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CryoEM structure gives great insight into the HTT protein but there are still many questions

How does polyQ expansion of HTT affect protein structure? Can we determine a structure-function relationship?

What are the structures and functions of the intrinsically disordered regions of HTT?

Is HAP40 a constitutive binder of HTT? What is the function of HAP40?

What other proteins does HTT bind to make physiologically relevant complexes?

Guo et al (2018)
Harding et al (2019)
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A paucity of available biochemical tools have limited investigation of the HTT protein

1993: HTT gene identified

2006: Full-length HTT protein purification first published (Li et al.)

2018: No protein purification systems for large-scale full-length HTT production available through biorepositories. 
Existing systems laid a great foundation but have issues with scalability, inflexibility of expression system, available polyQ lengths. 

Aim: Design and characterise an open toolkit of Huntington’s disease 
research resources for biochemical investigation of full-length HTT

~15,000 
publications 
referencing 

Huntington’s 
disease

<50 publications referencing 
purified full-length HTT 

protein samples

Data from PubMed 
search March 2019 for 

“Huntington’s disease” & 
“purified huntingtin protein”  



pBacMam full-length HTT constructs cloned to freely share with HD community

Peter Loppnau

Entry clones 
lacking aa. 7-85

1 3144

Clones selected 
with in frame Q-

lengths 
Q15-Q150

PolyQ regions PCR 
amplified from CAG/CAA 

mixed codon HTT1-90

clones Q23, Q73, Q145+

N-terminal FLAG-tag C-terminal FLAG-tag

General population 1 5 , 1 9 , 2 31 5 , 1 9 , 2 3 1 9 , 2 3 , 2 4 , 2 5 , 3 0

HD patients 3 6 , 4 2 , 4 8

Juvenile HD patients 5 1 , 6 6 , 7 3 , 7 8 , 7 9 , 8 5 5 2 , 5 4 , 6 0 , 6 6 , 7 3 , 7 9

Extreme expansions 1 3 9 , 1 4 2 , 1 4 5 1 0 9 , 1 4 5



Huntingtin expression in insect and human cells using pBacMam2-DiEx-LIC constructs

Bacmid 
DNA

Sf9 cell  
Transfection

Baculovirus recovery and 
amplification

2. Baculoviral 
transduction in 
EXPI293F

1. Baculovirus
expression in sf9 cells

Alma Seitova and 
Ashley Hutchinson

1 3144

pBacMam2-DiEx-
LIC-HTT

Suspension culture allows scalable production

3. Transient 
transfection 
in EXPI293F
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1 - baculovirus expression in sf9 insect cells
2 - transient transfection in mammalian EXPI293F cells 
3 - transduction in mammalian EXPI293F cells
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Full-length HTT of different Q-lengths can be trivially purified 

HTT proteins can be extracted to high purity, as determined by SDS-
PAGE analysis, using FLAG affinity chromatography and gel filtration. 

Yields for HTT1-3144 Q23 ~1.6 mg/L Sf9 production. 

The gel filtration profile of HTT indicates oligomeric heterogeneity. 



Purification of HTT-HAP40 complex from Sf9 baculovirus-mediated production

The constructs we have developed can be used to express and purify monodisperse HTT-HAP40 complex sample. 

Formation of this complex by HTT produced in insect cells indicates that the protein expressed is correctly folded and functional 
with respect to formation of an important protein interaction
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DSLS analysis shows HTT and HTT-HAP40 samples are stable and folded
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HTT samples are stable up to ~55 ˚C with sigmoidal thermal melting curves reflective of a folded globular protein. 

In vitro thermal stability was independent of polyQ length.



MALS shows HTT self-associates but HTT-HAP40 complex is monodisperse

Dimer Monomer Complex
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PTM motifs are similar for Sf9 compared to mammalian purified HTT

HTT1-3144 Q23 from insect cells - Sf9

Sequence coverage 
is represented in 
black font with 
grey background. 

