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Abstract
The availability of complete genomes of pathogens enables in silico analyzes that can be used to develop new control methods, reducing
the time, cost, and necessity of pathogen cultivation. In this study, we developed a novel pipeline for the prediction of common broad-
spectrum drug and vaccine candidates against the diphtheria toxin producing Corynebacterium ulcerans and the recently described C.
silvaticum species, considered as a zoonotic potential. We found four common, non-host homologous, virulent, essential cytoplasmic
druggable proteins that belong to metabolic pathways and are involved in the regulation in other essential genes. In addition, the docking
analysis showed natural compounds from the ZINC database as drug candidate against the target proteins. We also identi�ed nine
vaccine candidates involved in transport and regulation of permeability of substances important to the cell. We hypothesize that these
identi�ed therapeutic targets and antimicrobial drugs could be considered for prophylaxis and hence, should be subjected to further
experimental validations. We suggest that the pipeline can be used on any pathogen.

1. Introduction
Bacteria of the genus Corynebacterium are Gram positive, non-motile and sporeless rods, with strains capable of producing diphtheria
toxin (DT) or carrying the gene. C. ulcerans is a pathogenic bacterium belonging to the same clade as C. diphtheria and C. tuberculosis. It
is a species of economic and social importance, as it is the main current etiological agent of diphtheria in addition to infecting several
mammals. Some strains produce DT, others do not produce the toxin yet cause other human diseases (endocarditis, septic arthritis,
osteomyelitis and sepsis) (Hacker et al. 2016). C. silvaticum was recently described and is closely related to C. ulcerans. This bacterium
has pig and deer as reservoirs, but its potential host range is still unknown. It is known so far that it is cytotoxic in humans (Möller et al.
2021). Therefore, the bacterium has a zoonotic potential that leads to a potential economic loss in animal production (Dangel et al. 2020;
Viana et al. 2020).

C. ulcerans was selected based on its emergence as a causative agent of diphtheria and the fact that It has a wide range of reservoir
species (Hacker et al. 2016; Tiwari et al. 2008), which increases its threat potential. C. silvaticum was selected based on its ability to infect
production animals and has a, as yet, unknown potential to cause zoonotic infections (Dangel et al. 2020; Viana et al. 2020). The current
vaccine for diphtheria uses the toxoid from C. diphtheriae (Rappuoli and Malito 2014) and the lack of sequence diversity could lower the
e�ciency of the current vaccine and antitoxin against C. ulcerans tox+ strains (Otsuji et al. 2019) and could play a role in diphtheria cases
in vaccinated individuals (Vandentorren et al. 2014). Other factors that hinder the control of this disease are that immunization does not
last for a lifetime and decreases with time, and also has the possibility of immunized people being colonized and transmitting the disease
(Truelove et al. 2020). Additionally, non-toxigenic strains of C. ulcerans can cause severe infections such as endocarditis, septic arthritis,
osteomyelitis and sepsis (Grosse-Kock et al. 2017; Zasada 2013).

Genomic data can directly assist in the development of control methods. Reverse vaccinology is the prediction of target proteins for
vaccine development based on genomic sequencing data, decreasing the time and cost required and the need for cultivation of the
pathogen (Rappuoli et al. 2016; Rappuoli 2000). Examples of products developed from this approach are the vaccines Bexsero for
Neisseria meningitidis (Christodoulides and Heckels 2017) and Engerix-B for Hepatitis B (Keating and Noble 2003). Recently, vaccine
targets have been predicted in silico and tested in vitro or in vivo for N. meningitidis (Masignani et al. 2019), Shigella (de Alwis et al. 2021;
Hajialibeigi et al. 2021), Leishmania mexicana (Burgos-Reyes et al. 2021), and Rhipicephalus bursa (Couto et al. 2021). Drug targets and
their respective drugs can also be predicted by a in silico approach (Das et al. 2021).

In this work, we developed a novel pipeline and applied it to the pathogens Corynebacterium ulcerans and C. silvaticumfor the
identi�cation of common vaccine and drug targets. While this pipeline is demonstrated with these Corynebacterium species, it can be
used on any other pathogen.

