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Understanding biology at the molecular level

2 metres 15 centimetres 20 micrometres 5 nanometres
2m 0.15m 0.00002 m 0.000000005 m



Proteins are the molecules which do the work in cells of our bodies

Hair and nails Hormones
Keratin Insulin

Digestion enzymes Immunity
Amylase Antibodies



Understanding protein molecules: the devil is in the details
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Understanding protein molecules: the devil is in the details
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CAG repeats in the huntingtin gene encode a polyQ repeat in the huntingtin protein

Huntingtin — 18 Q (gldfamine) residues Huntingtin — 36 Q (glutamine) residues



PolyQ lengths above 35 change the function of the huntingtin protein

MATLEKLMKAFESLKSFQ0000000000000000000000PPPPPPPPPPPQLPOPPPOAQPLLPQPQPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQS
VRNSPEFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAPRSLRAALWRFAELAHLVRPQKCRPYLVNLLPCLTRTSKRPEESVQETLAA
AVPKIMASFGNFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQOHSRRTQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYLVPLLOQQVKDTSLKGSFGVTRKEME
VSPSAEQLVOVYELTLHHTQHQODHNVVTGALELLQQLFRTPPPELLOTLTAVGGIGQOLTAAKEESGGRSRSGSIVELIAGGGSSCSPVLSRKQKGKVLLGEEEALEDDSESRSDVS
SSALTASVKDEISGELAASSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAVPSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDS
SEIVLDGTDNQYLGLQIGQPODEDEEATGILPDEASEAFRNSSMALQQOAHLLKNMSHCRQPSDSSVDKFVLRDEATEPGDOENKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLL
TGGKNVLVPDRDVRVSVKALALSCVGAAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNY IDHGDPQVRGATAILCGTLICSILSRSRFHVGDWMGTIRTLTGNTFSLADCIPL
LRKTLKDESSVTCKLACTAVRNCVMSLCSSSYSELGLQLIIDVLTLRNSSYWLVRTELLETLAEIDFRLVSFLEAKAENLHRGAHHYTGLLKLOERVLNNVVIHLLGDEDPRVRHV
AAASLIRLVPKLFYKCDOGQADPVVAVARDQSSVYLKLLMHETQPPSHFSVSTITRIYRGYNLLPSITDVTMENNLSRVIAAVSHELITSTTRALTFGCCEALCLLSTAFPVCIWS
LGWHCGVPPLSASDESRKSCTVGMATMILTLLS SAWFPLDLSAHQODALILAGNLLAASAPKSLRSSWASEEEANPAATKQEEVWPALGDRALVPMVEQLFSHLLKVINICAHVLDD
