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Discovery of new antibiotics using genome data mining
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Abstract: With the worldwide spread of multi-drug resistant (MDR) bacteria, bacterial resistance has
become a major issue affecting human health. Although traditional methods for obtaining antibiotics by
screening bacterial strains have found the most available antibiotics for us, this method has resulted in fewer and
fewer antibiotics in the past few decades and is increasingly difficult to find the new structure of the compound
entity. At present, there are few drugs that can fight super-resistant bacteria in the clinic or even research.
therefore, the development and application of new technologies to address the issue of bacterial resistance is
imminent. Since the first bacterial genome was sequenced more than 20 years ago, a large number of bacterial
genomic sequence information can provide clues for the discovery of new antibiotics. In thisreview, we briefly
outline the available data sources and highlight the use of genomic mining and metagenomics in discovery of
new antibiotics.

Key words: antibiotic; multidrug resistance; antibiotic resistance gene; database; genome mining; metage-
nomic mining
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Table1l List of computing resources developed for new antibiotic discovery

Feature Database Comment URL Reference
Testing antibiotic ARDB Contains 23 137 resistance genes from 1 737 http://ardb.cbcb.umd.edu/index.html 12
resistance bacterial species
CARD Contains 4 221 genes (f-lactam, tetracycline, https://card.mcmaster.cal/ 13
rifampicin, macrolides, aminoglycosides,
fluoroquinolones and sulfonamides)
ResFinder Identifies horizontally acquired AMR genesin (https://cge.cbs.dtu.dk//services/Res 14
whole genome data via BLAST against a curated Finder/
database of AMR reference sequence
ARG-ANNOT Contains 1 689 genes (S-lactams, aminoglycosides, http://en.mediterranee-infection.com/ 15
fosfomycin, fluoroquinolones, glycopeptides, article.php?aref=283%26titre=arg-
macrolides-lincosamide, ramipril, phenols, annot
rifampicin, sulfonamides classes, tetracyclines
and trimethoprim)
RAC Contains 389 resistance gene cassettes http://rac.aihi.mq.edu.au/rac/ 16
LACED Contains beta-lactamase resistance genes http://www.laced.uni-stuttgart.de/ 17
PAIDB Contains 88 types of resistant islands and 223 www.paidb.re.kr 18
types of pathogenic islands from 2 673 prokaryotic
genomes
Other resistance and PATHOGENFINDER Distinguishing between toxic and non-pathogenic http://cge.cbs.dtu.dk/services/Pathoge 19
virulence gene detection strains using protein and genomic sequences nFinder/
MVIRDB Contains virulence factors and antibiotic resistance  http://mvirdb.lInl.gov/ 20
genes
VFDB Contains virulence factor related genes, also www.mgc.ac.cn/VFs/main.htm 21
contains antiviral genes
Biosynthetic gene clusters EVOMINING Provides information on expanded enzyme http://evodivmet.langebio.cinvestav. 22
and antibi otic/secondary familieswithin MIBIG clusters mx/newevomining/new/evomining_
metabolites database web/index.html
ANTISMASH-DB  Provides antiSMASH annotations for publicly https://antismash-db.secondarymetabo 23
available, complete bacterial genomes lites.org/

MIBIG Provides manually curated information on BGCs

and their products
NORINE

Provides information on NRPs

https://mibig.secondarymetabolites.org/ 24

http://bioinfo.lifl.fr/INRP/ 25
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Figurel Chemical structures of taromycin A (1), retimycin A (2), cinerubin B (3), arenimycin B (4)
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Secondary metabolite (antibiotics) Genome sequencing
producers > Genome

Genome mining Biosynthetic gene clusters for

secondary metabolites

* antiSMASH » plantiSMASH
* PhytoClust  + PRISM
* SeMPI * GNP

Secondary metabolites

(antibiotics)
Figure2 A schematic procedure of new antibiotics discovery
Table2 List of genomic mining tools resource
Genome mining tool Comment URL Reference
Antibiotics and Secondary Metabolite  Version 4 released https://anti smash.secondarymetab 30
Analysis SHell (AntiSMASH) olites.org/
Secondary Metabolite Predictionand  Predicts structures of secondary metabolites biosynthesized http://www.pharmaceutical -bioinf 31

Identification (SeMPI)

by type | modular PKS; uses antiSMASH and StreptomeDB

ormatics.de/SeMPI/

2.0; can also be considered as a dereplication tool

PhytoClust Detects BGCs in plant genomes; uses antiSMASH http://phytoclust.weizmann.ac.il/ 32

Genomes-to-Natural Products (GNP)  Detects BGCs and additionally processes LC-MS/MS datafor  https://magarveylab.ca/gnp/ 33
dereplication; can also be considered as a dereplication tool