2. Materials And Method

2.1. Samples
Genome data of 108 strains of were retrieved from GenBank, 72 of C. ulcerans and 36 of C. silvaticum (Supplementary Table S1). Of the
108 genomes, 76 were available as sequencing reads from the Sequence Read Archive (Supplementary Table S1, SRR accession only).
They were assembled in PATRIC (Davis et al. 2020) using Unicycler (Wick et al. 2017). All the genomes were annotated in PATRIC using
RASTtk (Brettin et al. 2015). The taxonomy of the samples had previously been veri�ed as C. ulcerans or C. silvaticum (Viana et al. 2020)
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using FastANI (Jain et al. 2018), and were additionally submitted to the Type Strain Genome Server (Meier-Kolthoff and Göker 2019) to
con�rm their taxonomy.

2.2. Identi�cation of new targets

2.2.1. Identi�cation of core, non-homologous to human host, essential genes,
and cell localization
The core proteome were obtained using OrthoFinder v2.3.11 (Emms and Kelly 2015). Of these, proteins not homologous to the host were
identi�ed by BLASTp (Camacho et al. 2009) against the human proteome (GenBank accession GRCh38.p13). Furthermore, the dataset of
core and non-host homologous proteins were used for essential protein identi�cation by the Pipeline Builder for Identi�cation of Targets
(PBIT) (Shende et al. 2017). Finally, the cellular location of the proteins was identi�ed using the SurfG + v1.2.1 (Barinov et al. 2009).
Putative Surface Exposed (PSE), secreted and membrane proteins were screened for probable vaccine targets, while cytoplasmatic
proteins were screened for probable drug targets.

2.2.2. Characterization of vaccine targets
For secreted PSE, and membrane proteins, the Vaxign2 web-based server (He et al. 2010) was used to identify likely vaccines targets using
the following criteria: i) epitope binding to the Major Histocompatibility Complex I and II (MHC I and MHC II) and; ii) probability of being an
adhesin greater than 0.51. Cleavage sites, transmembrane domains, functional domains, and virulence factors were predicted using
SignalP 5.0 server (Petersen et al. 2011), TMHMM (Sonnhammer et al. 1998), InterProScan (Mitchell et al. 2015) and PBIT, respectively.
These genes were reannotated for function using eggNOG-mapper (Huerta-Cepas et al. 2017). Genes in genomic islands (GI), speci�cally
in pathogenic islands (PAIs), were predicted using GIPSy (Soares et al. 2016) with C. glutamicum 13032 (CP025533.1) as non-pathogenic
reference.

2.2.3. Identi�cation of drug targets and docking analysis
For the 84 cytoplasmic proteins, 3D structures were predicted through the MHOLline pipeline (http://www.mholline2.lncc.br/). Genes with
predicted structures classi�ed as G2 (e-value ≤ 10e-5 and Identity ≥ 0.25 and Length Variation Index ≤ 0.7) were selected for the following
steps. The Ramachandran plot of the structures was generated PROCHECK (Laskowski et al. 1993) implemented in SAVES server v6.0
(https://saves.mbi.ucla.edu/). Furthermore, the target proteins were prioritized according to function and metabolic pathway using
eggNOG-mapper, molecular weight using Uniprot (Wasmuth et al. 2017), virulence using Virulence Factor Database (VFDB) (CHEN et al.,
2005) and PBIT, and genomic islands using GIPSy.

The residues with high drug scores were identi�ed using DoGSiteScorer (Volkamer et al. 2012). InterProScan online software was used to
identify the domains of each of these proteins (JONES et al., 2014). Moreover, the DoGSiteScorer pocket with the highest drug score and
the residues of the protein domain were used for the preparation of targets for docking using AutoDockTools (Morris et al. 2009). To
identify drugs for these target proteins, a library of 5,008 drug-like natural compounds were obtained from the ZINC database
(http://zinc.docking.org/). The docking analysis was performed using AutoDock Vina (Trott and Olson 2010). The top 10 compounds were
analyzed for interactions between their residues interaction and the target proteins using Chimera (Pettersen et al. 2004).

2.3. Work�ow
The methods used here and the total number of proteins in each step are summarized in Fig. 1.

3. Results

3.1. Vaccine targets
1,622 proteins were identi�ed as the core proteome, and of these, 325 were characterized as non-host proteins, 168 as essential, 71 as
PSE or secreted and 97 as cytoplasmatic proteins. Within the PSE, Vaxign2 predicted nine vaccine targets with adhesin probability > 0.51
and binding epitopes for MHC I and II (Fig. 1, Table 1). Two of these were in pathogenicity islands. An ABC transporter, substrate-binding
protein (mntA) was found in PAI 3, and a phosphate ABC transporter, substrate-binding protein PstS (TC 3.A.1.7.1) (pstS) was found in PAI
6 (Fig. 2, Supplementary Table S2).
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Table 1
Vaccine targets candidates for Corynebacterium ulcerans and C. silvaticum.

