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Introduction

Paper I: Yeast model to discover mode of action of a drug

Paper 2: Yeast and Drosophila genetics to decipher TDP43 toxicity

Paper 3:  Combination of Yeast and human synthetic lethality screen to 
identify new therapies for cancer

Outline



Some commonly used model organisms

Mouse —
Mus musculus

Fruit fly —
Drosophila melanogaster

Budding yeast —
Saccharomyces 
cerevisiae

Escherichia coli

Round worm —
Caenorhabditis elegans

Zebrafish 
—
Danio rerio

Thale cress 
—
Arabidopsis
thaliana



Baker’s yeast = budding yeast 
=

Saccharomyces cerevisiae

 Yeast is a eukaryote
 16 chromosomes
 ~6000 genes
 Very few introns





The first official written definition about 
yeast: 1775 by Samuel Johnson in the 
Dictionary for English language.

. . the ferment put into drink to make it
work; and into bread, to lighten and swell it.

For next 150 years was mainly described 
in fermentation processes.

IN 1930s, Winge and Lindegren began 
work on yeast for the first time as an 
experimental organism.

In 1996, S.cerevesiae became the first 
eukaryote to be completely sequenced.





Types of yeast used in the lab

•S. cerevisiae has approximately 5,600 open reading frames; S. pombe has approximately 4,970 
open reading frames.
•Despite similar gene numbers, S. cerevisiae has only about 250 introns, while S. pombe has 
nearly 5,000.
•S. cerevisiae has 16 chromosomes, S. pombe has 3.
•S. cerevisiae is often diploid while S. pombe is usually haploid.
•S. pombe has a shelterin-like telomere complex while S. cerevisiae does not.[13]

•Both species share genes with higher eukaryotes that they do not share with each other. S. 
pombe has RNAi machinery genes like those in vertebrates, while this is missing from S. 
cerevisiae. S. cerevisiae also has greatly simplified heterochromatin compared to S. pombe.[14]

•Conversely, S. cerevisiae has well-developed peroxisomes, while S. pombe does not.
•S. cerevisiae has small point centromere of 125 bp, and sequence-defined replication origins of 
about the same size. On the converse, S. pombe has large, repetitive centromeres (40–100 kb) 
more similar to mammalian centromeres, and degenerate replication origins of at least 1kb.

Source: Wikipedia

https://en.wikipedia.org/wiki/Open_reading_frame
https://en.wikipedia.org/wiki/Intron
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Diploid
https://en.wikipedia.org/wiki/Haploid
https://en.wikipedia.org/wiki/Shelterin
https://en.wikipedia.org/wiki/Telomere
https://en.wikipedia.org/wiki/Schizosaccharomyces_pombe#cite_note-pmid20697207-13
https://en.wikipedia.org/wiki/RNAi
https://en.wikipedia.org/wiki/Schizosaccharomyces_pombe#cite_note-14
https://en.wikipedia.org/wiki/Peroxisomes
https://en.wikipedia.org/wiki/Centromeres


Source: Teachertalk



Yeast vs. Human

~50% of yeast genes 
have at least one 

similar human gene

~50% of human genes 
have at least one 
similar yeast gene 

Human vs. Yeast



S. cerevisiae Genome Deletion Project
•“Complete” set of yeast nonessential deletion mutants

•~4,700 haploid strains
•~4,700 homozygous diploid strains

nonessential genes deleted with kanMX = fifty 96 well plate     
•~5,800 heterozygous diploid strains

96 well plate
frozen glycerol stock

condense 4 
plates onto 1

pin 96 strains 
onto G418 plates



The yeast gene knockout collection

Order any knock out clone from : ATCC, Invitrogen, Open Biosystems and EUROSCARF .

Currently more than 20,000 strains are avilable



Yeast genetics: Chromatin and cellular functions

Leland Hartwell, Paul Nurse and Tim 
Hunt were awarded Noble prize for 
their discovery of Cyclins and 
check points during cell division



Secretory Pathway

Randy Schekmann: Noble prize



Nuclear Pore complex



Yeast Prions

Peter M Tessier & Susan Lindquist
Nature Structural & Molecular Biology 16, 598 - 605 (2009)





Synthetic Lethality

yfg1
yfg2

Dead

Viable Viable

yfg1          

yfg2
Normal

Tumor

Yfg2 = Drug target 

Yfg1 = CIN mutant



Aim: To identify MOA of a new drug discovered.



Parkinson’s Disease

 loss of dopamine neurons 
 Lewy bodies: aggregated aSynuclein
 aggregation: necessary for pathogenicity

(Luk et al., 2009)(Springer-Verlag, Berlin, 1923)



Alpha synuclein in Yeast

Alpha Syn is membrane associated.

