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About the Database of Burkholderia Secretion Systems
The Database of Burkholderia Secretion Systems 2.0 (DBSecSys 2.0) contains a curated set of 204 Burkholderia
mallei (strain ATCC 23344) and 281 Burkholderia pseudomallei (strain K96243) proteins, which are either
associated with one of 5 secretion systems or known to be secreted by an undetermined secretion system type. For
these proteins, 170 B. mallei proteins are associated with 12 inferred pathogen mechanisms of action and 179 B.
pseudomallei proteins are associated with 13 inferred pathogen mechanisms of action. Additionally, DBSecSys
2.0 contains more than 4,500 host-pathogen interactions between human/murine proteins and bacterial proteins
associated with secretion systems. Finally, DBSecSys 2.0 contains a curated list of putative virulence factors
(associated with secretion systems) screened for virulence attenuation (by genetic ablation) in vivo for at least one
of the two bacteria.
The Web interface of DBSecSys 2.0 provides features for browsing, querying, visualizing, and downloading
detailed information about pathogen proteins associated with secretion systems, their involvement in virulence,
their host targets (proteins), and their mechanisms of action inferred from host-pathogen interaction data and
literature review.
This brief guide provides step-by-step instructions for 5 types of applications:
1. Protein search
1.1. Search for a pathogen protein associated with a secretion system.
1.2. Search for a host protein targeted by a pathogen protein that is associated with a secretion
system.
2. Secretion system search
2.1. Search for all pathogen proteins associated with a secretion system.
2.2. Comparison of homologous secretion systems in two pathogens.
3. Mechanisms of action search
3.1. Search for all proteins in a pathogen associated with an inferred pathogen mechanism of action.
3.2. Comparison of inferred mechanisms of action in two pathogens.
4. Host-pathogen interactions
4.1. Search for host-pathogen interactions associated with secretion systems.
5. Virulence factors search
5.1. Search for experimentally screened virulence factors associated with secretion systems.
5.2. Comparison of experimentally screened virulence factors associated with secretion systems in
two pathogens.
This guide also provides step-by-step instructions for two visualization tools:
1. Genome browser.
2. Host-pathogen protein-protein interaction browser.
The database is available at: http://dbsecsys.bhsai.org
For more information about the current database, archives of the previous version, curation issues, or data
submission, please contact dbsecsys@bhsai.org.
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When you visit the database home page at http://dbsecsys.bhsai.org, the following screen will appear:

To perform a search, click on the appropriate tab.
Guide to Icons
=

Download

=

Visualize genes in genome browser

=

Visualize interactions

=

View a list of interactions
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Application 1.1: Search for a pathogen protein associated with a secretion system
Description: Use the “Proteins” link to search for a pathogen protein associated with a secretion system. The
database will return detailed information about that protein.
1. Select the “Proteins” link.
2. Select the “Search by” drop-down list to choose the protein annotation to be used (Locus Tag, Name, Uniprot
ID, Uniprot Name, Gene ID, GI Number, and KEGG ID). Then type the protein name. For example, using the
“Locus Tag” annotation, type “BMAA1528” into the search field, and click on the “Search” button. Note that
the protein name search is case sensitive. If the specified protein name is not associated with a secretion
system, DBSecSys will not retrieve any data. Instead, it will return the “Your search did not match any of our
records” message.
3. To retrieve more information about the associated secretion type, follow the link, e.g., “Type 3 Secretion
System (T3SS).” See Application 2 to retrieve more information about secretion systems.
4. To retrieve publications used to infer the protein annotation, follow the “PubMed ID” links.
5. To retrieve more information about the inferred mechanisms of action, follow the links, e.g., “Actin
Cytoskeleton Rearrangement.” See Application 3 to retrieve more information about inferred mechanisms of
action.
6. If the pathogen protein participates in host-pathogen interactions, additional information is available by
following the blue links. The “ ” icon (visualize interactions) opens a graphic representation of host proteins
that interact with the pathogen protein. The “ ” icon (view a list of interactions) shows the information in a
tabular format, and the “ ” icon (download interactions) downloads the interactions in the Proteomics
Standards Initiative Molecular Interactions (PSI-MI) Tab 2.5 format. See Visualization tool 2 to learn more
about this DBSecSys visualization option. For more details about the PSI-MI Tab 2.5 format, go to
https://code.google.com/p/psicquic/wiki/MITAB25Format.
7. To retrieve more information about host proteins that interact with the pathogen protein, follow the links
associated with the host protein names. See Application 1.2 for detailed information about the host protein
annotation retrieval.
8. To visualize the bacterial protein’s genomic position on the reference sequence, use the “ ” icon (visualize
genes in genome browser). See Visualization tool 1 to learn more about this DBSecSys visualization option.
9. Follow the links to access additional information/annotation about the protein from external resources, such
as the National Center for Biotechnology Information (NCBI), Uniprot, Kyoto Encyclopedia of Genes and
Genomes (KEGG), and Gene Ontology (GO).
10. If an orthologous protein in the other organism is available in the database (in this case the orthologous
protein in B. pseudomallei is BPSS1529), you can compare two orthologs by selecting the button “Pathogen
Ortholog Comparison.” The information about the orthologous protein is displayed in the lower half of the
page.
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Application 1.2: Search for a host protein targeted by a pathogen protein associated
with a secretion system
Description: Use the “Proteins” link to search for a host protein targeted by a pathogen protein. The database
will return detailed information about that protein.
1. Select the “Proteins” link.
2. Select the “Search by” drop-down list to choose the protein annotation to be used (Locus Tag, Name, Uniprot
ID, Uniprot Name, Gene ID, GI Number, and KEGG ID). Then type the protein name. For example, using the
“Name” annotation, type “FLNA” into the search field, and click on the “Search” button. Note that the protein
name search is case sensitive. If there is no evidence that the specified host protein is targeted by a pathogen
protein associated with a secretion system, DBSecSys will not retrieve any data. Instead, it will return the
“Your search did not match any of our records” message.
3. All host proteins in the DBSecSys database have been identified to interact with at least one pathogen protein
associated with a secretion system. Therefore, there is always at least one pathogen protein that interacts with
the host protein. The “ ” icon (visualize interactions) opens a graphic representation of pathogen proteins that
interact with the host protein. The “ ” icon (view a list of interactions) shows the information in a tabular
format, and the “ ” icon (download interactions) downloads the interactions in the PSI-MI Tab 2.5 format.
See Visualization tool 2 to learn more about this DBSecSys visualization option. For more details about the
PSI-MI Tab 2.5 format, go to https://code.google.com/p/psicquic/wiki/MITAB25Format.
4. To retrieve more information about pathogen proteins that interact with the host protein, follow the links
associated with the pathogen protein names. See Application 1.1 for detailed information about the pathogen