Product (Gene) Adhesin
probability

MHC
class

Virulence factor /
(GI)a

PATRIC ID

ABC transporter, substrate-binding protein (cluster 14,
Mn/Zn)

0.630 I and II No 996634.5.peg.167

ABC transporter, substrate-binding protein (cluster 14,
Mn/Zn) (mntA)

0.602 I and II Yes (PAI 3)b 996634.5.peg.623

Glutamate ABC transporter, permease protein 1 GluC (gluC) 0.555 I and II No 996634.5.peg.835

Integral membrane protein 0.566 I and II No 996634.5.peg.316

Hypothetical protein 0.512 I and II No 996634.5.peg.652

Hypothetical protein 0.586 I and II No 996634.5.peg.823

Hypothetical protein 0.661 I and II No 996634.5.peg.1276

Phosphate ABC transporter, substrate-binding protein PstS
(TC 3.A.1.7.1) (pstS)

0.696 I and II No (PAI 6) 996634.5.peg.1997

Phospholipase / thioesterase 0.571 I and II No 996634.5.peg.1106

a genomic island

b pathogenicity island

3.2. Drug targets
For 84 proteins, the sequence alignment with a reference protein had the structure quality classi�ed as G2 (e-value ≤ 10 − 5, identity ≥ 
0.25% and Length Variation Index ≤ 0.1). From these, only the four proteins with alignment quality classi�ed as Very High (identity ≥ 
0.75% and Length Variation Index ≤ 0.1) were selected for further analysis (Table 2). The Ramachandran plot for 3D structure validation
of these �nal 4 targets is shown in Supplementary Figure S1, and their respective actives residues in Table S3. These four potential targets
are essential and only DtxR is a virulence factor according to the PBIT database prediction (Supplementary Table S2). None of the drug
targets were in a PAI or GI (Fig. 2).
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Table 2
Drug target candidates for Corynebacterium ulcerans and C. silvaticum.

Product (Gene) Molecular
Function

Biological
Process

Mass
(Da)

Metabolic
Pathways

Virulence
Factor

Ramachandran
residues in
most favoral
region

PATRIC ID

Iron-dependent
repressor
IdeR/DtxR
(dtxR)

DNA-binding
transcription
factor
activity,
protein
dimerization
activity,

transition
metal ion
binding

 
Transcription, 

Transcription 

regulation

25,203 - Yes 92.2% 996634.5.peg.1487

Uridine
monophosphate
kinase UMPK
(EC 2.7.4.22)
(pyrH)

ATP binding,

UMP kinase
activity

'de novo' CTP
biosynthetic
process

26,168 CTP
biosynthesis
via de novo
pathway and
in Pyrimidine
metabolism

No 94.2% 996634.5.peg.1586

Fructose-
biphosphate
aldolase class II
(EC 4.1.2.13)
(fba)

Fructose-
bisphosphate
aldolase
activity,

zinc ion
binding

Glycolytic
process

37,144 Synthesizes D-
glyceraldehyde
3-phosphate
and glycerone
phosphate
from D-
glucose

No 94.9% 996634.5.peg.2154

Transcriptional
regulator, AcrR
family

DNA binding,
magnesium
ion binding

Regulation of
transcription

21,831 - No 95.5% 996634.5.peg.1300

We have used DoGSiteScorer to select the druggable pockets with score greater than 0.79 (Supplementary Table S3). For the docking
analysis, we selected three natural compounds (for each target) based on lower binding energy values and the largest number of
hydrogen bonds. The output was the 10 top ranked ligands, based on the best interactions with the proteins actives residues (domain),
according to the requisites mentioned. We selected the �nal 3 out of 10 best compounds for each target protein. The hydrogen bonds,
binding energy values, ligands IDs and proteins information are shown in Table 3. For the graphic representation of the docking analysis,
we selected the best one compound for each protein (Figs. 3–6).

