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ABSTRACT: Buruli ulcer (BU), a severe skin disease is caused by Mycobacterium ulcerans. There are concerns of
therapeutic inefficacy of existing drugs coupled with chemoresistance. Databases have been shown to augment data
mining and integrative systems pharmacology approaches towards the search for novel therapeutic moieties. So far,
there is no known integrated database solely dedicated to BU drug discovery. In this work, Buruli ulcer database (BuDb)
is a “one-stop-shop” knowledgebase for supporting BU drug discovery. It contains both manually verified literature and
database-curated data on BU. The BuDb provides comprehensive information on the various drug targets, tested
compounds, existing drugs, ethnopharmacological plants and information on the genome ofM. ulcerans. It also contains
cross-referenced links to databases including PubMed, PubChem, DrugBank, NCBI, Gene Ontology (GO), UniProt,
Prota4u, String database, KEGG Pathway and KEGG genome database. The BuDb has been implemented with acces-
sibility features such as keyword and specific searches as well as browsing. BuDb is the first useful online repository of its
kind integrated with enriched datasets that can aid in the discovery of new biotherapeutic entities for BU. BuDb can be
freely accessed at http://197.255.126.13:3000/.
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1. INTRODUCTION

Buruli ulcer (BU) is a chronic, ulcerative and devas-
tating skin disease caused byMycobacterium ulcerans, a

nontuberculous mycobacterial species.1–4 The myco-
bacterial infection was initially identified in Australian
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patients by Peter MacCallum in 1948.5,6 The word,
Buruli, was inspired by Buruli County in Uganda,
where an overwhelming number of incidents were
recorded and announced in 1960.7,8 BU is one of the
most underestimated neglected tropical diseases in
humans, a list which includes tuberculosis and leprosy.9

Presently, BU is reported in over 33 countries worldwide,
particularly among individuals living in tropical and
subtropical areas.8,10 Every year, new cases of BU are
recorded globally, with West and Central African
countries being the most prominent.8,10 Most of those
infected are children below the age of 15 years living in
isolated rural regions with no or limited access to
healthcare.10

Mycolactone is the major virulence factor identified
to date.11 The etiology of the disease is due to the in-
fection of an individual by Mycobacterium ulcerans, a
bacteria that has acquired a plasmid that encodes for
mycolactone and is able to cause cell death.12–14 Some
experiments further show that M. ulcerans strains that
lack mycolactone cannot establish disease in mice
models.15 Understanding how the bacteria establish in-
fection and how it is transmitted is still not clear enough
at present. Mycolactone is a macrolide toxin with an
immunomodulatory role and is implicated in skin der-
mis or subcutaneous tissue necrosis.16,17 It binds to the
adipocytes in the subcutaneous fat and has a cytotoxic
impact on them.18,19 The resultant necrosis provides a
suitable substrate for the proliferation and growth of the
mycobacterium.20 Clinical manifestation of the disease
appears in the form of oedema, plaque, papule, or nod-
ule, which, if left untreated, tears the skin apart and
develops into an ulcer.10,21 BU has the potential to
damage nerves, appendages and blood arteries, as well as
infiltrate the bone leading to osteomyelitis.22

According to the World Health Organization
(WHO), patients with BU lesions receive either ri-
fampicin and clarithromycin or rifampicin and strep-
tomycin as a primary treatment for eight weeks.8

However, in the worst-case scenario, BU lesions are
usually treated with comprehensive surgical removal of
the infected skin and underlying tissue, followed by
skin grafting.23 There are few treatment options, and the
advent of treatment-resistant isolates is a major concern
that calls for developing new remedies. Conventional
drug discovery methods are time-consuming and labor-
intensive. Conversely, cheminformatics has progressed,
with many recent drug discovery efforts being incorpo-
rated in the computational techniques.24,25 Notable
among such efforts is a previous report which compu-
tationally predicted natural product-derived binders of
isocitrate lyase. These phytochemicals have the potential

to be developed further into potent anti-BU drugs with
improved therapeutic efficacy.25,26 In addition to
computational efforts, phytochemical studies of the
leaves of Holarrhena floribunda and Sorindeia juglan-
difolia revealed some compounds with in vitro activities
against M. ulcerans.27,28

Currently, less attention has been focused on sys-
temic genomic or transcriptomic (multi-omics) re-
search for BU in different ethnic populations. Most
studies are on the genome of the bacteria, but this is
usually trying to understand the geographical distri-
bution of the bacteria, transmission and evolution of
the bacteria as the transmission is still not fully
understood.29–37 Research focusing on the genomics of
affected populations tried to find possible single nu-
cleotide polymorphisms that may be associated with
increased susceptibility to the disease.24,38

Data on various biotherapeutic targets involved in the
pathophysiology of BU.24,39 and compounds tested in
vitro, in silico, or in vivo against the respective targets are
required,39 since this information could accelerate the
BU drug discovery process. In addition, genomic data on
M. ulcerans and information on ethnopharmacological
plants could also speed up the discovery of novel ther-
apeutics for BU.40 However, gathering this information
is constrained by time-wasting text mining and bio-
curation of published corpus and vast BU nonspecific
databases. This consequently impedes the drug devel-
opment efforts for BU. Therefore, the crux of this study is
to assemble a BU-specific database.

Databases are developed from the complex processes
of data mining and curation in drug discovery.41,42 A
number of biomedical databases have been devel-
oped43,44 and depending on the type and purpose of the
data, can be grouped into general or unspecified and
disease-specific databases.41,45 General or unspecified
drug discovery databases contain a wide range of data on
various organisms or diseases. Drug Bank (http://www.
drugbank.ca),46 Zinc (https://zinc.docking.org/),47

ChEMBL (https://www.ebi.ac.uk/chembl/),48 Chem-
Spider (http://www.chemspider.com/) and PubChem
(https://pubchem.ncbi.nlm.nih.gov)49 are some of the
databases.50 However, a disease-specific drug discovery
database contains detailed data on either a specific dis-
ease or an organism. Notable examples include HCVpro
database (https://www.cbrc.kaust.edu.sa/hcvpro/),51 TB
database (http://tbdb.bu.edu/)52 and DenvInD (https://
webs.iiitd.edu.in/raghava/denvind/search.php).53 These
databases provide information on relevant biother-
apeutic entities such as proteins, lead compounds, drugs
and metabolic pathways, among others and hence fa-
cilitate the processes involved in drug discovery.41
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Towards consolidating drug discovery data for my-
cobacterial species, online repositories containing in-
formation on mycobacteria have been mentioned
(Table 1). Their dependability has contributed to the
discovery of potential drugs.54,55

Despite the usefulness of the information provided by
these currently existing databases, the datasets on M.
ulcerans are unformatted and widely scattered across dif-
ferent resources. In light of this, a more pragmatic trend is
to develop databases dedicated to a specific disease.52

There is a need to design an integrated knowledge base
primarily focused on essential queries pertaining to BU
with comprehensive data relevant to BU drug discovery.