Antibiotic Resistant Target Seeker Prioritizes detected BGCs and identifies drug targets; uses https://arts.ziemertlab.com/ 34
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Figure3 Structures of the aurantinins B (1), C (2) and D (3), respectively

J& TR A A AR, — i, 2R A
= Bk 5 R EAR ) DNA 208, =i 74 e S g
AT T LY & BOg 1A 1 TR & 535
FLFE R 72 3R A 4 DNA 3 [ 2125 5 1 72 191 a0 K
FF A, AR BT R AN, P4 cosmid. fosmid
4N N LY tifh (BAC) SCJE .. X ek 72 5L R 2H S
AT DL 3R AT T B8 07 326 A 1T 5 BB 140 Ak 26 47 ol B BT
S R B R (R A, SRR I AR B Y T, S AR
R BEAUET 25 . LIS T 2 R DR A A () A o 2
AR o T8 Dh Bt B TR A B 7 v N B AR IR SR
FRALPE RN 255 (ARGs), T 7741 (1K) J7 1 A1 1
e 7% 3 R 2H 2 i L 2 TR ) — AN B X AR T, 2
F R HI 7R LUE ) ARG 308 FE infu A & hitE s
¥5/% (ARDB) Mzt =pitEEdE%E (CARD)
B BT B, il vk B A kR G Se R 2
1] ARG, T T RE M 72 3 R 41 7 VR AR ASE T AR T
Jeni AT, ERR RN KSR AR
AT ARGS, AT 6% & IHT I ARG Fl B 1)
i 2 B 115 49 Gonzalez-Plaza 257t 157 FH T g Mk %2
FE R 1 2 AE v B M B AR 3R AR 7 IR K HE s DT
R 2] 7 FEERE R ARGs, A4 4 i 16 1
TRA . A IRIEJEEE RN D 28 B- N Bk R I 2
K. 54k, dos Santos ZBILERT 5T p- N BERE K i A &
i 25 PRI, Gk T — AN Cerrado 338 %2 L K 2 S
FEVIA T fR - el S hi e s bt st FE  AhAr]
B TAE R B R RR TR T B = T ARSI X
o A8 %) FF R S HE, FLAR AR T RN SRR LR O A R
A AR BB . DL BRI, ARG 5%
Al A 7~ T T R 250 2 LT LA & ARGs 1 H 283
B Thee, A, ERESERZE, ARG 18 HAR R
PRI R E KRR 2, BI%Z%s
JE AT T 22 1 SR SR E PR R ARG
4 RE

H 20 2 4F 1110 5 — A2 B 25 DR AH 2R AT 00 7 BASK,
AT A BE e 5 R 2 B9 o) B v A 4 R R AR R
MPTA =, SR B AT E BT R R A 5 7 VA

W 0TI BA B B B, PUONIR DA 3T
BETTE R DL B 25 e N i3, JRAE Tt 2 L R 20
FE AR AR BT P AR 3R B0 R B AR BRI ok, 56 T
B0 A 7 75 32 R B e R L ek i B 2H A
HE DLW T, ATy bEB R PR 20 2 b 78 K i dls A
S ETIAERL AN T k. RRHFIIE SR
PAAE AN [A] B PR 58 2% A0 T 568 58 0 T 20 2R A 3% 22
REEIIER, MAh, EYE R TR MPTT AR,
TSR AR (AR R) Y& Ris s
DA R B A2 . SR BTk, T B AT HTAE
R PEfEHL, T 2L MRS ARTT R PR, K
T R LR 2L N P B £ 75 0 v AR A S 2

(B AT LA R A I TTik T AU R R T4 .

References

[1] Aminov R. History of antimicrobial drug discovery: major
classes and health impact [J]. Biochem Pharmacol, 2017,
133: 4-19.

[2] XuzQ, XuZY. Recentprogressin development of antibiotics
against Gram-negative bacteria [J]. Acta Pharm Sin (%%
i), 2013, 48: 993-1004.

[3] Rossiter SE, Fletcher MH, Wuest WM. Natural products as
platforms to overcome antibiotic resistance [J. Chem Rev,
2017, 117: 12415-12474.

[4] Fields FR, Lee SW, Mcconnell MJ.  Using bacterial genomes
and essential genes for the development of new antibiotics [J].
Biocheml Pharmacol, 2017, 134: 74—86.

[5] Gillings MR, Paulsen IT, Tetu SG. Genomics and the evolution
of antibiotic resistance [J]. Ann N Y Acad Sci, 2017, 1388:
92-107.

[6] Santos-Beneit F, Ordonez-Robles M, Martin JF. Glycopeptide
resistance: links with inorganic phosphate metabolism and cell
envelope stress[J].  Biochem Pharmacol, 2017, 133: 74-85.

