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Townson et al., Mol Biochem Parasitol 1996
Nillius et al., Antimico Chemother 2011
Leitsch et al., Antimico Chemother 2011
Midiller et al., Antimicro Chemother 2013
Leitsch et al., Int J Parasitol 2016
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ACTIVATION DETOXIFICATION

* What underpins Mtz resistance?

* How does response to Mtz differ from other stress responses?
* What regulates these responses?

* Are there multiple pathways to Mtz resistance?

* Are these pathways equal in clinical relevance?

Ansell et al

., Biotech Adv 2015
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What happens in Giardia culture?
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How do drug and stress responses compare?
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+ Oxidative burst
* Immune Response
* Increases Temperature (Fever)

(Spycher et al;2013 B. Ansell et al; 2015, B. Ansell et al; 2016, B. Ansell et al; 2017)
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ACTIVATION DETOXIFICATION

re all Giardia Mtz responses equal?
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Ansell et al., Frontiers Microbiol 2017
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Up-requlated (active) Down-requlated (passive)

Proton pumps
Nitroreductase 2

Drug efflux

Drug detoxification
NAD scavenging

N

Thioredoxin system (thiol cycling) 2 putative nitroreductases Drug activation Oxidative damage
HSPs 90 repair - R/

Glycolysis

ATP-driven protein repair (HSPs)

Oxygen accumulation
Protein synthesis Oxygen scavenging

PFOR 1, PFOR 2

Oxidative drug inactivation

Protein turnover

Ansell et al., Frontiers Microbiol 2017
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Emery et al., In Review, Gigascience
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WB MtzR
264

« 2 Variant-specific Surface Proteins (VSPSs)
« 2 Oxidoreductases

713 MtzR * Nitroreductase-1 (NR-1)

76 « Glutamate Synthase

« 1 EGF transmembrane protein

« 1 membrane-associated endopeptidase

106 MtzR
126

Emery et al., In Review, Gigascience
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WB MtzR
264

« 5 Variant-specific Surface Proteins (VSPSs)

« 2 High Cysteine Membrane Proteins (HCMPSs)
713 MtzR * 6 Kinases (4 NEK)

76 « Thioredoxin reductase, Thioredoxin

« 2 membrane-associated endopeptidases

106 MtzR
126

Emery et al., In Review, Gigascience
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Thioredoxin_reductase_(TrxR).9827 -
Thioredoxin_(Trx).3910 -

Sir2.10708 -
Quinone_reductase.17150 -
PFOR-2.114609 -

PFOR-1.17063 -
Peroredoxin_1a,_b.15383 -
Peroredoxin_1a,_b.14521 -
PDI_5.8064 -

PDI_4.103713 -

PDI_1.29487 -
Nitroreductast-1_(NR-1).22677 -
NADH_oxidase.33769 -
Glutamate_Dehydrogenase_(GDH).21942 -
Flavohemoglobin.15009 -
Flavodirron_protein.10358 -
Ferredoxin_(Fd).27266 -

Alcohol_Dehydrogenase_E_(ADHE).93358 -

3-way isogenic isolate (Mtz-R vs Mtz-S) analysis

Antioxidant Network Expression

00
Protein Log2FC

Isolate
106_MtzR
713_MtzR
WB_MtzR

0.5

Protein Description (ORF)

RNase_L_inhibitor.7662 -
Peptide_methionine_sulfoxide_reductase_msrA.4946 -
Hybrid_cluster_protein_lateral_transfer_candidate.3042 -
Glycerol-3-phosphate_dehydrogenase.16125 -
Glyceraldehyde_3-phosphate_dehydrogenase.6687 -
Glyceraldehyde_3-phosphate_dehydrogenase.17043 -
Glutamate_synthase.7195 -
Glucose-6-phosphate_1-dehydrogenase.8682 -
Fe-hydrogenase-16304 -
Dihydrouridine_synthase,_putative.3565 -
Aldose_reductase.9008 -

Aldose_reductase.7260 -
Alcohol_dehydrogenase_lateral_transfer_candidate.3593 -
Alcohol_dehydrogenase_lateral_transfer_candidate.13350 -

6-phosphogluconate_dehydrogenase,_decarboxylating.14759 -

Electron Transport Expression

Isolate
106_MtzR
713_MtzR
WB_MtzR

00 0.5
Protein Log2FC

Emery et al., In Review, Gigascience
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How are metabolism, stress responses and
drug resistance regulated?
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DNA
A Acetylases, Deacetylases, Bromodomain,
methylases, demethylases,  chromodomain,
phosphorylases phosphatases PHD finger,
J WDA40 repeat

