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Abstract

Aggregation -famdmaa mysnor @é¢ U8y m) (i s centr al
pat hogenesi s of synucl einopathies. Despi t

mechanisms under |l yiUlsgnt héhbebaviemai nef no ¢

di seases. Changes to th@yamicmm acicdirs enqau aurm
example in familial Par ki nsare®ds ghiesle d ve ,pra
changes to the behaviour of the protein. Tt

al tUeyn as an intrinsically dihedi &edirdoeudnidpri at e
protein, o-bamyl @i & rfoisksr i | . The work presen
novel vaByant aokingy w,&SywgNdes which was rat|
desi gned ibmsspidleidcnoct i ons -pif o meg grExgpaetriisne nt s
are also described thadccaxplionmge atthreesmmaniatv
vari at3yn.ofUsing thioflavin T assays, the |
USygN7 and the alternatiUyen spileée cinge stairg atnd
bi ophystbadsmsuch as circular dichroism, el
magnetic resonance are also usedotatcbar aa:
me mbr ane, and in the formation of amyl oi d
strainsCaefnorhabdi mbdelkl eggaai sm are used t
findi ngswKewo f isrchinfg r me t Nrddgitom g a&mgwull ait &

format iwint tbod rhd iwmmedhborugn eass wvaglglr eaiant i winv o

The alt esmpnhavcad nigafdSyns e x hi birtatciss toif n atmy,| oi d f ¢
wi tdlel et iexm nionfcr eab@&myl oi doigemnt hbetwabsence of
me mbr a e sv,itvhoe vaalilandssplay diaggregatipamnf
propensity andvepratlt éotdaéhice iwmg & iemn htamicse st h e«
understanding cafittiteal r é @i drhse agWryegatBiyon |
integrating these findings, theftUyoitne ntthieal f

devel opment of niosveevle atlheedr.apeuti cs
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I ntrod 1

1.l ntroducti on

1.1.Synucl einopathies

1. 1Clli.ni cal observations

Synucl einopathies are a category of diseases
of aggregates cotsgnoclSgingh e Tohreateeiamr e t wo me
groups under the umbrella term of synucl ei |
mul t isptlemsatrophy UBMSA)or Whiagdgregates known
within neurones in Lewy body diseases gli al
MSA. There are three major subgroups of Lewy
(PD), PD wi(mDD)e,meanrtd adementia with Lewy bod
A recent systematic review of PD, the most ¢
di sorder, showed a prevalence of! 1@ndnl2ndi
million people worldwide are?2pr®ljiencitceadl |tyq 0
characterised by mot or sympt oms including

howevemohon symptoms including constipation
sl eep behaviour disorder, impaired oldf acti on

can occur up to 20 ViRirgulrpe.i olrf tion ddiva gdnuocasliss

devel op dementia |l ater in the course

of t he

which reportedly occurs P MDLé@ps tcohagh%tef i PO

hall ucinations, confusi on, and dementii

a. Up

di splay any mdt oMSA yingpt® mmot or di sorder tha

|l evodimpaesponsi ve parkinsoni sm, auvmomnomi c (
symptoms including REM 'l eep movement disord
Constipation

| REM sleep behaviour disorder

[Impaired olfaction

[Depression

Tremor

Rigidity

Bradykinesia

[Dementia

-20 -15 -10 -5 0 5 10 15 20
Time from motor symptom onset (years)

nLeTi me course of symptoms ThePmokhkonsey
nge)nsdfi pati on, REM sl eep behaviour di
been reported to occur several year
viduals with PDD also develop dement.i

B CER U =N
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1. 1Hi2s.t or i c al observations

The history of synucleinopathies begins with the

first documented PD in his publication, 06Essay
hall mark #Ainvoluntary tremulous métiSdamcewith | e
then, significant milestones have adiWanced the |

32 the genetic factors a’*sloctilne edewoddpai sreciseae
brain stimulation treat men*?s?*3tamalt adano anheel iagprpa toe

of DaTscan that is used in ft4Fe gdi2édnosis of synu

1817
First documentation of PD by James Parkinson ‘

1875
| PD named after Parkinson by Jean-Martin Charcot

1912
Fritz Jakob Heinrich Lewy discovers inclusion bodies
within neurones outside of the substantia nigra in PD 1919
Konstantin Trétiakoff identifies inclusions within
1938 the substantia nigra in PD and names these after Lewy
Degeneration of the pars compacta region of the
substantia nigra shown to be key driver of parkinsonism 1960
PD linked to reduced dopamine levels in the striatum
1961
Levodopa is used to alleviate the symptoms of PD 1965
Ultrastructure of Lewy bodies described as filamentous
1975 material surrounding a dense central core
Impaired olfaction emerges as the first
recognised non-motor symptom of PD 1976
1983 Lewy bodies identified in cortical regions|
Parkinsonism can be caused by exposure
to 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 1984

| Lewy bodies found in the enteric nervous system

1989
Filamentous assemblies identified in MSA
1996
DLB is described 1997

aSyn identified as the main proteinaceous
] component of Lewy bodies

1987 ‘
Deep brain stimulation to reduce PD tremor

1997
First familial mutant of SNCA shown to cause PD

1998
| Mutations in PRKN found to cause juvenile parkinsonism

1998
| aSyn identified as main component of the GCl in MSA

2000
DaTscan first approved for diagnosis of synucleinopathies |
2004

2004
Mutations in LRRK2 are shown to cause PD
| Mutations in PINK 1 cause juvenile-onset parkinsonism

2004
2006 Mutations in GBA associated with PD

Identification of post-translational
modifications of aSyn in Lewy body diseases

2011
Mutations in VPS35 associated with PD ‘

FiguRéTi meline of significant mil estonesRei
boxes arerediastecadsef i ndi ngs, green are treat
are major genetic discoveriesAdapbet®at edm

| 2003
Braak staging scheme for PD is established

| 2009
SNCA identified as risk gene for MSA

2018
| First cryo-EM amyloid fibril structures of aSyn solved

n
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A major breakthrough occurrdfynni 199Fe wpathhd

of
ext

bod

fro

2D The associ &88yimnarbdketlwevwyw body diseases |

ensively with immunohistochemistry and i
ies in bot?h™BD Wersd ePnB bl ot analyses of p
m -npoorsttem DLB brains-lreeage¢dl eadn dbooytnbu nicmlt le d

MSA, the dBSyenctiinnnG®IfdSywi tamtamtoidi es confir me

r ol
org
of
syn
i nc
par
hig
of
ass

f e
pr

Q

@

Ov e
t he
Acc
1.3)45
me d
teg
pat
St a

e in disé@s® ‘NatexiplrgywiuonaddBgh i n ani mal ma
ani s ms,neinmad lot@isnsgoP hialnad®tmeé € eltthe ifror mat i or
aggrUsgatadd onset of motor tmahsemeatd not

ucl ei no prastolmiseoasit ha@t noti on that USyacuinul at
l usion bodies is central to theSydn sease
al oBSyens ,aydn, are absent from boi®h>°Lewy
hlighting the critical i mportance of the
its propensity to aggregate USiynditoe assd.f
emble into amyloid fibrils is 2% cThicd al
ture, central to the pathology of these d
sented here and wi lSecbtei odni slcudssed in det a
r 20 years ago, USiytn vesvyi derdtyi fpstdthr odl boggty S |
brain in PD,cawkigohdfs aBi a@ ako fshtgaagt®hol ogy
ording to this, there are six gtagges of
ST Whil st Stage 1 is associated with Lewy
ulla oblongat a, Stage 2 exhibits addi ti
ment um. I n Stage 3, when the motor sympt

hol ogpr echaatsh &€ oamygdal a and substantia ni g
g&®s LLwy pathol ogy spreads to the mesocort
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A
Presymptomatic Symptomatic Presymptomatic Symptomatic Presymptomatic Symptomatic
phase phase phase phase phase phase
_l Neocortex
sec. + prim,
| Neocortex
association

HMesocortex
Substantia
nigra
Locus
; coeruleus

H Dorsal IX/X
' nucleus

Stage 3 Stage 4 Stage 5

Fi gulr3elr Braak stages of PDapad hof od\p. cfdatAdl g
according to the | ocation of Lewy body
associated with worsening of the patholo
Wor sening of pathology is depicted as &aed
in the brain stem and progresses i nft@BBrha
Stages n3 sporadic PD, WSmwmuAosbwi hedStage ri
subnucl eus ofl hh8t thpy pédlhaol ogy in the amy
Pathology is also present in the anteromec

5, patehol ogy has spread to the superficial

arrow). Asterisks indicate that pathology
Pat hol ogy tapers off by the secoaldacygr bex
I n Stage 6, the i mmunoreactivity is great

and also the tempor al mesocortex (short
secondary, and the pri manmrrydwageot akieal ffio
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1. 1Ge3neti cs of di sease

Al t hough the main synucleinopathies are all
same prUByminthe genetics associated with di :
GenoMe de Associ (@&BWASS) Stravdegal ed an esti mated
to be associated with at®8 ehls¢ tomree d emo ¢ ta bd =
genetic ri sk f alchR@BESNC afn GBIABR WhAPOE 21 s o

associated with the ondsNCANGBAMDLeamMmieods di a
associat €8l mti d hg Pthiowelvyer , hapl otypes conferr
mor e SNMCA owhi IsaplDoliBy pes er mor e®1562 & lot i chueg Hg eir
i s not clear what t hdd fif mpleinc&@bieamse i af amnh eosv
bet ween monogenic causesiofl bonbcPPoandeDpB)|
(SNP)si SNCA eadi ng Uxydh4 6 KeUByA53T variants have
associated with the onsei® 8% Sibrodihc dteiwyg btolat

of genetic and environment al ri sk factors in
MSA is generally considered to be a sporadi
repof amitlais®s.®®°Genetic risk |l oci for MSA are I

gené&BCABAMAPTCOQAUSPI3BTKCTD7 anticCTB2Z?P’SNCA

was initially identified®d%SaadrsshS§i€hbehnot:t
mutation that reslsy®@51Dnhasphessi asisodi at ed
case of PD -padh®Séagygo

Genetics also plays a significant role in P
are spdédragedinetic factors can still contribut e
di sease. There-3i6% aerepambtiédt Y6 asmeamnii atge d hvai
although the direct genetic |ink cannot be a
i ncrease an individual 6s susceptibility to

bet ween genetics and PD can be spldltatiindan t

frequency ofastshhei diteelasne | el es Fangdld)ehe confer
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LRRK2, SNCA, VPS35,
PINK1, PRKN, DJ-1

LRRK2
Risk
GBAT1

2 90 risk variants

Y

Allele frequency

Fi gulrdé Genes associ atCGednevwi tahr ePDp.l ottt ed as
versus the risk assoalilagled. wliher geéreesdilsieg

genes known to cause monogenic PD. Those
LRRKZ2hn@BA@Qyel |l ow) are two PdParmsescwiat edc mmma
cases they are only associated with an int
ri sk variants that are common but associa
LRRK2 is presearti dsn, tawo tchad edji sease ri sk
made.

Aalr gecal e GNABent i fied 90 genetic risk-variants,
36% heritalBThetmoott EdOmmon ri GRAAAERRK2 genes ar e
Whil st t he pGBrdturtaande Badf%i,$2 tilDe esti mates of | if
penetr almnRRKBaft ati ons varies/’3suibmsdiamatiiadd yt hmotr eo't

elusive genetic and environment al LfRRKt2o0r s det er

associ aee Bboup of genes is |l ow frequency but
the disease alleles are sufficient to cause PD.
al |l elLeRSRK&MNCA awvRS35 as wel | as t he PaluNKols o mal rec
PRKMN,Nn®31°? although mutations in at |l east 21 gen

causeT&bl®y Deci phering the genes that are associ
synucl einopathies can all ow for development of b

al so allow for rationalisation of the pathogenes
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TablkiGenes mahyade mut ated i nTdlm lamditPedDd fr om

Gene Protein DS ek I nherit Freque MUIF'

not e famil

SNCA Usynucl ei Of ten Domi nar Very 1 Yes
dement

PRKN Parkin RBR E_Often Recessi Rar e Yes
protein | onset

UCHL 1 Ubi quitteirmi @ - Domi nar Uncl e N o
Hydr ol ase

D31 Parkinsonism Often Recessi Very 1 Yes
deglycase onset

LRRK2 Leuc_lne Ri ¢ - Domi nar Commo Yes
Ki nase 2

Of t en

PI NK1 PTEN | Nduced Recessi Rar e Yes
onset

POLG DNA POLymer Atypic. Domi nart Rar e Yes

HTRA2 Htr A serine - Domi nar Uncl e N o

ATP13, ATPase cat Atypic. Recessi Very 1 Yes

transportirt

FBXO7 F-BoX prote Of ten Recessi Vary 1 Yes

onset

Gl GYF GRB10O |nt_era} - Domi nar Uncl e Yes
protein

Domi nat
GBA1l Gl ucocerebr - (i ncomp Commol Ye s
penetra

PhospholLipa Often

Group 6 onset Recessi Rar e Ye s

PLA2G

El F4C Eul_<ar_yot_|c ‘ - Domi nar Uncl e N o
I nitiationl

Vacud®lran ei n

VPS35 35 - Domi nar Very 1 Yes
DnaJ heat sh Often
DNAJC family (Hspd4 Recessi Very 1 Yes
onset
C6
SYNJ1 SYNaptoJdan Oft_en Recessi Very 1 Yes
atypic
DnaJ heat sh Same f¢
DNAJC: fam{Hgyp40) n as Domi nar Uncl e Yes
c13 TMEM2 3
. Transmembran Same f ¢ .
TMEM2 ! 230 AaDNAJC Domi nar Uncl e N o
VPS13 Vacuolar Pro - Recessi Rar e Yes

13 homol og

LDL Recepto
Protein 1

LRP1GC Domi nar Uncl e N o
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1. IMdAdl.ecul ar mechani sms of synucl ei.
Whi |l st significant research has been conducted
under |l y'i*®fg chPhhsi derably |l ess research has been
synucl einopathies. Al t hough synucl einopathies 3
inclusion bodfSes, colmé amannfyest ati on of these agc¢
is associated wilLtelwyt e dfi ersmanti itdin nofdopami ner gi ¢ |
substantia nigra, DLB with Lewy body formation i
GCls forming in?®a¥“iwedendr ddyet elsi mited wundersta
mol ecul ar mechani sms of DLB and MSA, this secti
should be noted that similar wunderl&%i®f g mechani

mitochondri &1 2dymsd uinmpaiomed pPflaorcepnopegeddabi be

a shared pathway to disease.

Théromeost dlSys within cells is mpiotaoseche by t hi
system and | ysos®dmaHowkevgerradfagadtomr s can alter t |
ading to th@yaggdgmdgatLiEavy UBRD'AI & $ UByymWT

n be efficiently degraded by chageseasgsemedi at e
riant s USsyuncAa3me A3 0P have bienehni bstiownhitso proces

ggesting adspeaafshédwmo/tr htep h wtalyatsal t er edi s n  PD

uroinflammation, which tri¢gge®Osi dattirmeesliuéas
sul ts in the generation of reactive oxygen ¢
idattcooss!| i nki nogf, aammidn oc|laecaivdagreesi dues i n prote
idation, and "tiPhPOxipeatoixvel asitioess and ROS dze

mi tochondri a, which in turn can incr®ase oxidat

>S5S 0 < 0O
X X o 0 < 9 9 o0 < =T

(0]

Genetics can predispose i bSlyinvidawmd ss ttaos ias.b rofa ktdt
aforementioned major r-askogeaesd R&RKR&Des di sease
PI NKRRKN awWViRiS3can influence mitoldHdeRRKi2al dysfun
VPS35 a@BIAtan damage | ysos9omgl®acheag radbdNaEthiessn o f

can alter the expression of the gene or cause an

the transl ation odr anencfa&®iaggmtr egat i on
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asSyn
& T~
o @ T
& N ?

_\-g,s e}\" Lysosomal
< Y degradation .
& “ LRRK2 VPS35 GBA1 B-sheet formation
% ROSﬁ
Ubiquitin-proteosome Lewy body
system
Lipid
O)udatlves_./ peroxidation

stress

Mitochondrial VFS35

dysfunction FPRKN
LRRK2 DJ-1 PINK1

Neuroinflammation

FiguBséeSchematic of the molecuThe mMmemwmda S ysmn
normally mai nt ai nperdo tbeyo stohnee ushyisqgueint iannd | y

arrows) , however in PD, many factors Usym
aggregate and form Lewy bodiiens p(irnekd ianrdriocy
whi ch ddssacsieated mutations can influencé!?

Given the timerpraswaliemnce 0% aynudlhei 1t agkt ife

treatemt sgr eater understanding of these

for exploring new aveRl3iers iforcdarmteralpetud i the

these di seases, t he r emai nsduentmaorfi stihnigs

decades of restascheiptrotehihns

tchhea ppt aes
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1.2.U0USyn as an intrinsically disorder
The primary USgquermmne bef di vi ded i ntteor mihnraele domai
aliphatic domain containing the characteristic K

domain, formerly-akyowoaadmgsornearefinoMAC)t he highly
aci dier @ nall dotmMae nabsence of binding partners al
condi lSyomsdoes not contain any’ st ak8wmsiesondary

an intrinsically disordered protein (IDP), exi s
(Fi g umw,)el
A

| N-terminal domain | Hydrophobic core domain C-terminal domain

'MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH GVATVAEKTK''

**KKDQL GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA''’

Fi gultei Conf or mati onal Usys e nSfichee mafeipc eseattd

domabfSyand ctohrer e s paoormidiongaci os.(sB§epeesent at i

of conf or Waytni oanss sofmul at e d°%ivne rC A3LSVOA DrOsS (25 ,

amino acid residue is represented by an i

according to 4meimi ndbmalioumea,{ Nhy dr op h o beipd nd

termi nal=rcdamai n

Attempts have been made to rationalise the 1|inlk
propensity for proteins to adopt a stable folded
of 275 gl obul ar monomeric proteins and the 91 ki
the tdame anmal ysed based on hydrophobicity and t
prot'8i nlshi s approach showed that the majority of
occupied | ower mean hydrophobicity and higher

compared with Fbpdgd. plrott edSeg=t i(wagsl yi,denti fied as
outlier of the other inatively unf ol dedo pr ot e

containing the folded proteins. An updated view
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i mproved definitions oJf! &fdrophbbaoi expsbbck
protein sequences characterised in terms of
much | es FisggumeéRiinntgr i nsically dli BRsalne rreodw rbeegi «
found in the region oveandpgplheaeywot happeodrdetdo
generally |l ess hydr ophobciocmpaarrde dmowi et hh.ifgohl [dye dc
USyn appearnstheoveglapping fol dedThper ogreé wiso uasn
identification of -tteremimadi dwemai ef di teé aCi ng
remains as an | DP still stands, as this secq

occupied by very few of the folded proteins.

