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Abstract: [ Objective] Nocardia is an apathogen that causes opportunistic infections in humans and has a global dis-
tribution. In recent years, resistance of Nocardia to commonly used drugs have been observed, highlighting the urgent
need for the identification of new drug targets and the development of novel antimicrobial agents against Nocardia. [ Meth-
ods] Thirty—one complete genome sequences of Nocardia strains were retrieved from the GenBank database. Pan—genomic
analysis was performed using BPGA, and drug target candidates were screened using subtractive proteomics. Homology
modeling was employed to predict the 3D structures of target proteins, and potential drugs targeting these proteins were pre-
dicted using DrugBank. Molecular docking techniques were utilized to validate the binding activity between the drugs and
target proteins. [ Results] The pan—genomic analysis of the 31 Nocardia strains revealed 1 421 core proteins. Fifteen candi-

date drug target proteins were identified through subtractive proteomics analysis. Among them, the physicochemical proper-
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ties of the 0G1493 protein (such as amino acid count, molecular weight, isoelectric point, grand average of hydropathicity,

fat index,and instability index II ) were found to be most suitable for a drug target protein. Using the DrugBank database, sev-

en compounds, namely Adenosine—5'~Rp—Alpha-Thio—Triphosphate, alpha, beta—Methyleneadenosine 5'—triphosphate,

Phosphoaminophosphonic Acid—Adenylate Ester , Radicicol,2—Hydroxyestradiol, p—Coumaric acid, and Ethylmercurithio-

salicylic acid were identified as potential compounds capable of exerting anti—Nocardia effects by targeting this protein. Mo-

lecular docking results indicated a strong binding affinity between the target protein and these compounds. The experimental

result showed that that Radicicol could be a potential antibacterial drug targeting this particular protein.[ Conclusion] Pan—

genomic analysis and subtractive proteomics are valuable approaches for mining novel anti—Nocardia drug targets.
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Fig. 1 Pan-genomic analysis (A) and Core—genomic COG function annotation (B)
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Table 2 Physicochemical properties of Nocardia drug target proteins

b e Aminoac-  Molecular 0 GRAVY  Fatindes Instability Sub—cellular
id count/n  weight/kDa index I localization
0G1180 prrA 255 27.60447  5.90 0053  103.61 2631 cytoplasm
062225 purC 317 3512656 542 -0.373 79.40 33.54 cytoplasm
06282 eccC4 1362 147.83474 569  -0.117 91.31 46.50 cytomembrane
0G1124 eccB3 579 61.01783  9.17  -0.165 88.65 43.68 cytomembrane
061828 sigh/poV 519 5752152 521 -0.652 78.73 52.11 cytoplasm
061899 devR/dosR 239 2557810 5.62  -0.086 98.28 4755 cytoplasm
062296 mprB 515 5487588 691  -0.036 97.83 4323 cytoplasm
06596 icl 687 7469208 528  —0.183 86.70 28.07 cytoplasm
061359 sigh 303 3353394 461  -0.665 70.00 38.06 cytoplasm
062085 sigF 183 1999359 683  -0.380 86.45 51.43 cytoplasm
063928 sigh 235 2580311 843  -0.370 84.47 58.83 cytoplasm
063211 devR/dosR 314 3396914 896  -0.136 93.60 33.63 cytoplasm
064031 caeA 555 5832833 464  —0.168 83.26 29.31 cytoplasm
061493 senX3 534 5736962 548  —0.073 87.75 37.66 cytomembrane
06823 mprA 255 2853562 590  -0.116  112.35 52.99 cytoplasm




978 HlR AR 2 (R A2 )

5443

VFDB gene DEG gene

LR

NH gene
B2 VFDB.DEG #1NH # Eff &5 F KE AWML R
Fig. 2 Screening of Nocardia drug targets by VFDB,
DEG and NH gene

Psi/degrees

—135 18

B

—180 —-135 -90 —45 0 45 90 135 180
Phi/degrees

A: 3D structure of OG1493 protein; B: Ramachandran plot of
0G1493 protein.
3 0G1493 EBFEHETN 5IE
Fig. 3 Structure prediction and verification of 0G1493

protein

OB R T 100, Horfr, BT 5" -Rp—a—Bi At — B2
5061493 A B A e 456 80, h 132.576,
HA BT

B 1l R s 1) S 7 R LR T R IR AL A&
5 0G1493 H X245 R e i AR Az ik 2
(i) A7 7F 5% B AR ELAE D, 2 B4R T 2R A 45 7 B
- S B p— e RN AN KR A
DIARARSE R RG], FEMHE A P AR R e R R S5 &
F1 0G1493 (1) 5% % SER186 J& W % i & # , 5