VAPGPAIKAALPSLTNPPSLSPIRRKGKEKEPGEQASVPLSPKKGSEASAASROSDTSGPVTTSKSSSLGSFYHLPSYLKLHDVLKATHANYKVTLDLONSTEKFGGFLRSALDVL
SOILELATLODIGKCVEEILGYLKSCFSREPMMATVCVQQOLLKTLFGTNLASQFDGLSSNPSKSQOGRAQRLGSSSVRPGLYHYCFMAPY THFTQALADASLRNMVOAEQENDTSGW
FDVLOKVSTQLKTNLTSVTKNRADKNATHNHIRLFEPLVIKALKQYTTTTCVQLOKOVLDLLAQLVOLRVNYCLLDSDQVF IGFVLKQFEY IEVGOFRESEATI IPNIFFFLVLLSY
ERYHSKQIIGIPKIIQLCDGIMASGRKAVTHAIPALQPIVHDLFVLRGTNKADAGKELETQKEVVVSMLLRLIQYHOVLEMF ILVLOQCHKENEDKWKRLSRQIADI ILPMLAKQQ
MHIDSHEALGVLNTLFEILAPSSLRPVDMLLRSMFVTPNTMASVSTVQOLWISGILAILRVLISQSTEDIVLSRIQELSFSPYLISCTVINRLRDGDSTSTLEEHSEGKQIKNLPEE
TFSRFLLOLVGILLEDIVTKQLKVEMSEQQHTFYCQELGTLLMCLIHIFKSGMFRRI TAAATRLFRSDGCGGSFYTLDSLNLRARSMITTHPALVLLWCQILLLVNHTDYRWWAEV
QOTPKRHSLSSTKLLSPOMSGEEEDSDLAAKLGMCNRE IVRRGALILFCDYVCONLHDSEHLTWLIVNHIQDLISLSHEPPVODFISAVHRNSAASGLFIQATQSRCENLSTPTML
KKTLOCLEGIHLSQSGAVLTLYVDRLLCTPFRVLARMVDILACRRVEMLLAANLQSSMAQLPMEELNRIQEYLOSSGLAQRHORLYSLLDRFRLSTMODSLSPSPPVSSHPLDGDG
HVSLETVSPDKDWYVHLVKSQCWTRSDSALLEGAELVNRI PAEDMNAFMMNSEFNLSLLAPCLSLGMSE I SGGOKSALFEAAREVTLARVSGTVQQLPAVHHVFQPELPAEPAAYW
SKLNDLFGDAALYQSLPTLARALAQYLVVVSKLPSHLHLPPEKEKDIVKFVVATLEALSWHLIHEQIPLSLDLOAGLDCCCLALQLPGLWSVVSSTEFVTHACSLIYCVHF ILEAV
AVQOPGEQLLSPERRTNTPKAISEEEEEVDPNTONPKYITAACEMVAEMVESLOSVLALGHKRNSGVPAFLTPLLRNI I ISLARLPLVNSYTRVPPLVWKLGWSPKPGGDFGTAFPE
IPVEFLQEKEVFKEFIYRINTLGWTSRTQFEETWATLLGVLVTQPLVMEQEESPPEEDTERTQINVLAVOAITSLVLSAMTVPVAGNPAVSCLEQQOPRNKPLKALDTRFGRKLSI I
RGIVEQEIQAMVSKRENIATHHLYQAWDPVPSLSPATTGALISHEKLLLOINPERELGSMSYKLGQVSIHSVWLGNS ITPLREEEWDEEEEEEADAPAPSSPPTSPVNSRKHRAGV
DIHSCSQFLLELYSRWILPSSSARRTPAILISEVVRSLLVVSDLFTERNQFELMYVTLTELRRVHPSEDEILAQYLVPATCKAAAVLGMDKAVAEPVSRLLESTLRSSHLPSRVGA
LHGVLYVLECDLLDDTAKQLIPVISDYLLSNLKGIAHCVNIHSQQHVLVMCATAFYLIENYPLDVGPEFSASIIOMCGVMLSGSEESTPSIIYHCALRGLERLLLSEQLSRLDAES
LVKLSVDRVNVHS PHRAMAATLGLMLTCMYTGKEKVSPGRTSDPNPAAPDSESVIVAMERVSVLFDRIRKGFPCEARVVARILPQFLDDFFPPODIMNKVIGEFLSNQQPYPQFMAT
VVYKVFQTLHSTGQSSMVRDWVMLSLSNFTQRAPVAMATWSLSCFFVSASTSPWVAAILPHVISRMGKLEQVDVNLFCLVATDFYRHQIEEELDRRAFQSVLEVVAAPGSPYHRLL
TCLRNVHKVTTC



