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Determining the molecular pathways responsible for the anti-mycobacterial effects of NSAIDs (non-steroidal anti-inflammatory drugs) – (October 2015)
Dr Ray Cursons, University of Waikato
Non-steroidal anti-inflammatory drugs, NSAIDS, have inhibitory effects on Mycobacterium avium. The inhibitory effect is bacteriostatic but when combined with anti mycobacterial drugs such as clarithromycin can have a sterilizing effect. Just how these NSAIDS affect M avium is unknown so an experiment to determine their mechanism of activity was undertaken. Three cultures of Mycobacterium avium (strain 6) were treated with three different NSAIDS for 3 hours and their RNA isolated for analysis of mycobacterial gene expression. The three M. avium RNA transcriptomes analysed were treatment with:-30mg/ml of aspirin,-30 mg/ml of ibuprofen or-30 mg/ml of carprofen. The table below outlines the total number of RNA  sequence reads, the number of genes found relative to the reference genome of M. avium strain 104 and the percentage of genes.
	sample
	Clean reads
	Genome map rate
	Gene map rate
	Expressed genes

	aspirin
	12897709
	93.45%
	80.65%
	4895

	carprofen
	12901873
	93.34%
	84.58%
	4904

	ibuprofen
	12981642
	88.28%
	78.87%
	4882

	
	
	
	
	

	
	
	
	
	



Aspirin Transcriptome
The primary cellular response to aspirin was hydroxylation and cleavage of the aromatic ring characterised by response to stress.  Molecular pathways upregulated included  the stress response, sulfate assimilation, the regulation of transcription, increased transposase activity, adenyltransferase (ATP) activity, monooxygenase activity,  methyltransferase,  oxidoreductase activity and derangement of ATP synthesis because of uncoupling of ATP generation. These results are presented  by their Gene Ontology categories of biological progresses, molecular function and cellular component. They are depicted in the following figures:











Fig 1: Biological processes of aspirin
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Fig2; Molecular functions of aspirin
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Fig 3: Cellular components of aspirin
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Ibuprofen Transcriptome
The primary cellular response to Ibuprofen was DNA mediated transposition as a result of upregulation of many of the 135 transposase copies present in the genome of M.avium. In addition perturbations to DNA integration, response to stress, sulphate adenylyltransferase (ATP) activity, nucleic acid binding, iron ion binding, monooxygenase activity, transaminase activity, hydrolase activity, oxidoreductase activity, ATPase activity and electron carrier activity were recorded.
Fig4: Biological Processes of ibuprofen
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Fig5: molecular functions of ibuprofen
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Fig6: Cellular components of ibuprofen
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Carprofen Transcriptome
The primary cellular response to carprofen was also via upregulation of transposase copies  affecting DNA-mediated transposition, DNA integration and response to stress. Molecular function pertubations included DNA binding, nucleic acid binding, ATPase activity, 2 iron 2 sulfur cluster binding, monooxygenase activity, and oxidoreductase activity.






Fig 7: Biological processes of carprofen
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Fig 8: Molecular functions of carprofen
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Fig 9: Cellular components of carprofen
[image: ]

The results of these three transcriptomes show that the antimicrobial effects of NSAIDS are mediated via a number of different molecular pathways depending on the drug used. For aspirin both response to stress,  DNA-mediated-transposition, regulation of transcription, sulfate assimilation and lipid metabolic processes all contribute to the inhibitory effects of aspirin on M avium. For both ibuprofen and carprofen the inhibitory mechanisms were very similar to each other and included DNA-mediated transposition, DNA integration, response to stress and sulfate assimilation. The major molecular pathway differences between aspirin and ibuprofen and carprofen included effects on transcription by aspirin as opposed to DNA-mediated transposition by ibuprofen and carprofen. 





Appendix:
When the different NSAIDS treatments were compared with each other, most genes were mutually expressed with each other. Aspirin-carprofen showed that 27 genes were uniquely differentially expressed to aspirin whereas 36 genes were uniquely expressed by carprofen.  The aspirin-ibuprofen comparison yielded 67 genes differentially expressed to aspirin and 54 genes unique to ibuprofen. The carprofen-ibuprofen comparison revealed 61 differentially expressed carprofen genes and 39 unique ibuprofen genes.


