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Outline

Burkholderia cenocepacia str. J2315 is an epidemic pathogen of
cystic fibrosis patients.

GenMAPP Builder was customized to take in data about B.
cenocepacia.

A comprehensive gene database was created using GenMAPP
Builder, Gene Ontology, and Uniprot.

Transcriptomic analysis was performed using microarray data from
Van Acker et al. (2013).

B. cenocepacia responds to tobramycin exposure by repressing the
electron transport chain and protein synthesis, while inducing
assembly of iron-sulfur clusters.
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1. Burkholderia cenocepacia str. J2315 is an epidemic pathogen of
cystic fibrosis patients.



Burkholderia cenocepacia str. J2315 is an
epidemic pathogen of cystic fibrosis patients

Known to cause serious lung infections in CF patients
o Exists as part of the B. cepacia complex (BCC)

Belongs to the ET12 lineage of highly transmissible B. cenocepacia
strains that leads to higher mortality rates

Similar strains in lineage have several islands that promote
pathogenic character

J2315 associated with higher incidences of clinical deterioration and

antibacterial resistance



The B. cenocepacia genome consists of 4 parts,
each with a designated naming pattern
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Several gene ID types are present in the UniProt
XML for Burkholderia cenocepacia str. J2315

e “ORF” type gene names
o Count of 7121
o Form of BCAM####, BCASH#HH, BCAL###HE, pBCA#H##
m Can also include letter (a-z) at the end
o Were not originally captured by GenMAPP builder

e “ordered locus” type gene names

o count of 337
o Form of Bced2315 ###i#
o Were originally captured by GenMAPP builder

e All UniProt XML entries contained “ORF” gene names
o Not all entries contained an “ordered locus” gene name



GenMAPP Builder was customized to take in

data about B. cenocepacia
e Created a customized species profile to collect gene data from

model organism database

e Added species to UniProtDatabaseProfile.java

public class BurkholderiaCenocepacialniProtSpeciesProfile extends UniProtSpeciesProfile {

6
d= public BurkholderiaCenocepaciallniProtSpeciesProfile() {

super("Burkholderio cenocepacia”,
18 216591,
11 "This profile customizes the GenMAPP Builder export for " +
12 "Burkholderia cenocepacia" +
13 " data loaded from a UniProt XML file.");
14 1
15
162 @Jwverride
a7 public TableManager getSystemsTableManagerCustomizations(TableManoger tableManager, DatobaseProfile dbProfile) {
18 super.getSystemsTableManagerCustomizations{tableManager, dbProfile);
19 tableManager. submit("Systems", QueryType.update, new String[1[] {
20 { "SystemCode", "N" },
21 { "Species", "|" 4+ getSpeciesName{) + "I1" }
22 1
24 tableManager.submit("Systems”, QueryType.updaote, new String[J[] {
25 { "SystemCode", "N" },
26 { "Link", "http://www.burkholderia.com/getAnnotation.do?locusID=~" }

b

return tableManager;




GenMAPP Builder was customized to take in
data about B. cenocepacia

e Gene IDs were stored under ORF tag instead of OrderedLocusNames

S
* Modified code from LeishmaniaMajorUniProtSpeciesProfile. java
x/
@0verride
public TableManager getSystemTableManagerCustomizations{TableManager tableManager, TableManager primarySystemTableManager, Date wversion)
khruws SQLException, InvalidParameterException {
List<String= comporisonlist = new ArraylList<String=({1);
comparisonList.add("0RF");

return systemTableManagerCustomizationsHelper{tableManager, primarySystemTableMaonager, wversion, "OrderedLocusMomes", comparisonlist);

}
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3. A comprehensive gene database was created using GenMAPP
Builder, Gene Ontology, and Uniprot.