PolyQ lengths above 35 change the function of the huntingtin protein

MATLEKLMKAFESLKSFQ0000000000000000000000000000000000000PPPPPPPPPPPQLPOPPPOAQPLL.POPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDR
VNHCLTICENIVAQSVRNSPEFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLQLELYKEIKKNGAPRSLRAALWRFAELAHLVRPOKCRPYLVNLLPCLTR
TSKRPEESVQETLAAAVPKIMASFGNFANDNE IKVLLKAFIANLKSSSPTIRRTAAGSAVSICOHSRRTQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYLVPLLOQQVKD
TSLKGSFGVTRKEMEVSPSAEQLVQVYELTLHHTQHODHNVVTGALELLQQLFRTPPPELLQOTLTAVGGIGQLTAAKEESGGRSRSGSIVELIAGGGSSCSPVLSRKQKGKVLLGE
EEALEDDSESRSDVSSSALTASVKDEISGELAASSGVSTPGSAGHDI ITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAVPSDPAMDLNDGTQASSPISDSSO
TTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGOPQDEDEEATGILPDEASEAFRNSSMALQQAHLLKNMSHCROPSDSSVDKFVLRDEATEPGDOENKPCRIKGDIGQSTDDDSA
PLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVGAAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSILSRSRFHVGDWMGTIR
TLTGNTFSLADCIPLLRKTLKDESSVTCKLACTAVRNCVMSLCSSSYSELGLQLIIDVLTLRNSSYWLVRTELLETLAE IDFRLVSFLEAKAENLHRGAHHYTGLLKLOERVLNNV
VIHLLGDEDPRVRHVAAASLIRLVPKLFYKCDOGOADPVVAVARDQSSVYLKLLMHETQPPSHFSVSTITRIYRGYNLLPSITDVTMENNLSRVIAAVSHELITSTTRALTFGCCE
ALCLLSTAFPVC IWSLGWHCGVPPLSASDESRKSCTVGMATMILTLLSSAWFPLDLSAHODALILAGNLLAASAPKSLRSSWASEEEANPAATKOEEVWPALGDRALVPMVEQLFS
HLLKVINICAHVLDDVAPGPAIKAALPSLTNPPSLSPIRRKGKEKEPGEQASVPLSPKKGSEASAASROSDTSGPVTTSKSSSLGSFYHLPSYLKLHDVLKATHANYKVTLDLONS
TEKFGGFLRSALDVLSQILELATLODIGKCVEEILGYLKSCFSREPMMATVCVQQOLLKTLFGTNLASQFDGLSSNPSKSQGRAQRLGSSSVRPGLYHYCFMAPYTHFTQALADASL
RNMVQAEQENDTSGWFDVLQKVSTOLKTNLTSVTKNRADKNAIHNHIRLFEPLVIKALKQYTTTTCVOLOKQVLDLLAQLVQLRVNYCLLDSDQVF IGFVLKQFEY IEVGQFRESE
AIIPNIFFFLVLLSYERYHSKQIIGIPKIIQLCDGIMASGRKAVTHAIPALQPIVHDLFVLRGTNKADAGKELETQKEVVVSMLLRLIQYHQVLEMFILVLQQCHKENEDKWKRLS
RQIADIILPMLAKQOMHIDSHEALGVLNTLFEILAPSSLRPVDMLLRSMFVTPNTMASVSTVQOLWISGILAILRVLISQSTEDIVLSRIQELSFSPYLISCTVINRLRDGDSTSTL
EEHSEGKQIKNLPEETFSRFLLOLVGILLEDIVTKQLKVEMSEQQHTFYCQOELGTLLMCLIHIFKSGMFRRITAAATRLFRSDGCGGSFYTLDSLNLRARSMI TTHPALVLLWCQI
LLLVNHTDYRWWAEVOQTPKRHSLSSTKLLSPOMSGEEEDSDLAAKLGMCNRE IVRRGALILFCDYVCONLHDSEHLTWL IVNHIQDLISLSHEPPVQDFISAVHRNSAASGLFIQ
AIQSRCENLSTPTMLKKTLOCLEGIHLSQSGAVLTLYVDRLLCTPFRVLARMVDILACRRVEMLLAANLQSSMAQLPMEELNRIQEYLOSSGLAQRHORLYSLLDRFRLSTMODSL
SPSPPVSSHPLDGDGHVSLETVSPDKDWYVHLVKSQCWTRSDSALLEGAELVNRI PAEDMNAFMMNSEFNLSLLAPCLSLGMSEI SGGOKSALFEAAREVTLARVSGTVQOQLPAVH
HVFQPELPAEPAAYWSKLNDLFGDAALYQSLPTLARALAQYLVVVSKLPSHLHLPPEKEKDIVKFVVATLEALSWHLIHEQIPLSLDLQOAGLDCCCLALQLPGLWSVVSSTEFVTH
ACSLIYCVHFILEAVAVOPGEQLLSPERRTNTPKAISEEEEEVDPNTQONPKYITAACEMVAEMVESLQSVLALGHKRNSGVPAFLTPLLRNIIISLARLPLVNSYTRVPPLVWKLG
WSPKPGGDFGTAFPEIPVEFLQEKEVFKEFIYRINTLGWTSRTQFEETWATLLGVLVTQPLVMEQEESPPEEDTERTQINVLAVQAITSLVLSAMTVPVAGNPAVSCLEQQPRNKP
LKALDTRFGRKLSIIRGIVEQEIQAMVSKRENIATHHLYQAWDPVPSLSPATTGALISHEKLLLOINPERELGSMSYKLGQVS IHSVWLGNS ITPLREEEWDEEEEEEADAPAPSS
PPTSPVNSRKHRAGVDIHSCSQFLLELYSRWILPSSSARRTPAILISEVVRSLLVVSDLFTERNQFELMYVTLTELRRVHPSEDEILAQYLVPATCKAAAVLGMDKAVAEPVSRLL
ESTLRSSHLPSRVGALHGVLYVLECDLLDDTAKQLIPVISDYLLSNLKGIAHCVNIHSQQOHVLVMCATAFYLIENYPLDVGPEFSASIIQMCGVMLSGSEESTPSIIYHCALRGLE
RLLLSEQLSRLDAESLVKLSVDRVNVHSPHRAMAAT GLMLTCMYTGKEKVSPGRTSDPNPAAPDSESVIVAMERVSVLFDRIRKGFPCEARVVARILPQFLDDFFPPQDIMNKVIG
EFLSNQQOPYPQFMATVVYKVFQOTLHSTGQSSMVRDWVMLSLSNFTQRAPVAMATWSLSCFFVSASTSPWVAAILPHVISRMGKLEQVDVNLFCLVATDFYRHQIEEELDRRAFQSV
LEVVAAPGSPYHRLLTCLRNVHKVTTC



