
Which process or biomolecule would you study
with a chemical probe if you had one in hand?



A genome-wide 
association scan in 
admixed Latin 
Americans identifies 
loci influencing facial 
and scalp hair 
features
Kaustubh Adhikari et al. Nature 
Communications, 2016

doi: 10.1038/ncomms10815.

Genome Wide 
Association Study:

Hair-related 
phenotypes

GWAS: correlating 
single-nucleotide 

changes across the 
genome with 
specific traits
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Our screening target
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How big is the typical protein?

insulin 
5.8 kDa

trypsin
23.3 kDa

hemoglobin
64.5 kDa

hexokinase
102 kDa

immunoglobulin G
150 kDa

ATP synthase complex
>500 kDa

TDP-43

Predicted Genomic Lengths, Trends in Genetics (2001)
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Domain structure of TDP-43

NTD = N-terminal domain
RRM1 = RNA-recognition motif 1
RRM1 = RNA-recognition motif 2
Gly-rich = C-terminal glycine-rich domain

50 missense mutations 
identified in ALS patients

(prevalent mutations in red)

multiple cleavage products

Four major domains

nuclear localization 
sequences

nuclear export
sequence



Nuclear and cytoplasmic functions of TPD-43

Prasad et al, Frontiers in Molecular Neuroscience (2019)

Stress granule: The 
accumulation of RNAs into 
dense globules could keep 
them from reacting with 
harmful chemicals and 
safeguard the information 
coded in their RNA 
sequence, can be dissolved
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Amyotrophic lateral sclerosis
Lou Gehrig’s disease

• progressive neurodegenerative disease    
that destroys motor neurons

• when motor neurons cannot send 
impulses to muscle, the muscles begin 
to waste away

• nerve cell death makes it impossible for
the brain to control muscles or signal for
them to move

• eventually, all muscles are affected, 
including arms and hands, legs and feet,  
and those that control swallowing and 
breathing
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ALS stats

• 90% of ALS cases are sporadic and strike   
any race or ethnic background, at any   
age

• ALS is responsible for 2 deaths per 
100,000 people (annually), greater than 
Huntington’s or multiple sclerosis

• ~5,000 patients diagnosed each year in    
the US, ~30,000 at any given time

• life expectancy from diagnosis is 2-5  
years, 20% live longer

• 80% cases begin between at 40-70 yo

• Gulf War veterans develop ALS at ~2x 
the rate of the typical population

• care costs are high (avg. >$200k/yr)





died age 76



Lou Gehrig
died 3 yr pd

Ezzard Charles
died 8 yr pd

Dwight Clark
died 3 yr pd

Mao Zedong
died of heart attack

Tim Green
alive 2 yr pd

Jon Stone
died 4 yr pd

Steve Gleason
alive 9 yr pd

Congressional Medal of Honor, 
Jan 2020

Women?



‘sporadic’ cases – 90%, usually in 50s 
2x more frequent in men than women

familial cases – 10%, younger onset
affects men and women equally

several gene mutations have been discovered in 
familial disease (FALS):

hexanucleotide (GGGCCC) repeat expansion in non-coding 
region of C9ORF72 gene on chromosome 9p21

SOD1 – Cu/Zn superoxide dismutase

TDP-43 – RNA processing protein that forms toxic 
neuronal and glial inclusion bodies



Massive unmet therapeutic need for ALS patients
only one drug available

• delays the onset of ventilator-dependence

• may increase survival by 2-3 months

• 9% gain in probability of surviving 1 year

• many side effects

• interacts with sodium channels in damaged 
neurons

• may non-specifically interact with other 
receptors (kainite, NMDA, GABAA)

• primary mechanism of action is stimulation of
glutamate uptake

• glutamate lingers at synapses of damaged
neurons and swift clearance is necessary 

Riluzole



Domain structure of TDP-43

NTD region
aa 1-77

PDB ID = 2N4P



Domain structure of TDP-43

C-term 
aa 311-360

PDB ID = 2N3X

Low complexity domain (LCD)
tendency to aggregate



Domain structure of TDP-43

Tandem RRMs
aa 102-269

PDB ID = 4BS2



Domain structure of TDP-43

affinity 
purification

tag nickel purified protein 
will be cleaved 

HRV 3C enzyme 

6XHis
0.8kDa

Maltose binding protein
40.3kDa

3C site
0.9kDa

Snap-tag®
19.3kDa

RRM1 and RRM2 
19.2kDa



Maltose Binding Protein (MBP) 
is an enhancer of protein solubility

fusion protein architecture comparison of solubility across 
multiple passengers





TDP-43 purification in 20.109 lab

more details in lab lecture 

Cleave HRV 3C enzyme 

6XHis
0.8kDa

Maltose binding protein
40.3kDa

3C site
0.9kDa

Snap-tag®
19.3kDa

RRM1 and RRM2 
19.2kDa

Bind expressed protein to nickel resin

6XHis
0.8kDa

Maltose binding protein
40.3kDa

3C site
0.9kDa

Snap-tag®
19.3kDa

RRM1 and RRM2 
19.2kDa

Apply to small-molecule microarray



SNAP tags can be used to proteins and further 
specifically and covalently tagged with a ligand 

SNAP-
TagProtein X

Protein X

dye labeling reaction

O6-benzylguanine derivatives

engineered O-6-methylguanine-
DNA methyltransferase (MGMT)



SNAP tags can be used in many applications
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October
2019

nickel chromatography 
(denaturing conditions)

mass spectrometry - MW & sequence analytical SEC reveals a dimer! 

refolding & western blotsize exclusion column
(denaturing conditions)



Afroz et al, Nature Communications (2017)

NTD forms homodimers in crystal structures



NTD orientation regulates TDP-43 
polymerization and phase separation

Wang et al, EMBO J, 37(5): e97452 (2018)

aggregates

nerve cell

stress granule



NTD orientation regulates TDP-43 
polymerization and phase separation

Wang et al, EMBO J, 37(5): e97452 (2018)

peptidomimetics or small molecules 
as a therapeutic strategy

to sequester mutants from aggregation?

aggregates

stress granule



Liquid-liquid phase separation of TDP-43 in disease

Mann et al, Neuron 102 (2):321-338 (2019)



Mann et al, Neuron 102 (2):321-338 (2019)

nucleic acids or small molecules 
as a therapeutic strategy?

Liquid-liquid phase separation of TDP-43 in disease
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Cambridge, MA



our knowledge is rapidly evolving



TDP-43 aggregation is observed in multiple diseases



purify and analyze TDP-43 concentration 
lab days 2 and 3

in silico cloning; overexpress TDP-43
lab day 1

scan images and analyze data
lab days 5 and 6

compare hit lists for teams
lab day 7

Spring 2020 Mod 1 path to probe discovery

ligand discovery screen
lab day 5



Our path to finding ligands - lectures

2/5/20 Lecture 1 Intro to chemical biology: small molecules, probes, and screens

2/11/20 Lecture 2 Our protein target: TDP-43

2/13/20      Lecture 3 Small molecule microarrays

2/18/20 No Lecture

2/20/20 Lecture 4 Quantitative evaluation of protein-ligand interactions

2/25/20 Lecture 5 A ligand discovery vignette: sonic hedgehog

2/27/20 Lecture 6 Engineering transcriptional responses with a small molecule

3/3/20 Lecture 7 Wrap up discussion: suggestions for how to report your findings