A B
0.7
1 0.8 -
06 4 ®
[ % 0.7
0.5+ 2 s
" asyn(97-140) 5 os . oR
.‘E 04 ® \. = aSyn(1-140) 5 0.5 Folded protein
3]
B 03 a 3 0.4 4 o R aSyn(1-140)
§ o2 Y 2 03 . 4 o aSyn (1-96)
A 01 S 024 O aSyn (97-140)
L 1]
T Z 01+
0.0 -

01 02 03 04 05 06

Mean hydrophobicity Mean hydrophobicity

Figur7éeSequence properties of | DPs cdRAPaar
charge versus mean hydrophobicity of the ¢
and 91 natively unfolded proteins (red ci.]i

USyn, negative factor, andebelveglgesThéilt.a:

natively unfolded fragl®gntstbofseabchOpehide
frodh Bypdated plot containingrthei salquendik
(redkxo(astfeIlequences of folded proteins w
same search Ariltnerailad asasiens searches were
bet weeO0O0O50amino acids in |l ength, such tha
proteins were plotted. The y#©Iylnows edgauteanpcoeis

Note that the hydrophobicity/stickiness B
compar eAd. with

The lack of a stabl dSgpecdaodarpost puetlbudeoht
protein architeceuperi mmporatl antal west od t he h
(RD)oflSyn have been measur ed®®h Thét Rpl proceian
refers to the effective radius that it assun
only the size but also t he gfiagpue8leo fUsti meg ¢ rheet
equation derived from pulse field gradient
experiments of highly thenpriedldwn pidotRe3 nd nm.
fact htoiUSYyR has been experimentally determin
nmo> 19831 t hough some report s'°u4YPgedtt hnhsedi hf:
is |ikely due to differences in solution co

have been t akesni zteos asatguddSyywrit hey measuring the
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gyratgaogn whRch reports the average distance from
indicating the overall cojnfl8ghnkas béenhheepoot ed
to be 4.0 nm, which i sgoifn abdtowalerd tlMdé® pmrma chioc taed
(1.5 nm) and that predicted of a ¢®¥mpPetely un
Finalnlay ysis of the collisioWynr obs as eetdi bty MACS)
spectrometry has al 8oyndeinsconmoaratedmpaatt t han wc
predicted!'foTfogeit hdDP, the multitudeUdyn different
size, shape, and compactildry nc admweesr queott d echsatvaeb laiss
completely unstructured protein, and that transi

must tftoremxpl ain these observations.
A B

Hydrodynamic radius (R,) Radius of gyration (R,)

Fi gulr8d Hydr odynami cp) r acirsss( Byrda uigo (0AHckh etir
represenRatiThsastoie rhdi eaquib¥val embl s @Hknetee r
sol ut(iBerc.hemat i c repregsehhihiagi os ohenkRw®qga
di stance from the shared centre of mass o
Many NMR experiments have been conducted to in
proper tUsyers iof t ercnhsaiof ciomttracts and structur al [

devedmpderstandomigoofmatit e A2l 1%e'Fs2alMR| Bas been
used to show UWSlat i sl tumsughuctur ddcerimhnabl d0i0on,
residues have an inbhekasaeld poomensoetryrdmdairlt hat t |
residues occupy a more hi'ghtheuhbhoteedcoanfset ma
predictions based on sY¥YfRiequltde.prhoMRrriassalasomne
revealed that there are five domains of concerte
oDSyn (re2i8d 6683-8171-195, aAi@9)15with a proposed h:

region between domains | -domdilnl tiindt'tesralce f aci | it at
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urther mor e, paramagnetic relaxation enhance
een used to identify coUStyagct swhbethweheanver eig
onfirmed that the protein dbeld®Abthbehbhaleot
hese sturdarge ilmthgr act i oanmsd-tbh&rtmiereanl tdoemaN n s
| edhi sdriisven by el ectrostatic interactions
olyamines that bindermi hhke dgomgcatoonimcCe
trength of the solution influencitnegr mihnealenyv
omait3nltl4 fThese experiments al so dtednbhsdnmdted
26429 form clustered hydrophobic interactio
n the central hydrophobi ¢ 09&'dé(lei gaud.sga.i n ( r e
mportantly, this interaction reportedly shi
ol vent, whi ch ul tassadeilayt i prne v eThhtiss sned tfi on
vidence that sequenlSgnchasgés in @momoee ri
het €r mi nal domain and f eweer mintael r adcot maoinns, wai
hese changes are associagededg®¥ttihd8a mi hat ey
runcat i otneromi ntahle dcomai n, or additianC of pol
omain interactions, argegsrueldtadst,iidébmhiachel srabhner

with the idea that the high free energy of

r

F
i

egions are exposed t-assbeiablweasant favours s
c

Increased ionic strength/p(y %ﬁad pH
N c
Nﬁ C

i gul%i Schematic repr etsheemft faeg ¢ton ofof sol ut i
ntramol ecul ar USytneheactcli mnsalofdomain (bl u

termi nal domain (red) via electrostatiterin
domain with the hydrophobic core domain (]}
sol veexnptosed ggnegati on prone. Il ncreasing i
polyamines) disrupts the el ectamdtt@&rmicnadln
and i s al so asesdouccieadt ecdo nwiatckt eaomi w&l t hem&Li n
pH of the soluttieocmimadsaonmalien N o become s
Cterminal domain to become more compact.
bet ween-damdE-t &Nr mi nal domai n, t he i ntteerrnaicnt
hydrophobic core domains are stronger at
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I mp
acc
t he
i nt
cas
t he

By
i nt
agg
con
acc
bec
pro
hyd
t he
i nc
di s
exnp
I n
be
Ct e
acec

i s

ortantly, the rule thragngee rtedauncstiieonnt iimtehas
e | eargagtreesgdacteésonnot al wiary st lae h$ s e aSaydn

sequence pSayr.nb-laongdSeg st epfort edly show | ess ext
er 4t yens are associated avjdgrhe g&tmuamrht BeEewer r a
es, aglgaveghhas omeen abminbethahdtes el sewhere in

sequence, such as the hydrophoblt®.l??ore and a

altering the solution conditions, t he rol e
eractions can be probed in terms of their imn
regatSieovrer al studies have investigated the eff
formati on aangdg rseuddastéitpind Bt a gud ree godfdSiyairs

el erated at more aci di-temrmisnalAt dSgmalionweaf pH,
omes more compact, which causes a shift i n ot
mote the formation of -tiemtme madt idoonnsai me tawede nt
rophobi el ¢dome, waesr mm tnhad ° (Rl io gnd.®)e. | mportantly,
pat hway taggacgaitemat eder pH is proposed to |
reattemrdmicCn a l compactriamrmg,e 9 mitfetr aicmi boeg and th
tribution of charges across the sequence, a

osure of the hydtlophobic core domain

addi tichhmimoiintnteracti ons, theUSymt ecraimmo lad cswol ar i
investigated by NMR. This has shwoawid t hat we ak
rmi nal domaiU®wsn omomddmdress emdcur at neutral p H:
dipHs , the interateromnsabedeeannshef Cdi fferen

much stronger and these interact??oAs are dri

l ower pHs, i ntt eortnrl micrudlari Mt eracti ons are not 0

c ha
ad,]j
ter
i nt
t ha
To

tec
add
i nt
of

t he

rge repul sion, and this reduces contacts bet
acent monomers. -dhaise tmbeasaentonntleave been
ms$ hef interb8gnhi &ndn;offinding that!liwdimerhachea
eraction, -twheli @ByYyn pifiet &€Cr act s -4 tWBfynesi dues 3¢

t is associaagdr eegw’'hi ohme sl ower

garner an understanding of the tisynescal es of
hni ques such as nanosecond fluorescence corr
ition to NMR, havésymedémcksed. sAlatbH ®ugh ruct ur
eornasc teivi dently restrict its motion to similar
a similar mMot®¥cléihacowmeighti on with NMR, nsFCS

correlation ti me, whi ch refl ect s t he rate
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solutid®, nssfér the | ocal segment al dynami c
rearrangement , which is rmamMhalsley reloowertc
ti mescabyers arfe | argely attriderendntnd dobenasho
five resi dtueersmiimalt hdkcomai n Y39, V40, T44, T54,

correlation ti mes.

Computational approaches have also been usef
USyn as an | DP. Hi storicamégcand, swhiash i ingl
generate an ensemble of | DP conformations &

proteins kamdvnt lmeni no acid specidnglie/bya c k b o n
pot ertlilanl st he cUsga, ofmexddie was used to
conformations that are similar to those expe
for res1d@% sFurot her more, for nearly two decac
(MD) simulations have been used tolSgnteéempt t
sol utth®dnlt has been shown that if these MD s
constraints established from NMR RBRElI exper i
more closely reflbealuex,peas moptpadlse® t o si mi
const¥*ai ihese MD simulations enable predicti
USyn, as wel | as the residues of i ntramol ecu

results predict a shoahdtd€smantce bapweehni hipe

of hamger aaoti ons betweéd ®Ahessgudomabhscoll a
(SCM) approach has al sloodbalenc dldie@e pI&Mifiicst an o
theoretical approach of studying protein fol

based on the entropy of the formation of t
hydrophobic stabilisation Upargyheftt s emd@nt
contacts ocT@UL YReit MeTeGPY amMBVFMWiI fTMVT GV

respecitbively

MD simul ations have al somadleecu bceceurp®l reeds omiatnic
el ectron transfer (smFRET) experiments to reé
USy¥¥2® The hydrophobic core domain was found
experiments, and MD simulations suggest that
cat-iomteracti areg.mi Mmhe Gomain was al so foun
predicted to Dbter odsuteattioc trheep uellseicon of the aci
stiffness of confernedhby Kulrgtbenwvmompe . 0l MD esi
of t r ulByant evdar i ants have predicted a compl e

regi olBsy ngf one esxuacnhp Ibeeionfg t hat-t e emonwal &6 mair
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resulted in an increased interactitenmbepalveen th
domaisn
The detailed relevance oWBSytnhe nb atchkeb opmaet hdoygneannei sci s:
synucl einopathies is not currently known. The f
USyn as an | DP will require a multitude of i nt e
intriymami cd | andscape. I WMoridfre mamt s i tp NMRrelioe
measure the behaviour -nofl ecrudtdil etv ebte it heasungl e
for the futurelSyatbehablisati oRupfher mor e, recent
model s, such as ALBATROSS and CALVADOS, wi ||
predictions oeefn stehneb |see grueclUBgte? ‘o h°S hWipt bf pot ent i al t
conduct these simulations in'*fherpeesanoe tdf ns
bi omol ecul ar'*comhenpasesbilities for elucidatin

subtleties of U3yhre &reeh abve oaumi mg wi t hin reach.

1. 3.U0Syn a=eld x
1. 3Phly.si ol ogical context

Al t hdesgym behaves as an |IDP in &eluthabnstiructanei
in the preséngeltndf*ahidpitdhs s( property was first i
30 years ago with the u%d ®Thecamcobaaciddcheqiusmc
USyn alone was sufficient tboi nadilmogv prpoeaceud taitéson a:
it is as Il ong ago as 1988 that synuclein protei
the synaptosomal mehMbrlé®Aesnot edetadromiersalt hle0 (N

resi dweyn odxhi bit an i ncr ehaeslede apr ospeecnosnidtayr yt os tfroure
even in the abi8USymeioftermaptdswith |ipids in a \

these thalhiscaht'dT T ructures

Fi gulrledi Hel i c al st Uuycnt uirre tofe presenceN-taefrm
hydrophobic-tcearme,nadnd o@ains are coloured
Structure det el mBInxe@B2by NMR
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stantial research has been clsyduasted I npo
ding protein at presynaptic termini. One

deUSeytni,ngor preventing it from cartwyieng ou
of a'fAt°'bRdmaskabl y, Utyhne idne Ime tcieo rd ocefs n o't

or pathological abnormalities, yet is ass
els of dopamine in the brain, highlightin
é®®selt has been postulated that there is
weeynn and its th&gnpaSryenl.odwe d.,aditand®phen bot |
knoectk eidn a mouse model , the phenotype i
her pmrakbodwaeking both synucleins have
ease dopamine® afi nalel w,ynaptsrei ple knockout
three synuclein paralogues, i s associ al
ucture of the synapses, the transmissi ol
endent neur dhlalFudyshfeu nmotriegn by targeting

uclein antibody in a | amprey model organi
active zone, the site of neur ot ransmi:t
endent!®marmrkem together, by stuBynnfrome e
rying out its physiological function, it

rect neurotransmitter release at the pres

pite the many stullyes atnttchet lpeg esyghaptoifc

rones, there are major gaps in the unders

at it i sUSiymv oilsvewi dienn.y evidenced to be i

t asniasptafc 93Asi chheensbr ane remodel ling s

n un

S at t he presynaptic termini, recyec

ransmitters is essential f oArsUSyani nt ai n

ts di fferenti al binding affinities t

ﬁ
® T O d O
—

rence for smaller vesUSglnes,ctist atsasa laien
ng'd¥’otOmien of the main reasWys tilsaditfheéc
certain is that it is cboAswhHeckdr epobee
l udes rol es '°h eamxdooncaflt! s irash sepXf &Y tLonsoitsh e r
n

ation as to why the role is difficuldt

i nto theSyrnoldeoesf not consider thebSpoat amtdi al
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Il mhe exocytosi s oESysny nhaapst i bcbesdhe sdicecslicersi dheact wi t h
sol ubéehyN masenmi teve fusion protein attachment
(SNARE omp.l eXhe SNAREN scofrmprimexd from syntaxin, Syn
associated pro22)n &amhdatSdAPalte d me mbr ane prote
(VAMP) . These three prot eihnesl iaxs sceambp lee xt ot H aotr nt aan f
vesicles to the pl asma me mmmragpnd ct o tHiiagouil laitti aotne (f u

11)'%5 n witturdo es gener al |y SSuypnp oorlta ytsh ea nn o tnihoi rb itt hoarty

on SN-mMmRHEIi at ed &% ald9nt owiiowok al so | argely supporf
inhibitory effect on neur otr anlSwyint taesrs orcei laetaesde, W
with an inhibition of synaptic vesicle exocytosi

di sruption of syna’es c Hovweesviecrl,e ccoynctlriandgi ct or vy €
suggestiSyn hmay in fact accel effat®é fhé&’'rate of ex

A B
Exocytosis Clathrin-mediated
endocytosis
Syntaxin O
SNAP-25
PE=—— ) (o ) ¢

(o D
lTKiss-and-run Ultrafast
endocytosis

= = C )

Fi gurldi Schematic representation of the ex«

USyn may be i nvBxovceydt oisni.s (0A) synaptic vesi
SNAREompl ex compo-286d efynBHAPRA, Bndpd¥AMBUSWw
in this pathway i ncl udecormpdelxata sosne nbfl yt h
membrane curvaherieng aod tke vesicle( B@® attd
medi ated endocytosis is a pathway whereby
andndwin facilitating the budding of the
1020 (sCHi an-dun i s a mechani sm-bompviha x ho rtlhye
fusion pore, which can reseal to keep the
1 6DYl trafast endocyhdependent meabhhni sam r
ms ti meframe. Mec hamBiDams rad pr é ieratced ridiey o

the presynaptic termih®al . Figure recreate
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Ar ol &yrf in endocytosis has also been propos
endocytosis andU3yhne hausncheoem @$sociated wit
pat hways :medli att rerdi re n d enydtuans i sa,n dk iusl st r 4%°ast en
(Figuirld USyn is reportedly required for the f
endocytlosainsd is invotlkvadctiemi ngsif oll #¢weyredg end
an exclWysn dfs associated wiimedamtiemhielMoicyn o
It is evident from the range of conclusions
not clear what tUfgnecactpaonti @akethmatat the pr
whet her it be involved in exocytosis,, endoc)
however USyrs ithaitndeed required for the nor mal

cycling.

Not onlUgycasmense the curvature of membr anes
function(s), but evi dSeymc ec aanl ssot rsongyd eys tisn ftl huaet
and dynamics df2’78§pRcmduse | impdeals withSyan genet

was associated with a reduction in the membr
of lipids prels&nAddintSiyohne tobfr 4i pi d membr anes
perturbation of the mobility of the | ipid clt
dependent on the type of | ipitd3USyhmatcadrmec anesnd
remodel |l ing of me mbr anes, and has been shown
vesicles into highly clit'YedT hme mbrfainredi nhghb
compl emented by MD simuBwphioedutéstt peesucta
and increases membrane! Unamud aby olmiso pliy vyiesa lc |
suggesWSytnhatan i nduce membrane thilmhith’g and |
WhedSyn binds to |ipicerhdmaramses,ona astyatslta uc

Theelical dSymcpersi offsr miomalk h€1®N0 residues
aci di c copnrtoaliinreengni Ca l domain remaildyhiumisd r uc
inter &cGtli*toAthe organisati onhelfi x {bafugigmiddi es |
can be visualised wFtpbuH@lAiscalmi wige ek i3db&t s
petruB-hlheli xhe patterning dSsyKTKEGVAHRDeRAal iss e
The side of the helix thanticnoineraa cntss hwidtrho ptht

or thmrged residues. This patdenqiimg Jgracpdnrntt
ofUSy¥®> The higherlSyarf féxhitlyi ttshator negativel:
understood to be due to interactions between

side of the helix with t R% Yfé&Tghaet inveeglayt icvheal ryg ec
side chains |l ocalised to one side of the he

negatively charged head groups to ensure a s
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Residues 1-11 Residues 12-22 Residues 23-33

groups Exposed

Head

Membrane
interior

Figune Heilcal wheel pblooutndd yonb.e p &« phadmi Mo aci
segmentUSsynofare showdr €eif doéar t dbtyhrdegy orrsd hodfl

assumi mgmiBné acids per turn. Resi dues are
properties, where hydrophobic residues a
positively charged residues are blue, an

indies the starting MThei dukeaofhdlhiexh sw@ant hii
e membrane iplesthowoant ai nlhleg wlearn elluye st He
sidues in relation to the membr ane ainndt ee

h
esi
o the solvent (whigeneraateed |Usuisntg aRytdh o rP.