Here, we present Buruli ulcer database (BuDb),
which serves as “a one-stop” knowledge base and a
dedicated resource for BU drug discovery. The enri-
ched BuDb catalogues are manually curated and the
comprehensive data on various drug targets, tested
compounds via in silico, in vivo, or in vitro techniques,
existing drugs, ethnopharmacological plants and the
genome of M. ulcerans are recorded. BuDb has also
been cross-referenced to databases including
PubMed,49 PubChem,49 DrugBank,46 NCBI,61 Gene
Ontology (GO),62 UniProt,63 Prota4u, STRING data-
base,64 KEGG Pathway and KEGG genome database.65

The diversity of integrated datasets in BuDb can sup-
plement the efforts geared towards discovering novel
biotherapeutic entities for BU.

2. CONSTRUCTION OF DATABASE
AND CONTENT

2.1. Data sources, processing and compilation

Databases and journal articles served as the main
resources for the manually curated datasets contained

in BuDb (Fig. 1). Given the variety of sources from
which our data were derived, all BU-related informa-
tion from databases and the literature were collected
and compiled. A search query was conducted with the
keywords “Buruli ulcer” OR “Mycobacterium ulcerans”
via PubMed66 to curate data from published literature
containing information on BU. The PubMed search
retrieved 1492 publications as of 29th May 2022. A
total of 67 out of the number of publications retrieved
contained drug-related information on BU and were
cross-referenced in the database. In addition, cross-
referenced data captured as link or URL address were
also extracted from functional annotation databases,
including the DrugBank database,46 PubChem,49 Uni-
Prot (https://www.uniprot.org/),63 KEGG Genome
(https://www.genome.jp/kegg/genome/),67 BioCyc,
Tropical Disease Research (TDR) Target68 and NCBI
repositories (https://www.ncbi.nlm.nih.gov/).61 After-
ward, all the data collected and compiled were refined
and structured into five data fields: Drug target, tested
compounds, existing drugs, ethnopharmacological

Table 1. Databases containing information on mycobacteria.

Databases Specific information Reference

Mycobrowser
https://mycobrowser.epfl.ch/

A repository for proteomic and genomic data. 56

GenoMycDB
http://www.dbbm.fiocruz.br/labwim/bioinfoteam

/templates/archives/GenoMycDB/GenoMycDB.html

Functional genomic analysis including mycobacterial protein
classification and species evolution.

57

tbvar
http://genome.igib.res.in/tbvar/

Genome variation resource for Tb 58

BioCyc
https://mycobacterium.biocyc.org/

Contains information on organism phenotypic properties such as
human-microbiome body site, aerobicity, and temperature range.

59

TB Database
http://tbdb.bu.edu/

An integrated platform for Tuberculosis research. 52

TDR target
https://tdrtargets.org/

A web-based database containing diverse datasets to facilitate drug
discovery for neglected disease pathogens.

60

Fig. 1. A schematic illustration of some of the data sources
compiled for the development of BuDb database.
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plants and genomic information on M. ulcerans, which
were utilized in the construction of the BuDb database.

2.2. Database architecture and web interface

BuDb is a web-based database built on Apache HTTP
server and uses MySQL server to store data. The re-
sponsive front-end query is implemented in JavaScript,
PHP, HTML5 and CSS3, and the architecture is
highlighted in Fig. 2.

3. RESULTS AND DISCUSSION

3.1. Data curation and statistics

BuDb contains a manually curated dataset of known
Mycobacterium ulcerans and BU drug targets, tested

compounds (in vivo, in silico, or in vitro), existing
drugs, ethnopharmacological plants and information
on the genome of M. ulcerans (Fig. 3). A brief de-
scription of the various datasets in BuDb has been
provided.

3.1.1. Drug target

A protein drug target is associated with specific disease
mechanisms and binds to a drug to generate the
intended therapeutic effect.69 BuDb contains 244 non-
host essential proteins that are vital for the survival of
M. ulcerans (Fig. 3). Some of the data entries in the
drug target field include the gene name, gene symbol
and the unique identity of the gene. Other entries in the
drug target field include the organism name, associated
metabolic pathways, drug target function, protein and

Fig. 2. (Color online) A schematic diagram of the database architecture of BuDb showing the relationship between the incorporated data
files, logic systems and user query interface.

Fig. 3. (Color online) A pie chart displaying the percentage breakdown of the manually curated datasets in BuDb database. Drug target has
the most entry data in the BuDb, with a statistical percentage of (51%). Ethnopharmacological plants, tested compounds, existing drugs and
genome account for 29%, 11%, 7% and 2% of the total, respectively.
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UniProt63 accession numbers. Available cross-refer-
enced links include PubMed and other functional an-
notated databases such as STRING database (https://
string-db.org/),64 GO annotation (http://geneontology.
org/),62 TDR Target68 and KEGG pathway.
These proteins captured in BuDb can help accelerate
the identification of therapeutic targets in BU drug
discovery.24

3.1.2. Tested compounds

BuDb contains 51 compounds that have been tested
using in silico,25 in vitro70 and in vivo71 methods
(Fig. 3). Among the data, entries found under the tested
compounds include the name of compounds, inhibi-
tory concentration (IC50) values, experimental techni-
ques, 2D structures, molecular formulas and molecular
weights. BuDb links these compounds to PubMed,
PubChem and DrugBank. The minimum inhibitory
concentration (MIC) and IC50 values of the respective
compounds captured in BuDb indicate the extent to
which the compounds inhibit a particular biological
activity.72 The curated bioactive compounds can help
reduce the time involved in designing lead compounds
for BU drug discovery.72