Fig 10: Venn diagram of aspirin-carprofen differential gene expression
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Fig 11: Venn diagram of aspirin-ibuprofen differential gene expression
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Fig 12: Venn diagram of ibuprofen-carprofen differential gene expression
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Figures 13 show that the majority of genes were upregulated in response to NSAIDS upregulated by NSAIDS but gene differential regulation changed according to the comparisons being made.
[image: ]
When the different NSAIDS were compared against each other for gene expression a different range gene ontology categories of biological processes, molecular functions and cellular processes occurred.
Fig 14: Gene ontology comparison between aspirin and ibuprofen
[image: K:\BGI M avium expt 2\Mycobacterium_avium\RNA-seq_report\BGI_result\4.QuantitativeAnalysis\GeneDiff_Function\GO\asp-plank-VS-ibu-plank.goclass.png]





Fig 15: Molecular pathways enriched for aspirin-ibuprofen comparison
[image: K:\BGI M avium expt 2\Mycobacterium_avium\RNA-seq_report\BGI_result\4.QuantitativeAnalysis\GeneDiff_Function\Pathway\asp-plank-VS-ibu-plank.path.enrichment.png]








Fig 16: Gene Ontology comparison between aspirin and carprofen

[image: K:\BGI M avium expt 2\Mycobacterium_avium\RNA-seq_report\BGI_result\4.QuantitativeAnalysis\GeneDiff_Function\GO\asp-plank-VS-cap-plank.goclass.png]






Fig 17: Molecular pathways enriched for aspirin-carprofen comparison
[image: K:\BGI M avium expt 2\Mycobacterium_avium\RNA-seq_report\BGI_result\4.QuantitativeAnalysis\GeneDiff_Function\Pathway\asp-plank-VS-cap-plank.path.enrichment.png]








Fig 18: Gene ontology comparison between carprofen and ibuprofen
[image: K:\BGI M avium expt 2\Mycobacterium_avium\RNA-seq_report\BGI_result\4.QuantitativeAnalysis\GeneDiff_Function\GO\cap-plank-VS-ibu-plank.goclass.png]







Fig 19: molecular pathways enriched for carprofen and ibuprofen
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Fig20: Gene ontology comparison between aspirin, ibuprofen and carprofen
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Fig 21 Molecular pathways enriched for aspirin-ibuprofen-carprofen
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Molecular pathways significantly enriched in the ibuprofen/aspirin comparison include bisphenol degradation (ko00363), polycyclic aromatic hydrocarbon degradation (ko00624) and limonene and  pinene degradation (ko00903). Molecular pathways enriched in the carprofen/aspirin comparison contained only the polycyclic aromaric hydrocarbon degradation (ko00624). There was no significant enriched molecular pathway fpr the carprofen/ibuprofen pathway. When both ibuprofen and carprofen results were compared with aspirin the major enriched pathway was the ribosome (ko03010).


image5.png
ome [P — N cw o h o omoartivegorom e
ﬂ b ooy -1 - A A Aae | B0 A = pasbceox AaBbC: Azsbce AAB M drina - Mo e Do B MmEE

g 25 Replace

e, B 7 Uk x, X w-A-AG E Tospac.. Heaangl Hesang2 e | Change [Eo o [“Bacteria Functional Genomics Catalouge B