What does the huntingtin protein look like? What does this tell us about HD?

500 1000 2000 2500 3000

Resolved
structure

omen  WME o7-408 J409T6E6:  667-1163  —  1229-1719  1735-2088 -  208-3104 —
annotation

Guo et al (2018)
Harding et al (2019)



A lack of available biochemical tools have limited investigation of the HTT protein

Data from PubMed

search March 2019 for
“Huntington’s disease” &
“purified huntingtin protein”

<50 publications referencing
® purified full-length
huntingtin protein samples

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



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

PolyQ regions PCR

< / &
/ amplified from CAG/CAA

Entry clones mixed codon HTT1-20
lacking aa. 7-85 + clones Q23, Q73, Q145
- 3 1
X —-—
A
N-terminal FLAG-tag C-terminal FLAGtag .~ 4,'
General population 15,19, 23 19,23, 24, 25, 30 /
' Clones selected
D patients 36,42,48 with in frame Q-
Juvenile HD patients  |51,66,73,78,79,85 52, 54,60, 66,73, 79 lengths
. ' Q15-Q150
Extreme expansions 139, 142,145 109, 145 \¢
A

Our series of huntingtin constructs allow you to make any polyQ-length huntingtin



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

4 / &
»
» Bacmid y» Sf9 cell ——» Baculovirus recovery and
pBacMam2-DiEx- DNA Transfection amplification
LIC-HTT !
s ) ) 1. Baculovirus
2. BacuIO\.nraI. expression in sf9 cells
transduction in
3. Transient EXPI293F
transfection
in EXPI293F

EY *4/,%) Alma

Seitova

i Hutchinson™

Suspension culture allows scalable production so you can make lots of huntingtin!