3.1.3. Existing drugs

An overall number of 35 available drugs/potential an-
tibiotic therapies against M. ulcerans are provided in
the BuDb (Fig. 3). This data field contains information
on the names of experimental drugs, class of drugs,
target protein in M. ulcerans, similar targets in other
species, drug interaction phase, mechanism of action
and mode of administration. Cross-referenced links
included PubMed, DrugBank and other external data-
bases such as KEGG DRUG repository (https://www.
genome.jp/kegg/drug/),65 ChEMBL (https://www.ebi.
ac.uk/chembl/)73 and BindingDB (https://www.bin-
dingdb.org/bind/index.jsp).74 The existing drug fields
provide information on current treatment drugs, the
phase of drug interactions, whether approved, investi-
gational, or experimental and their respective biother-
apeutic targets. It also provides information on how the
drugs inhibit the activities of these targets in the viru-
lence of BU. This can help invigorate the search for
novel therapeutics for BU treatment.

3.1.4. Ethnopharmacological plants

Ethnopharmacological plants are biologically active
plants traditionally employed to treat diseases.75 Ac-
knowledging that BU is mostly prevalent in rural areas

with poor or no medical facilities, most rural folks re-
sort to the traditional use of plants for treating BU
lesions.28 Most of these plants contain secondary
metabolites and phytochemicals, which therapeutically
target M. ulcerans.28 Hence, ethnopharmacological
plants can help facilitate the search for lead compounds
that are therapeutically efficacious against BU.76 BuDb
contains 139 ethnopharmacological plants with three
tonic mixtures prepared from some specially selected
plant species used in BU treatment (Fig. 3). Some of the
data entries under this field include the name of spe-
cies, family and country of collection, parts of plants
used, common or local names, extraction method and
solvent(s) used. Moreover, the respective secondary
metabolites, antimicrobial assay methods and MIC
values have been provided. Included are links to
PubMed and other plants databases such as PROTA4U
(https://www.prota4u.org/database/) and GBIF (https://
www.gbif.org/).

3.1.5. Genomic information on M. ulcerans

BuDb contains information and links to large genomic
databases, including KEGG GENOME (https://www.
genome.jp/kegg/genome/),65 BioCyc (https://mycobac-
terium.biocyc.org/)59 and NCBI (https://www.ncbi.nlm.
nih.gov/),61 which hold the current information on the
annotation, metabolic information and other pertinent
data on the genome of M. ulcerans. The genomic data
field of BuDb contains genome assembly and annota-
tion reports on nine strains of M. ulcerans (Fig. 3);
among them are M. ulcerans str. Harvey, M. ulcerans
Agy9977 and M. ulcerans subsp. shinshuense. Some of
the data entries under the genomic field include Bio-
Sample and BioProject database IDs, the assembly level
and the length of the assembled genome, the number of
scaffolds generated and both protein-coding and non-
protein coding genes. This is to provide a snapshot of
available annotated genomic data on different strains of
M. ulcerans and further provide links to their parent
databases for a detailed information on the strains.
These annotated sequences could consequently facili-
tate the elucidation of new targets78 in the light of
emerging drug resistance.

3.1.6. Data utility

The curated drug targets will provide an avenue for
easily accessible MU targets that can be targeted and
assayed for rational drug design.79 Tested compounds
will provide leads to initial public data for some com-
pounds that show promise and can be further
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investigated to provide new and better therapeutic
options as the current treatment regimen requires a
long period of antibiotic therapy.13 Existing drugs will
provide information on the current set of therapeutic
interventions available that can be further improved
through structural modifications or through drug
combinations that can help mitigate drug resis-
tance.80,81 Ethnopharmacological plants curated will
provide plant substrates, such as the leaves, stem and
seeds, that have been shown to elicit some activity
against BU to be investigated for bioactive compounds
that can be purified and studied for their potential as
alternative therapeutic interventions.82,83 Curated ge-
nomic information provides important fundamental
knowledge about the phenotypic potential of the bac-
teria and this facilitates the drug discovery in different
ways. It helps in identifying pathways and genes for
target-based drug design. Also, evolution and strains of
interest can be determined by juxtaposing genomes
with the curated complete reference genomes in the
database, which can provide insights into adaptation
mechanisms and conserved essential genes for accel-
erated drug design.84,85

3.2. Database interface and utility

BuDb is a web-based portal that can be accessed using a
standard web browser on any internet-enabled device.
The enhanced user interface is simple to use and
includes several modules such as the “search”, “browse”
and “contact” menus (Fig. 4). The “search” menu item
has two sub-query menus: “keywords” and “specific”
searches. The “keyword search” item allows users to
search and retrieve data entries across all fields simul-
taneously in the database. The “specific search” enables

users to query information via any of these data fields
comprising targets, plants, genomes, compounds and
drugs. Also, the Browse menu of the web interface
displays the various datasets available for easy data
retrieval. To improve the utility of the database, user
reviews or contributions can be submitted for evalua-
tion via the “Contact” menu of BuDb.

3.3. Additional system features

To facilitate the convenient usage and comprehension
of the information and data fields contained in BuDb, a
user tutorial and frequently asked questions (FAQS)
sections have been made available. In addition, BuDb
offers a variety of cross-references to functional anno-
tated databases and published literature that are bio-
logically relevant for BU drug discovery. This provides
an easy way to retrieve and utilize enriched drug dis-
covery data. Cross-referenced links include databases
such as the Human Metabolome Database,86 Chem-
Spider,87 ChEMBL,88 ZINC,89 GO annotation62 and
Therapeutic Targets Database.90 BuDb has incorpo-
rated the downloadable datasets in tab-delimited
format.