1

Clipboard Font 5 styes 5| edting
I i O A KN KA KM SR AR EA R KRS TR TR XA R TN SO, Wi 001 110 & Home
E LI % Submissions List [E==]
& 0 Mo
° Biological Process Details Documentation
B i} Reset Submission
[ ——
E F— Citing Comparative GO
o W eome Contact Us ibu-combined
E W comsins
| ! r Molecular Function Details
3 B i
B Hover or Click on Graph to See Details
° 30¢
¢ 27
E W Genome
R 25 1 ibu-combined
H 20/
E 16
15
H 150
] 17
E 100
B 3
E > 38
3 23
L
B e e S S L
E Siaticanly chinoed GO Sroup v n e <olowt (o-vas < 0.05) TN
%, % %,
E [ comame [ pvae | 28, %
3 [iranspositon, DNAmediated ——(o-1z6033E 14 % 4,
" Y T — T TN
B [suifate assimilation {o.000268822 %, | |
3 response tostress [0.0003433373
B aromaric compound catabolic process —0.0112105 |
3 (wanscription, ONA-temploted lo.1500743
" reguiaton oftranseripton, DNA-tempioted 0.246207 |
= ransation 202700
3 corbonydrate metaborc process lo.5200679
o T S —— T
3 [losmihetic process osraoter
2 [iransmembrane tronsport (07003708 |
ot avision lo.7083708
2| Click to List Hypergeometric test P-values, Over-represented GO terms are in red.
- Significantly changed GO groups are in red colour (p-value < 0.05)
: 2 GO Name P Value
B : [transposase activity [2.509104E-14
- . [sulfate adenylyltransferase (ATP) act [6.932148E-5
Page:2012 | Words:0 | < English (New Zealand) | EEEEERIS v o) [nucleic acid binding [0.0007804372]
p M < [2 iron, 2 sulfur cluster [0.001251507
Ol oW el ¥ e ¢ ea e g e | 2
L [DNA binding [0.002480428 -





image6.png
e ome | Inse agelajout  References  Maings  Review  View o "
toms. (e Bl ot S b e ~2©® ¢ & #i [ wwwcomparativegocom 5

B 4 oo cn KW A B E pasbceox AaBbC: Azsbce AAB f’i:::m Apps % Bookmarks [} Mimiche

Fate 5 B I U-sex X |A-¥-A-AG = THoSpac. Hesdngl Weadng2  Thle o Change T B
Ciipboard s Font 5 stes 5| Editing

[e] X W N I I W O N R AN R KNS I K I X X M. M A 1 &

3 nctonal Genomics Catalouge. -

B -]

< Ibu-combined 2]t

B Molecular Function Details

| i v Gl anGraphtesee et Click to List Hypergeometric test P-values, Overepresented GO terms are in red. |

H Significantly changed GO groups are in red colour (p-value < 0.05)

. oo

g [ GO Name P value

~ [transposase activity [2.509104E-14
B [sulfate adenylyltransferase (ATP) activity [6.932148E-5
| [nucleic acid binding [0.0007804372]
A [2 iron, 2 sulfur cluster binding [0.001251507 B
g [0-002480428
E [0-003116215
E [0-004885117
B [0-00s894152
| [0.008041358
B [o.01058685
B Sh /, acting on paired donors, with incorporation or reduction of molecular oxygen|[0.01085046

] S — /, coupled to transmembrane movement of substances 001800415
E T 0.03704689

g Cotame [ [transferase activity, transferring phosphorus-conta 005988852
b [suateadenyitronsiorase (ATF Gommas s [(+)-trans-carveol dehydrogenase acti 007216889

H = e [ATP binding 009116175

H foozseotzn = [sequence-specific DNA binding transcription factor activity [0-1005671

= [flavin ade nucleotide [0-1070486

H [transferase activity 02523202

=) nagnesium ion binding [0.2589822

g [pyridoxal phosphate 0272265

| [oxidoreductase ac [0.2754581

2 [acyl-CoA dehydrogenase activity 03035485

J [catalytic aci 03191515

E o [structural constituent of ribosome 0329992

B 2 netal ion binding 0390021

&l - 02645553
Page:3013 | Words:0 | <5 _English NewZealana) | E@E == 1% 5} ) 0-acyl groups 0.579782
Bilc Swo @ e e § TR e S !





image7.png
WH9-0- SRR BU combined - Microsoft Wore =8| % |I [ comparative Gene Ontol