— = —+

USyn can form both brlh&leinc easnd delpemgdtngd on S 0
condi'td b%sn the bridken thleé¢i kredk bet ween two hel
bet ween reddligedn 388183 1Y en in conditions where
helix is absent, NMR reveals that®!infFfamnsialinst
PD mutations may also affect heltsiwas oif nitthiial Ir
postulated that the USrymkevmshelriexsesittr want urriec ed fl e s
an artifact of their smal/l size (5 nm diameter)
found on | a¥®§geHowewerc,l esequence rearrangements

repeats can prevent the helix break 't form t he
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Additionally, both brokelSyantiaskobganedhsiwnu
on the | artd’ rs uwgegseisctliensy t hat there is an equi
Anal ysis of the free energy differ©ehycnes pre
bound to synaptic vesicles 1°8 ahthbegbro&enf
of the confor m#tyinoma&lmas nat ¢ i mMbfes idtek er mi ned

NMR haesveal ed that Usyhe saquleecei wifded into th
with distinct structur al proper ttieersmiinmlt hR2eb
residues are proposed to act -8 aat aas hadrh,e
membr ane selnastoirng rtengiuyaf f oni hg mémbr ane surf a
on the lipid compositionl,4Q)her gmaniani mrge gu nosnt r(
the presencel®bfFuritplosrormerse, di st ilUByth meagieona
been proposed in a model b0y whfabitheatest a:
anchor vesicle Dbinding mechanism, which pr
vesildl é%Fi°gulrléd. This model suppor tUsynt hien pr o
clustering of vesiclesdg®at®®the presynaptic te

Helical - Locked

“"& o

v Ph .\‘:’YVC::‘I.
_‘iwz Lu “"'."l

84 o
\‘ﬂ.«b S ey
) 5 A ATy \
T

Disordered - Tethered

Figun& Doubl e anchor megh@ynsimmobéracts wint

itsteMminalUSgmctadrs.o i nteracts with a -B7%c(
There are two binding modes: UbStyetshseorce dad €
membrane in a disordered conHelrimaali onne c on

formed. FimgaoaWMe taken f

Approaches to char actcernisseequehUSganée mphyseé c al

interactions include NMR, dual pol ari sation
fluorebasnade telAni®gtt&s'®Upon interacting v
membr aSeysn, can reportedly induce membrane thi
and insertion of the protein into the membr:

the composition of ther&aypdsebimeadteilomn-hadampl
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termi nal 140Siyes icame si nsfer t i ntY MWORG ems mMINMVMRN e s
PRE experiments di€maonsbeatedtthasert into DOPE: |
(5:3:2) Y87 porseo miersf USyern hea st mat t he dynamics of mem
l' i kely essential for its physiological function.
Rationalisation Usyntat  ksepcetciendcwél ev el can not

devel op understanding USfynt,heb upth yaslisool gpgiocva Id er onleew
into the sites that may be targeted in drug di
phsyi ol ogical function. Sequeterai Sghedndn of re
del eti onmef it &dpepddths cfupport theenmihah dbawinhe
i s critical i n binding to helpioc@aimessea@aomndac yn \
struz®wPle In fact, f alUBiylni aalssmwet attieadnswiitm PD, an
nitration of Y39, repobtedi ggdpedspPt’?®* e membr an

1. 3RPa2t.hol ogi cal <context

The relationship UBghweéen nbit piochd yarcd i ti cal for t
function of the protein but mounting evidence al
pathogenesis of 2 hudhel hopht lsitUSsurct une t bk

presence of | ipids, and the influence on |ipid
its role of the protein at thedmgreas yswaoptdi ct ot er n
induce toxicity and neurmdegenheiratide. akicpi decata
Lewy Db?§¥°%"e<Lorrelative 1ight and electron micro
electron tom&diaphye(begna used to study the ul't
bodi es, finding that they are dense with membr
structures, and®diMittoorctheodn dvreisa caneds ot her organel
at the periphet’y dhelLewyalByWhesnwiubions appear
be amongst alSyaet wo bk i 66, yet the fibrils rarel:?
or ganeFlilgauglef’® As | ipids are so abundant in Lewy
USyn can sometimes be abd@ntthwist hhians Ueewly thoo ds @
suggestions that synucl eimbdopaedileidpbiadepamnhifast p
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FigULlléUItra§trl]JS:ytruraegngfegates3IDnra|ed|eV|oin|e§.
of neur ones USyre dperde fwd rt rhe da rf ti ibfrii d isa | 1l yndgeal of
(red), autophagosomes (cyan), endopl asmic
other vesicles (purhle). I mage taken from
USy-hi pid interactions can induce neurodegen

di sruption to meghrafd@iSymmdecanocause the fra
of mitocthowtich densely poéPulAst edilsewys sleddiad
USynnfl uttlhe elsi ophysical properties of'’fmembr ar
membr ane eXpaarsd ol tering t h'd® pTalhcekiinmgp oorft a rhee
these properties i n pat hogenesi s remains t
aggr egaliSiyaam odintdmo vinva-deppndent (Tah h?yE?

217

Tabl2iEf fect of | ipi t3ymagreéeaeRteiddrendf cates that t
sl owed t haeg grreetgeart d fome st udi es, wh e ppapatso tleii pni drsa taito
(LPRs$ hat accaeglgerreagtaetd oinndi cated in green. Where tHh
change i n atghge ergaatttedhaenfcondi ti on is colouré® in yel
Se€igurlef Ar t-hemdaldnd structures of the |ipids i
. Li pti a Do
Lipid protein Rat e Conditic Referer
5:1, 5:
DMP S 5-2:1 i
DLPS ity % + 20 mM so
C T phosphat 219
DOPS 1:1 0 6.5, no
POPS 1:1 0
DPPS 1:1 0
DPPC/ DPPA 1:5 +
20 mM Tri
DPPC/ DPPA 1:1 0 mM NacCl , 220
DPPC/ DPPA 5:1 - 35 MESy n
shaking

DPPC 5:10: 1, -

: , : 20
DMP S 8: 1 10: + phosphate 217
: sodi
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DPPG/ DPPC 1:5 +

(6)]
+

[N

DPPA/ DPPC
DPPA/ DPPC

-

1 0

DPPA/ DPPE

DPPG/ DPPE

=
(6]
+

20 mM-HTCr i
00 mM Na
.5, MB8% ne

no shaki

[N
(6)]
+

DPPC

Iy
(631
o

DPPS/ DPPC

N
=
+

221

DOPG 20: 1 + 20 mM Tri
mM NacCl , 222
50M&Sy n 5!
rpm
DPPC 1:1 0
20 mM MO
DPPC 10:1 0 100 mM Na 223
SoPGC 11 0 7, SIWSyen

]
=y
Q
x
=)
[(e]

phosphate
DOPS 10: 1 + sodium az 224
7. 4 MBy
180 rpn
1 PBS: F
7. 225

"
&%
=)

w
o2

POPG 1:1 +

226

: 2
-10
+

POPC/ POPA 1:1, 5:.:

227

DPPC/ CB 1 10: 1 2
DPPC/ CE 1 10: 1 + 20 mM-HTCr i

°
T
<
g
=
&
=




Il ntrod 25

30M&Syn,
Ex os omes 0.25 mg +
eXx 0s ome

10 mM MES

mM NacCl , 229
30MiSyni10
rpm
50 mM
ammoni ul
acetat e, 230
42 MgSy n
shaki ng
5:1, 10:
DOPC/ GM1 ¢ 20 1 +
5 0. 90¢ 10 mM_MES
DOPC/ GM3 ¢ : 2’0. 1 : T 5.5, MPSy ne 231
: no shaki
DOPC/-PEG75( 5: 1, 10: +
9: 1 20: 1
DOPC/ SM/ cho 1:1 0 20 mM MO
2:2:1 ’ 100 mM Na
7, B®I@Syen 232
continu:
shaking
20 mM so
phosphate
sodium az 224
7. 4 M8y &
180 rpn
DHA 10: 1 + PBS, pH i
eMUSy n 50 233
rpm
20 mM Tri
7.4, 150 202
NacCl gM50
USyn 500
When the ag@3ymaits otnrioggered by I ipids, evidi

aggregatlSey nwi tThhi's conclusion comes from fl uo.
col sztailon of me mSryam@eer ewidtthegsuant i t ati ve pho
anal®%iand visualisation efettpodi cni deastcopsy
EM) amyl oid f2f%rA | mosderiurcd fuadd pa gdglSe/qnatviioan 0
di sruption of the membRFiagun & %*s?23hTeheen hpyr ppoptohseesc
ofUSy-hi pi-alggearoegati on is also supported by e
aggregiasi dependent on the amount of i pid
substrate in’'tHowevemcttllins is only tfrue up
induced aggregation doelSynobeoaguunbE&pi daitsr
binding conditions, USynn wheintahi nt mgr ei ni ssoh @t i
aggregation. Interestingly, if an excess of
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reachSyom,can rever tb obuahcdkl itcoali tsst atiep,i dwhi ch i ndi ca
is a more thesmabydamiAda blowsghhe ettheamyl oi d structu
otUSyn wi |l be discussed in more detail in the ne
these-i hdpé¢eld aggregates may be present as prot
explain their reveranbeéexceygsiiCoNbhieppgseseheseofinp
indubBSeydn fibrils are able to spread more easily
fibrils made in the absence oftHaeyyimdasy iwhdedd sury

be a toxic agent i k% disease pathogenesi s

o

S

—

Fi gulrle5i Schematic of mbdeélced dgdggpr&sgyantUsypm
di sordered in solution anUdpdn nhlisUSgion ga,o i 0 ¢
di sorderhed i cmat o secondary structure. Thi s
fluidity and menbirpaindes eaxrpea Sy tornaamtde di nkcy r
aggregatUsyg rFwigtum e ame2dded from

Mut at i@BAsl whmi ch encodes the enazawmedggl ateserebro
| i pid metabol i sm, are also one ©f"!'t"Hen MmdDst comm
the activity of glucocerebrosidase is decreased
l i pid?PrdvfDéesesite the evidenc&Syrd ader dqateirpd,ay
l i pids, glucocerebrosi d&%®, t hendpreyxrnwsel emobpath

mechanism underlying this remains to be deter min
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1.4.U0USyn &é@shaeet

I n addition to behaving adiedn clsR oinrd ag o/l wsttira
in the presence @Syrd iodrd arldsso eaadicepstl radc t4%r e

Thibss heet conformation i S particularly sign
synucl einopathieBshdanpost @t vyirse tafmysl nod dt he
rol &8Syrf as an amyloidogenic protein is evide

of these «diasye adsiefsf.r axcti on of LewmobtoemeBD i s
brains have confirmed that theyUSdo whietked c
character-bsttr celfturos s

Amyl oid fibrils are composed of twisted prot
monomer H-sheetn conf or mat i-b.n8 rsqtpaecéki egdulflieh. 4. 7

Al t hough some amyloid fibrils can be compos:
the known amyloid structures <contaib*’two, t
These protofilaments align to one another [

i nteractions between sidechains.

Amyloid fibril

240 A

Fi gulrléi St ruct W3yen ods aaarydsos d3bDi §tilbcture
fibrUByno®40OMK0 ( ayleown GEDE. Zoom of the 3
five Iayers of the fibrilritées tdeamodnss tbrea twe et
via hydrogen bonds. Rotatingdawvwn svive ve wo f¢
structur e, whereby the conformation of ¢t
vi sual i sed. Resi duiense raarXe accocloorudiendg -itama @hmeil
= blue, hydrophobic cor & edaomaian = ofphiahkl, &t
resi dude?s a38¢ shown. The remainder of the r
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As of Oct4obehe 20@2mber of Kknown

These proteins differ extensively in
structur e. The reason that

because it is a highlaypltehertmddey mdmitchael |fyr ee

(Fi gung?*® As

alByhDP,acks

t he

folded proteins, reccuwi
Folded proteins IDPs
N N r\j
Conformational
Folding ensemble
intermediates Partiall

§ folded 5
8 NaliveState 8
$ state Qligomers $ Oligomers
3] 3]
o Amorphous i Amorphous

aggregates aggregates

Amyloid Amyloid
fibrils fibrils

Fi gurlgi Schematic of the energy | andscapel
proteins reach their stabl e nati ve stat
thermodynamically stable states are amylkao
oligomer s. | DPs | ack a stable native stat
Figure &da%mted
The Amyl oid Atl as, which is a database
contains 1110Sygtnr dWdtbuTidiss oifs a remar kabl

amyl oid stUSyot soé v eBM

T I mportantly, although
l ength canonical a mUSnyon , a ctihde
fibrils can vRirgyunst®b®®2anti ally

bwerce yonl vy

the majority-

(

humafa*®amyl oi d
t er ms
tbhaemy | @wad rdv esrt g eu ctt as r &l i

tdeamoed ynami cal byat e
crhi nmggi dsbhbi hoi agopar tanet apl e

publ i®shed
t hese

smeoqr upehnocl eo goy f
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o7

£
5.!&,4/’? 43
I\ Sz
38 [~ &3
i 2
38 83 2oa ¢ {
” ‘ oS §
& N\Q 457 S
&
)
97
6CU7 6CU8
45 4

Z‘Q Jh’:{;‘”%
~J QT
3

o ™ 5/\\,
@ ~ f
45 %14
6LAT 6L4S 8CYX
i gultle8i Exampl es of distinct amyUSyinihe i BDB
i splayed beneath each structure. Resi due
esides i#terwhenée Nomain = Dblue, hydr oph-
er mi nal domhiena\n -t €redi. n al resolved resi
trucPtDuBr 9.DY?’P;, 6CU71%7% CAA8L1 THE?¢ B8 E¥ X

Notably the central hydrophUSlyinc acmyd @i rde git o mci

a

-

-~ T O O

u O 9 ®© o d® O O

feature that was first identi paedmageett wo
esonance sPécihmiosciopyunsurprising given tha
ufficient fort2%nmyhleoiedk tfeonrtmatthiaccn t he r emai nir

r di sordered i n t he fibril structure vari
ol ymor phs, although in many cases the rang:
i bril cesa8-9i78i(gdd®du Th-EMcnybsi ble disordere
f amyloid fibrils are often r edxpasead tfouzazy
oats of di stinct amyloid fibril pol ymor phse

xXperiments to characterfiese ntth &fafsitmudgensgrhi mto
irectly required for forming the character

ssenti al for capturing amyl oi d precursor s
my 1285 @8°’and for binding to other bPfmdd ecul e
haper®nelshe direct i mportance of the fuzzy

ignificance for understanding the under |l yi
emains an outstanding question and may unl c

my |l oi d di s e asneusc,l eiimcolpuadtihn ge ss.y
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Residue position

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
PDB

Figun& Ordered residues in the als8y Infon di fde

PDB IWU0y:nf amyloid fibrils is along the bot

residues that are ordered in each st rtuertn

domain is blue, the hydr ophobtieemmilor ¢o rda i

PDB bbseach of the%tebbk®kRWactt ugerseriat éd by J

of Leeds).

The mor phol ogy of amyl oi d structure i s eviden:
conditions in ?Whiddh they tfiorempoint at which the
sol ¥é¢f%%2in addition to changegt3t dhiberamises adbied
guestion as to wh-atelehanmoamyldoseasebril mor pho

di fferent pol ymorphs are as%°8axndatbdhawitchurdilffe
phenotf%ped also exhibit di fferent interfaces f
therapeutics. At t empt-rselteovadét earrmyilnoe dd ipsod aysmeor p h
included extracting -nomytleom dd ifsiebasid sbrfaioms paonsd s o
stru@Etbyr eEM°F 2°°This has revealed a MmUeywmarkable ob
amyloid fibrils derived (PRPDoomPDb, )aredvyBlbBdyg di se
an identical ordered fi b2fTlhecdrien,ditnegr mehchtt hHenedle
common Lewy fold formed in Lewy body diseases s
and DLB are part of da&hdentsitmwwemuofe disseldsdd.nct |
EM strucexurvBsynofamyloid fibrilP%Ffou@® .in MSA bra
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Lewy fold
L100
A\
G31
MSA type | Fo4’ MSA type Il

G4’
ol Fo4’
PF-IA PF-lIA

e

9
Fi gulrredi Compari son of t heUSyenwyf ia nadmeM8e-tfsorln
regizomrange, hydrophobic -cermi daolmad o mdrie ng
bridges in the structures are Exhown dleysth
dark blueenFif2gome t ak

o " PFIB

The differences in amyloid fibril structures
proposed to be dwmethe dielflieteamcesvironment b
oligodendhosywes k presents a structure that
devel opment of .nNeow atbH eyr, a pheounteivcesr yelhaenrt i bodi
reported to distUSywmuipoh yibherFplese her mor e, t he
questi ontsheabiodugant ity of the toxic species i
noting that rfeilbartiinvesadimagr e wi th species that
amyl oid 2a°¢sembly
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1.5.Conformation and toxicity

Even within the threceateagrofrdrema tdiiodiBaulis setdataebov e,
highly heterogeneous, with a whol é6Seecfgembl e of ¢
1.),2 di fhfeelriicnagl Sstructures in thée¢Semxrtd sgaen cle 3o f [ ip
and a range of amyl@®edtf Q.brWilt4motripihso,| otghe smost e
target in the development of therapeutics remain
pertinent questions that has been the focus of m
toxic species in the neltrtohdesgyemuecrlaktiigeonp dat shsi cecsi.at

l'iquid phase separation (LLPS)USyhms armyelemi dr epor t

nucl e’ Bwindeanlcsemggest s that the transient oligom
which for aodadtihhway to the amyloid fibril assembly
eliciting tUhyenFt(guli2diUBynodl i go me ms \hiadvrenea

greater capacity for inducing membrane per meabl
or fibrillar counterparts, making them a promis

t herapéutics

Amorphous aggregate/LLPS

/ X =
| =
—
—
=
®= =& — 58— F
Oligomer Oligomer Nucleus =
(off-pathway) (on-pathway) m—
1 =
Amyloid
: fiboril
Lipid-bound a-helix
Fi gulei Schematic of the confolUganlsymatampa
from anhé¢DPcanodasrexx structure inrtheepgesaea
aggr eglagdiodq/ui d phase sdpwnatbaonal(EbPS&Spom-
pat hway to amyloid formation
To explore the potential for targeting oligomer.
be invaluable to identify the critical structur :

drug design. DiUsyerreht gomgpesbavéytberegendent i fi
deuterium exchange( HBMShs@eEtResmetamyec e EI|l ectron
Transfer T4HFIRRET)2Dlue t or atntsé ent USphuoéi gbmer s,

however, their structure(s) remain elusive. To o
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have been made rtaop koilniegtoincearlilcy speci @87 or t he
I n the most recean olfi ddhesreild8yatdwest, st abbdbfis
adthinofphermmwll ubl e -UBP&WI3isnuch that the structu
det er mi ne-EMbly Tchriyso r e s iengelnebde rtehdatr i ngs st ackec
| ayer snapo ¢l fadaeh esettr uowmhurcen does not untdergo tt
fibril conversion.
Tabl.2i TypesUSghm ol igomers and theirTablsocameéemrdedr
frdih

Ol T gomn Properties Refere

type

T e As sensitive t BSypr onoen onnaesre. KD oaes

yp persistent secondary str

Formed by conversion from Type 209
Type proteinasédskeehi gloat ent, and ger
ROS in cells compared wit

T e HDXr ot ec tA8d9 Yc309r e, similar to an

yp with monomer. 270

T e Less protected than TypmonomeNost. i

yp form |l ong fibrils.
As di scnBesdd qin thted3il ¢ dlod oo nf or mat ioddSghsstate

esserftoirtasor mahly si ol ogil¢®’bhufhraepcti smpaeicsas

tamyl oid formation
hel i c#loulnidphsalsa thee e n
t he
have ybeet itdoreamn d hatbtd
uncl ear. Key questi
i ts

states.

