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Toxicity Old School
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Functional Approaches in Toxicology

Gene

As related to
role, if any, in
toxicity

Mutate Assess function

gene in cell or organism

the study of the requirement for the biological activities
of a gene and corresponding protein in the response to,
and effect on, an organism by a toxicant

OR if you muck it up (the gene) & bad (or good) things happen,
then it s probably important



Functional Profiling in Toxicology

Qystematically testing multiple (all) genes
for their functional role, it any, in toxicity,
by perturbing their tunction
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Functional Toxicology to reveal
Cellular Adverse Outcome Pathways
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l Functional Toxicology to reveal
Cellular Adverse Outcome Pathways
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l Functional Toxicology to reveal
Cellular Adverse Outcome Pathways
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CRISPR approaches to assess function of genes
Targeted CRISPR vs Genome Wide CRISPR
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How do you do Genome Wide CRISPR Screening actually?

Or purchase and amplify premade

Wide Variet
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Now what? — Make a mutant KO library
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Proliferation/Survival Screen with CRISPR KO library
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A CRISPR screen identifies a pathway required for paraquat-induced cell death
Colleen R Reczek, Kivanci Birsoy, Hyewon Kong, Inmaculada Mart’ nez-Reyes, Tim Wang, Peng Gao, David M Sabatini & Navdeep S Chandel*

Nature Chemical Biology 13, 1274—1279 (2017)
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ROS production by paraquat requires POR
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Insight into mechanism of action of paraquat
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Top 10 - Whole Genome Screen Candidates

Gene ID
KEAP1
SEPHS2

EEFSEC

PSTK
KRT73
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TXNDC17

SLC6A12
‘DCLRE 1A

DLGAPS

Arsenic Trioxide whole genome CRISPR screen

Gene name

kelch-like ECH-associated protein 1
selenophosphate synthetase 2
eukaryotic elongation factor,
selenocysteine-tRNA-specific
phosphoseryl:tRNA kinase
keratin, 73

AT rich interactive domain 1B (SWI1-
like)

thioredoxin domain containing 17

transporter), member 12

DNA cross-link repair 1A
disgs, large (Drosophila) homolog-

associated protein 5

solute carrier family 6 (neurotransmitter
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Arsenic Trioxide confirmatory CRISPR screen
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ATO Toxicity: Reactive Oxygen Species

Nrf2 primary anti-oxidant transcription factor —- KEAP1 is REPRESSOR of NRF1

Increased
resistance
with KEAP1 KO

Oxidative Stress

ATO

Degradation

Phaselll :> ROS
Anti-oxidant Genes l

We knew this already!

Suggests it is very important in
Mitsuishi et al., Front. Oncol., 2012 ACUTE short term tOXiCity

Copyright © Mitsuishi, Motohashi and Yamamoto.



Argenic Trangport

As

Resistance Sensitivity

AQP3 SNPs associated
with Arsenic Toxicity

Cérdova EJ, Martinez-Hernandez A, Uribe-Figueroa L, Centeno F, Morales-Marin M, Koneru H, et al. (2014) The NRF2-KEAP1
Pathway Is an Early Responsive Gene Network in Arsenic Exposed Lymphoblastoid Cells. PLoS ONE 9(2): e88069.

Te-Chang Lee, I-Ching Ho, Wen-Jen Lu, and Jin-ding Huang. Enhanced Expression of Multidrug resistance-associated Protein 2 and
Reduced Expression of Aquaglyceroporin 3 in an Arsenic-resistant Human Cell Line J. Biol. Chem. 2006 281: 18401-

Michael W. Carew, Elaine M. Leslie; Selenium-dependent and -independent transport of arsenic by the human multidrug
resistance protein 2 (MRP2/ABCC2): implications for the mutual detoxification of arsenic and selenium, Carcinogenesis, VVolume
31, Issue 8, Pages 14501455,



Selenocysteine Incorporation into Proteins
Increases Susceptibility to Arsenic Trioxide

HSe Selenocysteine Selenium
The 21st amino acid Previously known As binds Se
OH : - Resistance of PSTK"-
H,N What did we find K562 cells to ATO
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Se-Ag complex hypothesis

1938 - Moxon noted that Arsenic exposure can prevents Selenium poisoning
(L.A. Moxon, Science, 88 (1938), p. 81)

Mutual antagonism (Se prevents As poisoning too) in multiple species including

people (reviewed in Environment International 69 (2014) 148-158)

~

o

As-Se complexes formation may play a role

Inside the cell — glutathione complexes form
As +GSH EElp (GS)2As-OH
(GS)2As-OH +Se  EEP [(GS)2AsSel-

CELL VIABILITY;
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e Control

0 05 1 15 2

ATO (M) /

[(GS)2AsSe]l— ‘ Less toxic and possibly exported

The Seleno Bis(S- glutathionyl) Arsinium lon Is Assembled in Erythrocyte Lysate
Chemical Research in Toxicology 2006 19 (4), 601-607

Intracellular [(GS)2AsSe]—
Selenium & ATO
resistance

Protective effect of
selenium (Na,SeO,)
pre-treatment on ATO
cytotoxicity in K562
cells.



Functional screening to identify toxicity
mechanisms and adverse outcome pathways
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Infer mode of action by functional profiling
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ToxCRISPR - a focused CRISPR library for toxicology
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Start Here: https://www.addgene.org/crispr/
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Abbrevigtiong

CRISPR -Clustered Regularly Interspaced Short Palindromic Repeats
ToxCRISPR — toxicology subset library

AOP — Adverse outcome pathway

sgRNA- single guide RNA

MOI — multiplicity of infection

KO - knockout