AcrR family protein is a transcriptional regulator that normally acts as a repressor and had better interaction with the compound
ZINC04258896 (Fig. 3). Fructose-biphosphate aldolase is an enzyme that participates in the glycolytic pathway and showed the best
docking with the compound ZINC04235626 (Fig. 4). The IdeR/DtxR target is an iron-dependent transcriptional regulator, classi�ed as a
virulence factor that showed the best interaction with the ligand ZINC03840461 (Fig. 5). Finally, Uridine monophosphate kinase is a
converting enzyme in the metabolism of pyrimidines, It had the best docking with the ligand ZINC08300249 (Fig. 6).
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Table 3
Docking results of candidate proteins targets and its ligands showing number of hydrogen bonds with its respective residues and binding

energy values.
Protein (PATRIC ID) Ligand ZINC ID IUPAC name Binding

energy
value
(Kcal/mol)

H bond /
Residues

Transcriptional regulator,
AcrR family
(996634.5.peg.1300)

ZINC04258896 1-(1,3-benzodioxol-5-yl)-N-methyl-2-[(E)-3-phenylprop-2-
enoyl]-1,3,4,9-tetrahydropyrido[3,4-b]indole-3-
carboxamide

-7.9 3/Arg21,
Arg92

  ZINC04277685 N-[(1R,9S)-11-(naphthalene-2-carbonyl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-5-
yl]cyclohexanecarboxamide

-8 2/Tyr29,
Asp54

  ZINC08300353 N-[(1R,9S)-11-(4-�uorobenzoyl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-3-yl]-2H-1,3-
benzodioxole-5-carboxamide

-8.2 2/Arg22,
Asp94

Fructose-biphosphate
aldolase class II
(996634.5.peg.2154)

ZINC04235626 (3R,3aS,6S,6aR)-6-(naphthalene-2-sulfonamido)-
hexahydrofuro[3,2-b]furan-3-yl N-(4-
methoxyphenyl)carbamate

-9.1 3/Thr29,
Ser53,
Asp276

  ZINC04235829 (3R,3aS,6S,6aR)-6-(naphthalene-2-sulfonamido)-
hexahydrofuro[3,2-b]furan-3-yl N-(4-
acetylphenyl)carbamate

-9.3 3/Thr29,
Ser53,
His212

  ZINC08300421 N-[(1R,9S)-11-(1-acetylpiperidin-4-yl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-3-yl]-2H-1,3-
benzodioxole-5-carboxamide

-9.6 2/Gly213,
Thr277

Iron-dependent repressor
IdeR/DtxR
(996634.5.peg.1487)

ZINC03840461 N-[(11S,13S)-5-(4-chlorophenyl)-2,10-dioxo-1,9-
diazatricyclo[9.4.0.0³, ]pentadeca-3(8),4,6-trien-13-
yl]pyridine-3-carboxamide

-9.8 2/Ser70,
Thr159

  ZINC08300249 (1R,9S)-11-(2H-1,3-benzodioxole-5-carbonyl)-5-[3-
(tri�uoromethyl)phenyl]-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-6-one

-10.2 2/Thr124,
Leu135

  ZINC04259070 (1R,9R)-5-{[(3-�uorophenyl)carbamoyl]amino}-N-(4-
methoxyphenyl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-diene-11-carboxamide

-10.4 2/Thr24,
Thr191

Uridine monophosphate
kinase
(996634.5.peg.1586)

ZINC08300249 (1R,9S)-11-(2H-1,3-benzodioxole-5-carbonyl)-5-[3-
(tri�uoromethyl)phenyl]-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-6-one

-10.3 2/Gly59,
Arg64

  ZINC08300441 3-[(1R,9S)-11-(1-acetylpiperidin-4-yl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-3-yl]-1-(3-
cyanophenyl)urea

-9.9 3/Gly21,
Asp79,
Met140

  ZINC08300421 N-[(1R,9S)-11-(1-acetylpiperidin-4-yl)-6-oxo-7,11-
diazatricyclo[7.3.1.0², ]trideca-2,4-dien-3-yl]-2H-1,3-
benzodioxole-5-carboxamide

-9.9 2/Gly59,
Arg64

4. Discussion
C. ulcerans can infect humans and a variety of wild and domestic animals that act as a reservoir. Manifestations can be asymptomatic, or
cause damage to the respiratory tract, mastitis and gangrenous dermatitis (Hacker et al. 2016; Tiwari et al. 2008). Non-toxigenic strains
can be classi�ed as tox-negative or non-toxigenic but tox gene-bearing (NTTB) (Dangel et al. 2019; Fuursted et al. 2015). C. silvaticum is a
recently described NTTB species close to C. ulcerans that causes caseous lymphadenitis in wild animals such as wild boar and roe deer,
which are reservoirs, and domestic pigs (Dangel et al. 2020). Its potential host range is unknown, and It could potentially cause zoonotic
infections (Viana et al. 2020).