2P%P 2 Addydn inagl ed gnnoel aet Xeiitteym me r i
proposeagdcsds vpanmdamy bl d

findings uindet Hctheartd @ osigiceocni mssynucl ei nopat

tdiohSethett Bve ene mai n

transi

ons perrsiBfynragdrwhat tHoi

rear r angegmeengpartd meno a g g r-regait ctomrdtor mati ona
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1. 6.Al ter nat i vvea rsipal lUscgi nnogf

Al t hd8gh is typicall yamiescrabed psotneildd0 it can
alternatively spliftedther gesefratms atSplkiasitng i s
MRNA maturation that is fundament al for al | e
orchestrat ened glayd ad trpunlotRi®@AN compl ex known as the s

The spliceosome is composkadnwdé¢|l sepeotéi sma{ $nNnRNPE
which facilitate the excisiFonguwX@ i ntrons and | id
A B
Exon 1 Intron Exon 2 YN ‘
| [ | ] ———» | [ | |

Wi -y

|
v
c

. —
& b

E: ———

Fi gulr2e2i Schematic of the assembly of t he
splici Rygr@mRNA)generated by transcription of
by an (BAsrsoenmbly of the spliceosome. uili s
recognises the internadi tadlehneo 4Uxd @& -dantR NPh g
splicegdPPgmmeand Ul areEYdetepbades Ul recog
and the first splicing reaction occunesgs, s(sf
The 36 intron end is cleaved, and the exo
Alternative splicing is a mechanism by which a s
mul tiple MRNA i sof or ms, each wi t h di fferent st
ul ti manabtyhe functional complexity of organi sms
magnitudes greater. An estimated 95% of human |
alternative splicing, with an average of at | e
eaédh’ Alternative splicing is achieved by modul a
during spliceosome assembly, and is regulated by
or silencer regions that can é8 |Tolcearteedarien ei t
numerous ways in which alternative splicing can

skipping, mutually exclusive Exou8 .or mul tiple
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Exon skipping B Mutually exclusive exons

c Competing 5' site D Competing 3' site
Retained intron F Multiple promoters

-i- =11

Multiple poly(A) sites

Fi gulr2e3i Maj or types of al t er RN Av et rsamlsBoarii
represent exons and solid |ines represent

splici ncABgsoneski pping occurs when the exc
during éBMutcialgl.y exclusive exons are whe]

into the matdihermRNMAY be more than one {a&

There may be more than one 30EAntientfroon ai
included or excl uded (FNwinp Iteh ep rnoamoutreer neRINtAe
(GPiIimilarly, mul tiple poly(A) sites may |

amepd f2f.om

Al t ernati ve SsNARMNr rca nnsgelroifpht, e ®@cyond, e swas first id

in 1994, when c¢cDNA |l acking an 84 bp stretch
| i b¥’4r yhis transcript arises from exon skig
gener atBpaladf which | 408st dedaB@ueddertrienad
domaoh -Ifarrd ¢JB 1.0 Since then, three additionas
i dentSNCAHBEBSNCADE aINCAABPSNCALBNCALl2and
SNCA@8e the mature mRNAmMerodelet oot 0 ®dmwmdons
3)1,03 teetB8AO 5), or bot hSNeXANEs ,f aremede cftriovne |tyh
skipping of exons 3oflamame , e xwdhi <cihom st mat olueé ad
stop codon to be present in the mature mRN
transl|l ati on aFfitgeli?dr .esi due 41 (
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A
o _ _ ’x«_- _ -
~ ~ - - ~ -
S — S
B
c

2 It 3 4
L] I
N - MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTK
4
NAC - EQVTNVGGAVV TGVTAVAQK'I%VE GAGSIAAATGEV
1l m
] 1
C - KKDQLGKNEEGAPQEGI LEDMPVDPDNEAYEMPSEEGYQDYEPEA

Figurei Alternati vwearsipafU®§s m.gScAermatic repre
prrmaRNA tranSNCA plftheofboxes reffneaandt tdieons ol
introns. Dark grey boxes are constitutivel
Boxes surrounded by dashed | ines show exo
shw exons that are tUSaymis4lOatiesl. gc€Crmmmoati ed | |
indicated by the dashed |ines above the »xa
ki pping (shown by dashed ilnienesp nloi§n, & teixme
yélijnewor exons 3Bi)aeBReprEemsemplaeg i on of t
erated from al3INGA Mhiev e cRlsiseitne @fxons
y are |l abelled wi(tChhmitheiracedomnsUSynmbem
responding exons in which they are enci
| ef t -c hNeerggaetd vree syi d uiers rae &, caHdcdh @progsdidt irve
oured in blue.

O 0O +TQ Oo1»m

i
(
en
he
or
he
ol
Much of the work conducted intWytnhe hallst é ramathiase

consisted of characterising the expP€Ssion |eve

290 pacBio singlti meol @8MRE) rweaad recently wused t

repert®NCkr amfiscripts in the frontal cortex of hu
97% of isoforms <contain all silsy-e4«@Bhs, which
Comparative mMRNA expression |l evels have been as
occipital cortex, striat um, substaRtgareigr a, ar
125, across all the major synucleinopathies: PD,

these studi es, shows just h&SWMChlLdlh ,t SANCALTABesSsS I (
SNCA112NICAET&N vary between brain rmadilens and di
1.4) . Not e SiNICAtdwaass only recent I2§2 bteheen rdeelsactriivbee d

expression |l evels have not yet been characteri se
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Frontal cortex

___——Occipital cortex

Striatum

Cerebellum
Substantia nigra

Fi guréd Anatomy of the brain regions that ¢

i sof orWssynofhas been &sbematedcinepresentat.

a human brain with the frontal cortex ind

in red. Schematic of the basal ganglia su
(green) taardt isaubmsi gra (yell ow). ThNdtldege tthlea ¢

cortex is in the frontal cortex, and the «
cerebeFilguum.e generat.ed in BioRender

Tablléi Changes in expression |l evels of t he mMRNA
vari anIdCAf seases are dementia with Lewy bodies
(PD), pure form of DLB (DLBp), common Lewy body
atrophy (MSA). O6NO6mbostemebnamheti ebuposamples use
and O6CNatiel the number of compared control br ai
whet her each splicing wvariant was upregul ated (
expsed (yell ow) between the disease tissue and t|

comparison is made, pheOcefpk DS 0#efpm<nhbl.a0nokl.=* =

Cont | Brair SNCA SNCA SNCA SNCA

Dl see W N regio 140 126 112 98 Ref

DLB 6 6 Prefr:d Down Up * * 284
corte

DLB 6 109 Prefre Down * 285
corte
Front " * % * x * 286

P D 5 10 corte Up Up Up Up

DLBp 6 10 Front pown*Down? Up* Up** 286
corte

CLBD 8 10 Front simi Down*Down Up* 286
corte
Front 1 nF ) . 286

AD 8 10 CorteSlml Down?* Down Up

MSA 6 10 Front Si mi Up**® 286
corte

PD 6 5 Substa .. ypx Simi Simi 287
ni gr ¢

PD 6 6 Front simi sSimi Simi Simi 287
corte

PD 6 6 Cerebe Simi Simi Simi Si mi 287

PD 9 6 S“nti’sgtr? Simi Simi Simi Simi 288

PD 9 6 Cerebe Simi Si mi Up* Up * 288
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PD 9 6 OCCiP Simi Simi Simi Simi 288
corte
MSA 12 12 S“nti’sgtr"’f Up** Down* Up** Si mi 290
C
MS A 12 12 Stria Up**Down?® Up** Si mi 290
MSA 12 12 C&€rebe s pown Up**sSimi 290
corte
Dent a P x * ; : 290
MS A 12 12 nucl e Up Down Up Si mi
MSA 12 12 "refrCei i Down Up* Up* 290
corte
PD 20 12 Stria Simi Down?Simi Si mi 290
PD 20 12 C&€rebe yous pown Simi Simi 290
corte
PD 20 12 "refTCeimi simi simi up* 290
corte
It should be noted that i n instances where mor
assessed the expressiiom ¢ievehsredgi oheandoomndist i

has been no consensus bet ween di sease and cont |

i soforms are upregulated, downregulated, or neit¢t
oBSNCA140, SNCAl2&n8CILPB1Rhe front-mbrtemtex of p

PD br
contr
f our

de mon
highl

As di

ain tissue have been shown to be signific
oP8%bry@itnsanot her study found that expressio
transcripts compar ed8’ wiTthres € ordtirsalr e ba md ine
strate the sensitivity of these approache:
ights the need for | arger scale studies to

scussed above, factors controlling which of

out of the mature mRNA are known as enhancer or

SNPs
wi t h
devel
t her e
demon
s ome
i sofo
|l ocat

respe

|l ocatdéed ewtdi ng s eSgNUCdAmocceu so fh atvlee been associ a
synucfPePhndfPdt®ihese SNPs may confer an incre
oping synucl ei nopatehdadpr evs sai dUdclreevaesls nogf t h e
i's an important association between gene

str &SiINCadyemye mul tipl $%dFi addisttiuan alsl'y, howev
of these SNPs may also alter the Il evels of

rms. | nasfsaoccti,at teltse3 SEERSds 35 6221 §°93.,295,300

ed umt rtehres 38 ed amegidornwnU TRBEA@BAOEUS he

ctively, have been associated wi t h an upr

SNCA1lilr2 t he fr3dhtAmadotcloert efxeature that has been a
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i ncrease i n splicing of e BINICA BL Banax itdhaet i g €
str’ds®%With this, it is important to note t1I
in the pathogenesi §% ods sqinsScalcetsiaanp ialt. hli. eds

Al t hough the mRNA expression level sUSpri t he
have been extensively studied, the transl at
hence the physiol ogiedealvaarde pdt hdleosgi cvaalr i an
determined. Thsy#inans Inathiuohnod rdAtnass been

verified by mass specistcametcygmpalditdhomghbt bair
brain regions and disease states are warrant

t hese variant s.

The splicindgywahiaart alesfo been studied in te
expressibol iowitheg! i AEs310PpHERDIFI NEZ and SH
SY53¥7:313.9MKe results from these analyses sho

t heéSyd12 BNYydB 8 variisanagassoci ated with increase

toxicity?’int0 el Mh&*erestingly, however, when
admini steBS¥8YtoelgHson% hedhoi aot sreduce cell v
much Uysil 40 Upy-4 2% al though this may be attri
of the amyloid fibrils preventing uptake of
of Uweh26dSyhl12, Uspy@A8 were all associated wif

aggregation i ncoHEKa2roe3ds ywiidioh’s so t he precise

the expression of these variants evidently r

I n wihtam@acteri sati on ofvatrhefiBtyst es maws vtehastpld e
of exon 5 is associated with ade¢eltald athioamhi
anot her study USyd8e8ntfidri mad tarmrtul ar oligomer s
wheU®y-440 89yi26 for med a’rhjAl ofiedw fsitburdiiless hav
investigated the | ipid int3é®llctTihensf edfml tise
t hese shtauwdei edemonstUsgtieé iihaeracts di fferen
membr anes comPwfd €@, wvhihch results in | ess me
l ess membi gger ed 3afgfr®mpachanomycesUSyar evi si
126:: GFP was also found to associate |l ess w
wi tUBy440: : GFBSyan® : 2&F Pyet expression of any
variants resulted in the formation of cyto
trafficki MgeUyye®diZz | eari ant has been shown tc

me mbrane association and disruption to the
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synapses cormpwid 4%° winthrared spectroscopy has
compar @ilnidpind) -ianndducleidpiadggr eg &Syt 4 ® ren@amp @ame o f
wi tUBy-42%’ This studwhémuredt hdémt vari ant was
[ POPC] : [ POPG}lsupgpar tseodl i Hi pi d bil ayer (SSLB)

al s

add
t h

di stribution of seconbymy 6stcronovteurt esd; thutagtgh etg

associhbahedt f alStyeird. t hanthis same study, me mbr an
was obsetSyeidd Of oanl vy, indicdli nhdoblhntleedspbagsa
role in membrane dynamics.

Al though studies on the dByerhavevehspliarngovea

amyl oid formation, l i pid membrane interaction, i
model system, many have investidgabe® . oAy one or
the soluti il tdaedttt gTmdfl.Bt hand i modé¢TNlabd yest em
155used can drastically affect the rywmlts of exp
investigations into the behaviour of the altern
warranted.

Tabl®i Summary of the findings on theUaynepmniaodi ve pli
to thisFiwadrikngs divided into groups relating to my |
interactions, and the effects of the variants in el |

Experi me|

model Findings Refere
Amyl oid formati on
USy#440 @ESwyddi26 form amyloi 312
Usy-8e8 forms annul ar o
USyal12 forms amylUSy4d4Dac 315
I'n vitr (USy#A1 does not form amy.l g2

amyl oid f desynasdady-bif2

Usyf412 @Sydd & or m amyplteird t
USy840 GSydi2.8Sya12 accele 313
amyloid fdsya#0bon of

Li pid membrane interactions

LesUSyn26: : GFPt awistohc itah e
membr ane ¢ o mpSayrieddo :wi GEBR -no
112:: GFP. OverexpSyfssl: 0:nC 316
USy-h26: : GBSPy,-a 102: : GFPRi m e ¢
formation of .cytopl

Sacchar om
cerevi si

. Infrared spectr 0&ycfopd asr
I'n vitr USy-A26 interact with the
b-structured aggregate s¢g

317
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protein aWSe-addiOs tabydi 2 6
di fferentially alter the
integrity.

USyf26 aggregatUSy-nl4@s s nt
presence of POPC: POPG (1: 318
not | mpreimbrtamee i ntegr.i

UsyA12 exhibits enhanced
membranes comfphdd. wiAt gr

propor tUSyeinl 20fol i gomeri ses 319
of meduesrei ved synaptnpec rveels
USy- 4.0
Lamprey InjectSymldfinto | amprey 319

(Petromyz

marinus inhibition of synapt:i

In cell s

Cel |l s tr BSaytfeld? Wiy e x hi bg2
enhanced uptake of d

Exposure of celUBy-ABneoexrg

ressiint formation of | arg®l 310
PCl2 cell cell viabilityyfkémpax gde
Exposure of celUByfhlhet exp
triggers oligomerisation 811
cell wviabilitugy-té0par
OverexprelSgadbd sfgnifican
viability compared wit 282
N27 cell OverexprelSg-Aandoes not
viability

OverexprelSgaadva sfgnifican
viability and is associ 807
dysfunction

Incubafibnils for teyaf2z o
SHSY5Y cel USy88 have a reduced ef! 813
compar eldsywii4tohUdy-ad 2.6

OverexpressiUdpyi b2 USeyidtsh erre
in the formation of more 314
USy-A 40 BESydd 2.6

Expressi omnSyfd 2 &sytdhler USp-0 8
HEK293T ci arel |l associated with a 312
formation cdédphd4ed wi
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1. 7.Approachesi h@ysant udy
1. 7Bilophysi cal approaches

The toolbox of biophysicdfympasoan-hbB®RAnI ithied st

hel i x, and-basny hoicr opsotein includes a wide r al
Fluorescence of amyloid dyes have bB®ynn critical
amylfoiidri | formation, circular dichroism (CD) f ol
structlU8Bye, ofiucl ear magnetic resonance (NMR) expe
propertSiyens ionf all three of the secondary structu
mi ccop(yEM)n the visvuvalisation of tHe gmoephol ogy
126 . Ot her techniques that have played an i mp

behavi &siyn oifncl ude ma3d% -rXpyecdi b'fiesamanti cant o mi ¢
force micro’€topy (AFM)

A N B . . .
Fluorescence-based kinetics Circular dichroism
M(molmers Fw‘?m I&J_r;]sglrilictured
B-sheet
9 ) =
g > S
o =
on =
E
o€
=X
o
Time Wavelength
c Nuclear magnetic resonance D Electron microscopy
Pa—
57
e =
® o
—_ .q
> -
£ 3 £
e 2 g V-4 2
° & 7]
‘22 7\:\%“ .\ b=
O.” g >
o
= Residue number
"H (ppm)

Fi gulr&i Bi ophysical tool box ofSyrechsneduiers( #
Fluor escaesrmrade ki netic approaches are uselBy
monomer & my Infoiickdr iTlhe yell ow and red dthrate dil
in the amino alSyd saqubacve off amel &i dBHs$ €6
dichroism (CD) is used to study tU8gnsecns
(remdel,ical ®Gbhee}, (aneden) secondary strug€
Nucl ear magnetic resonance (NMR) can be u
chemical shifts because of sequence chah
|l i posomes) . These <changes campebef intalpppleedc
microscopy ( EM) is used to confirm the p
mor phol o&EWM c@mnyobe used to determine the
residue | evel
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Since the staining of amyloid intthieskfilds usi
century many dyes have been developed to he
amyl oi d d&ii gala?2ge.s T(he first of note is Congo
in the study of amyloid diseases in 1922, w
suspected amyloidosis; a | oss of more than 8
a positive r eswlafs?éf Curamwnltdiyd dihe most prom
the biochemical field of amyloid formation Kk
used histol o¥’*cahidy fion 188 A qyhafi Wifr lcvwintiroon o
1989 The fluorescence of ThT is dQebomdrest
bet ween the benzothiazole and di met hy-l amino
standard in the study of the kinetics of a
drawbacksamel yhTthan it fails to bind to ol i

early on in amyloid assembly, which?2®*m&% be m
This has |l ed to the development of new dyes,
indeed bind to these earlier aggreda%tes th

Al t hough not vyaevaicloamtmea,ciTaH-Hgdlidshli gherafliliuoe
intensityfahd seacverased bSywdi aggradgatnds yc o no
with ThT.

Congo Red 0\ L2 Thioflavin T
‘0
o450 50
OQ 497 nm (A,,)/614 nm (A,.) Thioflavin X 413 nm (A,,)/488 nm (A.,)
d %

ﬁ”@@ .
420 nm (A, /494 nm (

Figurag Chemi cal structures of a BEsxeclietcattiioonn
wavelengths are displayed beneath each s
h

emi ssion wavelengt Drawn in ChemDr aw.
ThT is also not useful in the identifying an
as it bispas i miomaP?y ptod vy DAKE harmiddesven cert

prot3?nshis has led to the devel obp?mmamd of d°
Prot e’d%%t amhi ch show a higher specificity for
of ThT to amyloid fibrils remains elusive, b
that ThT binds to the surface b-sitdagnedss ooff rtehse

amyl oifd? f3PiLoinsi dering this model, it is ther
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amyloid fibril polymorphs can exhibit different
binding site, and hefte TaHifd nmaans wiiHdt ad s oa wWx if If i
is required for interpretingDecson vteer stihoen coafv enad nso
di scussed here, ThT remains the most commonly u.
kinetics.