3.4. Case study: Using BuDb to retrieve
information on mycolactone

Mycolactone is a polyketide-derived macrolide that
Mycobacteria species, including M. ulcerans, produce
and secrete.91 Mycolactone is the toxin responsible for
BU in humans, causing tissue damage and inhibiting
the immune response.19 To show the usefulness of
BuDb in studying mycolactone, a simple search (Fig. 5)
was conducted using “mycolactone” as the keyword.

Fig. 4. (Color online) The home page of BuDb showing the user query interface.
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The search retrieved multiple results for mycolactone
related to the Type 1 modular polyketide synthase in
the “Drug Target” data fields. The query retrieved the
Type 1 modular polyketide synthase as the enzyme
required for the synthesis of the polyketide toxin
mycolactone. Furthermore, mycolactone enhances the
virulence of the M. ulcerans by blocking blood platelets
and mast cells from undergoing exocytosis and hence
impairing the wound healing processes.

Further, the search results showed that mycolactone
has immunosuppressive properties that enable it to
inhibit phagocytic activities of neutrophils and white
blood cells that are transported to infected cells. Cross-
reference links to KEGG pathway and GO annotation
databases also provided the structure, metabolic path-
ways and functions of Type 1 modular polyketide
synthase enzyme gene. The information provided on
mycolactone in BuDb is advantageous in searching for
lead compounds that can inhibit the activity of Type 1
modular polyketide synthase activity.

3.5. Limitations and future prospects

The current version of BuDb was developed using only
BU-related datasets. Future updates would integrate
machine learning algorithms to facilitate the

identification of potentially bioactive compounds
against targets of M. ulcerans. Currently, there are no
BU-specific ontologies available, the GO and other
ontologies were incorporated into BuDb.

4. CONCLUSION

This is the first reported development of a BUDb.
BuDb is a manually curated knowledgebase containing
information on drug targets, tested compounds,
existing drugs, ethnopharmacological plants and the
genome of M. ulcerans. In addition, it contains cross-
reference links to essential functional annotation
databases. The enriched integrated datasets could in-
vigorate the search for new biotherapeutic agents.

ACKNOWLEDGMENT

We are grateful to Dr. Lydia Mosi and Prof. Michael
Wilson, who took time to comprehensively review the
contents of the database. We also thank the University
of Ghana Computing Systems (UGCS) for hosting the
web server.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

FUNDING INFORMATION

The work was not funded.

References

1. Einarsdottir, T.; Huygen, K. Buruli Ulcer. Hum. Vaccin.
2011, 7, 1198–1203.

2. Buruli ulcer, https://www.who.int/news-room/fact-
sheets/detail/buruli-ulcer-(mycobacterium-ulcerans-in-
fection); [Accessed on 21-08-2021].

3. Zingue, D.; Bouam, A.; Tian, R. B. D.; Drancourt, M.
Buruli Ulcer, A Prototype for Ecosystem-Related In-
fection, Caused by Mycobacterium Ulcerans. Clin.
Microbiol. Rev. 2017, 31 (1), e00045-17, https://doi.org/
10.1128/CMR.00045-17.

4. Guarnera, J. Buruli Ulcer: Review of a Neglected Skin
Mycobacterial Disease. J. Clin. Microbiol. 2018, 56,
e01507-17.

5. MacCallum, P. T. J. C.; Tolhurst, J. C.; Buckle, G.; Sis-
sons, H. A New Mycobaeterial Infection in Man. I.
Clinical Aspects. J. Pathol. Bacteriol. 1948, 60, 93–122,
https : / /www.cabdirect .org/cabdirect /abstract/
19492700235; [Accessed on 9-08-2022].

Fig. 5. (Color Online) A user interface displaying the results of a
query for mycolactone.

DOI: 10.1142/S2737416523500011
37 J. Comput. Biophys. Chem. 2023, 22 (1), 31–41

Journal of Computational Biophysics and Chemistry Research

J.
 C

om
pu

t. 
B

io
ph

ys
. C

he
m

. 2
02

3.
22

:3
1-

41
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 2

00
3:

fa
:7

f1
e:

32
00

:1
c2

2:
7f

20
:7

e6
5:

b0
9e

 o
n 

03
/1

1/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://dx.doi.org/10.1142/S2737416523500011


6. Singh, A.; McBride, W. J. H.; Govan, B.; Pearson, M.
Potential Animal Reservoir of Mycobacterium
ulcerans: A Systematic Review. Trop. Med. Infect. Dis.
2018, 3 (2), 56, https://doi.org/10.3390/TROPICALME
D3020056.

7. Faber, W. R. Life-Threatening Mycobacteria Infection.
Clin. Dermatol. 2005, 23 (3), 254–257, https://doi.org/
10.1016/J.CLINDERMATOL.2004.06.006.

8. World Health Organization. Buruli ulcer (Mycobacte-
rium ulcerans infection). https://www.who.int/health-
topics/buruli-ulcer#tab=tab 1; [Accessed on 18-11-
2021].

9. Van Leuvenhaege, C.; Vandelannoote, K.; Affolabi, D.;
Portaels, F.; Sopoh, G.; De Jong, B. C.; Eddyani, M.;
Meehan, C. J. Bacterial Diversity in Buruli Ulcer Skin
Lesions: Challenges in the Clinical Microbiome Analysis
of a Skin Disease. PLoS One 2017, 12 (7), e0181994,
https://doi.org/10.1371/JOURNAL.PONE.0181994.

10. Yotsu, R. R.; Suzuki, K.; Simmonds, R. E.; Bedimo, R.;
Ablordey, A.; Yeboah-Manu, D.; Phillips, R.; Asiedu, K.
Buruli Ulcer: A Review of the Current Knowledge. Curr.
Trop. Med. Rep. 2018, 5, 247.

11. Hall, B. S.; Hill, K.; McKenna, M.; Ogbechi, J.; High, S.;
Willis, A. E.; Simmonds, R. E. The Pathogenic Mecha-
nism of the Mycobacterium Ulcerans Virulence
Factor, Mycolactone, Depends on Blockade of Protein
Translocation into the ER. PLoS Pathog. 2014, 10,
1004061.

12. George, K. M.; Chatterjee, D.; Gunawardana, G.; Welty,
D.; Hayman, J.; Lee, R.; Small, P. L. C. Mycolactone: A
Polyketide Toxin from Mycobacterium Ulcerans re-
quired for Virulence. Science 1999, 283, 854–857.