[ 7 cmnponn - - A w0 A BNEA =

e o B I U-dexx A% -A-KS[E

2@ ¢ . e @ [ wwwcomparativego.com - =
Hrina-
aagbcede AaBbC AaBbce AAB '%s

Apps % Bookmarks [ MimicMie
e Replace

Thospa Mesdng: Wesnoz T o Gune o “iBacteria Functional Genomics Catalouge. [ |

Ciipboard s Font 5 stes 5| Editing
I i i i GRS R XM MY CIM, s iy Tl & Home
- Submissions List E=
- Documentation
i Reset Submission
H = Citing Comparative GO
3 Contact Us ibu-combined
i P, O AR GO T
o Sy g 0 g (e <055 .
g [ o o B B Cellular Components Details
. (ewrmperses sy {rsovi B #
[cane ademrancirase (7F)sciy feosiiacs Hover or Click on Graph to See De
3 [t e iy foonaraonirs
R [irn,  srcterbcing foonrssisr 10,
(6w v foousiaonsn
- ron on ining. loosniears E3. M Genome
e [manoosygenasesctmy fooorsesnir bu-combined
e i e of u
E aniimiase 58y Bosessises
H Ipetas sty footossiss
[oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen 0.0108504
N [ATPase activity, coupled to transmembrane movement of substances. 1001800415 61
E e camer acvty fovsrotse s
tramsiarase activiy, tronsferring phosphonss containing groups o 0sousass
E [t ey Gorereass W
| [Eequancerapeciic AR iving et ocarsciviy fo.toosert R 29
B [Mavin adenine dinucleotide binding 101070486
B [reatermee sctiy oasa0s
[magneskon owbinding fozsenans
3 [pridocephosphote iy iorrases
E [ordorsdaciase ey osraan
3 [ecg-con dsgirogenase sy Ty ol
ey sy oamorais
B [t contiaeae T oz oamomas
3 [etationbinding fomon
[ g o
B [roferse Sy eteriog et gange iosrores
E (G5 i fosonsron

ToP VIEW

H Click to List Hypergeometric test P-values, Over-represented GO terms are in red
icantly changed GO groups are in red colour (p-value < 0.05)

GO Name P Value
[0.1105887
[0-207921

[0.4773225
[0.5969635

3 tegral compor

Pagei4of4 | Words:0 | <5 English (New Zealand) | Eu8 == 100% ) v

@‘éH‘EH [ /@@ ¢ Ve )

@]« 0 » 4





image8.png
Wid9- o

#AFind -
haBbceDe| AsBbcede AaBbCi AaBbce AAB 5 Reploce
Tomal | 1o Spac. Hesdng1 Heading2  Tie 5 oo

Cllk On Graph T S Full Dtals

([Cich to i Hiypergsometc st P-valus, Overepeesenid GO toms areinod. |

Stytes

) |

Edtting

2171072015

= B X L comprrne cene o \_ N =) = -« ==

2@ ¢ - ¢ # ([ www.comparativego.com i) =

* Bookmarks [ MimicMe

Documentati
Reset Subn

Citing Comparative GO

Contact Us

carp-comb-fold

Biological Process Details

Hover or Click on Graph to See Details

W Genome

[ carp-comb-fold

Top viEW

Click to List Hypergeometric test P-values, Over-represented GO terms are in red.
Significantly changed GO groups are in red colour (p-value < 0.05)
GO Name P Value
[transposition, DNA-mediated @
[DNA integration [+.163687E-6)
[response to stress [7.103465E-¢
ipid metabolic process [0.00254627
[regulation of transcription, DNA-templated|[0.2318617
[transcription, DNA-templated 05153267
[carbohydrate metabolic process| [0.6422734
[transport [0.6543351





image9.png
Gl e - _______________________________________________ -~
BT oo | vt Paeloos  Rewnes  vatngs  Revew  View