protein annotation retrieval.
5. To retrieve publications used to infer detailed protein annotation, follow the “PubMed ID” links.
6. To retrieve more information about the associated secretion type of pathogen proteins that interact with the
host protein, follow the links, e.g., “T2SS.” See Application 2 to retrieve more information about this
secretion system.
7. To retrieve more information about the inferred mechanisms of action of pathogen proteins that interact with
the host protein, follow the links, e.g., “Actin Cytoskeleton Rearrangement.” See Application 3 to retrieve
more detailed information about the inferred mechanisms of action.
8. Follow the links to access additional information/annotation about the protein from external resources, such
as the National Center for Biotechnology Information (NCBI) and Uniprot.
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Application 2.1: Search for all pathogen proteins associated with a secretion system
Description: Use the “Secretion Systems” link to search by pathogen and secretion system. The database will
return a list of the pathogen proteins associated with that secretion system type.
1. Select the “Secretion Systems” link.
2. Use the “Select Pathogen” and “Select Secretion System” drop-down lists to choose a pathogen [Burkholderia
mallei (strain ATCC 23344) and Burkholderia pseudomallei (strain K96243)] and a secretion system (Type 1,
Type 2, Type 3, Type 5, Type 6, and Undetermined Type). For example, select "Burkholderia mallei (strain
ATCC 23344)” as the pathogen and “Type 2 Secretion System” as the secretion system and click on the “Go”
button.
3. To retrieve more information about pathogen proteins that are associated with the secretion system, follow the
links with the pathogen protein names. See Application 1.1 for detailed information about the pathogen
protein annotation retrieval.
4. To retrieve publications used to infer associations between pathogen proteins and the secretion system, follow
the “PubMed ID” links.
5. Some of the pathogen proteins have been experimentally screened for virulence attenuation (by genetic
ablation). If proteins have been screened, the experimental results will be displayed in this column. To see
more information, click on the link to open a pop-up window that contains more details about the virulence
attenuation screen(s).
6. To see more information about the inferred mechanisms of action of pathogen proteins involved in the
selected secretion system, click on the link to open a pop-up window that contains more details about the
inferred mechanisms of action. Additional details can be obtained by following the link with the mechanism
of action name (in the pop-up window). See Application 3 to retrieve more detailed information about the
inferred mechanisms of action.
7. The “ ” icon (visualize interactions) opens a graphic representation of pathogen proteins that interact with the
host protein. The “ ” icon (view a list of interactions) shows the information in a tabular format, and the “ ”
icon (download interactions) downloads the interactions in the PSI-MI Tab 2.5 format. See Visualization tool
2 to learn more about this DBSecSys visualization option. For more details about the PSI-MI Tab 2.5 format,
go to https://code.google.com/p/psicquic/wiki/MITAB25Format.
8. To retrieve more information about interacting host and pathogen proteins associated with the secretion
system, follow the links associated with the protein names. See Applications 1.1 and 1.2 for detailed
information about the protein annotation retrieval.
9. To visualize genomic positions (on the reference sequence) of genes associated with the system, use the “
icon (visualize genes in genome browser). See Visualization tool 1 to learn more about this DBSecSys
visualization option.
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10. In the case that the secretion system consists of multiple clusters, DBSecSys allows users to filter the list of
pathogen proteins based on the cluster association. Similarly, DBSecSys allows the user to filter the list of
pathogen proteins based on the mechanism of action. Filtering will change the number of host-pathogen
interactions, i.e., interactions between host and pathogen proteins from the filtered list will be the only one to
appear. The default filtering option is “All” (show all).
11. Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values (CSV)
format.
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Application 2.2: Comparison of homologous secretion systems in two pathogens
Description: Use the “Secretion Systems” link to select a secretion system and from the drop-down link “Select
Pathogen” use the option “Compare Burkholderia mallei (strain ATCC 23344) and Burkholderia pseudomallei
(strain K96243).” The database will return a page with lists of proteins associated with that secretion system
type for both pathogens. If the secretion system that you want to search has multiple clusters, look for the same
cluster number, if it is present in both pathogens.
1. Select the “Secretion Systems” link, e.g., “Type 2 Secretion System.” From the drop-down link “Select
