRERK
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R B2 QSAR, fE T s ik # View QSAR, riidi CoMFA Rl
H CoMFA %534 S5 B IEAE; i CoMSIA N3 H CoMSIA IXHEHE. 75
XTUEHER TYPE OF FIELD TO DISPLAY #2714 #% PLS Analysis, &8 KA
53T (StDev*Coeff). %% £ CONTOUR SPECIFICATIONS £~ 1, %4 Contour
by: Contribution, Display as: Solid.

BEM G T AR WCA R R R IS BL R, Favored #1 W {8 17 1% 79 80.0,
Disfavored i {E 115 20.0.
1.2.2.7 A3 M8 B TR

W RS, R AR, AR MRS S Add A Computed
Column, 7£3 H FIXHEHE %5 Predict, sty OK; 645 AT T ) o T2 4%,
mifi OK. BEFBTa R EEFEH TR BNMERER, fd OK, REKEH
A FIRIG T RN R A, IO S E L.
1.2.2.8 RBUEWIRRTE M

R 1.2.2.7 PRIEMSEMELE, NBiKg. Stk D82k, o
WA FE I AL, B AP 5 B H A SR BT S0E, SR8
(RIS B 50T G54 o FEARHE 1277 V2008 T H A Ak 1 A it 1 3k 47 i
.
1229 RBUEMEEFEOSESRITH

KR TRERE, RO R A SRR AN SR, Bk
JiVEIE S T 1.2.5,

2 GREH

2.1 BT FIRERE K2 3 F R 2y

E Discovery Studio F4THF & & ML AMISCIE, X A& IHEAT 25 X015
AETLHAER, 4RI 5-1 () PR SR, st ad 3 Focin
L QEIL SO SRR OE v LU e N 22 B FEi Gt e R

SR HypoGen St 4515 25 A IRHIE SE R MEAT R4, - SE 2 R
FERIMBER, SR 4-1 (b) Fim. 4R EoR, 2HBAME 4 ML

fik, BRI 2 ANgR/KAE 2R AN 2 NSRS B, X BRI e a0 T S A %
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RS PRI S BONE 2. WAV 2L 5IE R — K UTA R R, 6
TR FH 22 ] 5 4 S A A e 10 9 A S e 52 A 1) 1) 1 B 88 B 451D 13,624
10.516: 5.895.

4-1 B2 R AR L 70 3R 20 A SR e 1 245 20 [ A 2R

Figure 4-1 Analysis of characteristic elements of compound pharmacophores and

construction of pharmacophore models
: O RORGUKIE R, WOy Rondid 2t ], ROl Rnd
AL ]
Note: Hydrogen bond receptor features shows in green region, hydrophobic structure
features shows in blue region and hydrogen bonding donor group shows in violet

reigon

22 BETEEALELENEYIN 3D-QSAR T

22.1 HTE8E

TERIE 3D-QSAR BRI, EHIEEBH A (14 5B 1ERBRS T
P A4 T I B 2 9 S A5 M, AT TR tr, (AL 3% 2 5 8
Mo EANT 6 A0 8 VA MBS, PR G SRRt dh RS T 20 Musr
WIS To 20 AMEATIIIS T B B I 4-2 T -
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Figure 4-2 Results of compound stacking

2.2.2 CoOMFA Fll CoMISA BRI {7 ~r

CoMFA F1 CoMSIA B % TG i # 24N k 4-5 ffizn. 5t CoMFA &
ME, & XEUEAH R RN RS IR EAH 5 R %07 7l 2 0.898 1 0.932,  F fude
EAREAC, N 64.977, WAMEEEN. FARSHIIRY, CoMFA #AA
A ETRINEE ST o SRR > FREAT IS PE TN, HHOC RECK 0.946. CoMFA
SIARTTHRR N 45.7%, EREIHN 54.3%, A WAZSRA0 & W0 L0 S0 AR 37 RN
it B B R R R R MG B . 17 CoMSIA 22 19752 X
BOAIEAH 5% AR BONEEAZ B AEAR 5% R E 070 )2 0.924 F10.987, FRifEiRZRUN, AL
790.051, UEEHIZAAL A RAFHI TGS 7 .