13. Pluschke, G.; R€oltgen, K. Buruli Ulcer Mycobacterium
Ulcerans Disease, 1st ed.; Springer International Pub-
lishing, 2019. doi:10.1007/978-3-030-11114-4.

14. Stinear, T. P. et al. Giant Plasmid-Encoded Polyketide
Synthases produce the Macrolide Toxin of Mycobacte-
rium Ulcerans. Proc. Natl. Acad. Sci. 2004, 101, 1345–
1349.

15. Hong, H.; Coutanceau, E.; Leclerc, M.; Caleechurn, L.;
Leadlay, P. F.; Demangel, C. Mycolactone Diffuses from
Mycobacterium ulcerans–Infected Tissues and Targets
Mononuclear Cells in Peripheral Blood and Lymphoid
Organs. PLoS Negl. Trop. Dis. 2008, 2, e325.

16. R€oltgen, K.; Pluschke, G. Overview: Mycolactone, The
Macrolide Toxin of Mycobacterium Ulcerans. Meth.
Mol. Biol. 2021, 2387, 105–108.

17. Foulon, M. et al. Mycolactone Toxin induces an In-
flammatory Response by Targeting the IL-1� Pathway:
Mechanistic Insight into Buruli Ulcer Pathophysiology.
PLOS Pathog. 2020, 16, e1009107.

18. Sarfo, F. S.; Phillips, R. O.; Zhang, J.; Abass, M. K.;
Abotsi, J.; Amoako, Y. A.; Adu-Sarkodie, Y.; Robinson,
C.; Wansbrough-Jones, M. H. Kinetics of Mycolactone
in Human Subcutaneous Tissue during Antibiotic

Therapy for Mycobacterium Ulcerans Disease. BMC
Infect. Dis. 2014, 14, 1–10.

19. Sarfo, F. S.; Phillips, R.; Wansbrough-Jones, M.; Sim-
monds, R. E. Recent Advances: Role Of Mycolactone in
the Pathogenesis and Monitoring of Mycobacterium
Ulcerans Infection/Buruli Ulcer Disease. Cell Microbiol.
2016, 18, 17.

20. Gyamfi, E.; Narh, C. A.; Quaye, C.; Abbass, A.; Dzudzor,
B.; Mosi, L. Microbiology of Secondary Infections in
Buruli Ulcer Lesions: Implications for Therapeutic
Interventions. BMC Microbiol. 2021, 21, 1–12.

21. Bravo, F. G. Emerging Infections: Mimickers of Com-
mon Patterns seen in Dermatopathology. Mod. Pathol.
2021, 33, 118–127.

22. Shannon, C. B.; Kristin A. Buruli Ulcer Clinical Pre-
sentation: History, Physical Examination. Medscape
2021, https://emedicine.medscape.com/article/1104891-
clinical; [Accessed on 19-11-2021].

23. O’Brien, D. P. et al., Treatment and Prevention of My-
cobacterium Ulcerans Infection (Buruli ulcer) in Aus-
tralia: GuidelineUpdate.Med. J. Aust. 2014, 200, 267–270.

24. Butt, A. M.; Nasrullah, I.; Tahir, S.; Tong, Y. Compar-
ative Genomics Analysis of Mycobacterium ulcerans for
the Identification of Putative Essential Genes and
Therapeutic Candidates. PLoS ONE. 2012, 7, e43080.

25. Kwofie, S. K.; Dankwa, B.; Odame, E. A.; Agamah, F. E.;
Doe, L. P. A.; Teye, J.; Agyapong, O.; Miller, W. A.;
Mosi, L.; Wilson, M. D. In Silico Screening of Isocitrate
Lyase for Novel Anti-Buruli Ulcer Natural Products
originating from Africa. Molecules 2018, 23 (7), 1550,
https://doi.org/10.3390/molecules23071550.

26. Kwofie, S. K.; Dankwa, B.; Enninful, K. S.; Adobor, C.;
Broni, E.; Ntiamoah, A.; Wilson, M. D. Molecular
Docking and Dynamics Simulation Studies Predict
Munc18b as a Target of Mycolactone: A Plausible
Mechanism for Granule Exocytosis Impairment in
Buruli Ulcer Pathogenesis. Toxins (Basel). 2019, 11 (3),
181, https://doi.org/10.3390/TOXINS11030181.

27. Yemoa, A.; Gbenou, J.; Affolabi, D.; Moudachirou, M.;
Bigot, A.; Anagonou, S.; Portaels, F.; Martin, A.; Quetin-
Leclercq, J. Beninese Medicinal Plants as a Source of
Antimycobacterial Agents: Bioguided Fractionation and
In Vitro Activity of Alkaloids Isolated from Holarrhena
floribunda Used in Traditional Treatment of Buruli
Ulcer. Biomed. Res. Int. 2015, 2015, 835767, https://doi.
org/10.1155/2015/835767.

28. Tsouh Fokou, P. V.; Nyarko, A. K.; Appiah-Opong, R.;
Tchokouaha Yamthe, L. R.; Ofosuhene, M.; Boyom, F.
F. Update on Medicinal Plants with Potency on My-
cobacterium Ulcerans. Biomed. Res. Int. 2015, 2015,
917086, https://doi.org/10.1155/2015/917086.

29. Bolz, M. et al. Locally Confined Clonal Complexes of
Mycobacterium ulcerans in Two Buruli Ulcer Endemic
Regions of Cameroon. PLoS Negl. Trop. Dis. 2015, 9,
e0003802.

DOI: 10.1142/S2737416523500011
J. Comput. Biophys. Chem. 2023, 22 (1), 31–41 38

Journal of Computational Biophysics and Chemistry Research

J.
 C

om
pu

t. 
B

io
ph

ys
. C

he
m

. 2
02

3.
22

:3
1-

41
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 2

00
3:

fa
:7

f1
e:

32
00

:1
c2

2:
7f

20
:7

e6
5:

b0
9e

 o
n 

03
/1

1/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://dx.doi.org/10.1142/S2737416523500011


30. Doig, K. D.; Holt, K. E.; Fyfe, J. A. M.; Lavender, C. J.;
Eddyani, M.; Portaels, F.; Yeboah-Manu, D.; Pluschke,
G.; Seemann, T.; Stinear, T. P. On the Origin of My-
cobacterium Ulcerans, The Causative Agent of Buruli
Ulcer. BMC Genom. 2012, 13, 258, https://doi.org/
10.1186/1471-2164-13-258.

