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Virtual Screening and Activity Evaluation of Multi-target

Antibacterial Lead Compounds

CAI Jun-jun, YUAN Tian-qing, YANG Yin-ping, GAO Shuang, GONG Xing-wen"
(School of Food Science and Biotechnology . Zhejiang Gongshang University ,
Hangzhou 310018, China)

Abstract: Pseudomonas aeruginosa and Escherichia coli are two kinds of common pathogenic bac-
teria existed extensively in hospitals and veterinary clinics. They can infect both human and ani-
mals and brought great challenges to disease treatment and economic development. In order to
obtain novel lead compounds targeting to penicillin-binding proteins (PBPs) of P. aeruginosa and
E. coli, molecular docking was performed using UCSF DOCK 6. 5 against ZINC database. PBP3
of Pseudomonas aeruginosa and PBP1b, PBP4, and PBP5 of Escherichia coli were chosen as the
docking targets. Lead compounds with high scores and novel structures were selected for organic
synthesis. Their antibacterial activities were evaluated according to their minimum inhibitory con-
centrations (MIC). Grid score was used for the first round of virtual screening, while lead com-
pounds with grid scores lower than —125. 6 k] *« mol™' were subjected to second round of screen-
ing. Amber score was used for the second round of virtual screening. Finally, approximately 200
compounds with amber score lower than —83. 7 kJ « mol ' were screened out. In view of the
structural novelty, lead compound ZINC00053282 was selected for synthesis. The result of anti-

bacterial assay indicated that it could inhibit both Gram-positive and Gram-negative bacteria, with
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an activity better than sulfadiazine. These results mean that this lead compound is an potential

antibacterial drug and might be used to solve the drug resistance problem.

Key words: Pseudomonas aeruginosa; Escherichia coli; penicillin-binding protein; drug resist-

ance; virtual screening
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Fig. 1 Synthesis flow chart of lead compound
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a.b.e.d BN TZEEH P. aeruginosa PBP3 fil E. coli PBP1b,PBP4,PBP5

Panels a. b, ¢ and d represent the profiles of P. aeruginosa PBP3 and E. coli PBP1b. PBP4 and PBP5
B2 $ARREMEE PBP3 X XI5+ H PBP1b.PBP4 . PBPS i) R K& M0 Bk &

Fig. 2 Crystal structures and binding spheres of P. aeruginosa PBP3 and E. coli PBP1b, PBP4 and PBP5
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Table 1 Scoring of selected lead compounds
ZREA 341 Score
Receptor protein Grid score Amber score
A 4% B0 0 A PBP3 —48.592 82  —31.429 01
PBP3 of P. aeruginosa
K% #F % PBP1b —53.470 13 —21.943 18
PBP1b of E. coli
K E PBP4 —50. 250 33 —37.798 23
PBP4 of E. coli
K% ¥ # PBP5 —58.723 83  —35.642 69

PBP5 of E. coli
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W6 . IR Grid score BT 20 N5 45 1y . {H 2 Hoiz
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G KR T MRCE . M5 50 Amber
score ¥T 70 K5 i, LR UE T 0 1€ ARG 2. Dk, 45 &
Grid score il Amber score W% 3T 43, 5t 7] LA K =
i Ak A W i DR O 3 LAV D i e b A .
2.5 ESUEYUEZHREENES

ffi H chimera B4 %} % Stk & W fl 2 (K & H
PBP3 .PBP1b.PBP4 . PBP5 () 45 4 1% 0t #E 17 WL 8¢ 15



7 BEIF IR L 2 M A T S Ak A 0 1 400 o B 0 MR 5T 1505

I3AT S EE R 3 FTR .