The amyloid WSgnmatsi cof tefn studied from a kinetic
monomer-assemhbl e to form apaptrhiwaayr yt on uacmyel uosi donf or me
(Fi gulr2ep . Amyl oi d fmorromad @pgbao pgtadgeart e t hrough el onga
during which new monomers are recruited to the
al so occur through secondary processes, WwWhere ne
from the s urdxaicset i 0§ pmgl oi d flbatl en)(seconda
fragmentati on, both of which result in the genei
these different processes greatly depend on the
reacti o¥%dtcur s

k.
Elongation
@ i
Primary \ k \
nucleation \\ ____Fragmentation \\
X &
‘ ™ Fibril O Fibril
Monomers
Primary
oligomers k,
Secondary
nucleation
Secondary
oligomers \
-
¢
Fi gulr2e8i Schematic representation of the n
Monomersssembl e idie onevier pitnsuncareyat i on. Mo
recruited to fibril ends via elongation.

formation of new amyloid fibrils by secon
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Many models to rationalise the rates of t h
formation haveée*bdeangdgropioselllas | ed to the de
a wbhsed software that allows the user to fi
to their data td3°i Oénpiafyichéabesbtei for th
resul ts presented in this work is the rati

secondary processes?33f Thmgkoipdotesmasjomesc
par amedpdrismanrdy 3gaondary), can be fitted al ong
dwhich describes how the rate of new fibri.l
concentr &hiaages in the values of habhseaseed par a
ThT fluorescence @EVvagnulR2td®i.meOtdhiefrf earpepnrtolayc hes ¢ e
to probe the differ emhitgulrkedBacbeosvsee,s souucthl i anse ds d
experiments. I n these experiments, prefor mec
monomers to bypass the primary nucl eati on
solution conditions can be adjusterdyltomi dni ni 1
and to control whi chUpyat hawayylso iad ef ipbrroimo teeldo n (
routinely studied by adding short amyloid fi
gui escent condi t-bhwfnfseriend pshaolsipnheat (ePBS)e, pH 7

conditions secondary nucleation and fragment
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A @
fortn] .
=
[7]
c
L
. k. \ c
. N < Fragmentation ©
O Fibril Fibril 2 i
Monomers o o § Increasing A
Primary (7]
oligomers k, Q
Secondary g
nucleation o
" Time
Secondary .
oligomers 9\
B
>
=
7]
c
o iin o HEE o @ :
nucleation -
.
@ e— ﬁn Fibril ?é Increasing k
Monomers 8
Pr\mary N
oligomers g
=
L .
Time
Secondary
oligomers :.\
C
Elongatlon
=
7]
c
(O]
<
N £
< Fragmentatlon ®
Fibril Fibril 8
)
k, 5
Secondary S
nucleation o

Time
Secondary
oligomers

ure Ef fect of changing processes of amy
orescence ohhearp atriamet efA)escri bes the d
mati on, which are primary nucleation ai
esults in the tr alnhspfl cortma to{ BTihepfa etdhmee t belru
rate of secondary processes of amyl oi
secondary nucleation (highld gbtredul n:

— WO TS0~ O T

QO®oCO® T TS STPOo T

QoW Pyaoo S ca@
5

sf or mat iTonp lodt tthoe dgirleueen. Not e t he stee
t(eC3eeding by is a process whereby pref
ction, effectively bypassing the pri ma
erved in ThT fluorescence by theohach
ding by secondary nucleation is obseryv
phase wil|l be observed.
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Rati onalisation of the individual processes

conjunction wifbrbdelepimc hiisng atphai sa rpg omests

i mportant in the WilsEdse epampdgeneasi spri mary
nucl eation of amyloid is entropically wunfavo
but in the cellular milieu where many bindi

nteractions mayc | a’ét e arhaetre proposed me c h a

accelerating the rate of primary nucl eation
of amyloidogenic pL&Seiins ,t pWgeychaspestdfyacti ons
l i pid me mbr anes also achieves a 34Ri dgrhheer | o
i mportance of processes that result in the m

such as secondary nucleation and fragmentat
pathology as described in the?" BFiaq@i3es.t ages
Understanding t he contributions of t he di f
formation in synucleinopathies wil/ hel p i«

targeted.

CD is a speethosgoeitcthat measures thaendiffer
ri delatnded <circul arly polarised |light. As di f
absorb <circularly polarised | ight di fferent

spectra aTkisdsiappnoecach is particulSgmnlyagower
can exist (Sexctammeld@&cti 9,n Ms.hE&ecti g,n ds 4

di scussed above. CD can be wused-baomylcoind irm
fiBBtéi loxr i f t he pahoetleiixn icno ntvheer tsf etsoence of | i
NMR has been used extensively in the study
USyn. It has been used to examine % he%dy'Aami
117 identify the residues involved!p®faadil it

was also used to det eUSypmnnamyh®é3 slttf uhbarsu fbee eonf U
to map the bindi hdg)Syti aeny b i lkroinlosnepr oposed t

prerequisite for conver %A’ of monomer into

EM i s commonly wused to verify the presence
reactions. The morphol odfandn Wwidamsbefr éadil
assessed by negative stain -EM. hAdeanessl|itepdt
explosion of amy#f*i2d°wthii crhi lal d torwu cat ummoerse det a

structure of amyloid fibrils and allow diffe
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1. 7Bi201l ogi cal approaches

To understand the relevance of the findings from
above, it is wuseful toinesiVhé finsdinmedaleocogar
of synucleinopathiesUSyhaweexpr ep¥estdkhu iaont 2n0 0 0
DrosoPamd arfimodel s, the expr@wrsiiom méumhamasn | ed t
t he f or m@Styinoni nocfl usi on bodi es and t he mot or i m
associated with synucleinopathies. Ot her model |
the study of synucl ei nzoephart #fiigssh| hampedysncl uded
kil 48 f Rbeuhman prRi’maGaesnor habdi®ti s el egans

Of relevance t o t heCavworok hparbeds €0l tseedk Jehgdagraes,a n

attractive model organism for bridging the gap
bi ol ogical GCsigalidgammncmei.croscopic nematode speci
popul arised in the 1960s by Sydney Brenner as a

gene*?c680 years |l ater, it remains an important
study of genetics, but neur o$ail énaod, whri aathe oasrtea s
applicable in the invesCigetiéegaaaf exymeaamleéiyn ovea t

characterised organism, being the first multicel

sequebhedd its entire nervous sysSt?2emnoohedéconnec
property t6at emeageassi t abl e model organism in t
synucleinopathies arises from i ©Ssynoptaincable trans

fluorescently tagged and aggregate formation cal
is stiHilguardd) € ¢l e gamd so a species t-hat i s ame|
t hroughput experiments, due to its short I i f esjy
straiChs edfeganal so be generated by direct microi

which can propagat e Q.hreoluaggha eggetnrearcahtrioommoss comhal ar r ¢

C. el bgandeen used in the study of several amy |
amy |-@?3%-mi cr ogi®dbalBi’ 3°°The explSgngi€omimnfal |y

taggedyeMiltonw fl uoresPenttpeotbeidy walC. muscle ce
el egaesults in tHleynf:orYnFaPt i mqugroefgat es and proteo
measured by rate of (©OBBRBhoeenn dsl apceerd sienc ssnod ut i on.
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Generation of new strains

e

Visualising aggregates Lifespan Motility

Ab

Alive #

Time

Fi g ulr3edi C. el etgoaonlsbox of teedni queshos s ed:i
Generation of new strains is achieved by r
in terms of aggr egadref epéumlma s d o wya,t i loinf ésgyp a
assays to WSwmlsesroecitateed proteotoxic effect

Al t hough the work in this theSsyins vfaorciuasnstess ion
body wall muCs. c leel ecgealml$sn so,f strains t bSaytn expl o
expression inCthelmaguwurersmds oofbeen geTmédt at ed |
16) . The human br aiofdonutsainds U n drogdani ner gi «
contr@.st el ehgearnnsaphr odi t es contain only ei gt
quantitation of the neurone morphology and
easier in the nematode models. Since the con
has been nCappeldegainsget her with devetl lipsment s
has |l ed to the devel op.mealt sdoafmstrh,e wWNeiucrho PAILI
neurones to be distinguished by fluo¥e&scent
This strain may provide useful insights intoc
to neurodegeUsgmatdiucredby oxicity. A final ex:

mani pul &€t i ehbgindeepened our Uliynrd,e rcsd mensd i fnrgo na
study that usedUByemotnagdge dfwiotoh odp haplei texpr es
synaptciocnanlelcyt ed3*fedThosest utdlyy f owunwll ¢ hsagr ead i
anterogr-ade pfyptagpt i c) and -ret-pyega@atdiec \ paistect



50 I ntroducti on

TablGi Transgeni c Cst rediangsenbsft oUSsythund yvT tve

.expression
tbiassma g esnl e0 wii .1 ge
presence

pattern describes the cell t yWpds tthatt
dopamheki ated responG.e ealhdagaxdawwseisn t he
Tabl e amerndWed from
Expressi
pattern Transgene Phenotypes Ref er e
5 Dopaminergic ne
dalip:USyn reduced ddSpyanmi r 351861
accumul ati on
Dopaminergic ne
5 dopaminergic net
dalp:USyn( A5 reduced dldSpyanmi r 3591363
) accumul ation, mo
Dopami ner reduced basal
neurones - -
Dopaminergic ne
5 dopaminergic net
dalp:USyn( A3( reduced ddSpyaimi r 361,36«
accumul ati on, r
sl owing
o Dopami nergic neu 364
dalp:USyn (AS¢ reduced basal
acap:USyn Movement defi 359
acap:Usyn( A5: Movement defi 359
Mot or neu - -
un-8 @:USyn Movement defi 359
un8@:Usyn(AS5 Movement defi 359
Mechanose.: me gp: USy n |l mpaired touch 362
neurones megp:USyn( A5 |l mpaired touch 362
ae-sp:USyn Inclreased dopami 3509
0ss, movement
ae-Sp:USyn(A5: Inclreased dopami 3509
0ss, movement
) . Movement deficit 362
Pameur on: un-5 p:USyn i mpaired touch
. Movement deficit 362
un-6p:USyn (A3 i mpaired touch
. Movement deficit 362
un-b p:USyn(AS i mpaired touch
Un-64USyn: : G Movement Usler ic 365
accumul ation
Un64USyn: Y Movement Usler ic 52
Body wmasétl accumul ati on
cells L une FitnessUSgef iacictu,m 366
54:USyn( A53T !
.. unec FitnessUSgef iacictu,m 366
54:USyn( A30P !
3 USyn accumul ati on
Ubiquito ef3p:USyn: : RI reduced basal sl 367
stress respot
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C. elayasows provides a suitable stepping ston
di scusSedtiinn nl ¥ .vbhi s has been oedmdhwmatsends f o
expressing polyQ as a mo%eél Thifs Humaudyn gapmlois e
models to the aggregate numbers and | ocati on
Q40: :-&/¥FpPressing nematodes; finding that stoc
formation in these model s. At blobugdglto tulsies two
char acWSemi sasgggr egati on kineticsG. tehlebgcdegisl ul ar
wal | muscle cells may not entirely recapitul
arises and spreads. Qo. | | elcd ghavetdhye, aifhued us e
aggregation provides a powerful suiitne vaft rtooo

andn gwtwdies and facilitate the devel opment

1.8.Sequence vdByants of

The behaWSiyonuri sofhi ghly dependent on the amin
var i adStysn ocfano ced urherab eraali layjeaslilgyned. Changes

amino acid ¢egewencsehomen to affectSytnhescaamfor

| D'P7-2%% ts ability to bind &abe R %62 oamreds iatnsd
amyl oi d@gen* TPNMgt ur al sequence variants incl
familial syr#éi*é%i°nopanbaeisons that have bece

bod?® s and the alternative bmpleictiimdg’ #%armGi ant s
ConverselydesiagnedaVvaryi ants have been studie
of the contributions of the different residu
behavil‘('BWFn‘LSOle4,201,37_0,374,382,383

As di sculsexdd oinn Jehed3 i c HNCAttilmersgeme t hat e

USy n, represent a high risk but rare freque
Several of the mutations thatlSymeshudve ibneea
characterised i n ter ms of the adél hbytoadt o a«
undergée ndupied amyloid formati on, and al so |

propensity and as<soce@il &fpebdl.®& oxi ci ty in
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Tabl& Vari anlSgnofdentified in individWwhlesewihlke synucl
data are avail ablien \dimerl caigee mifaogpairsiedtit,oyat ed by the tin
reach half the maxi-inpiuwddedd smghaild pCopehsegapns effect
aggregate number s, and associ &t dad dti cxaitcei tayn iisncdiesapslea
decrease in the property of theUSwalrdiOa nste qcuoermpcaer.e d wi t
Variants hi ghleipghtseechti n himlsiree t hat are associated with

Il n vi: .Lipid
Vari al Age o amy | oi |nduc§C. el e C. e_l e
onset bropen amyl oi aggreg. toxici
propen

M5 T84 45

L &p° 37

V1 5%AS 4259 RS 87

V15ps

Al gTe 50 +390

A2 9389 60 Y

A303|55 5 47 4 391 497 366 4366
A3 03G? 4365 Si mi | &

S4 2%?2

E 4 6°R 56069 e 97

H5 03R2

H503QG,3‘ 6 66 3 +395 97

G5 1°B 19%0 S0 97

A5 3FF 35 5 4245 497 4366 +366
A533E9,3! 256 2 263

A5 ¥ 3667 FUE

ES5 7°B7 48

T7 2KR2

T7 23Mm8 3957

E 8 3309 4! +400

G9 3384 45

P11 %83 50

M1 23B¢F

S12 9%
It is clear UShat seheeatckevnrofants associated wit
does not influence disease in the same way. Vari

e arolnys et (in th¥® cAS2Toaf 3098BAr-onsaegte di sease
(H59®)»%* Alt hough many of the sequence variants
of amymoyidthere are at | east t¥te@5%Dandtions to
A5ZFE. This demonstrates the complexity of featu
synucl einopathies and highlights the need for a

seqguence changes on disease pathogenesi s.
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As the A30P and A53T famili al variants wer e
has been conducted into establishing their a
of t hese ami no acid substitutions i s suff

ntcetriddasd the transient seconBany Bhe ukl @R al
variant reportedl YSymptad risi nchet @83 yabfyhodghe

habeeaehhsoovn t o have no effect on Dl nlding t

—

both studies, A53T di dbinnodti nagf fpert&p atrhtelS ensei nbbhrr:
to A53T and A30P, the E83Q variant-r ahnagse beer
interactions wi‘hi Moltenceulnaonodnemrami ¢ si mul at
vari ant predict that this amino acid substi
i nmol ecul ar i niSe ffd c tTiha ;s pafedi cti on -EM supp
structurU8gnoE46Keamyl oid fibrils, which are
ot her fibril architectures and intrachain in
enabl e formation oift ¢ htéuiSé®l ved fibril arch

The physicochemical proper tUSegsn ofr ot leé namir @o

altdmedi aotprodns| ati onal mb6°di*PiThaetsieo PST MsP T M<)
phosphoryl ati on, ubiquitinati on, acetylati ol
have been used to compare tUgnpheftiwleenofdi BE!
conditions, finding that specifici amalsdd cat
(Fi gul3e)*°4-4°5PTMs can also alter thenrater of
Coll ectively, consideration of PTMs adds a

characterisingUXyhne ibne hsaovliuotuirono,f i n cel | s, an
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© @ O a8
Methylation Acetylation  Phosphorylation O-GIcNAc Carboxymethyl  Carboxyethyl
oh gn O @] * *
Deamination Ubiquitination Arginylation Oxidation Dimethylation 4-Hydroxynonenal
{

Trimethylation
e m == i
1Zhang et al. (2023) k21 K58 :
' K34 K45 K60 K80 K96 i
! K12 [Jke3 Oy O OO Q E K102 Y133 1

1
L Normal A AA A0 A _AA O o !
! lubl i
e Ty Yy YooV Y v :
! K21K23 K34  S42Kd5 S87 K96 S129 !
! K12 K60 '
i K60 :
: K34 K45 kseH K6 K102 :
' MSA Ki2 K21K23 Clvee [ 7154 %] T75 K80 * H
i soluble e[ E

1
: vy vV 0V 06 6 V V :
! O K21kas K34 542 K45 ES7 T64 T72T75 T81 T87 K6 K102 !
: K12 K60 :
i l;z K34 KsaKSU :
1 1
' s K32 v39 Kés T54 ? K80 K102 i
i Q AO CAO @ L :
i LBD i
1 soluble 1
; v .S :
H L K21kK2s K34 s42 YKas K58 K60 K96 i
i K12 K43 :
P B e e g
iKametani et al. (2024) K60 K80 i

1
; o b ;
: K12 * * :
1
P NSA [ | 5

N 1
jpathologicalyO Y Ve VWO VO VYV © # O Vdd g 4 :
i @M5K12 K23 K32K34Y39 KASHS0  KSBKEOT64 K80 T92  K97QIIN103Q10gN122M127 S129Y136 1
: " 8 :
H M1 T59 QB2NB5 Q7o M116 Q134 '
H K60 !
: @ ¥ :
H K6 K12 K21K23 K34Y39 Kss W :
: b i @O o * :
| athorogical T -
1 . 1
:pathologlcalv o '
: NT Q24 Q62NES5 Q89 N103 Q108 N1Z2M1275129 @  §
i SR H
i Q134 !
e e o o ] 1
Fi guldi Summary of UBfyMsfolind in huma@nkeryaimn
the PTMs is displayed at tUden tampe dihepd ey
domain in blue, the hydrophobi-tcercnoirneal d odno
Proteomic analysis of five diffeaénbnsamg
her e. PTMer malomsol ubl e, MSA solubl e, and
ti ssue wer €8 dlehnet iMSiAe do aitrhol ogi cal and DEB
were charia®.teri sed

Ot her natctecuakliywg sequeESwycne tvhaarti ahnatvse obfeen expl or e
termi nal truncations. Mass spectrometric anal ys
truncations from either tetéhi flusnaati-pnesanttha
terminBgnohave been found to occur after residu
119, 122, 124, 125, 133 ,6aladcncde ElaSmby it fohidenaeé i tomunc at i
kineéetl t'd%8°6Thjs is accepted to be due to a decre
N-t er mi nal and hydrophobic core domains, which n

core domain from becoming ex9pvsmill®itmgthe sol vent
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Sequence vaByanttshadvf exi st naturally also i
par al ¥°dgy'é%sal ternative splicingecvadnanlasnd (di
variants resul ting from?3°t r avlosUdSrginp tii o nanlor enu
amyl oi dogenic than “%het thiusmains odruteh otl @rgecoieamd e s
domain and the pYewdncd cefanAm3 Bo cause f ami
Il nteresti-m@gd mi,ndlhed Cm&3yn oifs moarse extended t
humaldyn and this is associated with acceler
with the hypothesis of regul ati ont eorfmi matl e

domdi’dgSyn is substantially bmomSgitramyl oi dogeni

The rational desi gn ©Sfy ns enpause nicnei tviaarlilayn tcso nodfu
when a sequencelSyommpayihsoaveal ed a stretch o
acids82)71i n the central hysy mpthhhdti cwaor ro td opnr
bSy{Fi gudg@ . Del et itomelnés ithed®y hrwams sufficie
abolish amyloid assembly. SiaoBiylnharcloynp alv ye ds evq |

that'lSyrf, individual amino acid substitutions
on the amyl oicByMor mati on of

A N-terminal domain Hydrophobic core domain C-terminal domain

aSyn [ ]

ASyn [ O 0 46% [ 1% ]

vSyn 51% 3% ]

B

aSyn | MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH GVATVAEKTK
gsynf......... 1 T . Eovrvrrnnn. SRS - NPT o R -

ySynj. ... K..F.I ...... G.V. ...... T... E...... M.. .A....N..Q S.TS......

aSyn EQVTNVGGAV VTGVTAVAQK TVEGAGSIAA ATGFEV

BSyn . .ASHL.... FS.-—————— ———- L.N... ...L.
ySyn|. .ANA.SE.. .SS.NT..T. ...E.EN..V TS.V.
aSyn |[KKDQL GKNEEG---- -AP-QEGILE DMPVDPDNEA YEMPSEEGYQ DYEPEA

BSyn | .REEF PTDLKPEEVA QEA-A.EP.I EPIME.EG.S ..D.PQ.EY. E.....
ySyn |R.ED. RPSAPQQEGE ASKEK.EVA. EAQSG--GD- -—-—-—-—-—--—-—-— ——=———-—

FiguB&Sequence comparison of t he Seynenlcei
of the diffemeantdSgomares compared t o tther n
domain (blue), hydrophobicteonmienadb madetSay((pE
Comparison of the sequences of the three
position is ildSeymt.i cDaals hteos tihnadti coaft e mi ssing
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Ot her rdeisogakdy sequence -tvemrmiamdls timwen aatei oM s .

effect of truseatmi sy naoti st HeesN ¢ e nesrins tnean t t han
truncateloentsi,onD-toér nihmeal N 6 resi dues sl ows t he r
for mdtdmdcd del etion of either 13ter3mi,nusr cah resi
accelerate amylloiFurtbemambren del ettdromi nafl t wo

KTKEGV repeats accelerates amyloid formation, wh
slows thefd?® ghecesverse effects associated with ¢
variants in regulating its amyloid formation h
formation can be depending on Tthhee epfrfeeccits eofamN no
terminal truncations on |ipid binding has al so b
of amino acidermiomstbaudNing a prolhgekisive deci

formatUSgm oh thelpposemeposed ofl apittdasige of

Il n sprleéciocti ons ofprtohnee argegPieognastlisobn | ed t o the r af
design of variants missingrone onpegiwnsobutbiedagg
hydrophobic '¢%r®Bhedsoemali emgi o r&EVLYW\AGS dan1l P2
“*KEGVVHGVAT)VVAEact as master controllers of amylo
P1 inhibits amyloid formation at pH 7.5, and de
amyl oid formation under neutral and |l ow pH condi
i nvol vement ofn ttthies amgdioo@y hormamat itcthhatoft he r egi
spanning the P1 and P2 i s thkhati ripti ni snot e fuitrhead
required for the nucl &8t oinhaghfe se@emyf li midd nfgsr rautrit di
single point mutati obSy nwihahvien rtehvee aPlle d etghi aotn Yo3f9 ,

S42 are modul ators38f amyloid formation



l ntrod 57

1. 9. Thesi s ai ms

The overarching aim of the work presented he
the infhménosaagiuénce changes to tlBgnamyhei dc
variants investigated -dve dil gniendc | arbde croatr unrnagl al t

variants.