31. K€aser, M.; Hauser, J.; Pluschke, G. Single Nucleotide
Polymorphisms on the Road to Strain Differentiation in
Mycobacterium Ulcerans. J. Clin. Microbiol. 2009, 47,
3647–3652.

32. Vandelannoote, K. et al., Insertion Sequence Element
Single Nucleotide Polymorphism Typing provides
Insights into the Population Structure and Evolution of
Mycobacterium Ulcerans across Africa. Appl. Environ.
Microbiol. 2014, 80, 1197–1209.

33. Vandelannoote, K. et al., Multiple Introductions and
Recent Spread of the Emerging Human Pathogen My-
cobacterium ulcerans across Africa. Genome Biol. Evol.
2017, 9, 414–426.

34. Vandelannoote, K.; Eddyani, M.; Buultjens, A; Stinear,
T.P. Population Genomics and Molecular Epidemiology
of Mycobacterium ulcerans. In Mycobacterium Ulcerans
Disease: Pluschke, G., R€oltgen, K., Eds.; Springer, Cham;
2019.

35. Saad, J.; Combe, M.; Hammoudi, N.; Couppi�e, P.;
Blaizot, R.; Jedir, F.; Gozlan, R. E.; Drancourt, M.;
Bouam, A. Whole-Genome Sequence of Mycobacterium
Ulcerans CSURP7741, A French Guianan Clinical Iso-
late. Microbiol Resour. Announc. 2019, 8, e00215-19,
https://doi.org/10.1128/MRA.00215-19.

36. Yoshida, M.; Nakanaga, K.; Ogura, Y.; Toyoda, A.;
Ooka, T.; Kazumi, Y.; Mitarai, S.; Ishii, N.; Hayashi, T.;
Hoshino, Y. Complete Genome Sequence of Mycobac-
terium ulcerans subsp. shinshuense. Genome Announc.
2016, 4 (5), e01050-16, https://doi.org/10.1128/GENO-
MEA.01050-16.

37. Stinear, T. P. et al. Reductive Evolution and Niche
Adaptation inferred from the Genome of Mycobacte-
rium Ulcerans, The Causative Agent of Buruli Ulcer.
Genome Res. 2007, 17, 192.

38. Stienstra, Y. et al. Susceptibility to Buruli Ulcer is as-
sociated with the SLC11A1 (NRAMP1) D543N Poly-
morphism. Genes Immun. 2006, 7, 185–189.

39. Mohs, R. C.; Greig, N. H. Drug Discovery and Devel-
opment: Role of Basic Biological Research. Alzheimer’s
Dement Transl. Res. Clin. Interv. 2017, 3, 651.

40. Fokou, P. V. T.; Nyarko, A. K.; Regina, A.-O.; Regina
Tchokouaha Yamthe, L. R. T.; Addo, P.; Asante, I. K.;
Boyom, F. F. Ethnopharmacological Reports on Anti-
Buruli Ulcer Medicinal Plants in Three West African
Countries. J. Ethnopharmacol. 2015, 172, 297–311.

41. Masoudi-Sobhanzadeh, Y.; Omidi, Y.; Amanlou, M.;
Masoudi-Nejad, A. Drug Databases and their Con-
tributions to Drug Repurposing. Genomics 2020, 112,
1087–1095.

42. Tanoli, Z.; Seemab, U.; Scherer, A.; Wennerberg, K.;
Tang, J.; V€ah€a-Koskela, M. Exploration of Databases
and Methods supporting Drug Repurposing: A Com-
prehensive Survey. Brief Bioinf. 2021, 22, 1656–1678.

43. Xia, X. Bioinformatics and Drug Discovery. Curr. Top.
Med. Chem. 2017, 17, 1709–1726.

44. Wooller, S. K.; Benstead-Hume, G.; Chen, X.; Ali, Y.;
Pearl, F. M. G. Bioinformatics in Translational Drug
Discovery. Biosci. Rep. 2017, 37 (4), BSR20160180,
https://doi.org/10.1042/BSR20160180.

45. Tyagi, A.; Mukhopadhyay, C.; Dubey, P. Biological
Databases. In e-Training on Biocomputational Inter-
ventions to Analyse Canine & Livestock Genomes; 2020;
pp 1–45.

46. Wishart, D. S. et al. DrugBank 5.0: A Major Update to
the DrugBank Database for 2018. Nucleic Acids Res.
2018, 46, D1074–D1082.

47. Irwin, J. J.; Sterling, T.; Mysinger, M. M.; Bolstad, E. S.;
Coleman, R. G. ZINC: A Free Tool to Discover
Chemistry for Biology. J. Chem. Inf. Model. 2012, 52,
1757–1768.

48. Gaulton, A. et al. The ChEMBL database in 2017.
Nucleic Acids Res. 2017, 45, D945–D954.

49. Kim, S. et al. PubChem in 2021: New Data Content and
Improved Web Interfaces. Nucleic Acids Res. 2021, 49,
D1388–D1395.

50. Patel, L.; Shukla, T.; Huang, X.; Ussery, D. W.; Wang, S.
Machine Learning Methods in Drug Discovery. Mole-
cules 2020, 25 (22), 5277, https://doi.org/10.3390/
molecules25225277.

51. Kwofie, S. K.; Schaefer, U.; Sundararajan, V. S.; Bajic, V.
B.; Christoffels, A. HCVpro: Hepatitis C Virus Protein
Interaction Database. Infect. Genet. Evol. 2011, 11,
1971–1977.

52. Reddy, T. B. K. et al. TB Database: An Integrated
Platform for Tuberculosis Research. Nucleic Acids Res.
2009, 37, 499–508.