Y4

Post Transcriptional ) . .
Regulation Post-transcriptional regulation

RNA §> — Protein post-translational modifications

MtzR is an unstable/plastic phenotype.
— Ongoing drug selection
— Reset during differentiation

<

Translational & Post

Translational Regulation o
. Acetylation in MtzR

Protein — NAD+-dependent Sirtuins
—  Muller et al, 2008
— Ansell etal, 2015




FIAT LUX|

% Walter+Eliza Hall

Institute of Medical Research

DISCOVERIES FOR HUMANITY

-

1. Sample Preparation\
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Rl KAc Proteins

(8 3*)

+ 896 KAc proteins/2382 NR sites (n=2)

+ 12.1% non-deprecated genes

48 Hours
| 60 Hours

RI KAc Sites 96 Hours

113
(11.8%)
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RI KMe Proteins

8

4.1% 20

s : ‘(10.2%)
191
(36.9%) \

118
4 (59.9%)
(2.0%)
26
(13.2%)
16
(8.1%)
RI KMe Sites
16
(5.5%) 24
(8.3%)
9
(3.1%) \
158
(54.7%)
14
(4.8%)

(7.6%)

KMe results summary

48 Hours
60 Hours

96 Hours

46
(15.9%)

304 KMe proteins/492 NR sites (n=2)

Majority mono-methylated

Il 84.76% Monomethylation
[ 12.60% Dimethylation
[ 2.64% Trimethylation

Total=492

‘NH;
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CYTOSKELETAL NETWORK Giardins
Ventral Disc — 15 alpha-giardins o
Basal Bodies — Beta-, delta-, gamma-giardin
AF Nucleus
Mitosomes Ankyrin-repeat/coiled-coil
Median Body — NEK kinases
PVIESV — Protein 21.1

VF

Kinesins
" Dyneins
Intrafl_agella Transport (IFT)

Proteins

° Axoneme-associated proteins
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Lysine Acetylation
Lysine Methylation
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« Transcription vs translation — regulatory mechanisms — Balu Balan

* Role of PTMs in metabolism, Mtz resistance and stress response — Sam
Emery

» Are there core/universal responses to multi-drugs or multi-stresses?
» Are stress responses adaptively encoded in the cyst?
» Can these be targeted to limit resistance?

£7.4 ‘

Brendan Louise Nijoy Sa




F\AT LUX

o attertflizabiall Acknowledgements

DISCOVERIES FOR HUMANITY

* Jex Laboratory *  Uppsala University
« Samantha Emery « Staffan Svard

 Brendan Ansell ,
« Louise Baker Showgy Ma’ayeh
* Elin Elinarsson

« Balu Balan

« Bio21l * YourGene Biosciences
« Malcolm Mcconville « Bill Chang
* Ching-seng Ang
* Nick Williamson
* Shuai Nie

. Dr Charles Farnsworth

* Microbial Screening Technologies
* Dr Ernest Lacey
* Daniel Vuong
* Andrew Crombie

FUNDED BY

Australian Government

National Health and
Medical Research Council

THE

JACK BROCKHOFF
FOUNDATION

Walter+
Ellza Hall

stitute of Medical Research °
bio21

MICRDBIAL SCREENING TECHNDLOGIES

The
Australian

for
Parasitology
Inc.




FIAT LUX|

L Walter+ElizaHall - 3-way Isogenic isolate (Mtz-R vs Mtz-S) analysis

Institute of Medical Research

DISCOVERIES FOR HUMANITY

TMT 1 WB MtzR
1220 264
3 5
10 48
TMT 2 TMT
1126 3 106 MtzR 713 MtzR
1060 126 76
WB MtzR TMT 1

713 MtzR

106 MtzR 76

126

TMT 2 T™T 3 mrs
1126 1060 1060 Emery et al., In Review, Gigascience




% Walter+Eliza Hall

Institute of Medical Research

DISCOVERIES FOR HUMANITY

ATP-based luminescence (%)
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3-way isogenic isolate (Mtz-R vs Mtz-S) analysis
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106 5.5 15.6 2.8 26.7 23.4 4.
713 4.6 28.1 6.1 13.7 13.1 2.9