Full-length huntingtin of different Q-lengths can be trivially purified

MW (kDa)

245
180
135

Gel Filtration of insect HTT'3144 Q23 4-20% SDS-PAGE of manomer peak fractions
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Huntingtin proteins can be extracted to high purity and high yield
1 - baculovirus expression in sf9 insect cells

2 - transient transfection in mammalian EXPI293F cells
3 - transduction in mammalian EXPI293F cells



Trying to get a look at the polyQ region of the huntingtin protein molecule

Computational approaches:

Finding other proteins which bind the huntingtin molecule:




pBacMam full-length huntingtin constructs freely shared with HD community




pBacMam full-length huntingtin constructs freely shared with HD community

All huntingtin plasmids and entry clones from this study are
available through the Addgene repository

€ >addgene

A better way to share plasmids

31

December 2018

Total no. samples requested since

12 15
No. research groups requesting No. different constructs (Q-lengths)
samples since December 2018 requested since December 2018

custom

BIOLOGICS

We help provide scientists with huntingtin protein of any
Q-length either via collaboration or CRO partnership

12

No. research groups huntingtin protein samples shared
through collaboration since October 2017

CRO requests for purified HTT protein since January 2019

2




Full-length huntingtin protein interaction investigating collaborative consortium

i . \
Rachel Harding and Cheryl Arrowsmith tefan Kochanek
SGC, University of Toronto Ulm University

! !

Erich Wanker and Philipp Trepte < > Christopher Ross and Tamara Ratovitski
Max-Delbriick-Center for Molecular Medicine John Hopkins University




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

LAB SCRIBBLES

DR. RACHEL HARDING

2

3. Lay summary of experiment

1. Experiments 2. Materials, methods, data and analysis including discussion of context,
completed in lab uploaded to https://zenodo.org in open aims and next steps plus links to
notebook community Zenodo data upload

FT W1 W2 E

Successful generation of fragments of the HTT
protein and improving the purification procedure

L]

for the HTT-HAP40 complex aissas Tocoscot o
M April 3, 2019 & racheljaneharding #®Leave a comment ¢ Edit @
It has now been almost 2 years since I set out to try and make fragments of the huntingtin pro- "
tein which might be amenable to structural analysis with X-ray crystallography. X-ray crystal- B
lography is a fantastic method and allows us to see the molecules in very fine atomic detail =
which is important if we are to understand the intricacies of the elusive huntingtin protein -
molecule. It has been a long hard road with almost none of our extensive cloning efforts pro- »
ducing any expression constructs which made sufficient yields of protein. X-ray crystallography - - B2 G Q G
is a protein-expensive method so we need milligram (lots of protein). But finally, I have puri- » i\ 200k0w .‘..
fied milligrams of different huntingtin fragment protein samples!!! N PR TRy oy s == o e (1111 bl 1 ke o

¢ s » " » B SS kDD
It should be made very clear that this has been a big team effort with cloner extraordinaire, Pe- s e Sproctorts) bt 25108 <
ter Loppnau, the eukaryotic production, Ashley Hutchinson and Alma Seitova as well as Linda AT SRS “
Lin doing a lot of the heavy lifting on our cloning and eukaryotic production pipeline so I am St
very grateful for all of their hard work. Turns out that my construct design was fine but the ex- -
pression vector we used made a huge difference (this is the piece of DNA which we insert dif- -
ferent parts of the huntingtin gene). Switching from pFBOH-MHL to pBMDEL gave us great
yields! Here is the C-terminal HEAT domain protein I purified - so much pure protein! All of The gel filtration fractions were run on the gel before I had measured protein concentration -

the other data can be found on Zenodo. there is too much sample on the gel, but it looks great!
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