Pathogen” select option “Compare Burkholderia mallei (strain ATCC 23344) and Burkholderia pseudomallei
(strain K96243)” and click on the “Go” button. The database will display the lists of type 2 secretion system
(T2SS) genes for both pathogens.
2. The last column of the protein list displays provides ortholog proteins in the other pathogen, showing protein
similarities and differences between related secretion systems.
3. To visualize genomic positions (on the reference sequences) of genes associated with the system, use the “ “
icon (visualize genes in genome browser). Clicking on this link will show linear genome maps and schematic
circular chromosomes with T2SS proteins.
4. Position mouse over the marked red bands on the chromosomes and it will show individual proteins or
secretion system clusters names. Click at the positions on the circular chromosome of two orthologous
proteins, e.g., TssM encoded at loci BMAA0729 and BPSS1512 (TssM), to see their positions on the genome
maps. Adjusting the coverage of the genomic region, you can visualize the position of this T2SS protein
relative to the adjacent type 6 secretion system proteins.
5. You can inspect the syntenic regions for the two pathogens to visualize other orthologous pairs. For examples,
TssN is the nearest neighbor of TssM and is present in both organisms.
6. Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values (CSV)
format.
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Application 3.1: Search for all proteins in a pathogen associated with an inferred
pathogen mechanism of action
Description: Use the “Mechanisms of Action” link to search by pathogen and mechanism of action. The database
will return a list of the pathogen proteins associated with an inferred mechanism of action.
1. Select the “Mechanisms of Action” link.
2. Use the “Select Pathogen” and “Select Mechanism of Action” drop-down lists to choose a pathogen
[Burkholderia mallei (strain ATCC 23344) and Burkholderia pseudomallei (strain K96243)] and a
mechanism of action (Actin Cytoskeleton Rearrangement, Actin-based Motility, Adhesion, Apoptosis,
Cytotoxicity, Interference with Signaling, Interference with the Immune Response, Intracellular Survival,
Invasion, Motility, Multi-Nucleated Giant Cell Formation, Phagosomal Escape and Evasion of Autophagy,
Regulation, or Ubiquitination-Deubiquitination). For example, select “Burkholderia mallei (strain ATCC
23344)” as the pathogen and “Actin Cytoskeleton Rearrangement” as the mechanism of action, and click on
the “Go” button.
3. To retrieve more information about pathogen proteins that are associated with the inferred mechanism of
action, follow the links with the pathogen protein names. See Application 1.1 for detailed information about
pathogen protein annotation retrieval.
4. To retrieve more information about the associated secretion system type for the listed proteins, follow the
links with the secretion system types, e.g., “T3SS.” See Application 2 to retrieve more detailed information
about this secretion system.
5. To retrieve publications used to infer associations between pathogen proteins and the inferred mechanism of
action, follow the “PubMed ID” links.
6. Interactions between host proteins and pathogen proteins associated with the inferred mechanism of action
can be visualized (pop-up window) by following the links “ ” (visualize interactions) and “ ” (view a list of
interactions); the list of interactions in the PSI-MI Tab 2.5 format can be downloaded by using the “ ” icon
(download interactions). See Visualization tool 2 to learn more about this DBSecSys visualization option. For
more details about the PSI-MI Tab 2.5 format, go to https://code.google.com/p/psicquic/wiki/MITAB25
Format.
7. To retrieve more information about interacting host and pathogen proteins associated with the inferred
mechanism of action, follow the links associated with the protein names. See Applications 1.1 and 1.2 for
detailed information about protein annotation retrieval.
8. To visualize genomic positions (on the reference sequence) of genes associated with the mechanism of action,
use the “ “ icon (visualize genes in genome browser). See Visualization tool 1 to learn more about this
DBSecSys visualization option.
9. DBSecSys allows the user to filter the list of pathogen proteins based on the secretion system with which they
are associated. Filtering will change the number of host-pathogen interactions, i.e., interactions between host
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and pathogen proteins from the filtered list will be the only ones to appear. The default filtering option is
“All” (show all).
10. Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values (CSV)
format.
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Application 3.2: Comparison of inferred mechanisms of action in two pathogens
Description: Use the “Mechanisms of Action” to select a mechanism of action and from the drop-down list
“Select Pathogen” use the option “Compare Burkholderia mallei (strain ATCC 23344) and Burkholderia
pseudomallei (strain K96243).” The database will return a page with lists of proteins associated with that
mechanism of action for both pathogens.
1.