[7] Poole K. At the nexus of antibiotics and metals: the impact
of Cu and Zn on antibiotic activity and resistance [J]. Trends
Microbiol, 2017, 25: 820—832.

[8] Sandiford SK. Genome database mining for the discovery



+ 850 -

2424 24%  Acta Pharmaceutica Sinica 2018, 53 (6): 845-851

(9]

(1]

(11

(12

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

of novel lantibiotics [J].
489-495.
Wang H, Wang J, Yu P, et a.

Expert Opin Drug Discov, 2017, 12:

Identification of antibiotic
resistance genes in the multidrug-resistant Acinetobacter
baumannii strain, MDR-SHHO02, using whole-genome sequencing
[J. IntJMol Med, 2017, 39: 364—372.
Bakour S, Sankar SA, Rathored J, et al. Identification of
virulence factors and antibiotic resistance markers using bacterial
genomics[J]. Future Microbiol, 2016, 11: 455—466.

Kwok AH, Li Y, Jiang J, et . Complete genome assembly
and characterization of an outbreak strain of the causative agent
of swine erysipeas-Erysipelothrix rhusiopathiae SY1027 [J].
BMC Microbiol, 2014, 14: 176.

LiuB, Pop M. ARDB-antibiotic resistance genes database [J].
Nucleic Acids Res, 2009, 37: D443-D447.

JiaBF, Raphenya AR, Alcock B, et d. CARD 2017: expansion
and model-centric curation of the comprehensive antibiotic
resistance database [J]. Nucleic Acids Res, 2017, 45: D566 —
D573.

Zankari E, Hasman H, Cosentino S, et al. Identification of
acquired antimicrobial resistance genes [J. J Antimicrob
Chemother, 2012, 67: 2640—2644.

Gupta SK, Padmanabhan BR, Diene SM, et a. ARG-ANNOT,
anew bioinformatic tool to discover antibiotic resistance genes
in bacterial genomes [J. Antimicrob Agents Chemother,
2014, 58: 212-220.

Tsafnat G Copty J, Partridge SR.  RAC: repository of antibiotic
resistance cassettes [J].  Database (Oxford), 2011, 2011: bar054.
Tha QK, Boes F, Pleiss J
Database: acritical survey of TEM sequences in public databases
[J. BMC Genomics, 2009, 10: 390.

Yoon SH, Park YK, Kim J~ PAIDB v2.0: exploration and

The Lactamase Engineering

analysis of pathogenicity and resistance islands [J]. Nucleic
Acids Res, 2015, 43: D624-D630.

Cosentino S, Larsen MV, Aarestrup FM, et a. Pathogen
Finder-distinguishing friend from foe using bacterial whole
genome sequence data[J]. PL0S One, 2013, 8: €77302.

Zhou CE, Smith J, Lam M, eta. MvirDB-amicrobia database
of protein toxins, virulence factors and antibictic resistance
genes for bio-defence applications [J]. Nucleic Acids Res,
2007, 35: D391-D394.

Chen L, Zheng D, Liu B, et al. VFDB 2016: hierarchical and
refined dataset for big data analysis-10 years on [J]. Nucleic
Acids Res, 2016, 44: D694—-D697.

Cruz-Morales P, Kopp JF, Martinez-Guerrero C, et al.
Phylogenomic analysis of natural products biosynthetic gene

clusters allows discovery of arseno-organic metabolites in

(23]

[24]

[29]

[26]

[27]

(28]

[29]

[30]

(31]

(32

(33]

[34]

(39]

model streptomycetes [J].
1906-1916.
Blin K, Medema MH, Kottmann R, et al. The antiSMASH

Genome Biol Evol, 2016, 8:

database, a comprehensive database of microbial secondary
metabolite biosynthetic gene clusters [J]. Nucleic Acids Res,
2017, 45: D555—D559.
Dejong CA, Chen GM, Li H, et a. Polyketide and
nonribosomal peptide retro-biosynthesis and global gene cluster
matching [J]. Nat Chem Biol, 2016, 12: 1007 —1014.

Flissi A, Dufresne Y, Michaik J, et a. Norine, the
knowledgebase dedicated to non-ribosomal peptides, is now
open to crowdsourcing [J]. Nucleic Acids Res, 2016, 44:
D1113-D1118.

Joshi RS, Jamdhade MD, Sonawane MS, et al. Resistome
analysis of Mycobacterium tuberculosis: identification of
aminoglycoside 2'-N-acetyltransferase (AAC) as co-target for
drug desigining[J]. Bioinformation, 2013, 9: 174 —181.
Okada BK, Seyedsayamdost MR.
induction of silent biosynthetic gene clusters by exogenous
small molecules[J]. FEMS Microbiol Rev, 2017, 41: 19-33.