Subtractive genomics, as the name suggests, is an approach based on several steps of �ltering proteomic sequences, in order to select
and identify �nal proteins that are indispensable to microorganisms and that are not homologous to the host. This methodology is widely
used in reverse vaccinology, a method which includes subtractive genomics, modeling, docking and other in silico techniques in order to
predict vaccine and drug targets, without �nancial expense and in a short time (Hassan et al. 2018; Masignani et al. 2019). The Bexsero
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vaccine for Neisseria meningitidis (Christodoulides and Heckels 2017) and Engerix-B vaccine for Hepatitis B (Keating and Noble 2003)
were developed using these approaches.

We predicted nine vaccine targets, four drug targets and four probable dug molecules for C. ulcerans and C. silvaticum using reverse
vaccinology and in silico drug targeting (Tables 1 and 2). Among nine predicted vaccine targets, four were annotated as subunits of ABC
transporters. Two are substrate-binding protein for manganese (Mn) and zinc (Zn), one for phosphate, and one is a permease for
glutamate. Both metals are vital for several organisms, required by transcriptional transporters and regulators and oxidative stress
response (Mn), and several ribosomal proteins and tRNA synthetases (Zn). The acquisition of both metals is disputed with the host and
those ABC transporters are required for colonization (Juttukonda and Skaar 2015; Nies and Grass 2009). One of the transporter’s subunits
(mntA) is in PAI 3 (Fig. 2). Glutamate is an essential metabolite that plays an important role in the metabolism of nitrogen and carbon.
The ABC glutamate transporter has already been characterized in other bacterial genera and is a known vaccine target, considering its
indispensable role in the survival of the bacterium (Bhatia et al. 2014). Phosphate is essential for energy metabolism and is a component
of nucleic acids, phospholipids, and other cell molecules. The Phosphate ABC transporter, substrate-binding protein PstS is part of the
complex PstSACB involved in phosphate import (Santos-Beneit 2015). Inactivation of the pstS gene increased the susceptibility to
penicillin in Streptococcus pneumoniae (Soualhine et al. 2005). The transport of these essential nutrients makes those proteins promising
vaccine candidates.

Among the non-transporter vaccine target candidates is a bifunctional protein from the Phospholipase/Thioesterase family, with the gene
located in pathogenicity island PAI 6 (Fig. 2). This enzyme is involved in the non-ribosomal synthesis of peptides, including antimicrobial
peptides (Santucci et al. 2018; Schneider and Marahiel 1998). The Integral membrane protein belong to the “Putative Actinobacterial
Holin-X, holin superfamily III”. Holins are produced by double-stranded DNA bacteriophages that use an endolysin-holin strategy to
lysogenize their hosts (InterPro entry IPR009937). The other three candidates are hypothetical proteins classi�ed by InterProScan as
“Papain-like cysteine peptidase superfamily” (InterPro entry IPR038765) (PATRIC ID 996634.5.peg.652), “Calcium-dependent
phosphotriesterase” (SSF63829) (996634.5.peg.1276) and a transmembrane protein (996634.5.peg.823).

Within the drug targets, DtxR was the only predicted virulence factor. It is an iron-dependent repressor in prokaryotes that regulates the
expression of genes involved in iron homeostasis and virulence factors, such as diphtheria toxin (tox) (WHITE et al., 1998). DtxR regulates
genes according to the concentration of Fe2

+ ions in the environment, allowing to adjust iron uptake. It is considered a virulence factor due
to its importance for host colonization (Merchant and Spatafora 2014). Furthermore, DxtR has been considered an attractive drug target
due to its role in regulating genes involved in iron homeostasis in bacteria, and such genes are generally virulence factors (Cheng et al.
2018; Parise et al. 2021). Residue SER 70 is hydrogen bonded to the nitrogen of the aromatic ring, THR 159 is hydrogen bonded to the
third oxygen of the compound and residues ARG 69 and LEU 135 have hydrophobic interactions with the three aromatic rings.