GLY361 ¥ iU fifc— 205, HLAT AR 9 i) U 5 R 0k
LEU364 . VAL185,LEU189 Fll MET230 5 1R 77 7% %5
FIE R AN B SE 5 IR AR/ R 5 — i K 2 LR
fm ILE368. GLY365. GLU233. [g] gL
GLUI88, LEU189, HISI84 FI 3rcdgT
GLY360 MG HAE J1 AR iy
B KR o A 25 5 AR o
EAEA 061493 ZKTE (A AF 1 e
AR AR HAE

MIC & 48 A= W 7 e AR KRB T 8 9% —
Bt E), AT 00 3 R R A B K R B AIK 24
Yy B, R I B 5 R A B B T
PE o ASHIE 5T BB 0 P S A SRR ST, IR AR R
ED U7 ST WA S 7 IR O (AR <7
(MIC) 4 1.0 pg/mL,
2.5 WS FRIBZS R ADMET 5347

TEX T 58 T, Lipinski’ s Rule of Five #% FH 2k
TN AE Y0 LA I 2R 25 e . AR Lipinski
(L ), — 5 T BRI & A 1R TG 259 1
35 43 —F o7 0 — 2 B RS E , L3S o /N T
500 ku AN 104> EU5E AT 5 AN SRR LA, LA
K MLogP<4.15. W32 4 s 16 7 M AE Bk
QL AP, X Fr MR R AR 50 B 2 TR IR 1%
A TBATAT— 4% Lipinski U, ELAT R4 A 24 1 5 0
1% 28 5 I 198 1 1 IR TR 132 S 1T W5 2% LA I Lipinski 4
U257 i R

2 Rsh R A AR S AT R,
ADMET 822 2R3 1% R . 259
43T ADMET 25003 5 i s . X & SR VMR IR
TG EMBMIR K Caco2 BBMEH 09V |, 3
Wl iR fb& Wl feas & T 0 Rgs 25 o I ki B
(blood=brain barrier , BBB) 7E4E 35 F iR #f &2 R 4t
(central nervous system , CNS) [ fa &8 ih il & & ¢
HE AR AR o 7 B 22 R I 2 R IO TR I T TR

B Y5 Tk 2F 7 I B R . X A R AR IR

TR A L R IR R L R T8 AN I 5K 1 X Meetabo-
lism 1T 34 () 5 4 if €0 38 iV A VR L 3R
B X s b S A oAb 25 i R, W& =
iR AR 2R 50 B 25 R 17 2 35k D 19 R 18 R 17 11 Ml
ZPEFETER N Class 4 DL b, ¥ B AT 8419 11 IR %
i

Appendix figure



55 61] BURIE 55 B T2 5 R A0 2 RN D8R 1 B2 2= 32 0 R0 - T 25 979
#3 0G1493 EERIZGHTIM
Table 3 Drug prediction of 0G1493 protein

Compound Name LibDock score Function
Adenosine—5'~Rp—Alpha-Thio—Triphosphate Bt 5" -Rp—a—BifC =Wz 132.576
alpha, beta—Methyleneadenosine 5'triphosphate o, B F MR AT 5/ — =B R 129.166
Phosphoaminophosphonic_Acid—Adenylate_Ester Tl 2 SR Pl U 4 P Tl 126.169 anti-microbial '*
Radicicol WRFEER 107.449 anti-microbial "’
2—-Hydroxyestradiol 2-FR LM T R 93.085
p—Coumaric_acid X R 71.391 anti-microbial "’
Ethylmercurithiosalicylic_acid MR 59.937 anti—microbial *!’

%4 Lipinski Z595 1

Table 4 Lipinski’s rule of five analysis

Molecular for-

Lipinski’s Parameters

Molecular

Compound H-Bond  H-Bond
mula Weight MLogP Violations
Donor  Acceptor
(g/mol)

p—Coumaric_acid C,H,0, 164.16 1.28 2 11 0
Radicicol CH,,ClO, 364.78 1.67 2 6 0
Phosphoaminophosphonic_Acid-Adenylate_Ester ~C,H N.O,P, 506.20 -4.38 8 16 3
Ethylmercurithiosalicylic_acid C,H,,HgO,S 382.83 2.52 1 2 0
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Table 5 ADMET analysis of drug molecules

Parameter prCoumaric_p ieicol | hesphoaminophosphon=r L erithiosalicylic._acid
acid ic_Acid—Adenylate_Ester

Absorption (A)

Caco2 permeability 1.21 0.962 -0.806 1.631

Distribution (D)

BBB permeability Yes NO NO Yes

Metabolism (M)

CYP1A2 inhibitor No No No No

CYP2C19 inhibitor No No No No

CYP2C9 inhibitor No No No No

CYP2D6 inhibitor No No No No

CYP3A4 inhibitor No No No No

Excretion (E)

Clearance 0.622 0.312 -0.356 -0.954

Renal OCT?2 substrate No No No No

Toxicity (T)

AMES toxicity No No No No

Hepatotoxicity No Yes No No

Skin Sensitisation No No No No

Oral Toxicity (LD,,)/(mg/kg) 2 850 300 11250 75

Acute oral toxicity Class 5 Class 4 Class 6 Class 3
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