Exon 1 (1-90)

Intrinsically 
disordered region 
(IDR – aa. 400-660)

Suzanne Ackloo

HTT expressed in Sf9 insect cells retains reported phosphorylation PTMs
97 – 408 667 – 1163 1229 – 1719 1735 – 2068 2098 – 3104

S1181-P
S1201-P

S1469-P
T1557-P

S1864-P
S1866-P

S1876-P

S2550-P

S2776-P

S421-P
S432-P
S434-P S1867-P

Y2102-P

T2800-P

S2775-P
S2913-P
T3133-P

S622-P
S780-P
S816-P

409 – 666

Purified HTT 

Digest to peptides with 
trypsin, pepsin, 
chymotrypsin, 

lysarginase, mALP

Peptide mappingESI-MS



Toolkit overview

28 constructs for N- and C- terminal FLAG-tagged full-length HTT expression

2 entry clones to permit generation of different polyQ expansion constructs

Established protocols for purification of milligram quantities of HTT and HTT-HAP40 
complexes from… 

Baculovirus expression in sf9 insect cells
Transient transfection in mammalian EXPI293F cells 
Transduction in mammalian EXPI293F cells

Protein samples thoroughly characterised for…
Protein fold – DSLS
Monodispersity – analytical gel filtration and MALS
Function – HAP40 complex formation
Post-translational modification – motifs mapped by MS 



The toolkit allows analysis of the HTT protein with sample intensive methods – SAXS 

CryoEM 6EZ8

N-HEAT Cavity

90˚

SES Ensemble
CryoEM 6EZ8

Experimental Data

Experimental and theoretical SAXS profiles

SES Ensemble
CryoEM 6EZ8
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Experimental and theoretical SAXS profiles

Resolved structure
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Protein sample  Rg (Å)  Rg  (Å) (real)  Dmax  (Å)  Mw  (kDa)  Mw  (kDa) (real) 

HTT/HAP40  63.3+2.1 57.7+0.4 179  386  390 
HTT  69.9+2.2 67.7+0.8 220  422  350 



pBacMam full-length HTT (and HAP40) constructs freely shared with HD community

Want to use these constructs in your own experiments?
All HTT pBMDEL plasmids and entry clones from this study 
are available through the Addgene repository

Need HTT protein for your experiments? 
Get in touch! We can help provide you with protein of 
any Q-length either via collaboration or CRO partnership

31
Total no. samples requested since 

December 2018

12
No. research groups requesting 
samples since December 2018

15
No. different constructs (Q-lengths) 

requested since December 2018

12
No. research groups HTT protein samples shared 

through collaboration since October 2017

2
CRO requests for purified HTT protein since January 2019



Adding to the toolkit: biophysically characterized HTT fragments

93-404 1 3144663-1159 1225-1686 1687-2064 2094-3092

START AA END AA
2088 3100
2088 3144
2094 3100

START AA END AA
76 404
81 404
93 404

START AA END AA
76 1643
76 1715
81 1643
81 1715

START AA END AA
1731 2064

START AA END AA
663 1643
663 1715

pBacMam2-DiEx-LIC

250 kDa
130 kDa
100 kDa
75 kDa

55 kDa
35 kDa

25 kDa

FT W1 W2 E          B6 B7 B8 B9 B10 B11 B12 C1 C2   C3                  FT W1 W2  E       H9 H10 H11 H12

TOC019-B02 TOC019-B03

FT    W1    W2     E

130 kDa

100 kDa
75 kDa

55 kDa

35 kDa

25 kDa

130 kDa

100 kDa
75 kDa

55 kDa

35 kDa

25 kDa

B12     C1      C2     C3     C4    C5

Retention 
(ml)

Area 
(ml*mAU)

Ext coeff. (mg 
ml ⁻¹ cm ⁻¹) Fraction(s) Volume 

(ml)
Amount 
(mg)

Concentration 
(mg/ml)

Conductivity 
(mS/cm)

16.712 580.4 1.000 5.B.12 - 5.C.5 3.001 2.902 0.967 26.21

130 kDa

100 kDa
75 kDa

55 kDa

35 kDa

25 kDa

FT  W1  W2   E

Correct size for full-
length protein 
construct ~170 kDa

Stable degradation product still 
with FLAG tag suggesting N-
terminal cleavage – likely 
NHEAT1 + IDR ~110 kDa

aa. 81-404

aa. 81-1643

aa. 2094-3100

Crystallisation!

Tools for PPI mapping and other functional studies

Antibody generation
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Publication of this work through my open lab notebook LabScribbles.com
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