N 2@ ¢ - ¢ # ([ www.comparativego.com i) =

-~ Fna - -

GRS | nssbcede AaBbC: AaBbce AAB Apps %k Bookmarks [} Mimichle
T omal

3¢ Replace
e Documentation
| &~

ThoSpac.. Headingl Heading2  Title s Select ~

Stytes Editing

Reset Submission
)
Contact Us carp-comb-fold

Hover or Ciick o Graph to See Detalls

Molecular Function Details

i
Hover or Click on Graph to See Details
W Genome
1] carp-comb-fold
ik o List Hypergeometic test P-valves, Over-epresented GO tems ae n 10
niicantly changed GO groups ar i red colour (p-value < 0.05)
[ GO Name [ _pvaiue |
{ransposition, ONA-mediated o ]
[oNA integration s-163607¢ 9| ToP VIEW
[response to stress 71033656
[lpid metabolic process [0.00253627 |
[regulation of transcription, DNA-templated [0.2318617 |
[transcription, DNA-templated Jo.s153467_| = = =
I rate metabolic process Joeazarss ] T o e S TN s PR e
‘:‘""“M" <tol o cssstsi] Significantly changed GO groups are in r (p-value < 0.05)
GO Name P value
[transposase activity o
[DNA binding 859372867
[nucleic acid binding [0-0001973704]
[ATPase activity, coupled to transmembrane movement of substances [0-009773237
[(+)-trans-carveol dehydrogenase activity 004276464
[2.iron, 2 sulfur cluster binding 00426434
[monooxygenase activity 004287299
[oxidoreductase activity 00463343
[heme bi [0-06864896
e — | -





image10.png
Wid9-0ls

Car

Review  View

rprofen unique GO - Microsoft Wort

=8 = j

[ Comparative Gene Ontolc x

20 ¢ - ¢ & [ www.comparativego.com

Apps % Bookmarks [ MimicMe

[ T A X A | B Hrna-
[0 4 cmieon - A e B nasbcede AaBbCo Aapbce AAB | & Replace
Paste. - ¢ - - - jormal lo Spaci. leading leading le | Change
e 4 B I U-dexx A-¥-A-AG [EH= THomsl |THoSpaci.. Headngl Hesdng2 T o Change o
Cipbord Font . Parsgraph . Syes < cating
T e e e e

[ cafp-comb-rora

Molecular Function Details

W ceone
[ppe—

[(Gick o Lt Fypergomer s Pakes, Overspresared GO e s .

E Sty hongcs G0 g v i 8 (v < 05)

B [ Goame T

B waposose sty 0

B [N binding fosoa73me 7

B [rociic ac binding Joiovooraron

E [ATPose ctvy, coupied o ransmerbrane movermentof substances fo.009773237

B [ troms-carveot dehydrogenase acthty foonzeton

4 [2iron, 2 st lostor inding [p.ovmo1n
[monsoxygenase actvy fo.0v107495

7 [oxidoreductaze actvty p.ovease

E [reme binding [o.06864096.

» &

°
o ——)
Q) Coi
20 o

Home

Submissions List

Documentation

Reset Submission
Citing Comparative GO
Contact Us

,_
W

carp-comb-fold

Cellular Components Details

Hover or Click on Graph to See Det

7.1

ToP VIEW

1] corp-comb-fod

Click to List Hypergeometric test P-values, Over-represented GO terms are in red.
Significantly changed GO groups are in red colour (p-value < 0.05)
GO Name P Value
[cytoplasm [0.003358224]
fintegral component of membrane]0.1524919
[plasma membrane 05227425
[membrane [0.5927086





image11.emf

image12.emf

image13.emf

image14.emf

image15.png
GO Functional Classification
(asp-plank-VS-ibu-plank)

biological regulation -
cell killing -

cellular component organization or biogenesis -
cellular process -

growth -

immune system process

localization -

metabolic process -

multi-organism process =

negative regulation of biological process -
regulation of biological process -

response to stimulus -

signaling -
single-organism process -
cell-

cell part -

TUeUodwos Temies

macromolecular complex -
membrane =
membrane part -

organelle -

Uopaun Teinosiotl

organelle part -
antioxidant activity -

binding -

catalytic activity -

molecular transducer activity -

nucleic acid binding transcription factor activity -
protein binding transcription factor activity -
structural molecule activity

transporter activity -

2[‘10 460 6[‘10
Number of Genes [ length = sqrt(num) |




image16.png
Pathway

Top 20 Statistics of Pathway Enrichment for
asp-plank-VS-ibu—plank

Tyrosine metabolism -~ @

Toluene degradation ~ *

Streptomycin biosynthesis ~
Polycyclic aromatic hydrocarbon degradation -
Phosphonate and phosphinate metabolism
Naphthalene degradation ~

Methane metabolism - @
Lipopolysaccharide biosynthesis —
Linoleic acid metabolism —
Limonene and pinene degradation -
Inositol phosphate metabolism -
Histidine metabolism -