GenMAPP Gene Database Schema for
Burkholderia cenocepacia str. J2315 (20151210)

EnsemblBacteria GenelD 3::0
pk[D__ | on
OrderedLocusNames e B gﬁ, |_ RefSeq MODSystem
PK[iD |D~e Oata g 1| ErmeRowceun | [wea”
Speckas emarks Remarios Spacles
iae L L L s pr[Tabe | | [oiepiayorder
Remarks Remarks = LiNctes
UniProt-EnsemblBacteria
Heid Systoms Relations
f UniFrot-RefSeq m SystemCode
Reiated 0 SystemName Relato
n
[{Eridge Cate Type
Columns Source

i b

[[] GenMAPP Control Tables provided by template
D MOD System Table (also a Proper System Table)
[J Proper Gene ID Systems Tables

R [ improper ID Systems Tables

[[J Retations Tables

[[] GeneOntology Special-use Tables

D For Comparison with GMB TallyEngine Results

[ other Table
NOTE: Some Relations tables are not shown. All possible pairwise Relations tables @ l:thllﬂ-nl’mp 1D systems Mbﬂu—
Proper and Improper ID sy but not b wproper D sy (i.e., Proper-Propes, Properdmprop BUL NOT 1

*Adapted from generic speC|es Gene Database Schema



7121 valid gene IDs were found in the exported
database and in the UniProt XML file

Resource Count of OrderedLocusNames IDs
XMLPipeDB Match, in the UniProt proteome set for J2315 (XML) 7126
TallyEngine, in the UniProt proteome set for J2315 (XML) 7121
TallyEngine, in the last created PostgreSQL database 7121
OriginalRowCounts table, in the last exported gene database for J2315 7121
Model Organism Database for B. cenocepacia (CDS Gene IDs) 7114

e Utilized Match Command:
jJava -Jjar xmlpipedb-match-1.1.1.jar

"Pp?BCA[LMS]?[0-9][0-9][0-9][Aa]?[0-9]?[A-Z,a-z]2"
< "uniprot-taxonomy%3A216591 GEN BL12 20151119.xml"

e Utilized PSQL Query:

select count (*) from genenametype where type = 'ORF' and

value ~ 'p?BCA[LMS]?[0-9][0-9][0-9][A

al]?[0-9]1?2[A-Z2,a-z]7?";




Gene IDs from the XML file were successfully
transferred into the PostgreSQL database

|| Tally Results

X

XML Path XML Count Database Table Database Count
UniProt 6994 |UniProt 6994
RefSeq 5953|RefSeq 5953
GenelD 5953|GenelD 5953
Ordered Locus 337|0rdered Locus 337
ORF 7121|0RF 7121
GO Terms 43954/GO Terms 43954

e Count of 6994 UniProt entries differs from the gene ID count of 7121
o Was found that, in some cases, several gene IDs corresponded to one entry



263 MOD gene IDs were not included in the final
gene database for B. cenocepacia str. J2315

e /121 gene IDs Present:
o In the UniProt XML proteome set for J2315
o In the final Postgres database
o In the final GenMAPP gene database for J2315

e /384 gene IDs Present:
o Inthe MOD (beta.burkholderia.com)

e 263 MOD gene IDs are not present in final database:
o Were identified as pseudo and functional RNA genes
o Were not present in the XML source file
o Correspond with .EX.txt file from microarray data
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4. Transcriptomic analysis was performed using microarray data from
Van Acker et al. (2013).



Van Acker et al performed a transcriptomic analysis
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on persister cells treated with tobramycin

Burkholderia cenocepacia
cells grown in 96-well plate
Supernatant removed,
treated with tobramycin
Persister cells harvested
RNA extracted, purified
cDNA synthesized,
hybridized with genomic
DNA
Normalization/analysis

B. cenocepacia 12315

96-well plate
Biofilm formation
Tobramycin treatment

RNA

Fluorescently tagged :
cDNA

Hybridization to microarray slide
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Different significance criteria yielded varying
numbers of significantly changed genes

Sanity Check Number of Genes Percentage out of 7251
genes (%)
P-value <0.05 4318 59.6 Number Of geneS WhICh
P o - exhibited an expression change
o valte <0.001 460 oo cpng,lfjered to be st_atlstlce_ally_
BH Povalue <0.05 o8 - significant by the given criteria.
Bonferroni P-value < 0.05 179 2.5

e Van Acker et al used a criteria of (unadjusted) P-value < 0.05

e Our criteria
o BH P-value <0.05
o | Log-fold-change | > 0.25
e By our criteria, 274 (3.8%) genes were upregulated and 300
(4.1%) were downregulated
o 574 total - 8.0%



Van Acker et al (2013) reported that tobramycin
induced changes in cellular metabolism

The glyoxylate shunt was induced.
TCA and electron transport chain were repressed.