TE M 0005 18 B BT 2% pdb SCEF B 356 8 19 53 5
J= PBP3 5 k55 ((5R,68)-6-[ (1IR)-1-¥2 2, % -
3-LL2-COM &5 H 3 & 56 1 2 3k IR AR ]-7-40 A8 -1-
FWIA[3. 2. 0] BE-2-4-2-FR B2 ) . PBP1b 5 Bk ik %
% \PBP4 52 1ER ([5R-[3(R™),5A,6 AR ]7J-
6-(1-F2 5k 2 H)-7-50-3- (U &(-2-1 M 3 ) -4-Bi-1-
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a.b.c.d BN TZIKEH P. aeruginosa PBP3 fil E. coli PBP1b,PBP4 ,PBP5
Panels a, b, ¢ and d represent the receptor protein of P. aeruginosa PBP3 and E. coli PBP1b, PBP4 and PBP5
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Fig. 3 Binding of the lead compound with the receptors
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a.b.e.d B/R T ZIKEH P. aeruginosa PBP3 1 E. coli PBP1b.PBP4,PBP5
Panels a, b, c and d represent the receptor protein of P. aeruginosa PBP3 and E. coli PBP1b, PBP4 and PBP5
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Fig. 4 The interactions between the lead compound and the receptors
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B P Tt i g T /K it » o Ao AT LA JEORE 3 b 5 34k
BV AT AU L 2 — 2P P A T 24
AR T .
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“C NMR (126 MHz, D,0) § 178. 33 (s), 165. 75 (s),
163.77 (s), 62.32 (s), 44.30 (s), 25.20 (s), 24.13 (s)
5 SEB4AEY ZINC00053282 BriLk &

54 50 46 42 3.8 34 3.0 26 22 18 1.4 1.0 06
8

'H NMR (500 MHz, D,O) & 3.69 (s. 4H), 3.48 (s, 4H).

1.47 (s, 2H). 1.38 (s, 4H)

6 £BLAY ZINC00053282 5 it &

Fig.5 "C NMR of lead compound ZINC00053282 Fig. 6 'H NMR of lead compound ZINC00053282
x2 ASUAYHSMIEKE
Table 2 Minimum inhibitory concentration of lead compounds pg e mL™!
i B TRy il Je 15 g BRHEERN DMSO
Bacteria Lead compound Sulfadiazine Ampicillin sodium
K ¥ 175 500 12.5 —
E. coli
R 25 2 B T 200 500 12.5 —
P. aeruginosa
A A ER T 250 500 12.5 —
S. aureus
i 2E AT 225 500 12.5 —
B. subtilis
B A i A TR 225 500 12.5 —
L. monocytogenes
A /N0 Tk B (MO AR Shy i 44 DU TR M AR vl . — 7 ROR A M VR BE L B B8 0 B
Minimum inhibitory concentration (MIC) was used as the standard for measuring the antibacterial activity of samples. "—" in-

dicates no inhibitory concentration, that is, it does not possess antibacterial activity
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H Al 51 %5 PBPs 119 25 ) 7 & 38 5 #B 4 38 1o 45
B 25 G ok HE I /E LS . EARBER T, Sl e =
& W M 26 45 & T2 R s R S
PBP3 F1 PBP1b & 11 )2 Jif » 4 SDS-PAGE £l , 1%
) (8 HL UK B eI a3 B an L 7 R 8 TR . A kAR
HUE PBP3 A1 K % #F B PBP1b 9 B8 A1 X 4> F
Y5 A 60 F 80 ku, HEI TR —F., K7
1~3 JEHSCWAERN G BRIk &4 N
Marker & H , H o, XF He o G Bl DLAE F) . 1~3 3k
T W 25 FE AT T LU B = 5% 5 2 A B A X R
9 Zk ks KAIE W e b B E & 5 PBP3

e
WAL, B8 h 1.2 ik (1 5 2 e E G
(LUK I, 3 O Mark 25, o, JKGE 1.2 gy 450l
58 AN T OGR4 52 0 S5 1 A AE X [R]
FEIF IS S L & B 5 PBP1b 454, 53 136 B 75 16
(e AL AT RE it 5 PBP A ML A, W0l
L M T K B BRAE Y