Two copies inhibited growth

Overexpression of alpha syn alters the vesicular
Pools: Defects in endocytosis.

Outeiro and Linquist; Science 302, 1772 (2003)



NAB were discovered in a 
screen to identify rescuers of
TDP43 toxicity. 

N-aryl benzimadazole (NAB) rescues alpha syn toxicity



Nematode and human models: Validating NAB

Dopaminergic neurons cortical neuronal cultures
From PD patient



Cell line models: Validating NAB
Rat primary cortical cultures



NAB not only rescued the phenotype but also
Inhibited cell growth at high concentration

without affecting the Viability. 

Synthesis of analogs of NAB



What is the target of NAB?

Genetic screens to identify
Mutants that allowed the growth
At high conc

A small set of hits were recovered and all these hits formed a highly connected network
Of genes.

What is the mode of action of NAB2?



Hits formed a part of E3 Ub ligase complex

Deletion of individual genes

No effect on NAB2



Rsp5 regulates the
Membrane traffic of diverse
Membrane proteins

NAB2 promotes Rsp5 dependent endocytosis of MUP1

NAB2 promotes Rsp5 mediated functions



NAB2 rescues Cpy trafficking defets in the context of
alpha syn toxicity

W



Alpha syn impedes
methionine dependent
endocytosis of MUP1.

Red: FM1, markes vacuoles

NAB2 rescues phenotypes associated with
alpha syn toxicity



Model



Aim: Identify components crictical to TDP43 toxicity
and validate them in different model systems





Yeast model system for TDP43 toxicity

Overexpression of TDP43 inhibits growth



Screen to identify genes modifying toxicity of TDP43



Screen reveals suppresors and enhancers of toxicity

Genes associated with stress granules
And RNA metabolism were identified.

13 suppressors and 27 enhancers



TDP43 colocalizes with stress granule
Marker PUB1

Ataxin 2

eIF2 alpha



Validate the discovery in yeast in another model:

Drosophila was used

Retina expressing TDP43

Monitor the toxicity

MCGURK ET AL; GENETICS October 1, 2015 vol. 201 no. 2 377-402;



Drosophila model for TDP43 toxicity: eIF2 alpha is phosphorylated

TDP43 can be inducibly expressed in the flies under elav GS /UAS driver.



Ataxin-2 and TDP43 interaction

Ataxin 2 regulates the assembly and function of stress granules and Poly Q expansion are a risk for ALS



What happens to PABP that binds to PAM

RNAi of PABP1



PABP is mislocalized in motor neurons from tissues of human 
ALS patients

How does this relate to TDP43 toxicity?



Pharmacological rescue of TDP43 toxicity

RNAi against ER stress
inducing components



Pharmacological rescue of TDP43 toxicity

RNAi against ER stress  inducing components and stress granules components

GADD34 RNAi: promotes ER stress
PEK RNAi: Inhibits ER stress
Rox8 RNAi: Inhibits stress granule formation



Summary

1) TDP43 toxicity modulator screen analysis reveals a role of eIF2 alpha in regulating toxicity.

2) TDP43 toxicity is enhanced by the genes associated with the formation and maintenance
Of stress granules.

3) Could modulators of ER stress or stress granules be a better therapeutic option?





Cancer therapy

Alterations in Tumor

Gain of function in growth enhancing genes

Loss of function in growth inhibitory genes

Currently not possible to restre the function of mutated Tumor supressor genes (TSG).

Selective lethality in Tumor

Synthetic lethal interactions



Synthetic lethality as a source for Cancer therapy

So far this approach has not yielded to success:

1) Population of tumor genomes analyzed to detect pairs that are co mutated
2) Directed combinatorial disruption in an unbiased way human genome



A novel strategy



DDC: DNA damage
checkpoints

GCR: gross chromosomal
suppresors

A total of 169000 gene-gene interactions
Were tested.

Read out: Survival

Libraries and Yeast screen



A total of 1420 synthetic lethal interactions were identified. Map to human genome

From the yeast screen 21 drugs that had highest rate of synthetic lethals were chosen.

Dose response curves were established for all the 21 drugs.

82 TSG were implicated with the 21 drugs.

Yeast screen: results



Screen in HeLa cells

A total of 127 SL interactions were identified



Screen in HeLa cells: Results



Screen in HeLa cells: Validation

RAD17 is involved in 5% of prostrate and ovarian cancers (deletion)



Screen in HeLa cells: Validation



Clinical application



Summary

A novel strategy to find new targets for cancer therapy.

Synthetic lethality screens between TSG and DT reveals combinatorial targets.
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