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Live imaging x 10 d

Automated microscopy
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Automated microscopy and survival analysis
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Determinants of neurodegeneration

aggregation

abundance

localization

clearance

Huntingtin (Htt)
Matrin3
UBQLN2
TDP43



Huntingtin

Inclusion

Diffuse

Htt aggregation may be beneficial

Arrasate et al. Nature (2004)
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MATR3 MATR3

Matrin3 deposition



Matrin-3 (MATR3)
ZF1 ZF2RRM1 RRM2

NLS
EGFP

Malik et al. eLife (2018)

Matrin3 droplet formation



Malik et al. eLife (2018)

Matrin3 droplet formation may be beneficial



Deng et al. Nature (2011) Sharkey et al. PNAS (2018)

UBQLN2 aggregation



Deng et al. Nature (2011) Sharkey et al. PNAS (2018)

UBQLN2 aggregation
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UBQLN2 aggregation is not protective, and may be toxic



Curr Op Neurol, 2008, 21(6), 693
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Hum Mol Genet, 2009, Vol. 18, 2
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Barmada et al. J. Neurosci (2010)

TDP43 aggregation is neither protective nor toxic
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Dose-dependent TDP43 toxicity
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Barmada et al. (2014) Nat Chem Biol; 10(8):677-85

Fold endogenous TDP43

Dose-dependent effcts also 
noted for Htt, MATR3, UBQLN2, 

C9orf72, FUS and others

Barmada et al. Nature Chem Biol. (2014)

Dose-dependent TDP43 toxicity
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Curr Op Neurol, 2008, 21(6), 693
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Hum Mol Genet, 2009, Vol. 18, 2
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Cytoplasmic TDP43 mislocalization enhances toxicity 



RRM RRM Glycine-rich domainNLSTDP43

nuclear localization signal

RNA recognition motifs

low complexity (prion-like) domain

Factors governing TDP43 localization



Archbold et al. Sci. Reports (2018)

Automated detection of protein localization



Protein Description

XPO1 Exportin 1

CSE1L Chromosome Segregation 1 Like

XPO4 Exportin 4

XPO5 Exportin 5

XPO6 Exportin 6

XPO7 Exportin 7

XPOT Exportin T

NXF1 Nuclear RNA export factor 1

XPO7 is a TDP43 exporter

Archbold et al. Sci. Reports (2018)



XPO7 is a TDP43 exporter



Archbold et al. Sci. Reports (2018)

XPO7, XPO1 and NXF1 are all sufficient to export TDP43
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Dendra2 labeling for estimations of protein clearance in situ
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Barmada et al. Nature Chem Biol. (2014)

Tracking TDP43 clearance by optical pulse labeling



Optical pulse labeling Metabolic pulse labeling

Effect of disease associated mutations in TDP43, MATR3, Htt
Barmada et al. Nature Chem Biol. (2014)

Malik et al. eLife (2018)
Tsvetkov et al. Nature Chem Biol. (2013)

Flores et al. Cell Reports (2019)

Effect of autophagy/proteasome manipulation on protein turnover
Barmada et al. Nature Chem Biol. (2014)

Gupta et al. eNeuro (2017)

Safren et al. under review
Al-Ramahi et al. eLife (2017)

Optical pulse labeling is an accurate means of tracking protein turnover 
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Weskamp et al. under revision

Labeling endogenous TDP43



Brightfield GFP TRITC Merge

Pr
e

Po
st

Human iPSCs

Forebrain
neurons

Elizabeth Tank, Nate Safren, Kaitlin Weskamp
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Pharmacologic

Genetic

siRNA/shRNA

antisese oligonucleotides (ASOs)

CRISPR/Cas9
locked nucleic acids (LNAs)

overexpression

Modulating neurodegeneration

Barmada et al. Nature Chem Biol. (2014)

Safren et al. under review

Barmada et al. PNAS (2015)

Armakola et al. Nature Genetics (2012)

Green et al. Nature Comm. (2017)
Archbold et al. Sci. Reports (2018)

Linsalata et al. EMBO Reports (2019)



Archbold et al. Sci. Reports (2018)

XPO1 inhibition extends neuronal survival in ALS/FTLD-TDP models
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Single-cell CRISPR/Cas9 knockout



Zhang et al. Pharmacol Ther. (2018)

A small scale CRISPR/Cas9 screen for modifiers of TDP43 related toxicity



Automated microscopy for prospective analyses of 
neurodegeneration

Determinants of neurodegeneration

Genetic and pharmacological modifiers of 
neurodegeneration

Summary



Hyperexcitability in ALS



http://biorxiv.org/cgi/content/short/648477v1
Weskamp et al. under revision

Modulating activity in iPSC-derived neurons
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Weskamp et al. under revision

Activity-related TDP43 abundance in iPSC-derived neurons
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Activity-related TDP43 abundance in iPSC-derived neurons



anti-Nterm TDP43
Proteintech

anti-Nterm TDP43
Sigma Aldrich

anti-Cterm TDP43
Thermo Fisher

anti-Cterm TDP43
Cell Signaling

anti-Cterm TDP43
Proteintech

Pinarbasi et al., Sci Rep (2018)