Uridine Monophosphate Kinase is an important enzyme that acts on the metabolism of pyrimidines in bacteria, speci�cally on uridine
monophosphate (UMP). It converts UMP to UDP that is later used in the nucleoside biosynthesis. UMPK plays an essential role in the
production of nucleotides that are constituents of nucleic acids. This enzyme is of interest, as It has been recognized as a potential drug
target for tuberculosis (ARVIND et al. 2013) as It also plays a role in regulating the balance of pyrimidine and purine nucleosides. In
addition, It is structurally different from the eukaryotic UMP kinases (Rostirolla et al. 2011), which makes It a more attractive candidate.
ASP 79 makes two hydrogen bonds with NH (NH-O), GLY 21 makes two hydrogen bonds with the �rst oxygen of the molecule. The 2D
image shows hydrogen bonding of MET 140 to the last nitrogen. MET 83 shows hydrophobic interaction with the last aromatic ring.

The Fructose-1,6-bisphosphate aldolase (FBA) is a glycolytic protein that participates in the glucose metabolic pathway and in the
production of organic acid when oxygen is scarce (Altenhoff and Dessimoz 2009; Teramoto et al. 2010). In some genera, It has been
shown that reducing FBA leads to cell death. This enzyme is present in the membrane and exposed on the bacterium's cell surface, and its
association to virulence is already know as It binds to human plasminogen and mammalian cells (Shams et al. 2014). FBA and other
proteins are expressed under conditions of alkaline stress, which indicates that this enzyme is also involved in the physiological
breakdown of the bacterium during environmental changes. For these reasons, this protein has previously been recognized as a potential
candidate for drug and vaccine targets in various pathogens such as bacteria, fungi and parasites of animals and humans (Pirovich et al.
2021)(Shams et al. 2014). SER 53 is hydrogen bonded to two oxygens (one from the pentose), HIS 212 is hydrogen bonded to an oxygen
at the ligand end, and THR 29 is hydrogen bonded to one oxygen (O = S = O). THR 29, THR 33 and GLN 280 have a hydrophobic
interaction with naphthalene.

The AcrR family of transcriptional regulators belongs to the one-component system and is associated with several essential cellular
mechanisms of bacteria and archaea, such as cell signaling, carbon, nitrogen and lipid metabolism, amino acid metabolism and cofactor
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metabolism, production of antibiotics, among other physiological factors. They normally act as repressors, having different regulatory
mechanisms in different species of bacteria, which can be positive or negative. In addition, these regulators play a key role in antibiotic
resistance (Cuthbertson and Nodwell 2013). For these reasons, proteins from this family have been identi�ed as a broad-spectrum drug
target (Deng et al. 2013) and for novel treatments (Gonzáles et al. 2018). ARG 21 has two hydrogen bonds with the oxygen that is
attached to the aromatic ring, ARG 92 has a hydrogen bond with an oxygen of the ligand. The two aromatic rings show hydrophobic
interactions with VAL 73 and ARG 69.

Conclusion
In this work we presented a �rst-time approach applied to these bacteria, in which we use common drugs and vaccines for both species.
We predicted nine vaccines and four drug target candidates, as well as the respective drug molecules for C. ulcerans and C. silvaticum.
This type of analysis could reduce the cost and time for the development of vaccine and identi�cation of antimicrobial compounds and
should be subjected to further experimental validation, as these species can be cultivated. This pipeline is not restricted to
Corynebacterium but could be used on any prokaryotic or eukaryotic pathogen.
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Figure 1
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Work�ow of the methodologies and the number of genes identi�ed and selected at each step.

Figure 2

Circular map of Corynebacterium ulcerans 0102 showing genomic islands and the position of vaccine (green) and drug targets (purple).
GI – genomic island, Pai – pathogenicity island.
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Figure 3

3D and 2D graphic representation of the docking analysis for the most druggable protein cavity of drug target AcrR family protein with
ZINC04258896.

Figure 4

3D and 2D graphic representation of the docking analysis for the most druggable protein cavity of drug target Fructose-bisphosphate
aldolase class II with ZINC04235829.

Figure 5

3D and 2D graphic representation of the docking analysis for the most druggable protein cavity of drug target Iron-dependent repressor
IdeR/DtxR with ZINC03840461. 
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Figure 6

3D and 2D graphic representation of the docking analysis for the most druggable protein cavity of drug target Uridine monophosphate
kinase UMPK with ZINC08300441.
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