These findings are consistent with tobramycin’s proposed mechanism.

a. Tobramycin hyper-activates NADH oxidation in the electron transport chain.
b. This results in increased superoxide formation, damaging iron-sulfur clusters.
c. Ferrous iron undergoes reaction which damages DNA, proteins and lipids.
Glyoxylate shunt circumvents NADH-producing reaction in TCA.



A comparison of results shows discrepancies in
significance of many genes and functions

Gene number
Glyoxylate shunt
BCAL2122
BCAL21E
BCAMISES
BCALDETS
BCAL1343
Tricarboxylic acid cycle
BCAMOSET
BCAMZTOT
BCAMIE33
BCAL2735
BCAL2T36
BCALISTS
BCALISTS
BCALISTT
BCALZZ07
BCAL1Z15
BCALD3SHE
BCALOISY
BCAMOSET
BCAMOIEE
BCAMOSES
BCAMOI70
BCAL2303
BCaL2287
BCAMOIE5
BCALZT4E
BCAMOSE4
BCASOOZS
BCAMOITZ
Oxidative phosphorylation
BCAL21dz
BCAL213
BCALOTSO
BCALOTS2
BCALOTS3
BCALOTS
NADI(PIH production
BCALIZTE
BCALOBTZ
BCAL3353
BCAL3335
Response to oxidative stress
BCAL1z50
BCALIIHN
BCALOAES
BCAL2Z013
BCAL2106
BCAMZ313
Fe-storage
BCAMZE2T
BCAMZESD
BCamMzz2d
BCALTTI0
BCALT34T
BCAMZZ228
BCALTTEI
BCALTET1
BCaL1T0Z

Annotation

Malate sunthase

Isocitate lyase Aced

lsncitate lyase

ANA polymerase factor sigma 54
Glyoslate carboligase

Aconitate hudratase

Aconitate hydratase

Ancritate hydratasetmethylisosituate dekydratase
lsocitate dehydrogenase

lsocitate dehydrogenase

a-ketoglutarate dehydrogenasze E1
Dihydralipoamide succinylransferase
Dihwdrolipoamide dekwdiogenase
Putative ditudrolipoamide dekydrogenase
Dihydralipoamide dehudiogenase
Succinyl-Cof synthetase beta chain
Succinyl-Cof synthetase subunit slpha
Putative succinate dehydiogenase
Putative succinate dehydiogenase
Sussinate dehydrogenase flavoprotein
Succinate dehydrogenase iran-sulfur subunit
Fumarate hudratase

Putative fumarate dehydrogenase

Malate dehudrogenase

Putative citrate sunthase

Putative lysse

HpcHiHpal sldolaselcitiate lyase family
Tupe lcitrate synthase

Cutochrome o ubiquinel oxidase subunit I
Ubiguinol oridase polypeptide |
Cutachrome & cxidase polypeptide |
Cutachrome ¢ oxidase assembly protein
Hypothetical protein

Putative cytochrome ¢ oxidase subunit ||

NAD-kinase

Isccitrate dehycrogenase kinaselphosphatase
Glutsmate dehydrogenase

Malic enzyme

Putative glutathione S-transferase
Putative glutathione S-transferase
Putative thioredowin

ARpCITSA family protein
Glutsthion peroxidase

Putative ferredanin oxidareductase

Putative hemin ABC transporter protein
Heminimporter ATP binding suburit

Putative pyochelin receptor protein Fptd

Putative iron-transport protein

Putative Fe uptske system extracellular binding protein
Putative pyochelin synthetase PchF

Putative iron-transport protein

Putative TorB-dependent siderophare receptar
Putative omibactin bicsynthe sis protein

Log Fold Change - GENialOMICS

0.24

035

115

-0.56

Log Fold Change - Wan Acker et al, Microamny

Log Fold Change - Yan Acker et al, gPCR

=33
1.9
16

Calculated log fold
changes for the
genes of interest in
a study by Van
Acker et al. (2013).