Fructose and mannose metabolism - @
Ghiorocyclohexane and chlorobenzene degradation -
Ghioroalkane and chioroalkene degradation -
Garotenoid biosynthesis ~
Bisphenol degradation -
Biosynthesis of unsaturated fatty acids -
Bacterial chemotaxis ~

Aminobenzoate degradation -

L]
05

0'6 0'7
RichFactor

Qualue
08

08
04
02

Gene_number
® 50
@ 100

08




image17.png
GO Functional Classification
(asp-plank-VS-cap-plank)

biological regulation -
cell killing -

cellular component organization or biogenesis -
cellular process -

growth -

immune system process -

localization -

metabolic process -

multi-organism process —

regulation of biological process -

response to stimulus -

signaling -
single-organism process -
cell-

cell part -

TUeUodwos Temies

macromolecular complex -
membrane -

membrane part -

Uopaun Teinosiotl

organelle -

antioxidant activity -

binding -

catalytic activity -

molecular transducer activity -

nucleic acid binding transcription factor activity -
protein binding transcription factor activity -
structural molecule actvity -

transporter activity -

8-

260 ABO
Number of Genes [ length = sqrt(num) |




image18.png
Pathway

Top 20 Statistics of Pathway Enrichment for
asp-plank-VS-cap-plank

Styrene degradation - .

Steroid degradation -

Starch and sucrose metabolism ~

Polycyclic aromatic hydrocarbon degradation - °
Nitrogen metabolism - .
Naphthalene degradation - @ Qualue
Lipopolysaccharide biosynthesis - .
ipopolysaccharide biosynthesi ors
Limonene and pinene degradation @) 050
Inositol phosphate metabolism .
0.25
Histidine metabolism - .
Glycerolipid metabolism~ =
Gene_number
Fatty acid biosynthesis - & = o5
Cyanoarmino acid metabolism - . ® 50
. s

Ghiorocyclohexane and chlorobenzene degradation ~
Bisphenol degradation = ° @ 100
Biosynthesis of unsaturated faty acids -
beta-Lactam resistance -
Bacterial chemotaxis -
Aminobenzoate degradation - @
Aminoacyl-tRNA biosynthesis — &
040 045 050 085
RichFactor




image19.png
GO Functional Classification
(cap-plank-VS-ibu-plank)

biological regulation -
cellular component organization or biogenesis -
cellular process -

growth -

localization =

metabolic process -

multi-organism process -

regulation of biological process -

response to stimulus -

signaling -

single-organism process -

cell-
cell part -

macromolecular complex -

TUeUodwos Temies

membrane -
membrane part -
organelle -

organelle part -

Uopaun Teinosiotl

antioxidant activity -
binding -

catalytic activity =

molecular transducer activity -

nucleic acid binding transcription factor activity -
protein binding transcription factor activity -
structural molecule actvity -

transporter activity -

1 lI]D 20‘0 30‘0
Number of Genes [ length = sqrt(num) |




image20.png
Pathway

Top 20 Statistics of Pathway Enrichment for
cap—plank-VS-ibu-plank

Tuberculosis = »
Toluene degradation -
Steroid degradation =@
RNA degradation -+
Polycyclic aromatic hydrocarbon degradation = @
Phosphonate and phosphinate metabolism - .
Novobiocin biosynthesis =+
Naphthalene degradation - @
Limonene and pinene degradation - @)
Homologous recombination - e
Histidine metabolism - @
Fatty acid biosynthesis - @
D-Arginine and D-ornithine metabolism -
Cell cycle — Caulobacter =+
Carotenoid biosynthesis =+
Bisphenol degradation ~ @
Biosynthesis of unsaturated fatty acids - ®
Base excision repair - ®
Bacterial chemotaxis =+
Aminobenzoate degradation - @