53. Dwivedi, V. D.; Arya, A.; Yadav, P.; Kumar, R.; Kumar,
V.; Raghava, G. P. S. DenvInD: Dengue Virus Inhibitors
Database for Clinical and Molecular Research. Brief
Bioinf. 2021, 22 (3), bbaa098.

54. Kingdon, A. D. H.; Alderwick, L. J. Structure-based In
Silico Approaches for Drug Discovery against Myco-
bacterium Tuberculosis. Comput. Struct. Biotechnol. J.
2021, 19, 3708–3719.

55. Lew, J. M.; Kapopoulou, A.; Jones, L. M.; Cole, S. T.
TubercuList - 10 Years After. Tuberculosis 2011, 91, 1–7.

56. Kapopoulou, A.; Lew, J. M.; Cole, S. T. The Myco-
Browser Portal: A Comprehensive and Manually An-
notated Resource for Mycobacterial Genomes.
Tuberculosis 2011, 91, 8–13.

57. Catanho, M.; Mascarenhas, D.; Degrave, W.; de Mi-
randa, A. B. GenoMycDB: A Database for Comparative
Analysis of Mycobacterial Genes and Genomes. Genet.
Mol. Res. 2006, 5, 115–126.

DOI: 10.1142/S2737416523500011
39 J. Comput. Biophys. Chem. 2023, 22 (1), 31–41

Journal of Computational Biophysics and Chemistry Research

J.
 C

om
pu

t. 
B

io
ph

ys
. C

he
m

. 2
02

3.
22

:3
1-

41
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 2

00
3:

fa
:7

f1
e:

32
00

:1
c2

2:
7f

20
:7

e6
5:

b0
9e

 o
n 

03
/1

1/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://dx.doi.org/10.1142/S2737416523500011


58. Joshi, K. R.; Dhiman, H.; Scaria, V. tbvar: A Compre-
hensive Genome Variation Resource for Mycobacteri-
um Tuberculosis. Database 2014, 2014, 1–7.

59. Chernyaeva, E. N. et al. Genome-Wide Mycobacterium
Tuberculosis Variation (GMTV) Database: A New Tool
for Integrating Sequence Variations and Epidemiology.
BMC Genom. 2014, 15, 1–8.

60. Ur�an Landaburu, L.; Berenstein, A. J.; Videla, S.; Maru,
P.; Shanmugam, D.; Chernomoretz, A.; Agüero, F.
TDR Targets 6: Driving Drug Discovery for
Human Pathogens through Intensive Chemogenomic
Data Integration. Nucleic Acids Res. 2020, 48, D992–
D1005.

61. Schoch, C. L. et al. NCBI Taxonomy: A Comprehensive
Update on Curation, Resources and Tools. Database
(Oxford). 2020, 2020, baaa062, https://doi.org/10.1093/
DATABASE/BAAA062.

62. Denny, P.; Feuermann, M.; Hill, D. P.; Lovering, R. C.;
Plun-Favreau, H.; Roncaglia, P. Exploring Autophagy
with Gene Ontology. Autophagy 2018, 14, 419–436.

63. Bateman, A. et al. UniProt: The Universal Protein
Knowledgebase in 2021. Nucleic Acids Res. 2021, 49,
D480–D489.

64. Szklarczyk, D. et al. The STRING Database in
2021: Customizable Protein-Protein Networks, and
Functional Characterization of User-Uploaded Gene/
Measurement Sets. Nucleic Acids Res. 2021, 49, D605–
D612.

65. Kanehisa, M.; Furumichi, M.; Tanabe, M.; Sato, Y.;
Morishima, K. KEGG: New Perspectives on Genomes,
Pathways, Diseases and Drugs. Nucleic Acids Res. 2017,
45, D353–D361.

66. White, J. PubMed 2.0. Med. Ref. Serv. Q 2020, 39, 382–
387.

67. Kanehisa, M.; Furumichi, M.; Sato, Y.; Ishiguro-Wata-
nabe, M.; Tanabe, M. KEGG: Integrating Viruses and
Cellular Organisms. Nucleic Acids Res. 2021, 49, D545–
D551.

68. Magariños, M. P.; Carmona, S. J.; Crowther, G. J.; Ralph,
S. A.; Roos, D. S.; Shanmugam, D.; Van Voorhis, W. C.;
Agüero, F. TDR Targets: A Chemogenomics Resource for
Neglected Diseases. Nucleic Acids Res. 2012, 40, D1118.

69. Wang, H.; Wang, J.; Dong, C.; Lian, Y.; Liu, D.; Yan, Z.
A Novel Approach for Drug–Target Interactions Pre-
diction based on Multimodal Deep Autoencoder. Front
Pharmacol. 2020, 10, 1592.

70. Owusu, E.; Newman, M. J.; Addo K. K.; Addo P. In
Vitro Susceptibility of Mycobacterium ulcerans Isolates
to Selected Antimicrobials, Can. J. Infect. Dis. Med.
Microbiol. 2017, 2017, 5180984, doi: 10.1155/2017/
5180984.

71. Omansen, T.F.; van der Werf, T.S.; Phillips, R.O. An-
timicrobial Treatment of Mycobacterium ulcerans In-
fection. In Mycobacterium Ulcerans Disease: Pluschke,
G., R€oltgen, K., Eds.; Springer, Cham; 2019.

72. Kowalska-Krochmal, B.; Dudek-Wicher, R. The Mini-
mum Inhibitory Concentration of Antibiotics: Methods,
Interpretation, Clinical Relevance. Pathog (Basel, Swit-
zerland) 2021, 10, 1–21.

73. Bühlmann, S.; Reymond, J. L. ChEMBL-Likeness Score
and Database GDBChEMBL. Front Chem. 2020, 8, 46,
https://doi.org/10.3389/FCHEM.2020.00046.

74. Gilson, M. K.; Liu, T.; Baitaluk, M.; Nicola, G.; Hwang,
L.; Chong, J. BindingDB in 2015: A Public Database for
Medicinal Chemistry, Computational Chemistry and
Systems Pharmacology. Nucleic Acids Res. 2016, 44,
D1045–D1053.