3 W #

175 42— 0 T2 K A T 046 W
RS R SEBLIAERT 0 0 5 3 450 ELAT T % 9
flf 0 J it 4 A L7 5 £ 22 R 07 25 9F 28 66
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Lane 1-3 represent electrophoretogram of PBP3 complex
with fluorescent probe; Lane 4 represent marker
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Fig. 7 The electrophoretogram and fluorography of PBP3

combined with fluorescent probe
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¥ Tt R AE (ku)

Lane 1-2 represent electrophoretogram of PBP1b complex

with fluorescent probe; Lane 3 represent marker

8 TRIREtE PBPIb S EHIRBIKE R KE

Fig. 8 The electrophoretogram and fluorography of PBP1b
combined with fluorescent probe

R F B al UL A J7 4> 73 1 DR £ o A 1Y
SR A BA AR BAR > T KRR T
WIFFEINT )L v 1 0 kA< A T SHL A B it
PEAT 2859y (9 RS R 4005 1% o L A% G 1 i i 7 3k

TERR B ROR DL SOR MERE i B A L. e 2l
AR I R e 0 VR . B AT, M AL Y
HO AR TAER 2 0t B an, 1999 4E 1AL
FERLTRHVE &I T 3 A TG R B T 2 1k Musca-
rinic M3 BFE B 4> F% 52002 4738 13 K #0107 1 &
BT 22 b 68 05 10 0 A B R T A O 0 R R, R
AP, K FULT B 72 0T BT HIV Nef 25 11 T T A
RHIV 259, K B8 6 40 il w20 20 0% 5 o 8w
BEMZG 0 DL R TF K 8 B b s 245 4 % T
VIR T E Rk,

AHIF 5T X5 24 Hi RN BRI DR 40 B X 3N
T Bl 21 0 26 2100 Tf 24 e [ R, 30 9 40 4 e B L 7R
PBP3 1K % #F & PBP1b,PBP4 Fl PBP5 k¥ 4,
HEATTH SR L By ke 4007 28 O X 0 3 R g S R
ZINC00053282 WS L G W 4T 1A HL-E W5 1
PAE PR 9T, 25 B0 W] 3 5 3 Ak & 0 0 o 22 B
R H M TR 24 A 3 0 B oA PR R (EL T i % Al o i v
FK I FFE (175 F1 200 pg » mL ") (40 B SR 2
PO 2 IROAT TR 4 B € ) % BK TR A R 2 R T
(225 F1 250 pg » mL ") BEAF, Ho 50 A AT B i 3% 119
BB SR B T4 1 B TR R R A R AT T R R
PP AL A W AH LU B =2 BH A T X A 2 [ 1 R
HARMI,

R AR R TACE Y . B ET R BT IR 2
AR5 AH SRR, 5 2 A 1 B- N B E FH0 e
Y EERIART . A ST b, &l it — 2B i 45
T A R IF R R B BT 250 T Tt 2 T Y
IBIT

4 # it

AR 4 4 4o A P ML T AR I A T PBPs 55 - Bk
Je 40 A R AR A BL A, LA 2% {5 B i &) PBP3 Al
K #FE PBP1b,PBP4 il PBP5 4% 4 4~ PBPs fEl
USRS A RS ZINC B8 ok AT
R UL 32, LA SO 3 B A R O Y S BE RS I ] PB-
Ps 545G DT 20 5 48 A % o vk & e st T
e RE Y. Ea -k, R ERT
—125.6 kJ » mol "4 &5, B L Amber score 3
Fro A0tk O e th 78 IR T —83. 7 KJ
WAL & 29 200 A, 850 o i, R FE SN
ZINC0053282 Mk & #E4T T A LG . &l
Tidh A TR A% e i AN S B E L R T A L e S
YR IE . SRR IR 1 45 R R WYL A R e 1k

+ mol™!
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