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Mitochondria as Targets of Toxicity

Mitochondria are critical in eukaryotic cells because they generate >90% of the cellular supply of ATP
Also key to regulating cell cycle/growth, differentiation and apoptosis
Many chemicals are known to impair mitochondrial function through various mechanisms:

e Electron transport chain (ETC; Complexes I-1V) inhibition

* Uncoupling and lonophores

e Phosphorylation (Complex V) inhibition

 Transport inhibition (ATP)

e Kreb cycle inhibitors
Disease states associated with genetic mitochondrial disorders provide insights about possible adverse
outcomes
In many of these cases, mitochondria have normal morphology- the impact is functional, not structural
Current ToxCast/Tox21 high-throughput test methods typically use immortalized/tumor cells (Warburg Effect)
cultured in high-glucose medium (Crabtree Effect), and thus are impervious to mitochondrial insult
ToxCast/Tox21 mitochondrial assays have focused on two endpoints: mitochondrial mass (swelling) and
mitochondrial membrane potential (MMP)
These assay use dye probes to measure structural mitochondrial defects due primarily to membrane changes
and are not sensitive to chemicals that impair mitochondrial function through other mechanisms (i.e. ETCi)
The Seahorse XF Analyzer platform measures mitochondrial function, so it is sensitive to most mechanisms of
disruption




SEPA Seahorse XF Platform
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Measuring Oxygen Consumption Rate (OCR)
and Extracellular Acidification Rate (ECAR)

Automatic Injection Drug Delivery Ports

<= (Bl

mm Hg (Oxygon)

Two fluorophores measure: 1) dissolved O, and 2) pH

Direct, non-invasive analyte measurement of oxidative phosphorylation and glycolysis in real time
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SEM\ . Seahorse Screening Project- Tiered Overview
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51 total plates Data Analysis 78 total plates Data Analysis
1 conc, N=3 7 concs, N=3 ETC inhibitor
100puM 0.1-100puM Uncoupler O
1,051 samples 246 samples ATP synthase i g
=
Post-hoc Redox cyc‘tling g
Cell Viability Cytotoxic =
>
Inactive
805 samples Electron Flow Assay

* Human HepG2 hepatocellular carcinoma cells (50% glycolytic)

e Screening assay comprised of 4 temporal windows separated by 3 sequential injections (reagent additions):
- Port A: DMSO (vehicle), Fenpyroximate (ETCi), 2,4-Dinitrophenol (Uncoupler), Blinded Test Samples- (Basal Respiration)
- Port B: 250nM FCCP- (Maximal Respiration)
- Port C: 1uM Rotenone + 1uM Antimycin A- (Inhibited Respiration)

e Total assay time is > 75 minutes. Cell viability was measured on cells at conclusion of Seahorse run (mutli-conc plates only)

» Each assay plate accepted/rejected on 5 QC criteria:
%CV (DMSO)

- 1Zocry (DMSO/FENP)

- ACSOFENP

- rZ'ocrp (DMSO/DNP)

- AC50p,
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ToxCast Screening Protocol
Test Compound FCCP ROT/AA
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i(— Basal )E( Maximal ):1 Inhibited ————

| | e Replaced Oligomycin injection

| | Redox-cyclers with test compounds/controls

200+ g g - L .
— | e Used variation in vehicle (DMSO)
i | response to establish activity
E Uncouplers | thresholds (cut-offs)
O Redox-cyclers '
9 * Tracked activity throughout time
% course of assay to identify
Q.. potential mitochondrial toxicants
X ETC (single concentration) and then
T e Redox-cyclers to confirm activity and define
ETC inhibitors Cytotoxic mechanism (concentration-
ATP synthase L response)
Cytotoxic I : e Anticipated that most actives
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e . Cytotoxicity Filtering
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SR . Example: Electron Transport Chain Inhibitor

Agency

Picoxystrobin
OCHS Test Compound FCCP ROT/AA
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SER Example: ATP Synthase Inhibitor
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MEHP
O Test Compound FCCP ROT/AA
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e Confirmation: Electron Flow Assay

Agency

200+ Test Compound Rot/Succ
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 Permeabilized HepG2 cells
e Fully uncoupled with FCCP
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Enhanced ETC Inhibitor Detection: Rotenone

Fold Threshold Values

ToxCast Assay
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