Select the “Mechanism of Action” link.

2.

Use the “Select Mechanism of Action” drop-down list to select a mechanism of action, e.g., “MultiNucleated Giant cell Formation.” From the drop-down list “Select Pathogen” select option “Compare
Burkholderia mallei (strain ATCC 23344) and Burkholderia pseudomallei (strain K96243)” and click on
the “Go” button. The database will display the lists of genes associated with that mechanisms of action for
both pathogens.

3.

To visualize genomic positions (on the reference sequence) of genes associated with the mechanism of
action, use the “ “ icon (visualize genes in genome browser).

4.

Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values
(CSV) format.
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Application 4.1: Search for host-pathogen protein interactions associated with
secretion systems
Description: Use the “Host-pathogen Protein Interactions” link to search by pathogen, (one or all) hosts, and
the type of interactions (experimental or computational). The database will return a list of host-pathogen
proteins-protein interactions.
1. Select the “Host-pathogen Protein Interactions” link.
2. Use the “Select Pathogen” and “Select Host” drop-down lists to choose a pathogen [Burkholderia
mallei (strain ATCC 23344) and Burkholderia pseudomallei (strain K96243)] and a host (Human, Murine, or
All). Use the “Orthologs” box to include computationally determined host-pathogen interactions. For
example, select "Burkholderia mallei (strain ATCC 23344)” as the pathogen, “Human” as the host, select the
“Orthologs” box, and click on the “Go” button.
3. To retrieve more information about each of the interacting host and pathogen proteins, follow the links
associated with the protein names. See Applications 1.1 and 1.2 for detailed information about protein
annotation retrieval.
4. DBSecSys allows the user to filter the list of pathogens and the list of host proteins based on their names. The
default filtering option is “All” (show all).
5. Use the page navigation buttons to display the selected information.
6. To retrieve the source of host-pathogen interactions, follow the “PubMed ID” links.
7. To visualize host-pathogen interactions, use the “ ” icon (visualize interactions). See Visualization tool 2 to
learn more about this DBSecSys visualization option.
8. Click on the “ ” icon (download interactions) to download the interactions in the PSI-MI Tab 2.5 format. For
more details about this format, go to https://code.google.com/p/psicquic/wiki/MITAB25Format.
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Application 5.1: Search for experimentally screened virulence factors associated
with secretion systems
Description: Use the “Virulence Attenuation” link to search by pathogen. The database will return a list of
pathogen proteins (associated with secretion systems) that were experimentally screened for virulence attenuation
(by genetic ablation).
1. Select the “Virulence Attenuation” link.
2. Use the “Select Pathogen” drop-down list to choose pathogens [Burkholderia mallei (strain ATCC 23344),
Burkholderia pseudomallei (strain K96243), and Compare Burkholderia mallei (strain ATCC 23344) and
Burkholderia pseudomallei (strain K96243)]. For example, select “Burkholderia pseudomallei (strain
K96243)” as the pathogen and click on the “Go” button.
3. To retrieve more information about pathogen proteins that were experimentally screened for virulence
attenuation (by genetic ablation), follow the links with the pathogen protein names. See Application 1.1 for
detailed information about pathogen protein annotation retrieval.
4. DBSecSys allows the user to filter the list of pathogen proteins that were experimentally screened for
virulence attenuation based on the secretion system they are associated with, the animal model used in the
experimental study, and/or the infection route used in the experimental study. The default filtering option is
“All” (show all).
5. If you want to select a specific secretion system, select, for example, “T6SS” to display a list of pathogen
proteins associated with type 6 secretion system that were experimentally screened for virulence.
6. To retrieve publications used to link pathogen proteins to experimental screens, follow the “PubMed ID”
links.
7. Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values (CSV)
format.
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Application 5.2: Comparison of experimentally screened virulence factors
associated with secretion systems in two pathogens
Description: Use the “Virulence Attenuation” link and from the “Select Pathogen” drop-down list select
“Compare Burkholderia mallei (strain ATCC 23344) and Burkholderia pseudomallei (strain K96243).” The
database will return two lists of pathogen proteins (associated with secretion systems) that were experimentally
screened for virulence attenuation (by genetic ablation).
1.