Values shown in

red were deemed
significant by their
respective parties.
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5. B. cenocepacia responds to tobramycin exposure by repressing the
electron transport chain and protein synthesis, while inducing
assembly of iron-sulfur clusters.



MAPPFinder generated a list of significantly
changed Gene Ontology terms

GOID |GO Name Number Changed | Number Measured | Number in GO | Percent Changed | Percent Present | PermuteP | AdjustedP
16226 |iron-sulfur cluster assembly 7.00 8.00 8.00 87.50 100.00 0.0000 0.0090
30288 |outer membrane-bounded periplasmic space 11.00 20.00 20.00 55.00 100.00 0.0000 0.0720
43225 |anion transmembrane-transporting ATPase activity 5.00 8.00 1.00 62.50 800.00 0.0080 0.8660
Increase 15074 |DNA integration 10.00 27.00 27.00 37.04 100.00 0.0200 1.0000
9628 |[response to abiotic stimulus 4.00 7.00 1.00 57.14 700.00 0.0250 1.0000
4185 [serine-type carboxypeptidase activity 4.00 8.00 8.00 50.00 100.00 0.0340 1.0000
9086 |methionine biosynthetic process 4.00 9.00 9.00 44.44 100.00 0.0590 1.0000
43232 |intracellular non-membrane-bounded organelle 25.00 68.00 57.00 36.76 119.30 0.0000 0.0000
19843 [rRNA binding 18.00 39.00 39.00 46.15 100.00 0.0000 0.0000
6412 (translation 30.00 113.00 106.00 26.55 106.60 0.0000 0.0000
44391 |ribosomal subunit 9.00 14.00 7.00 64.29 200.00 0.0000 0.0000
Decrease 16655 |oxidoreductase activity, acting on NAD(P)H, guinone or similar compound as acceptor 10.00 19.00 15.00 52.63 126.67 0.0000 0.0000
48038 |quinone binding 6.00 10.00 10.00 60.00 100.00 0.0000 0.0010
51276 |[chromosome organization 7.00 26.00 14.00 26.92 185.71 0.0000 0.5080
6119 |oxidative phosphorylation 4.00 7.00 7.00 57.14 100.00 0.0010 0.0540
9082 (branched-chain amino acid biosynthetic process 4.00 16.00 15.00 25.00 106.67 0.0020 1.0000

This table shows a list of gene ontology terms with corresponding pathways and/or functions considered by MAPPFinder to be
significantly upregulated or downregulated in Burkholderia cenocepacia biofilm cells, as a response to tobramycin treatment.

Note: Error in “Percent Present” column.




A MAPP of oxidative phosphorylation shows that
it was significantly downregulated

Gene Database NADH dehydrogenase F-Type ATPase (Bacteria) Cytochrome c reductase Succinate dehydrogenase/Fumarate reductase
Be-Std_GEN_20151204.gdb

Expression Dataset
Name: kwvp20151205
Coler Set: kwvp20151205

Gene Value: kwvp20151205: biofilm_tobramycin_ratio
Legend: kwvp20151205

Cytochrome c oxidase
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Our analysis differed considerably from
that of Van Acker et al (2013).

With the significance criteria used by Van Acker et al, ~60% of B.

cenocepacia’s genes had significant expression changes.
o About 50/50 between upregulation and downregulation.

With our criteria, ~8% of genes saw expression changes.

Van Acker et al emphasized downregulation of TCA and electron
transport chain.
Our analysis agrees on the electron transport chain but not TCA.

We also saw upregulation of iron-sulfur cluster synthesis, and
downregulation of ribosome/protein synthesis.



Summary

Burkholderia cenocepacia str. J2315 is an epidemic pathogen of
cystic fibrosis patients.

GenMAPP Builder was customized to take in data about B.
cenocepacia by collecting gene names from ORF tags.

A comprehensive gene database was created using GenMAPP
Builder, Gene Ontology, and Uniprot indicating 7121 genes.

Statistical analysis was performed using a more stringent significance
criteria than Van Acker et al. (2013).

B. cenocepacia responds to tobramycin exposure by repressing the
electron transport chain and protein synthesis, while inducing
assembly of iron-sulfur clusters.
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