Chapteet 2i nat ¢ hieaned haorddf ours etdhe experi ments ¢

this .thesi s

ChaptexplBores t-HesighediSg@gN7sd,amthi ch | cks r e:
to. 7This wvariant wasni spgriddiilodtyi amdse.ntlitf iiesd e/xry

of its ability to influence the rate of am)
absence of | i posomes, and the aggregation pi
new. el sgansn.

Chaptienvdsti gat-eesc wrartiumrgldlyt er nat USwen .s pllhieci n

amyl oidogenicity of each wvariant 1is charact e
the amyloid formation of each variant i s [
bi ophysical mechandisfnfse ruenndceersl yiinngamyhleoi dogeni
each variant to bind to | iipndlu creednba naynlecsi da nads ¢

is explored.C.Fiemlassdyms mewexpressing the al

variants in the body wall muscle cells are ¢

Chaptentégrates the findings from this work
Updated maps ofdetpleen dedfyere mafmy| oi d for mati on,

regions required for amyloid elongation, anec
helical secondary structure are generated.
The goal of the work presented in this thesi

of sequence changes Uoynn,t hwei tbhe htahvei ohuyp ootfh e s i s
these effects will | ead to a deeper under st a

and treat synucleinopathies.
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2 Materials and Met hods
2. 1. Material s
2. 1Chlemi cal s
Tab2k¥ Chemicals used in this work with supplier

Service (CAS)

number s.

Supplier

Catalogue/CAS Number

1 kb DNA ladder

New England Biolabs

N3232L

1% Sodium Azide
Solution

Thistle Scientific

SBL-40-2000-01

1,6-diphenyl-1,3,5-

hexatriene (DPH) Merck (Sigma-Aldrich) 1720-32-7
100 bp DNA ladder New England Biolabs N3231L
12:0 PS (DLPS) Sigma-Aldrich (Avanti Polar 208757-51-1
Lipids)
14:0 PS (DMPS) Sigma-Aldrich (Avanti Polar 105405-50-3
Lipids)
2-Mercaptoethanol, 99%, Fisher Scientific (Acros
. 60-24-2
pure Organics)
30% Acrylamide/Bis
Solution, 37.5:1 BIO-RAD 161-0159
47 20% Mini-
PROTEAN® TGXE
Precast Protein Gels, 10- BIO-RAD 4561093
well
Acetic acid, glacial, ACS, Fisher Scientific (Thermo 64-19-7
99.7+% Scientific)
Acetone Fisher Smen'glflc (Fisher 67-64-1
Chemical)
Acetonitrile Merck (Sigma-Aldrich) 75-05-8
Agar, Granulated, High MELFORD Laboratories 9002-18-0
Gel Strength
Agarose medium-low EEO Fisher SC|ent.|f|c (Acros 9012-36-6
Organics)
Ammonium bicarbonate, Fisher Scientific (Thermo
99% Scientific) 1066-33-7
Ammoni um chl o D
99%) Goss Scientific 39466-62-1
Ammonium persulfate, . .

BioXtra, >=98.0% Merck (Sigma-Aldrich) 7727-54-0
Ammonium sulphate Merck (Sigma-Aldrich) 7783-20-2
Anti-mouse 1gG, HRP- .

linked Antibody New England Biolabs 7076S

Benzamidine . .
hydrochloride Merck (Sigma-Aldrich) 1670-14-0
Bovin serum albumin Merck (Sigma-Aldrich) 9048-46-8
Bromophenol blue Sigma-Aldrich 115-39-9

and

c
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Calcium Chloride

MELFORD Laboratories

Anhydrous 10043-52-4
Carbenicillin disodium FORMEDIUM 4800-94-6
Chloramphenicol FORMEDIUM 56-75-7
Chloroform, 99.8+% Fisher SClent'|f|c (Fisher 67-66-3
Chemical)
Cholesterol Merck (Sigma-Aldrich) 57-88-5
cOmpleteE , Mini, EDTA-
free Protease Inhibitor Merck (Sigma-Aldrich) 11836170001
Cocktail
D-(+)-Glucose Merck (Sigma-Aldrich) 50-99-7
Deoxyribonuclease | from . .
bovine pancreas Merck (Sigma-Aldrich) 9003-98-9
D-Glucose (U-13C? 99%) Goss Scientific 110187-42-3
Dithiothreitol FORMEDIUM 03/12/3483
Ethanol, absolute Merck (Sigma-Aldrich) 64-17-5
Ethylenediaminetetraaceti Fisher Scientific (Thermo 60-00-4
¢ acid, 99.5% (EDTA) Scientific)
GatewayE BP ClonaseE . N .
Il Enzyme mix Fisher Scientific (Invitrogen) 11789020
GatewayE LR ClqnaseE Fisher Scientific (Invitrogen) 11791020
I Enzyme mix
Gel Loadm(g)gye, Purple New England Biolabs B7024S
Gelatine, Extra Pure, SLR, Fisher Scientific (Fisher
Granular Powder Chemical) 9000-70-8
Glycerol, 99+% Fisher SC|ent_|f|c (Fisher 56-81-5
Chemical)
Halocarbon oil 700 Merck (Sigma-Aldrich) 9002-83-9
HEPES Merck (Sigma-Aldrich) 7365-45-9
Hydrochloric Acid, 379 | 'sher Scientific (Honeywell 320331
Fluka)
IGEPAL® CA-630 Merck (Sigma-Aldrich) 9002-93-1
InstantBlue® Coomassie
Protein Stain (ISB1L) ABCAM PLC ab119211
Isopropanol Merck (Sigma-Aldrich) 67-63-0
|l sopr o3| b
thiogalactopyranoside FORMEDIUM 367-93-1
(IPTG)
Kanamycin Monosulphate FORMEDIUM 25389-94-0
KLD enzyme mix New England Biolabs M0554S
LB Broth, High Salt, Fisher Scientific (Fisher
Granulated BioReagents) 12891650
Lysozyme from chicken o oy (sigma-Aldrich) 12650-88-3
egg white
Magnesium chloride Merck (Sigma-Aldrich) 7791-18-6
hexahydrate 9
Magnesium sulphate Merck (Sigma-Aldrich) 7487-88-9
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Methanol, 99.9%, Extra

Fisher Scientific (Acros

Dry Organics) 67-56-1
Millex-GV Filter, 0.22 um Fisher Scientific (Millipore) SLGV004SL
Monoclonal Anti-U-
Tubulin antibody Merck (Sigma-Aldrich) T9026
produced in mouse
N, N, NNj, NNj
Tetramethylethylenediami Merck (Sigma-Aldrich) 110-18-9
ne (TEMED)

Nitric acid (70%) Merck (Sigma-Aldrich) 7697-37-2
Peptone, granulated MELFORD Laboratories 73049-73-7
Phalloidin, CF®647 Insight Biotechnology 00041-T

(Biotium)

Phenylmethanesulfoyl . .

fluoride (PMSF) Merck (Sigma-Aldrich) 329-98-6

PierceE Bovine Serum . I

Albumin Standard Fisher Scientific (Thermo 23209
Scientific)
Ampules
PierceE Detergent . —
Compatible Bradford Fisher SC'emlf'? (Thermo 23246
. Scientific)
Assay Kit
Potassium chloride Fisher SC|ent.|f|c (Fisher 7447-40-7
Chemical)
. . Thermo Scientific

Potassium Hydroxide Chemicals 1310-58-3

Potassium phosphate Merck (Sigma-Aldrich) 7758-11-4

dibasic

Potassium phosphate . .

monobasic Merck (Sigma-Aldrich) 7778-77-0
Potassium sulphate Fisher SC|ent_|f|c (Acros 7778-80-5
Organics)
Precision Plus Dual Xtra BIO-RAD 161-0397
Standards
Proteinase K, . .
recombinant, PCR grade Merck (Sigma-Aldrich) 3115836001
Purified anti-GFP Epitope
Tag Antibody [Clone: BioLegend 902601
B34]
Q SepharoseE Fast Flow Merck (Sigma-Aldrich) 17-0510-01
Q5® Hot Start High- .

Fidelity 2X Master Mix New England Biolabs M0494S
QIAEX Il Gel Extraction kit QIAGEN 20051
QIAprep Spin Miniprep Kit QIAGEN 27104

S.0.C. Medium Fisher Scientific (Invitrogen) 15544034
Skim milk powder SERVA 42590.02
SnakeSkinE Dialysis Fisher Scientific (Thermo 88244
Tubing, 3.5 MWCO Scientific)
Sodium chloride Fisher Scientific (Fisher 7647-14-5

Chemical)
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Sodium Dodecyl Sulfate
(SDS)

Fisher Scientific (Fisher
BioReagents)

151-21-3, 7732-18-5

Fisher Scientific (Fisher

Sodium Hydroxide Chemical) 1310-73-2
Sodium hypochlorite VWR (Avantor) 7681-52-9
solution 5%
Sodium phosphate Merck (Sigma-Aldrich) 7558-79-4
dibasic
Sodium phosphate . .
monobasic Merck (Sigma-Aldrich) 7558-80-7
Streptomycin sulfate Merck (Sigma-Aldrich) 3810-74-0
SuperSignalE West Pico . —
PLUS Chemiluminescent Fisher Smgnuﬁg (Thermo 34580
Scientific)
Substrate
SYBRE Saf_e DNA Gel Fisher Scientific (Invitrogen) S33102
Stain
Thioflavin T Merck (Sigma-Aldrich) 2390-54-7
Trans-Blot Turbo RTA
Mini 0.2 um PVDF BIO-RAD 1704272
Transfer Kit
Trifluoroacetic acid Alfa Aesar 044630.AE
. Fisher Scientific (Fisher
Tris Base BioReagents) 77-86-1
TritonE X-100 Merck (Sigma-Aldrich) 9036-19-5
TWEEN® 20 Merck (Sigma-Aldrich) 9005-64-5
UltraPureE
DNase/RNase-Free Fisher Scientific (Invitrogen) 10977035
Distilled Water
Uranyl acetate Electron Microscopy 541-09-3

Sciences (EMS)
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2. 1BuWwf.f er s

Tab?22iBuffers used in this work and the components us
Buffer Component s
50 mM Tris.HCI, pH 6.8
100 mM DTT
2X SPSGE | oadin 2% (w/v) SDS

0.1% (w/v) bromophenol blue
10% (v/v) glycerol

Ani on exchan

chromatography 20 mM Tris.HCI, pHT&abR/AEeR.
A
Anion exchan 20 mM Tris.HCI, pH 8.0/9.0 (indicatedin Ta b | €
chromatography 212
B 1 M NacCl
C. el ddamchir 1.9% (v/v) sodium hypochlorite solution
solution 500 mM NaOH
5.8 g/L NaCl

50 mM KH2PO4 pH 6.0
25% (v/v) glycerol
300 &M a4MgSO
50 mM KCI
10 mM Tris.HCI, pH 8.0
2.5 mM MgCl2
0.45% (v/v) IGEPAL® CA-630
0.45% (viv) TWEEN® 20
0.01% gelatine
5 mM HEPES pH 7.2
3 mM CaClz
3 mM MgClz
66 mM NaCl
2.4 mM KCI
4% (w/v) glucose
1 mL M9
C. el ewpasrhs ng b 50 mg BSA
50 &L TWBENE
20 mM Tris.HCI, pH 7.5
C. el evpasrnern b 10 mM 2-mercaptoethanol
l'ysis buffe 0.5% (v/v) TritonE X-100
cOmpleteE , Mini, EDTA-free Protease Inhibitor
20 mM Tris.HCI, pH 8
2 mM MgCl2
E. dglsis buf 5mMDTT
1 mM PMSF (dissolved in 100% (v/v) isopropanol)
2 mM benzamidine

Celeghneezing

C. el eLCRNd ysi s

Celegamsovery
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100 eg/ mL lysozym
20e g/ mL deoxyribonuc

HCDM1

10 g/L K2HPO4
10 g/L KH2PO4
7.5 g/L NazHPO4
9 g K2S04
1 g/L 5N NH4ClI
2 mM MgCl2
100 e&M2 CacCl
2 g/L glucose (*3C)

M9

3 g/L KH2PO4
6 g/L Na2HPO4
5 g/L NaCl
1 mM MgSOa4

NGM agar

3 g/L NaCl
17 g/L agar
2.5 g/L peptone
1 mM CaCl:
5 mg/L cholesterol
1 mM MgSOs4
25 mM KPOq4

50 eg/mL streptomyci

Phos phoautfef er ed
(PBS)

137 mM NacCl
2.7 mM KCI
8.1 mM Naz2HPO4
1.5 mM KH2PO4

SDSPAGE resol v

7.5 mL 30% Acrylamide/Bis Solution

5 mL 3 M Tris.HCI, 0.3% (w/v) SDS, pH 8.45
0.44 mL dH20
2 mL glycerol

¢ L w/t) arftnoigium persulphate
10 ¢L TEMED

200

SDPAGE stacki

830 €L 30% Acryl amide

1.55 mL 3 M Tris.HCI, 0.3% (w/v) SDS, pH 8.45
3.72 mL dH20

€ L w/t) @rfbnorfium persulphate
10 ¢L TEMED

200

TriAcs et-BEDEA (TA

40 mM Tris.HCI, pH 8.0
20 mM acetic acid
1 mM EDTA
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2. 1P 13a s mi

aSyn

ds

AmpR promoter
T7 promoater.

pET-23a-aSynWT

4028 bp AmpR

Ori

B T2 terminator

Ori B T1 terminator
M13 fwd

attP1

pDONR™ 221
4761 bp

KanR

ccdB

M13 rev

cat promoter CmR

rrnB T2 terminator
rrnB T1 terminator

M13 fwd
attL4

attL4-unc-54p-attR1
entry clone
3525 bp unc-54p

KanR

M13rev attR1

M13 rev
ori attR4 g

CmR
AmpR

pDEST™ IR98
6522 bp

attR3

M13 fwd
AmpR promoter

rps-Op

unc-54 3' UTR

HygR

Fi gwrlegPl asmid

meapes nmmafi n

AmpR promoter

pRP2386

6006 bp uncS4p

aSynWT

rrmB T2 terminator

B T1 terminator
M13 fwd
attL1
attL1-aSynAN7-attL2
entry clone

2949 bp aSynANT

- attL2
KanR M13 rev
Oori B T2 terminator

rmB T1 terminator
fwd

attR2

YFP
KanR attR2-YFP-attL3
entry clone
4739 bp
M13 rev
attlL3
unc-54 3' UTR
o M13 "*YattB4 unc-54p
attB1
aSynAN7
AmpR attB2
AmpR promoter YFP
unc-54p::aSynAN7::YFP
8375 bp
unc-54 3'UTR
unc-54 3' UTR

attB3

rpS,Op M13 fwd

vectors eegdeinceth

generated in this W8DMSd&®trieo madie? .biyh &s5e v
primers Tlab®®di ghn of replicatioB. (pobinoit
oran@e; el ogamoters are pink; resestahamp
kanamyeisn st akhacreR; c hl o rraenpih<sthdCondd; and h 3

resi sittyngchk) red;
facilitatdi

primers

ar e

ng

are brown;

bact €ri al ggarssaaereg)

homol ogousEcrleocnoinmbgi nart é ogmelilnc
-afnhdt addstianal i negrewns
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2. 1Prd4i.mer s

Tab22i Primers used Regitdms workold and wunderlined
are not complementary to the target sfeQluoennicneg and
or Ef@b-dierected mutagenesis (SDM). Fwd = forward;
Primer o

Description Sequence
name
7 (F) Stock primer at Source Bioscience used TAATACGACTCACTATAGGG

for verification of successful Q5® SDM

Stock primer at Source Bioscience. Fwd
M13F  primer used to check success of Gateway® TGTAAAACGACGGCCAGT
Cloning

Stock primer at Source Bioscience. Rev
M13R  primer used to check success of Gateway® CAGGAAACAGCTATGACC
Cloning

Fwd primer designed by Dr Sabine

USYN Gyl amec used to gen%i CTGTCGAAAGCGAAAGAAG
PN 7
SDM)

U Sy n Rev primer designed by Dr Sabine Ulamec CATATGATATCTCCTTCTTAAA
N 7 used to gener afPIDMUS G

Gateway® cloning fwd primer to amplify CCCGACAAGTTTCTACAAAAA
KMDO1 OSvnoN7 for i ns eMopli AGCAGGCTTAATGCTTTCAAA

ynw GGCCAAGGAGGGAG

Gateway® cloning rev primer to amplify CGGGACCACTTTCTACAAGAA

KMDO2 o e T O o oag | AGCTGGGTTGGCTTCAGGTTC
ynw GTAGTCTTGATACC
KMDO03 C. elegans genotyping primer fwd CATTTTCAGGAGGACCCTTGG
KMDO04 C. elegans genotyping primer rev GGCTTCAGGTTCGTAGTCTTG
KMDO5 USy n &4 fivd (Q5° SDM) GTTGCGGAGAAAACGAAAG
KMDO6 USvy n &4 rkv (Q5° SDM) GACATACAGCACACCTTC
KMDO7 USy n g130 Bvd (Q5° SDM) GAAGGCTACCAGGACTAC
KMDO8 USy n g130 v (Q5° SDM) TTTCCCTAACTGGTCTTTC
KMDO09 USynD2A PSDM) ( Q5 TGGCGGTCTTCATGAAAG
. TATGTATATCTCCTTCTTAAAGT
KMD10 USynD2A %SDM) ( Q5 TAAAC
KMD11 USynV3A PsSbM) ( Q5 ATATGGATGCGTTCATGAAAG
KMD12 Us yNV3A %SOM) ( Q5 GTATATCTCCTTCTTAAAGTTA
AAC
KMD13 Us y n F 4 AQ5P SDW) TATGGATGTCGCGATGAAAG
KMD14 Os yNF4A ¥SBM) ( Q5 TGTATATCTCCTTCTTAAAGTTA
AAC

KMD15 USynM5A £80M) ( Q5 GATGTCTTCGCGAAAG
KMD16 OSynMSA PSOM) ( Q5 CATATGTATATCTCCTTCTTAAA

G
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KMD17 USynK6A #?sDM) ( Q5 TTCATGGCGGGGCTGTC

. GACATCCATATGTATATCTCCT
KMD18 USy n K6 AQ5% SBM) TCTTAAAGTTAAAC
KMD19 USynG7A #sSbM) ( Q5 CTTCATGAAAGCGCTG
KMD20 USynG7A 9?SDM) ( Q5 ACATCCATATGTATATCTCC
KMD21  C.elegans USy n g4 fivd (Q5® SDM) GTGGCTGAGAAGACCAAA
KMD22 C.elegans U Sy n &p4 rev (Q5° SDM) TACATAGAGAA(‘;CACCCTCTTTT
KMD23 C.elegans USy n o130 fivd (Q5® SDM) GAAGGGTATCQAGACTACGAA

KMD24 C.elegans USy n g130 &v (Q5® SDM) CTTGCCCAACTGGTCCTT

2. 1Ba&bc.t erial strains
Tab24&i  Bacterial strains used in this work.
Strain name Description Genotype

Derived from
NEB® 5-alpha
Competent E. coli
(Cat#: C2987H).
Used for molecular
cloning.