Select the “Virulence Attenuation” link.

2.

Use the “Select Pathogen” drop-down list to choose option “Compare Burkholderia mallei (strain ATCC
23344) and Burkholderia pseudomallei (strain K96243)” and click on the “Go” button.

3.

If you want to select a specific secretion system, select, for example, “T6SS” to display a list of pathogen
proteins associated with type 6 secretion system that were experimentally screened for virulence.

4.

To retrieve publications used to link pathogen proteins to experimental screens, follow the “PubMed ID”
links.

5.

Click on the “ ” icon (download as a CSV file) to download the results in comma-separated values
(CSV) format.
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Visualization tool 1: Genome browser
Description: Use the “Secretion Systems” link to access a visual representation of the gene(s) in the genome
browser. The database will display a pop-up version of the genome browser that shows pathogen gene(s) on the
reference sequence.
1. Select the “Secretion Systems” link. Then, use the “Select Pathogen” and “Select Secretion System” dropdown lists to choose “Burkholderia mallei (strain ATCC 23344)” as a pathogen and “Type 3 Secretion
System” as the secretion system. Click on the “Go” button. In the resulting page click on the “ “icon
(visualize genes in genome browser).
2. The genome browser displays the genomic location of one or more pathogen genes (associated with the type 3
secretion system, for example) on the reference National Center for Biotechnology Information (NCBI)
sequence.
3. If there are multiple pathogen genes associated with the secretion system, their locations (or locations of their
corresponding gene clusters) will be marked on the reference chromosomes (dark red bands). To see a
gene/cluster name for each of the marked locations, position mouse over the marked band and a pop-up
window with the name information will appear. Click on the marked band to visualize genomic position of
gene(s) associated with that location.
4. To retrieve more information about the protein for each gene, click on the gene in the browser and if
available, it will show protein details from DBSecSys in a new window.
5. Use the page navigation buttons to move along the sequence and the zoom in/out buttons to enlarge/reduce
portions of the sequence.
6. Use the chromosomal locator to move to a specific (defined) part of the sequence.
7. Use the highlight button to highlight a specific part of the sequence.
8. Use the “Reset” button to reload the default genome browser view.
9. Use the “Save” button to save the genome browser view.
10. Use “Help” to obtain more information about genome browser options.
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Visualization tool 2: Host-pathogen protein-protein interaction browser
Description: Use the “Secretion Systems” link to access a pop-up version of host-pathogen interaction browser
that displays protein-protein interactions between pathogen and host proteins.

1. Select the “Secretion Systems” link. Then, use the “Select Pathogen” and “Select Secretion System” dropdown lists to choose “Burkholderia mallei (strain ATCC 23344)” as a pathogen and “Type 2 Secretion
System” as the secretion system. Click on the “Go” button. In the resulting page click on either one of the “ ”
icons (visualize interactions) at the bottom of the page, e.g., one associated with the human host.
2. The protein-protein interaction (PPI) browser provides visualization of host-pathogen PPIs in the form of
networks, where proteins are represented by nodes and interactions between proteins are represented by
edges.
3. By default, the PPI browser displays the interactions using a circular breadth-first search layout. To select a
different layout, use the “Change layout” drop-down box. Alternatively, drag nodes to change their position
or click+hold+drag to move the whole graph. Use a mouse wheel to zoom in/out.
4. To display or hide pathogen and host protein (node) labels, computationally predicted host-pathogen
interactions, and/or host protein-protein interactions, select the corresponding checkboxes.
5. To retrieve more information about each protein, click on the protein and a pop-up window that contains
information about that protein will appear. To retrieve more information about each protein, follow the link
associated with its name. See Application 1.1 and Application 1.2 for detailed information about protein
annotation retrieval.
6. Use the “Reset” button to reload the default protein-protein interaction browser view.
7. Use the “Save” button to save the protein-protein interaction browser view.
8. Use “Help” to get more information about protein-protein interaction browser options.
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