025 050 075
RichFactor

1.00

Gene_number
.10

°

®

@«




image21.png
GO Functional Classification
(ASP-VS-IBUCAP)

biological regulation =
cellular component organization or biogenesis =
cellular process ~

growth -

immune system process

localization -

metabolic process -

multi-organism process —

regulation of biological process

response to stimulus -

signaling -
single-organism process -
cell-

cell part -

TUeUodwos Temies

macromolecular complex -
membrane -

membrane part -

Uopaun Teinosiotl

antioxidant activity -
binding -

catalytic activity -

molecular transducer activity -

nucleic acid binding transcription factor activity -
protein binding transcription factor activity -
structural molecule actvity -

transporter activity -

5‘0 160 150 260
Number of Genes [ length = sqrt(num) |




image22.png
Pathway

Top 20 Statistics of Pathway Enrichment for
ASP-VS-IBUCAP

Toluene degradation —— ®

Streptomycin biosynthesis -

Starch and sucrose metabolism .
RNA degradation - .
Ribosome ~ [ )

Pyrimidine metabolism - ® Qualue

1.00
Purine metabolism~ @
075
Polycyclic aromatic hydrocarbon degradation = )
0.50
Photosynihesis - .
0.25
Pentose phosphate pathway = &
Oxidative phosphorylation - .
Gene_number
Other glycan degradation - . B

Nitrogen metabolism -~ @ .10

Lipopolysaccharide biosynthesis = s

Histidine metabolism ~ @ ®

Cysteine and methionine metabolism ~ .
Chiorocyclohexane and chlorobenzene degradation - .

Bisphenol degradation @)
beta-Lactam resistance -
Amino sugar and nucleotide sugar metabolism =~ ®.

015 020 025
RichFactor




image1.png
Clipboard

Page Layout

References

Mailings

(=&

aagbcee AaBbCo AaBbce AAB

7o Spa

Heading 1

Heading 2

Title:

inctional Genomics Catalouge|

Cllk on Graph To SeeFul Details

Gl i Fumavomomeic 1o Pyakins Cvocmoensantod GO oo en i o |

Stytes

HArna -

. Repisce

Ig Select -
ating

[ Comparative Gene Ontolc X

20 ¢ = ¢ # [ www.comparativego.com

Apps % Bookmarks [ MimicMe

Biological Process Details

Hover or Click on Graph to See Details

Top viEW

Click to List Hypergeometric test P-values, Over-represented GO terms are in red.

Significantly changed GO groups are

red colour (p-value < 0.05)

GO Name

P Value

[response to stress.

[0.642933E-6

[sulfate assimilation

[0.0001604697]

id metabolic process

[0.002061767

[oxidation-reduction process

[0.004123791

[transposition, DNA-mediated [0.0317871
[DNA integration [0.0390103
[regulation of transcription, DNA-templated|[0.08936914
[transcription, DNA-templated [0.099585
[translation [0.3865118
[carbohydrate metabolic process| [0.6175848
[transport [0.6301382
biosynthetic process [0.6555305

W Genome

[ plkaspeplk




image2.png
[ Comparative Gene Ontolc x

€ © C fi [ wwwcomparativego.com ==
Apps % Bookmarks [ MimicMe
 MOIECUIT FUnCUOT Detans .

K
=

W

Wid9-0 lank ASP-Plank =g = |
Home | et PagelasReeenes  Nllngs  Renen Vew -0
[ D P — Brn-

0 cmeen - - xR aasceoe AaBbC: aasbce AaB A pepiace
Paste B Z U-sex x|A-¥-A- TNoSpaci.. Headingl Heaging2  Twe | Change

e g u v-A-40E v 9 9 =] Shone | N setee -
cipbord Font s soes < eaing
] (R ENES RS ENES ENEE SN} (NN AN AN TS XIS RN XIS CN S OIS I (IS VNS T | &
] ‘www.comparativego.com =
: s ) i
Bl Biological Process Details
H u Moveror Cickon Graph o Ses Datails:

" u
W Genome.

E = [
| =
B Gick ot ypegeant P, Ocspesaoad GO s e v |
3 Sty canped G0 g v 16 oot v < 099
3 [ GO Name [ P vale
g [response to stress [p-ot4033E 6
| [sutfote assimitation [o.0001601657]
H [fpid meetabolic process [o.002061767
B [oxidation-reduction process [o-000123791
B [transposition, DNA-mediated [pos17a71
g [oNA integration [o.0390193
5| [regulation of transcription, ONA-templated (0.08936914
E [transcription, DNA-templated [0.009505
| [transtation (03865118
H [corbonydrats metabeti process [o.6175548
E [transport [0.c301382
2 [blosynthetic process [0.6555305.