F-fhuA2 o érgF-lacZ)U169 phoA ginv44
0 8 @(lacZ)M15 gyrA96 recAl relAl endAl
thi-1 hsdR17

E. coli DH5-U

Derived from
Agilent (Cat#:
200132). Used for
protein expression.

E. coli BL21(DE3) F- dcm ompT hsdS(rB- mB-)gala-( DE 3}

Supplied from
Thermo Fisher

E. coli One Scientific (Cat#: F-mcrA g(mrr-hsdRMS-mcrBC) ( 8l8cZpM 1 ¢
Shot™ ccdB A10460). Used to ogdacX74 recAl arapl 3cPéara-
Survival™ 2 T1R transform the leu)7697 galU galK rpsL(StrR) endAl nupG fh
Competent Cells product of the LR UA:IS2
recombination
reaction.

Streptomycin
resistant strain of
E. coli OP50-1 OP50 used for
growing C.
elegans.
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2. 1Cabe.nor habdi tsitsr aeilnesgans

Tab2i C.

el sgamd ns

use in

t his

wor k.

Strain nan

Descriptio

Genotype

N 2

C. el 8gassol
Generation ti

days. Brood s

350. | sol at
mushroom comg
Bristol, Engl
Staniland. Cu
Ni chol as, idel

by Gunther O
species by Vi
Ssubsequaértulrye
C.E. Doughert
Sydney Brenne
Subcul tured b
in 1973. Pur c
CcCGC

wi | d

i sol a

NL5901

ExpresslSpnWoif:
in the body
cel |l s. Genel
bombar dment .
Professotlol EE
(University ¢

Net her.l and

unb4:USynWT: :

PVH247

Expression
USyagN7:: YFP in
wal | muscl e
Generated
microinjec:

unb p:USyaqN7: :

Y F

KMDO0OO1

ExpresslBpn ¢
140: : YFP in t
muscle cell s.

mi croinjec:

unb 44 USy-d40:

KMDO O 2

ExpresdBpn ¢
126:: YFP in t
muscle cell s.

mi croinjec:

unba4:USy-d26:

KMDO O 3

ExpresslBpn ¢
112::YFP in t
muscle cell s.

microinjec:

unb p:USy-al2:

KMDO O 4

Expresdfpa80f"
in the body
cells. Geneil

mi croinjec:

unb4:USy-88: :

Y F

67
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2.
Tab?2& Equi pment

IEqg7u.i pment

used

in this work.

Equi pment

Description

AKTA Pure™

For protein purification

AMAO50 Adjustable Microscope Adapter

Adapter for the ToupTek USB-Camera

Applied Photophysics Chirascan
spectrometer

For Circular Dichroism (CD)

AvahRPaol ar Lipids

To generate liposomes

Beckman Coulter Avanti J-26 XP

For centrifugation of cell cultures

Beckman Coulter Optima MAX-XP
Benchtop Ultracentrifuge

For the pelleting assays

BIO-RAD PowerPacE Basic Power
Supply

For gel electrophoresis

BIO-RAD T100 Thermal Cycler

For Polymerase Chain Reactions (PCRSs)

BIO-RAD Trans-Blot® TurboE Transfer
System

To transfer proteins from gel to membrane
for western blotting

BMG Labtech FLUOstar Omega

Plate reader for shaking thioflavin T assays

BMG Labtech FLUOstar Optima

Plate reader for quiescent thioflavin T
assays

Bruker Avance IlIE HD 600 MHz

For nuclear magnetic resonance
spectroscopy

Cole-Parmer Ultrasonic Processor with
timer and pulser

For the sonication of amyloid fibril seeds

FEI Tecnai 12 transmission electron
microscope

To image material by transmission electron
microscopy (TEM)

FEI Titan Krios electron microscope

For the collection of cryo-EM data

FidaBio One

For collecting and analysing Flow Induced
Dispersion Analysis (FIDA) data

GX Microscopes ultraZOOM-2 Binocular
Stereo Zoom Microscope

For general maintenance of C. elegans
strains and collection of motility data

HiLoad ® 26/600 Superdex ® 75pg

Column for Size Exclusion
Chromatography (SEC)

IKA Ultra-Turrax® T18 homogeniser

To homogenise E. coli cell pellets

Inverted Zeiss Axiovert 10

Microscope used for the microinjection of
C. elegans

Leica MZ10 F Modular Stereo
Microscope

Microscope for general maintenance of
fluorescent C. elegans strains

NanoDropE 2000

For measuring the concentration of DNA

Narishige Three-axes Joystick Oil
Hydraulic Micromanipulator MO-202U

Micromanipulator used to hold needles and
microinject C. elegans

Nucleosil 300 C4 column

Column for Reversed-Phase High
Performance Liquid Chromatography (RP-
HPLC)

Pellet pestles, cordless motor

Motorised pestle used to grind C. elegans
pellets for protein extraction for western
blotting

PTI Quantamaster Series fluorometer

To measure fluorescence polarisation
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Shimadzu UK Ltd. Nexera LC-40 system

For Reversed-Phase High Performance
Liquid Chromatography (RP-HPLC)

Shimadzu UV-1800 spectrophotometer

For measuring the concentration of protein

Sigma 1-14K Refrigerated Microfuge

For pelleting material after resuspension of
lyophilised protein

Touptek USB-Camera, Series E3CMOS

Camera used to record motility assay
videos

Uvitec Alliance Q9 Gel Documentation
System

For the visualisation and analysis of
agarose gels, SDS-PAGE gels, and
western blots

Wyatt miniDAWNTreos®

For measuring and analysing Dynamic
Light Scattering (DLS) experiments

Zeiss LSM 880 inverted confocal
microscope

For fluorescence recovery after
photobleaching (FRAP) experiments

Zeiss LSM 880 upright confocal

For collecting images for aggregate

microscope quantification and phalloidin stain analysis
2. 2.Met hods
2. 2Moll.ecul ar biol ogy
2.2.8B. 1d¢olainsf ormati on

NEB5al pha ¢ GRD87H)
10

50Lecompetent cell s. This was incubated
shocking at 42 AC for 45 seconds. The doll

5 minutes and subsegluebifpleOpt a dndhd d b@aat tadbOoll ii tch
repression (SOC) medium. This was incubated
this tilmeqgf 10Dl | s were plated on LB agar
resistance marker. These plates weret idcubat
AC the following morning.

2. 2. Rurification of plasmid
Transformed cafggani pbabasLB<1l week ol d) were
LB, and incubated overnight at 37 AC, 200
was purified with a Ql Aprep Spin Miniprep
protocdlinaTheoncentration of DNA W&0D0Quant i

UWi s

absorbance at 260 n

spectrophotometer

m.

comffabédwecel t Hawed
mi nut els -NHHMdebYpl asmi delLDNoA otrhes KLD product

PO aA@i ds wer e

69

on

(TTahbeRr@nboy Fmesahseurr i Shcgi etnl

stored
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2.2.Q58iderected mutagenesi s

QF si-tierected musagmseegeneraari ammetaxombi nant

protei@s ahegamds ns. Primers (Il nt eTgarbat®e d DNA Tech
were designed to gehetatresthei @utaatpiodry mer ase <ch
(PCR). The components ofTabhkée PCR are described i

Tab2® i Components for PCR and the volumes used in each
Component Vol umke) (
Q¥ Hot Start High Fic 12.5
10Meg Forward prir 1.25
10Me Reverse prir 1.25
1-25 glg/Templ ate D 1.0
Nucl efarseee wat er 9.0

The thermocycling conditions fdmabe&e PCR were ru

Tab2& Thermocycling conditions for PCRs used in this

Step Temperatur Ti me

I nitial d ¢ 98 30 secon

Denatur a 98 10 secon

30 cyecl ¢ Anneal ir Tm of pr 30 secon

Extensic 72 30 seconc

Final ext 72 2mi nut es

Hol d 4 b

Foll owing t /DN AWPaCsR, t rt eheet e d wi t h ki nase, |l i gase,
enzymes to facilitate DNA circul abenhdadof onheThe Kk
DNA to facilitated ibgyattihen | wigtals et h@an3d Dpnl diges

templ ate DNA. ThemKdmemde adcettiTaai bl2&d i n
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Tab?2® Components and their volumes used for KLD r

Component Vol unmke) (
PCR product 0.5
2x KLD reaction 2.5
10x KLD enzyme 0.5
Nucl efarseee wat er 1.5
After mixing, the reactions were incubated a

for 1 hour. Following this,Et hiHbdreo(@asbt s wer
24)as descBebedonn2R&sdaltling plas@i0dACwere st

2.2. GatheWalyoning

GateWwaloning (lnvitrogen) waB#4USym7toYRRNer
straCn eofagansding to the manufacturerds pro
(Fi gekmM)encodinBgh:USynWT: wa&Pkindly gifted from |
Noll en (University of Groningen, Net her|l and
designed to gSeympd7 aBié PERepr oducttenfprloamt et hDeNA
(pRP23TGa®R.IH(. PCR was carriedabdi®amibab®&scribe
wit FHO5 Start High Fidelity DNA polymerase a
DNA product was confirmed usBagtagayas®Bhdgeb
DNA band of the correct size was extracted f
Extraction Kit (QlI AGEN) according to the mat

was performed by first prephBabhm the mixture

Tab2k0 Components and their volumes required for t

Component Vol unke) (
aBt PCR pr oll@cft mdql2) 1-7
pDONR 21 vectoalL) (1! 1
Tr-EBTA buffer, p to 8
GatewmR ClonaseE || 2
After the BP reaction mix was prepared, t he

(Tab2&at 25 AC fehbrploheusgalse Wag 2added to the
the sample was placed at 37 ACecef oof 1t0heni mrud éu
was subsequently Eus®dlbtel| Tashkgs$@cmi on) 2. 2. 1.
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and plated -aoguar ocnamt aLiBhi ngg/kmln)amyThe f&I0l owi ng o
colonies were used to inoculate 5 mL LB (+ kana
incubated overnight at 37 AC, 200 rpm. The pl a
cultures wafsi eedheunsipnugr t he QI Aprep Spin Miniprep
of the PCR product was confirmed by Sanger sequ:¢
M13 forward and Trade&r.se primers (

After obtaining thetletotymi Zactlto,net lceo nlitRAirngancgt i on  w
employed to generateunb@USyiqgNat : ¥BRest rube E£Rr
reaction, components wer @almiikxled i n volumes | i ste

Tab2li Components and their volumes required for the L

Component Vol umle) (
atdunb4pRtlL entry clor 1-7
atalSygNzat® entry cl 1-7
f mol es)
aRRYFRLB entry cl on 1-7
pDESM R98 Vector (2 0. 4
Tr-E®TA buffer, p to 8
LR Cl &hhsPlus enzy 2
Reactions were placed in a thermocycler set to 2

eL proteioggsr Wag¢ 2added and the sample was incub
mi nhutes to stop the reaction. The saMple was ne
ccBdl Sur™MRv&ICompetent Cells (TherTaobI|2B) sher Sci el
(Section ) 2.vhwlettehen pl at-adaronconmBt &g hinb g 30

chl orampheni col and placed at 37 AC overnight.
components of the LR reaction was confirmed by
cultures wusing a Minipr epur caen dBiSoasncgieern cXe g u ePnlcai snr
were st-BdedCat

2. 2.Ag&rose gel electrophoresis

Agarose gel electrophoresis was used to visualis
PCR reactiwhs . aghr®%e( gel s were prepar-ed by dissoa
acetmDTeA ( TAEYablz2f &y heating in "dsafiecrbbNvave. SY|
Gel Stainv/ijw. Waswa@dded to the | iquid agarose so

poured into a gel cast and left to set for 30 m
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was transferred to a gel tank containing TAE
Engl and Biolabs) was addedLtofthbi ®NAas amphe
the agarelseofgel Q0 5bp-looradl pkubr pQuei cDkNA | adder s
Bi ol wbse also | oaded on the gel, such that
sample could be determined. Gel s were run at
and subsequently visualised Uwyi tlee lAild hta nacned C
Document atm(@abBa.st e

2. 2PRr2oot ein expression and puri f i

2.2.BxAressUoynn of

Al l varlUSymt sweasfe expressed at the Universit)
protocol. The pl dSymhdwddNAusadotdo Egr 8blRIly tr a
(DE3Ipnbesd . The transformandgarwea entpdganmeidg oIn0 (
carbenicillin and placed at 37 AC overnight
used to inoculate 100 egnlLmlLL Bc a(rcboenntiaciinlilnign) 10

incubated overo@ODghtomat 137 mACpf2this overnig
next used to i newaurlnmaetde LIB L( +tofcaprmhenicillin)
incubated at 37 ACsowa®Omepmuaerd tegu®darly. W
reached 0.6, Ukyxnprvweasss iionnduwcfed by the -RDdition
1t hi ogal actopyranoside (I PTG). Cultures wer ¢
after which the cells were harvested by cen
usi n@Petckkenan Coul-2@ rX®Rwvtamil & b §@. (

For the exNa&mitUloanbeolfl e dE.p r8Botkdli n(,LDE3) were fr
transfor med. The following morninggg/ in@0 mL
carbenicillin) was inoculated with a single
AC, shaking at 2Q@& agpaohedn~<cC®. 2,het OD cel |l s wer
xgf or 10 minutes and resuspendeaeld2d®dn (w00 hml OHC
eg/ mL <carbenicillin), Sogvals tatpaptr ok hematsdlay t Dn
HCDM1 culture was next incubatefioato@vndgCdag
thesgddDF the culture was measured amlorhdédaOcell
mi nut es. 500 mL of fegksmh dH&DMé&niwecilhl il®Owas i
the cells from the overni ghtoacausl tauprper,o xsiuntaht et
0. 2. The cells were then expressed, and pro

above.
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2. 2.Ry i s, boiling, and ammoni un

precipitation

The cells USgmt awenrieng!| pseidbyamdoni um sul phat e

precipitation. Firstly, t he celTlur 2L 8 et was h
homogeniTeshkekigdi n 50 mL ITvabi2® bpdrf ex. ¥ L culture. Sa
were placed at room t eThpercatil lsewkeore 30 amisr etr e £.d
bottle and placed in an 80 AC water bath for 1
centrifugedant43AC00D0Or xB9nmisuwesi nAsinsically d
protein, it remains in the solsebhlksetfwvacpronei asgl
expresske.d .dyThe supernatant wawgv) r atmembnedmand 30
sulphate added. The solution was irdSuybhated for
precipitation. The precipitategfdorpr3Q0 eminn wtaess catnt
4 AC. The resulting pellww wamsmohbmmgeni pbdtéenaht
pl aced on a roller at Ah A Cs dmp leen awd & @e retcri ipfi u que
35, 09t x4 AC for 30 minut eBSyann dwatsh es2tPoerfelde tatcont ai

2.2.RARniBon exchange chromatography

Anion exchange chr omat @g mphaSuyhnf, y(gAEXen iist susmeedt neg
charge at neutr al pH. The isoelectric point (pl
wor k, and the pH usetUabbh®E2 AEX are shown in

TabRk2IProtein variants expressed and purified in thi
used for AEX.

Protein var pl pH for AE)>

USy n WiS/y 41 4 0 4.67 8.0
USy aN 7 4.65 8.0
USyaqP 1 4.67 8.0
USy aP 2 4.60 8.0
USynD2A 4. 74 8.0
USynV3A 4.67 8.0
USynF4A 4.67 8.0
USy n M5 A 4.67 8.0
USy nK6 A 4.509 8.0
USynG7A 4.67 8.0
USy1 26 4. 47 8.0
USy112 7.88 9.0
USy+#9 8 6.28 9.0




Materials a 75

The pell etfi fstberp tofe t he ammonium sul phate p
resuspended i TaREX .b fufeert oA t(he presence of a
from the prwehvicdusnasyt eg.,e Wyt thd ntdhi ed gc olfumn, t
solution was prepared such that for each 4 |1
300 mL AEX buffer A. Once resuspended, t he
SephatfMaseon exchange col umnhowhe candvaso mptacikrn
80 mL resin volume. The col usmnamkKBA sAitbrsee quer
(Tabk®with ttwlumn volumes (CV) oUSybufwfi ¢ h A,
gradient up to HaPRAEXYXveRuf f2erCVB @A ratio of 1
B) was maintained for an additional 2 CV, b
through the USpbhomnhai Afiheg fractions were poo
was cl eaned Witk ZVCY H#MHNZHOOH,anad GVY owHd i n 2

et hanol .

For dialysi™3. SKakveAM&CKOi ndi al ysi svet ubiinng5 wmM
ammonium bicarbonat e, sealed with a tubing
The pooled protein was transferred to the d
was sealed with a clip was @Bl &kmed .i nTh® br ¢
bicarbonate and left to dialyse at 4 AC on
changed approximately every two hours five
ensure an eff ectoitveei nd iwaal sy stihsen Trheemopvred f r om
transferrdottomedufidasks, snap frozen in |ig

fredzeer. Once |yophilised, the £®&rtAiCally pu

2.2.2i.4de exclusion chromatograp

The |l yophilised proteinphwasp-hllatcbel @& ds alti 2e m
(Tab®d . The protein was transferred into a 5
Hi Ld%2d6/ 600 Superdex 75 pg gel fcionnreacttieodn tcoo
theKTA PUYiTabPkR@®. Two cocktails of <calibrants
col umngy22ep .Protein was eluted by flowing PB

mL/ mi nute through the column, and peak fract
As before, the protein was pool ed, di alysed
l yophilised. Thedcwl g mnQw&y @WHebnM NZHOOH, 1 C

and storew/)v at Baefol.
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A B
100
Ovalbumin
- Blue dextran a-chymotrypsin
- a-chymotrypsin =
- Aprotinin g 10 [Cytochrome ¢
- Ovalbumin % Aprotinin
- Cytochrome C
- Acetone
0 100 200 300 400 100 150 200 250 300
Volume (mL) Elution volume (mL)
Fi gwr2é Cal i brants for size excl Chirmmac¢ lbgorx
calibrants from two cocktails. Cocktail 1
void vbothymotrypsin (25.0 kbDa), and aprot
oval bumin (42.7 kDa), cwptetbnemewhi ch2 wéas
of peak s(yBrMmoeltercyul ar wei ght ( MW) of cal il

vol ume.