% 4-5 CoMFA 1 CoMSIA #A! 1481251

Table 4-5 Statistical parameters of models CoMFA and CoMSIA

N Fi IR
RIS}
Model
Parameters
CoMFA CoMSIA
B fE 6 6
B — V238 XEGIEAH ¢ R 50 0.898 0.924
\ brifE iR 2 0.042 0.051
P /N — e N o
E | A 0.932 0.987
F HI0AE 64.977 143.157

E| S E AN T S 0.000 0.000
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TIEE ) T AR 2% R 5L 0.946 0.951

AR 0.457 0.245

FitHL17) 0.543 0.219

T ok B 7K — 0.123
R 4IuST — 0.245

A2k — 0.168

2.2.3 CoMFA F1 CoMSIA 5% fy kit 5% &

XJ 2T CoMFA H1 CoMSIA 7Y Fii A3 21 1) pLCso 5 1 5250 W 5E 1 PR
HEAT TARSEPE 0T, 45 P 4-3 FR, AR R A I 0.946 F1 0.946.
R RMEANE (P HKT 0.9) IR 755 21 A L AUYLE L5 H Al
FRUBVEPE T T R W B R AR e, ELIX PRI 1 B BRI T BE 1, T
DA 5 S I SR AL B S

7.5

N
o

@ Training set - @ Training set Y
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= Linear (Training set) 6.5 — Linear (Training set)
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Figure 4-3 Correlation between predicted values and actual values of CoOMFA (a) and

CoMSIA(b)

2.2.4 CoMFA F1 CoMSIA 7 i 3% 1 T {E

K 4-6 B TN RN AR S 70 TiE ME ) CoMFA 1 CoMSIA 7Y
TS o FIUME (Pred.) RISZERAE (pLCso) IMILEX % (Res.) B/ F 1 mg/L,
HAMGE RS9 (2. 11, 20) FEA B, B i T 55 5 ek i,
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JIT #2571 CoMFA Fll CoMSIA A4 H AT R4 A e R AT Ge /7, w7 LA T-3F
ZR AV T 00E T . AR CoMFA 524 (1) S A4 T B8 /& I T- CoMSIA B,
H L TRINAE R RBLE AT RBR . PIFMEAUE B 25, TR, ATLCAE S
B AP EERAIR AR S

2 4-6 COMFA 1 CoMSIA H5 78 [y 3 1k T &5

Table 4-6 Activity prediction results of CoOMFA and CoMSIA

CoMFA CoMSIA

Y LCso (mg/L) pLCso
Pred. Dev. Dev.ratio Pred. Dev. Dev.ratio

1 239.00 4.622 4.538 -0.084 -1.82% 4.645 0.023 0.49%

2 355 5450 5439 -0.011 -024% 5457 0.007 0.15%
4 79.6 5.099 5217 0.118 231% 5.168 0.069 1.35%
5 273 5564 5373 -0.191 -343% 5398 -0.166 -2.98%
7 5.56 6.255 6.153 -0.102 -1.63% 6.193 -0.062 -0.99%
8 4.97 6.304 6.237 -0.067 -1.06% 6.319 0.015 024%
9 5.48 6.261 6.199 -0.062 -099% 6.203 -0.058 -0.93 %
10 4.91 6.309 6.255 -0.054 -086% 6.236 -0.073 -1.16%
11 4.97 6.304 6.275 -0.029 -046% 6.284 -0.020 -0.32%
YRS
12 6.02 6.220 6.172 -0.048 0.77% 6203 0.127 2.04%
13 8.14 6.089 6.064 -0.025 -041% 6.216 0.127 2.08%
14 3.89 6.410 6.348 -0.062 -097% 6384 -0.026 -0.41%
15 4.25 6.372 6.314 -0.058 -091% 6.341 -0.031 -0.49%
18 2.31 6.636 7.110 0474 7.14% 6976 0340 5.12%
19 5.81 6.236 6.573 0.337 540% 6.673 0437  7.01%
20 7.42 6.130 6.106 -0.024 -039% 6.015 -0.115 -1.88%
21 113.35 4946 4.855 -0.091 -1.84% 4.725 -0221 -4.468 %
22 108.72 4964 4835 -0.129 -2.60% 4.703 -0.261 -526%
16 35.16 5454 5329 -0.125 -229% 5406 -0.048 -0.88%
iRz S