75. Zabo, I. A.; Tamasala, N.; Diakedika, L. Phytochemical
Study of Medicinal Plants used against Buruli Ulcer by
Ntandu People in Kongo Central, DRC. Trop Plant Res.
2019, 6, 49–53.

76. Amponsah, I. K.; Atchoglo, P. K.; Ackah, R. Y.; Valere,
P.; Fokou, T.; Aboagye, S. Y.; Manu, D. Y. In Vitro Anti-
Mycobacterium Ulcerans and Cytotoxic Activities of
Some Selected Medicinal Plants and an Indoloquinoline
Alkaloid. Int. J. Mycobacterial. 2021, 10 (1), 60–65.

77. Gupta, S. K.; Drancourt, M.; Rolain, J.-M. In Silico
Prediction of Antibiotic Resistance in Mycobacterium
ulcerans Agy99 through Whole Genome Sequence
Analysis. Am. J. Trop. Med. Hyg. 2017, 97, 810–814.

78. Abril, J. F.; Castellano, S. Genome Annotation. Encycl.
Bioinf. Comput. Biol. ABC Bioinf. 2018, 1–3, 195–209.

79. Mandal, S.; Moudgil, M.; Mandal, S. K. Rational Drug
Design. Eur. J. Pharmacol. 2009, 625, 90–100.

80. Hryhoriv, H.; Mariutsa, I.; Kovalenko, S. M.; Sidorenko,
L.; Perekhoda, L.; Filimonova, N.; Geyderikh, O.;
Georgiyants, V. Structural Modification of Ciprofloxa-
cin and Norfloxacin for Searching New Antibiotics to
Combat Drug-Resistant Bacteria. Sci. Pharm. Sci. 2021,
33, 4–11.

81. Wang, N.; Luo, J.; Deng, F.; Huang, Y.; Zhou, H. An-
tibiotic Combination Therapy: A Strategy to Overcome
Bacterial Resistance to Aminoglycoside Antibiotics.
Front Pharmacol. 2022, 13, 839808, https://doi.org/
10.3389/FPHAR.2022.839808.

82. Al Alsheikh, H. M.; Sultan, I.; Kumar, V.; Rather, I. A.;
Al-Sheikh, H.; Jan, A. T.; Haq, Q. M. R. Plant-Based
Phytochemicals as Possible Alternative to Antibiotics in
Combating Bacterial Drug Resistance. Antibiotics 2020,
9, 1–23.

83. Thomas, M. B.; Stepp J. R. Managing Ethnopharmaco-
logical Data: Herbaria, Relational Databases, Literature
in Ethnopharmacology in Encyclopedia of Life Support
Systems, EOLSS Publications, 2007.

84. Gladki, A.; Kaczanowski, S.; Szczesny, P.; Zielenkiewicz,
P. The Evolutionary Rate of Antibacterial Drug Targets.
BMC Bioinf. 2013, 14, 36.

85. Serral, F. et al. From Genome to Drugs: New Approaches in
Antimicrobial Discovery. Front Pharmacol. 2021, 12, 647060,
https://doi.org/10.3389/FPHAR.2021.647060/FULL.

DOI: 10.1142/S2737416523500011
J. Comput. Biophys. Chem. 2023, 22 (1), 31–41 40

Journal of Computational Biophysics and Chemistry Research

J.
 C

om
pu

t. 
B

io
ph

ys
. C

he
m

. 2
02

3.
22

:3
1-

41
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 2

00
3:

fa
:7

f1
e:

32
00

:1
c2

2:
7f

20
:7

e6
5:

b0
9e

 o
n 

03
/1

1/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://dx.doi.org/10.1142/S2737416523500011


86. Wishart, D. S. et al. HMDB 4.0: TheHumanMetabolome
Database for 2018. Nucleic Acids Res. 2018, 46, D608–
D617.

87. Pence, H. E.; Williams, A. ChemSpider: An Online
Chemical Information Resource. J. Chem. Educ. 2010,
87, 1123–1124.

88. Gaulton, A. et al. ChEMBL: A Large-Scale Bioactivity
Database for DrugDiscovery.Nucleic Acids Res. 2012, 40,
D1100–D1107, https://doi.org/10.1093/NAR/GKR777.

89. Irwin, J. J.; Shoichet, B. K. ZINC–A Free Database of
Commercially Available Compounds for Virtual
Screening. J. Chem. Inf. Model. 2005, 45, 177–182.

90. Chen, X.; Ji, Z. L.; Chen, Y. Z. TTD: Therapeutic Target
Database. Nucleic Acids Res. 2002, 30, 412–415.

91. Guenin-Mac�e, L.; Ruf, M. T.; Pluschke, G.; Demangel, C.
Mycolactone: More than Just a Cytotoxin, in Buruli Ulcer
Mycobacterium Ulcerans Disease., Springer, 2019, pp.
117–134.

DOI: 10.1142/S2737416523500011
41 J. Comput. Biophys. Chem. 2023, 22 (1), 31–41

Journal of Computational Biophysics and Chemistry Research

J.
 C

om
pu

t. 
B

io
ph

ys
. C

he
m

. 2
02

3.
22

:3
1-

41
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 2

00
3:

fa
:7

f1
e:

32
00

:1
c2

2:
7f

20
:7

e6
5:

b0
9e

 o
n 

03
/1

1/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://dx.doi.org/10.1142/S2737416523500011

	BuDb: A Curated Drug Discovery Database for Buruli Ulcer
	1. INTRODUCTION
	2. CONSTRUCTION OF DATABASE AND CONTENT
	2.1. Data sources, processing and compilation
	2.2. Database architecture and web interface

	3. RESULTS AND DISCUSSION
	3.1. Data curation and statistics
	3.1.1. Drug target
	3.1.2. Tested compounds
	3.1.3. Existing drugs
	3.1.4. Ethnopharmacological plants
	3.1.5. Genomic information on M. ulcerans
	3.1.6. Data utility

	3.2. Database interface and utility
	3.3. Additional system features
	3.4. Case study: Using BuDb to retrieve information on mycolactone
	3.5. Limitations and future prospects

	4. Conclusion
	Acknowledgment
	Conflict of Interest
	Funding Information
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