Page:4014 | Words:0 | <5 English (New Zealang) |

el=mwe e e ¢

Wover or Click o Graph to See Datails
20,
1
W Genome
18] W picasppik
13 o

12|

s
s

.

s s
.
22 2

ToP VIEW

Click to List Hypergeometric test P-values, Over-represented GO terms are in red
Significantly changed GO groups are in red colour (p-value < 0.05)
GO Name P Value
[sulfate adenylyltransferase (ATP) activity [+.117185e-5
[2.iron, 2 sulfur cluster binding [0.000446551]
[methyltransferase activity [0.001849471]
[oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen[0.01023745 =
[transposase activity [0.02620056
[metal ion binding [0.02849367
iron ion binding [0.03232622
[hydrolase activity [0.04068073
[monooxygenase activity [0.0554726
[0.05960185
[0.06643375
[0.0772283
[DNA binding [0.08129453
[electron carrier actir [0.0910229 -





image3.png
w90

[ 7 cmnponn - - A w0 A BNEA =

e o B I U-dexx A% -A-KS[E

lank ASP-Plank - Micre

aasbceoe AaBbC: assbce AAB | A

ThoSpaci.. Headingl Heading2  Tile  Change

25 Replace

7| styles~ | b setect~

# Find -

2@ ¢ - ¢ f [ www.comparativegocom

Apps % Bookmarks [ MimicMie
~Bacteria Functional Genomics Catalouge

Details

Cipboard Font 5 stes 5| eating
o) Zoretoie 1 12 134 516 17 18 9 i iu LB B i Aeiperas & Home
o Documentation
E Reset Submission
B Citing Comparative GO
b _ | Contact Us plk-asp-plk
B ‘ [r— ! E Cellular Components Details
| " w - g i
E o R Hover or Click on Graph to S
5
B B 1 ®
] A
E .
H 2
| T e e L e
3 e ol
i s
B i sy Baman
foxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen 0.01021745
N firansposase activity o.026200%
g fvirin sy oo
| iron ion binding 003332633
3 i el Gowossrs
B e o
B oo oo
3 e Ry G
g e e
3 Ritvmmearir sy omiarss g Top viEw
N Click to List Hypergeometric test P-values, Over-represented GO terms are in red.
2| Significantly changed GO groups are in red colour (p-value < 0.05)
E GO Name P Value
N [proton-transporting ATP synthase complex, coupling factor F(0)[[0.0001604697|
B 2 [cytoplasm [0-03621010
=l ° ntracellular [0.05960185
3 - 02246177
Page;5 ot 5 | Wordsi0 | G§_Engish NewZeoland) | Euszs ox0— U & [0-2859950
7 I ) of membrane |0.3700501
©cawmies €lel@ ¢ U Rk M

W Genome

1 plcasp-plk

b

[ Comparative Gene Ontolc x

<




image4.png
5

B v | e oo Reeens  Molings  Revew  view 2@ ¢ 5 ¢ # [[) wwwcomparativegocom %
. ; . BAFina -
[ % cmnpenn -u oA a7 A By = nssbcede AaBbC: AaBbce AAB

Apps %k Bookmarks [ MimicMe

ot | ThoSpac. Hesdngl Headng2 T Ko —E_E Biological Process Details 5
Clipboard s o Paragraph Styles Editing

Hover or Click on Graph to See Details

W Genome

1 - combined

T Bl GO Registory etwork for sampie Ibu-combined cick B Ntwet.

it srsclgsnenee e

Top viEW

Click to List Hypergeometric test P-values, Over-represented GO terms are in red.
Significantly changed GO groups are in red colour (p-value < 0.05)
GO Name P Value

[transposition, DNA-mediated [B.126833E-12
[DNA integration [1.42845E-6
[sulfate assimilation [0.000268822
[response to stress [0.0003433333]
[aromatic compound catabolic process __][0.0412185
[transcription, DNA-templated [0.1569723
[regulation of transcription, DNA-templated|[0.2482074
[translation 02027048
[carbohydrate metabolic process| [0.5306679
[transport 05445485
biosynthetic process 05729161
[transmembrane transport [0.7083708
[cell division [0.7083708