17 26.25 5581 5442 -0.139 -249% 5394 -0.187 -335%
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2.2.5 3D-QSAR 1R & (E 28 /] A7

2.2.5.1 CoMFA ZE 2 B 43 #r

Kl 4-4 o b &9 14, BT 5 24 A [ CoMFA B IS H 2R 1], 253428
TR 80% : 20%, a Al b A HIRE MMy, B 4-4a f, BEAaHUR
FALULA BB ARG R, SR IS SERRS IRt S AL
PRI R IG K. Wi 4-4b fis, FELL G EEALES I i R 2R ], 28
Oy FIE MR O R (O AR TS It IE B R 4], AT DISE K7y i, 37
ST 45.7%, FEIAITTIE Y 54.3%, S otEbEMEZEAK,
WAt TIF, (A5 R P AN 37 R PR RS2

Kl 4-4 5 B A 1) CoMFA F5{E £ A
Figure 4-4 CoMFA contour map of pedunsaponin A
TE: a RO, b RRFEHY
Note: Figure a and b represent steric and electrostatic field respectively

2.2.5.2 CoMSIA Z:AH 25 B4

K 4-5 HED) 14, RIEEE BT A 1) CoMSIA BRI EL K, SHLHE
Wrth ol 80% : 20%. & 4-5a 1, TEEE YRR LR ARG K, 2Ky
TG SEEOARR S TG M bl AL S B AR R Y K K. dnfE 4-5b B
N, AELLEEIRALIR A R, 2o T IRTE R O, 7RI G R AL IR
I IEHL RS, R DA KAy TiE . B 4-5c B KGR, BB oRTE
ZAE I N KRS EAE R T i T ot MR, KRR ITEIZ b 4k 4L 5
NBK MR B AR T o5 s te it m. B 4-5d A A, Laaiig
RIS AE R TR m . TR 4-5¢ AR Z ARG, EXIEER
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AR, SREEMET 86 MR OO REERZAX, £
FEBLAR BN B A IR I R 2 [ Al S B il 1k

Kl 4-5 3552 A [ CoMSIA 5 {H 2k K]
Figure 4-5 CoMSIA contour map of pedunsaponin A
e a RoRiLEY, b FROREREY), o BBk, d RonERBEY, ¢ RoRE
Az

Note: Figure a-e represent steric, electrostatic, hydrophobic, donor field and acceptor

field respectively
2.3 R SR R g T

PLZG R AT A A 3D-QSAR I T 45 RAE A vH BB, F 8 2 A AE Ak
B8 [ 1T RS, B 5] NEMEAE N RR . SER RIS, mE&PRA
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TR 3 FE R B RA AR RE R & B DRI 2.2.3 frdar
[¥) CoMSIA £ A RIS BT H B S P HEAT i PR, S &P 45 i 5
LANTENE IR 4-7 s

BE— B0 T XA SV S AR H PcAdv 1 PenWAS [Z5 & RET), T
HEHARE AN GRE, SIRNE 47 Pror. SRERSEREAN R, B4
RARMSE GRS, XRY, Fricih il 3 Mea? S EirE A
PcAdv Al PenWAS BB ZE & /DT, BAIT RN AR ENEAL S 7 i

R 4T AR RS TR IR S S T A

Table 4-7 Potential molluscicidal compounds and their predictive activities

T 2 il
&Y (mg/L) (kcal/mol)
Compound Predictive ~ Binding energy

activity  PcAdv PcnWAS

]2 o O 3.16 589 -3.08
7 (6]
mon -0
(6]