Maura D, Ballok AE, Rahme LG, Considerations and caveats

Antibiotic dialogues:

in anti-virulence drug development [J]. Curr Opin Microbiol,
2016, 33: 41-46.

Yamanaka K, Reynolds KA, Kersten RD, et a. Direct
cloning and refactoring of a silent lipopeptide biosynthetic gene
cluster yields the antibiotic taromycin A [J]. Proc Natl Acad
Sci U SA, 2014, 111: 1957-1962.

Blin K, Wolf T, Chevrette MG, et a. AntiSMASH 4.0-
improvements in chemistry prediction and gene cluster
boundary identification [J]. Nucleic Acids Res, 2017, 45:
W36-W41.

Zierep PF, Padilla N, Yonchev DG, et al. SeMPI: a genome-
based secondary metabolite prediction and identification web
server [J].  Nucleic Acids Res, 2017, 45: W64-W71.

Topfer N, Fuchs LM, Aharoni A. The PhytoClust tool for
metabolic gene clusters discovery in plant genomes [J].
Nucleic Acids Res, 2017, 45: 7049—-7063.

Johnston CW, Skinnider MA, Wyatt MA, et al. An automated
Genomes-to-Natural Products platform (GNP) for the discovery
of modular natural products[J]. Nat Commun, 2015, 6: 8421.
Alanjary M, Kronmiller B, Adamek M, et al. The Antibiotic
Resistant Target Seeker (ARTS), an exploration engine for
antibiotic clusterprioritization and novel drug target discovery
[J. NucleicAcids Res, 2017, 45: W42-\W48.

Duncan KR, Cruesemann M, Lechner A, et a. Molecular
networking and pattern-based genome mining improves discovery

of biosynthetic gene clusters and their products from salinispora



AR R 2 R B 2 A BRI A 2R B T - 851 ¢

[36]

[37]

[38]

[39]

[40]

[41]

(42

species[J]. Chem Biol, 2015, 22: 460—471.

Kersten RD, Ziemert N, Gonzalez DJ, et al. Glycogenomics
as a mass spectrometry-guided genome-mining method for
microbial glycosylated molecules [J]. Proc Natl Acad Sci
U SA, 2013, 110: E4407—-E4416.

Fisch KM, Schaeberle TF. Toolbox for antibiotics discovery
from microorganisms [J]. Archiv Pharm, 2016, 349: 683—
691.

Yang J, Zhu X, Cao M, et al. Genomics-inspired discovery
of three antibacterial active metabolites, aurantinins B, C,
and D from compost-associated Bacillus subtilis fmb60 [J].
JAgric Food Chem, 2016, 64: 8811—-8820.

Son S, Hong YS, Jang M, et a. Genomics-driven discovery
of chlorinated cyclic hexapeptides ulleungmycins A and B
from a streptomyces species[J]. JNat Prod, 2017, 80: 3025 —
3031.

Medema MH, Kottmann R, Yilmaz P, et a. Minimum
information about a biosynthetic gene cluster [J]. Nat Chem
Biol, 2015, 11: 625-631.

Weber T, Blin K, Duddela S, et al.
comprehensive resource for the genome mining of biosynthetic

Nucleic Acids Res, 2015, 43: W237—

AntiSMASH 3.0-a

gene clusters [J].
W243.
Tao W, Yurkovich ME, Wen S, et al. A genomics-led approach

[43]

[44]

[49]

[46]

[47]

(48]

to deciphering the mechanism of thiotetronate antibiotic
biosynthesis[J]. Chem Sci, 2016, 7: 376—385.

Rudolf JD, Yan X, Shen B. Genome neighborhood network
reveals insights into enediyne biosynthesis and facilitates
prediction and prioritization for discovery [J]. J Ind Microbiol
Biotechnol, 2016, 43: 261 -276.

Ziemert N, Alanjary M, Weber T. The evolution of genome
mining in microbes - areview [J. Nat Prod Rep, 2016, 33:
988-1005.

Su JQ, Cui L, Chen QL, et a. Application of genomic
technologies to measure and monitor antibiotic resistance in
animals[J. AnnNY Acad Sci, 2017, 1388: 121 -135.

dos Santos DF, Istvan P, Quirino BF, et a. Functional
metagenomics as a tool for identification of new antibiotic
resistance genes from natural environments[J. Microb Ecoal,
2017, 73: 479-491.

Gonzalez-Plaza JJ, Simatovic A, Milakovic M, et al.
Functional repertoire of antibiotic resistance genesin antibiotic
manufacturing effluents and receiving freshwater sediments
[J. Front Microbiol, 2018, 8: 2675.

dos Santos DFK, Istvan P, Noronha EF, et al. New dioxygenase
from metagenomic library from Brazilian soil: insights into
antibiotic resistance and bioremediation [J].
2015, 37: 1809-1817.

Biotechnol Lett,