Variability in TDP43 staining patterns



Weskamp et al. under revision

Activity-related changes in N-terminally labeled TDP43



HEK293T cells 
(Flores et al. 2019)
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Weskamp et al. under revision

TARDBP splice variants



Species Isoform 
1

Isoform 
2

Baboon (P. anubis) 99% 99%
Drill (M. leucophaeus) 96% 96%
Colobus (C. angolensis) 96% 96%
Cat (F. catus) 96% 96%
Squirrel (I. tridecemlineatus) 96% 96%
Brown rat (R. novegicus) 96% 96%
Prairie vole (M. ochrogaster) 96% 96%
House mouse (M. musculus) 96% 96%
Guinea pig (C. procellus) 95% 95%
Golden cichlid (M. auratus) 95% 92%

sTDP43 transcript conservation

P. anubis V H L I S N V Y G R S T S L K V V L
M. leucophaeus V H L I S N V Y G R S T S L K V V L

C. angolensis V H L I S N V Y G R S T S L K V V L
M. auratus V H L I S N V Y G R S T S L K V V L

M. marmota V H L I S N V Y G R S T S L K V V L
R. norvegicus V H L I S N V Y G R S T S L K V V L
M. musculus V H L I S N V Y G R S T S L K V V L

F. catus V H L I S N V Y G R S T S L K V V L
C. porcellus V H L I S N V Y G R S T S L K V V L

P. troglodytes V H L I S N V Y G R S T S L K V V L
M. auratus V H L I S N V Y G R S T S L K V V L

P. maniculatus V H L I S N V Y G R S T S L K V V L
P. abelii V H L I S N V Y G R S T S L K V V L

H. sapiens V H L I S N V Y G R S T S L K V V L

sTDP43 protein (C-terminus) conservation

NLS
RRM1 RRM2 GRD

C-term
flTDP43

sTDP43-1

sTDP43-2

sTDP43 is highly conserved
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Cytoplasmic accumulation of sTDP43



NLS
RRM1 RRM2 GRD

C-term
flTDP43

sTDP43-1

sTDP43-2

FGVHLISNVYGRSTSLKVVL
FGGNPVHLISNVYGRSTSLKVVL

sTDP43-1
sTDP43-2

la Cour et al. (2004) Protein Eng. Des. Sel., 17(6):527

Residue  ANN  HMM  NES   Predicted
F  0.103 0 0 -
G  0.1 0 0 -
V  0.097 0.195 0 -
H  0.081 0.195 0 -
L  0.187 0.231 0 -
I  0.185 0.251 0.002 -
S  0.09 0.251 0 -
N  0.12 0.251 0.003 -
V  0.101 0.266 0.019 -
Y 0.088 0.073 0 -
G 0.093 0.073 0 -
R 0.073 0.073 0 -
S 0.075 0.073 0 -
T 0.082 0.807 0.509 Yes
S 0.105 0.807 0.51 Yes
L 0.085 0.807 0.51 Yes
K 0.069 0.804 0.502 Yes
V 0.072 0.804 0.502 Yes
V 0.068 0.749 0.445 -
L 0.083 0 0 -

Nuclear export 
sequence?
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A putative nuclear export sequence (NES)



EGFP EGFP sTDP18(mNES)

EG
FP

 | 
H

oe
ch

st
EG

FP

Nuclear / cytoplasmic ratio

EGFP sTDP18

A putative nuclear export sequence (NES)



Wang et al. (2018) EMBO J. 37, e97452

TDP43 
(1-166)

TDP43 
(1-166)

NLS
RRM1 RRM2 GRD flTDP43

sTDP43-1

sTDP43-2

TDP43 interacts with itself via its N-terminus



Sequestration of full-length TDP43 by sTDP43



Microdissected 
lumbar motor 

neurons

5 6 3’UTR7

Frontal cortex

5 6 3’UTR

stop

E R S G R F G G N P V H L I S N V Y G R S T S L K V V L *

Splice Event 1

Splice Event 2

E R S G R F G V H L I S N V Y G R S T S L K V V L *

sTDP43

Putative NES

J. Sreedharan and M. White

sTDP43 is upregulated in motor neurons



J. Sreedharan and M. White

sTDP43 splice isoforms
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sTDP43 is upregulated in motor neurons
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sTDP43 splice isoforms
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sTDP43 is upregulated in motor neurons…and with age



Krach et al. 2017

Laser-capture microdissected spinal neurons

Nico Gomez

sTDP43 in human CNS



Detecting endogenous sTDP43 using a specific antibody
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sTDP43 in ALS



Merge

M. Perkins

sTDP43 in ALS
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sTDP43 in ALS
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sTDP43 in ALS
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sTDP43 in ALS



Neuronal 
hyperactivity

TARDBP 
splicing

sTDP43 
production

sTDP43 
cytoplasmic 

accumulation

flTDP43 
nuclear  

exclusion
Hum Mol Genet, 2009, Vol. 18, 2

TDP43

Neurodegeneration

Regulation?
Upper motor neurons?

mRNA stability, 
transport & 
translation?

RNA splicing & 
stability? 
RNP dynamics?

Native function?

⬆ in lower motor neurons 
⬆ with  age
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