20 291 -6.19 -2.94
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3¢ 2.47 -5.28 -3.17

NH,

& (6R,6aS,6bR,9R,12aR)-10-(((2R,3R,4S,5R,6R)-6-(9H- Zj 9- F#£ )-35- — & K&
-4-(((2R,3R,58,65)-3,4,5- = F2 5:-6-fi 2 VU S -2H-ME M -2-22) 550 DU S -2H-ME R -2-2)
A )-14b- A -6- B OE 9 B OB E )224a6a6b9,12a- L H K
-2,3.4,4a,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-+ )\ & IE-5(1H)
b(28,35,4S,5R,6R)-4-(((2S,3R,4S,5S,6R)-6-(3-Z N 3£ )-3,4,5- = F2 3 I & -2 H- ML IR - 2-
H)5)-3,5- ~F2H-6-(((4aS,6R,6aS,6bR,8aS,9R, 10R,12aR,12bR,14bR)-6-F53£-9-(%
H 2L )-2,2,4a,6a,6b,9,12a- £ W JE -5- B HE -4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,
12b,13,14b-+ /NS -4H-BEW [1,2-d][1,3] —MEH-10-38)%0) VU -2H-M R -2- 52 2
¢ 4-((3R,4S,5R,65)-6-(((4R,6aR,6bS,7S,14bR)-8a- ¥f C & -7- & ¥  4( & H
$£)-4,6a,6b,11,11,14b- 75 F %£-1,2,3,4,4a,5,6,6a,6b,7,8,8,9,10,11,12,12a,14,14a,14b-
TS -3- ) )-5-F2 5 -4-(((2R,3R,5S,6R)-3,4,5- = ¥4 Fk-6-(A I 3E) DU4(-2H-
MR -2- 3 ) 420) U -2 H- FHE PR - 3- 25 ) 2 - Ik e
3 NEHITR

AW E 56K H Discovery Studio H[f) HypoGen 54 L | R IEL EWITIZ
ROABERY, FH 18 MM Z ARG ENEY), RERBTHAESHE RN
LR AREY o 245 R I i LA ) FH 3 2 SR A W — AN 73 1 2 15 B 5 — SR 2 350k
fiEe TR, FIH 28 B R AT Rk sl SOE (e S I FUB I 2, X Fh Tk
CEBARIEFUEYINEETFBZ —, 1 Shawky SFUIHI A 17 A RETE
(/NG T B R SL I 25 30 A1 SPECS i FE HEAT T L IMIE, SZR18 T 1
AN MCF-7. A2780 F1 HT29 B A MGIEH AL&4; Tian FE041@E T
5 24 3K D AR AL B R AT B0, 3R95 T 1A COVID-19 % # PLpro SZ /44171 .
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XA FUR N, AR 2GR AR Y, S DAY R AT 259 & BB A2 W] AR
B b a0, i HAHIZ R R A R #ERRIRE AL 3T ORI A
Rz R AT oy 7 ikcit,  DAIRES SRS & BAT R AL &4
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S S AN B Jir R 0 250 A6 A R AR BOAR AR 22 57 o AT i ) 5 5
B A KR 3D-QSAR #A, RGP © D =R K B H R EY)
SER 5 RIBITEVEZ A SC &R, WSS R R SRS Bl Bk, St
3. SRS ARI A BRI DO B R H A BT AR SRAS R LAL, AT i
AR

B8, WS BT M N T, a5 G AW 0 57 2 20 1 A A A
3D-QSAR MM HEAT T 70 T iseilh, AR 1 3 AR i P A = iR 2
HRRBUEWEN . WA= EYIE b 2y — SR Z L ey B A
R iR U C G2 1 € I SRUEANBETT, 5 A2 FLAEFURRE 7 T R RCR 0481, £
AIRFIBE AT, HETCHIZRAEYRER GaMmARED, $OoEicHtnt
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