2.2.206i.um dodecyl sul phate polyac

el ectrophoresi s

Sodium dodecyl sul phate pol ¢y SbBAGE)Miwlaes gueslede | ect
to assess the purity and the approximate mol ecul
Section. 2A2fka®w glass plate and a spacer gl ass
rubber gasket between to prevent | eakage, hel d 1
perpendicul ar to thetidiabi me nlt dfATSdrr egde EBD SWETr ie s

made by pr epasroilnvg nlgo tam dr Tsatba2@k.i nDheged essql vi ng ge
was poured into the assembled glass plates up t
gel was i mmediately poured on top of the resol vi

setting prematurely. The higher tthenpireypeottcet oé

glycerol, ensured that the two |l ayers did not mi
sample wellig<inerigels were left to set for 30 mirt
Once set, gel s were transferred to a gel tank.

anode buffer (200 mM Tris. HCI , pH 8. 9), and the

buffer (100 mM Tri swh)10S0DS3SnM ptH i8c.i2n5e),. 0S.almp l(es t o
were prepared by addiah@22 Xan d abdainlgi nbgu fffoerr (0 mi n
eL of sampl e was | oazldeBr @eirsiloam ePlaunsd Bu al Xtra
protein | adder (BioRad) was | oaded into the fir
mol ecul ar weight of sampl e baamds .cuGelesntweorfe 3rOu nm
using t-RAD BP ©OweéM BPaasci ¢ PowerTalsi2@)pu ryt i ( t he

bromophenol blue dye exited the stacking gel, wl

the dye front had reached the bottom of the gel
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from the glass plates F@odmpd aicedPi ot dinrst AMna
stained, residual s®admd wtalse rg enls evda bvfifma gie dl H.
Al liance Q9 Gel Doame®t ati on System

2. 2.Yalei.dati on and retomligeano!

proteins

Verification of <correct protein was achievert
SpectromeMI)y p(eESlor med -BgnliCamoeAlIRlospuri fi ed |
proteins were st20eAlClyophilised at

2. 2AM8y.l oi d formati on
2. 2.Bhilofl avin T assay

Thioflavin T (ThT) is a fluorescent dye that
Lyophilised protein was dissolved in the &ex
mg/ mL and centriffaged4athCl6pln3d @x Bilrgustae sl

RefrigeratefdabRiGgcr dhegsupernatant was transfe
Eppendorf tube and the precise protein conce
Acsusithlge Shima@n0 WyYect r olpatbdRitdo mathers «(d t o

calculate the protein concentr d@taib@®83f or each

TabPRe3i Proteins used in this worlksuasred tflwe @omrontes
concentration quantification.
Protein varian (s gMic mb)
USy n WiS/y 1 4 0 5,960
USy aN 7 5,960
USy aP 1 4,470
USy aP 2 5,960
USynD2A 5,960
USynV3A 5,960
USynF4A 5,960
USy n M5 A 5,960
USynK6 A 5,960
USynG7A 5,960
USyd 26 5,960
USy112 4,470
USy 9 8 4,470
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Al ThT assagM TuhsTed €B®weilnlg Bl ack/ Cl ear Fl at B
Polystyra@nediNbgh Surf ace Mi cropl at es (product

fluorescence was monitored by excitation at 444
emi ssi on at 480 nm. Unl ess statedt lotder wi se,

replicates. Additional details on Thbldifferent
21 4

TabREP4 ThT assays used in this work, with correspondi
shaking, presence of a Tefl oth =baylds,, aMd= pnoa.t e reader

Temper a Tefl Pl ate r

Assay Buffer ( AC) Shaki bal | (TabZ28
FLUOSst
De novi PBS 37 600 r Y Ome g a
20 mM sc
lonic st phospha- FLUOSs't
depende] NacCl ), 37 600 Y Omega
pH 7. 4
. FLUOSst
Seeded PBS 37 Qui es: N Optim
20 mM sc¢
. . . . FLUOSst
Li pmeldi a phosphat 30 Qui es: N Optim
6.5
For the seeded ThT assays, amyl oidle fndovwvadl s wer e
assays. Unless stated otherwise, seeds were prep
twice for 30 secondfQaeganeh Ul me awifiraib®BDPColceessor
set at 40% maxi mum power. Amyloid fibril seeds
10%/vYy t eM5Monomeric protein.
For t heediiaptiedd ThT assays, | i posome&ecwdrosm prepar e

2. 2.4ndl addedM tmonsoOmer i ¢ prtaptreocitne i aat LrHERtsp)iod
indicated in the main text.

2. 2.Bi 2tainmyd 6od maki o@ati cs

Al | data were nor mali sed, pl otted, and fitted (w
of normalisation is described in 4diwcgausree | egends

basi s; as a rule of t humb, ThT data were nor mal i
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signal of the individual wells where pellet]i

was insoluble by the end of the assay.

For the cal cul atviadnnesf, gthaendame Bt which hal
intensity is reachety walse dfedlelranwinregd . e Fwat iTo n
datld

w w a0 —— (1)

wis the measured fluoreskermmanidnareenstilig Y Ve
intercepts of the idiatnidaartamed ifnintailalb aasred ifnie

tfis the el ongatijgwad i dner icwed twanitng Tt he f ol | o
Y Y ¢t (2)

To determine the rates of primary and second
following equation3®was fitted to the dat a

— p p —Q (3)
Wherde9og i s the mass concend nmaitsi otnheo fi nfiithiraill sm

concentratienjssudhfe nmlhamal i sied Thd i1 atencf tp

processes of amyloid formation Il(ipr itrhar yr arn wec |
secondary processes (el ongation, fragment at
describes how the rate of new fibril format:i

and was fitted globally anéd oconaid at inmae. by t

2. 2.BelBlL.eting assay

At the end of ThT asadayxed( exmyll wdidn g slsiepnibd vy,

Sectign &. pell eting assay was used to measur
formed. 30 minutes beBoalmanenCaoulftugXPOpni ma
Benchtlap ad e (Ttarbi2®Bwees set to 4 AC and the vac
eL was collected frwen It hpl avted | sandft ntdires f9é6r r e c
tubes for the TLA100 rotor. The sagipodres3Owver e
minutes at 4 AC. The supernatant was 4+ hen tr

PAGE was used for the quantification of the
the end of the reactions. The mass of protei

was determioaldi hsa nigomeR)e.r ve
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A Mg loaded B
1.001 X
9.0 P 6 2N N
0a PR R R Z x
igg = S 0.754 x
= L
— c
—_ - ] x
37 g 0.50
25 [ © 0.25 x
20 == O 0.251 X
15 ——— o
10 0.00{ 28"
B T T T T T
5 00 05 1.0 15 20 25
2 Protein mass (ug)

Fi g3 SDSPAGE calibration curve used to de
to | oaSDPABGE of known mas s e6Bean irtod md tnr il @
l ane with known mass of protein.

From this it was decided that the most appropri .
of ThT reacti eMsstwarnthi nag 1n®oOn o me r concentration
(including 2x | oadli ngf btuHif£rgampllse fitgoi klSonaed ont o

gel amse that the maxi mum massg.ofThprsotaerionu nit o andaesd

selected as it is stildl in the linear range of
of as little as 5% insoluble materi al yield. Al
St ar tonmogmem concentrations, al |l samples were dil
protein | oaded in theg wholendurae tti lnenys wearse la |8l [
range of SIPACGCGEIi was carried &ettasnd@3IBeilbé&d in
Ni PAd | i ahlMSe RO ware fwarenss ¢ @ mékearyd © .f

2. 2. 8edgative stain transmissi on

mi croscopy

Negative stain transmission electron microscopy
mat erial formed at the endeLofof TR meo) pe wiame pti petk
ont o ccaacatoend copper grids. After 1 minute the sa
gri dwwabed ealki DO BitHhr ee eL i mewR2)UWb@aagbkt ate was

pl aced on the grid, wictckpdaewdypnahdradbtbkercohbd

this time grids were blotted and left to air dr
Tecnai 12 transmi ssi@ab2@®.ectron microscope
2. 2. Reber-please -phaergftfhor mance Il i gqui

chromatography

A Shimadzu UK 14t0d .s yigeaxbedi®avalsC used f@ohasever sed
high performance | iq#HiPdCydhwomat agNaphgo6RP 300 C

(Chromex Scientific Ltd.). The column was first
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(vAHvitrifluoroacetic acid (TFA)) an)d BPA)s odtve
a flow rate of 1 mL/ min. The soluble fracti
injected onto the column from a polypropyl en

were eluted over an increia&0n)g agveardi |Gt miord s ,
95% 0l vent A for 5 mins. Protein was detect
photodiode array detection. Peaks were ident

2. 2.B.®.ted proteol ysis

Limited proteolysis was usedUStym @hmar ad tde rfii sbe
For this, proteinase K was add®&Sdynt:oprfoitberiinlass
K at 37 AC. The reactions were stopped at th
di ssolvedvi)m ils@@Pi%h o (EPBGIE) was used to separa
Densitometry and molecul ar wei ght estimati o

Alli anfMseDdwar e.

2. 2.QCryM data coll ection

100M edygN7 in PBS was incubated in a thrille
600 rpm for fEHMrdiatlaatwiaosn.c oGrlyeoct eed kbva sDt hBav
applied onto 60s plasma cleaned (GloCubekE,
grids. Teh ewassa nbpllot t ed and frozen in liquid e

(FElI') with a 0.5 s wait and 5 s blot ti me

mai ntained at close to 100BRM hdiarti ads ety vaansd c4o |/
at t he Uni verAssittbyur gf Cea¢thdee FiEHBNg Kri os el e
mi croscope (Tebd@opeshteed at 300 kV with a |
(Thermo Fisher) and Selectris séneéer gw dtihl t(elrt
Fisher). A nominal magnification of 130, 000x
A total of 5,464 mohvia snoweirnealc od elffeockct2asdd rwaintg e
Om using a tot/ajovdkasenofexpobsuage of 4.59 s,

to a dose r/apiexedf/ s~8 Each movie was coll ec

Representation (EER) frames.

2. 2.QCr YoM data processing

CrygpoM data was processed by Dr Dev Thacker.
dose weighted and summed usi ndgltlamod i @ann tcroasrte
Transfer Function (CTEF) parameters were est
CTFFI ND*Y4FLWBrils from around a hundred micr

in RELI ON and the extracted segments wused t
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picking Wit A Topaz of 315,777 helical segments
in RELI ON (box dimensions of ~76 nm) for the ini
which the selectedxsegmnketdsedveflrox edi mensi ons o0
nm) for the 2tbhicrldasrsadndc adfi on. -mbtoughguadi ehée V
Descent with Adaptive Mo ment s (VDAM) classific
separate out picking artefacts to |leave 163,259
TheSygN7 dataset owas bspllist winth (100, 454) and with

crossovers.

For starting 3D classification, an in-itial 3D t e
binned 2D class average using tHé&loelgi ovim tthel i x
measured helical crossover estimates from 3x bi
3D classification run with the initial mo d e | us i
estimate) and risveal (4. G 3)0, wi.t8h Aa staimph i ng, ar
resolution i mit of 4 i with three out put cl ac
classification, helical searches of the twist wi
withad ute of 30, 0.9 A sampl iungfoarhi dgihaniugttpruitct hi gh
cl asses. I'n the third 3D classification run, na
and rise were ewmplowogedf wBOh @&.9 A sampling and
resolution Iimit of 4 i with two ouetcptuetd cl asses.
from this final classification to move on to ref
Sequenti al rounds of 3D refineaepntt wecenwnerged
before CTF refi-mamteint! efdeéefhecperesti mates, Bayes
then the final run of 3D refinement. Narrow hel
usedunpi | the finadvateesnemerdt5, winthi@al sampl in

i nitialk illotwepraisnsg-pobdbcéssi nBowith a soft mask (exte
and sofge¢e for 6 pixels, z |l ength of 20%) was use
Fouer Shell Correlation (FSC) value of 0.143) r¢
The USyghl7 map is at a resolution of 2.5 j.

2. 2.80@el building and refinement

Mo del building and refinement was performed by
sever al di fferent pSiyr ifsihledi Ir ectomiFdmame s , PDB:

selected as a startind!moQneel cfhoari nb wifl dtihneg tienmpQ oca
rigid body fitted into the density and | ocal reg
t he map. Bot h Ramachandran and rotamer outliers

during building in Coot. Threi ciod rbeacdye df icth ation gaeans
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a hain model for 6 | ayers of the fibril c
against the postpr oces*.% dN@mayps tian | Pohgernai pxh ivcl . Sly
(NCS) restraints were applied to prevent diyv
along the fibril axis. The final r*%%nded mo
deposited, with the finalFinpwBred statistics s

2. 2Lidgposome experi ments

2. 2.4i.Aosome preparation

Liposomes were prepared 1byRi mgs-ssgpeygceirnog 25
phosfber i(MeMPS)1 ,-&r | a-8 gd yyle3eprhoo sh-Ber i( e PS)

| i pi dseLi me2G@anolklL amhkdl Brodf or m. Li ptieds3wemle tr
Pyrfex |l i ndrical tube and desi bogatse da nus isrhga kd n
in a 50 AC water bath. The tube containing
desiccator overnight. The following morning,

phosphat e, pH 6.5, such that the Thenalli pciodsc €

were |left to rehydrate in a 50 AC water bat'
to a 1.5 mL Eppendorf tube. The | ipids were
pl aced back in the water bath to thaw, and t
Av ahRol ar Li pi(dabfkéanmd deeat bl ock was assemb]
nm membrane. Lipids wevrae merdaris fmer rHadni tl @ oa 31
extruded at |l east 21 times. Liposomes were ¢

scatterindgtubre wApr ex eaned Oyi tam d8 eM hkadtb,l .d H

2.2.ByR2amic |ight scattering
Dynamic | ight scattering was used #o0 omMmeasur
| i posdmaéw.att mini BAWNTeeosas turned on 30 n
us@Alslol uti ons were | oaded ontem thetesystBwmfiad
first |l oadedmioubethbhasehi hevbefore sample in

diluted 10, 000x then injected into the syste
was uged hfeo anal ysi s. Buffer waampéienphpacted d nt
The system wad h@addheM nitricv/awedhanold. 2 A/ |
was performed by regul fsroifstantairoen uTshien ¢p oA sytdrias p

(PDI') of the measured |iposomes was calcul at
0 00— (4)

Wher,ées the standaifdsdelieamean mnadius.
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2. 2.8@1L Bcul ar di chroi sm

Circular dichroism (CD) was used to measure the
USyn iambgsérece and presence of increasing concent
CD experiment was repeated three times. CD was
Phot ophysasacan Chpec(fTabb@.t eSampl es were prepared w
protein concerMr ptriodrei of a@8d& varying i pid con
transferred to 1.0 mm pathlength cuvettes, t hey
three minutes before spectra wehlhreeactqiumasdper Spe
sample using a 2.0 nm banldBw dnrm. iattah ewerraen ghkel aonf

corrected, averaged, and converted from mdeg to
account for differences in sequences.
0YO —— (5)

Wherméd s the measured CD ati sa tdievem neldwndlrer gtom, i
0is the pathlength ofiishé heuwnwemberi omfcmami aomd aci

protein sequence.

To calculate thegbiandd ngt amifdhinametersy ((KL) values
equait'ivas fitted to the collected dat a:

@ (6)
Wheredescri bes t BSeynf rbaocutnidont ooft hdelt i pesomeoamnd i s
o — (7

WherdéD i s the measured CD sdiQyannad Oaate 22h2e nOW, and
signals of fUSge,andspechdvely.

The percentage of the protein with helical secon
the followicthg equation

0 Qi OQEMH V@RI ——— (8)
Wh e r—e ane- describe to the ellipticity of a pr
helical content , respectivel y. These values h a
deg.2cdmdli—-e ) and 139, 50dmdteqg.)cm is the

observed ellipticity under saturating binding co
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2. 2.8 -di.phelny3hebxat ri ene assay

1, ®6i phéngheSxat ( DPHE was wused to measure the
in the absence and presdfygye. oDPHi Waersnspead
et hanol at a concentration of 2 mM at | eft
fully dissol ve. Thwea sf aldldewli tgo dayy,0osRAtes at
600:1 ([lipid]:[DPH]). This was then placed
i ncorporation of DPH into theDRH pmidx bwalsa yaedrd.e
t &Syn tperion. Monomeric premt, eiamdwaheallwadRy § s50 n
the main text. The final concentrawvian Aof e
PTI Quantamaster @earbi2&svaBl uesreadméebecol |l ect me

with an excitation wavelength of 355 nm and

and DLPS measur ement s, 1 AC intervals were u

AG60 AC an3lo 5AACf or DMPS and DLRSYlLi wos dmas i

mi nute equilibration time at each temperatur

To calcul ate milli pol arisation, the foll owi
G0 pmNMTE——0 9)

Wher® andO are the measur ed fluorescence i nt

pol arisers in the vertical and hOrainZzlont al p C

the excitation pol ari s eDiss atifhemcitGo rt, h a eV @ rnteidc «

0 — (19
Wher@® and are the measured fluorescence i nt
pol ariser in the horizontal position for ©bo
vertical and horizontal positions, respectiyv
of the | ieofsiormets,ddrhi vative of the data was

2. 2NuWwe.l ear magnetexpeeismaanse

NMR experiments wer e perfor med by Dr s Ben
Chakraborty. For the experiments iHhVM)stigati
SOFASThet eronucl ear multiple quantum cohere
recorded at 20 AC, 30 AC W@Bdu#ker A€pesitngmane
MHz) equi pped with a tri pTaebPR®hanSpelct@@l Rvea
recorded on sampNESymfi 252@®MmYMPUsodi um phosph
6.5, vDPwe®(in the absence or presence of DM
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di ameter) at an LPR of 8: 1. Al l spectra were p
analysed using CCPN22arPalby sisshedo faldSsangiTment s o f
( BMRB 16%43) transferred USoyntheardatasfarnr 2i0e A
Assignments could then be transferred to spectr
by foll owing peak positions at di fferent t emp
relationship betwekramtempes it futf?¢df ®mdk dievegrhtpe ak

were used to calculate intensity ratios for peak

For the experiments on the <chemical shifts of
compar edSywi 40, 2,BN)het eronuclear single quantum
spectr dsSQQPpy3PB,'NW,'T) HNCO, HNCA, HN(CO) CA spect
recorded at 15 AC using an AVANCE 111 Bruker sp
with a triple channel QCI P cryoprobe. Spectra we
[ UNJUSyn in 20 mM sodium phosphafDe BLffepecpHa7. 4
were processed using Topspin 3.6.2 and analysed
v2.422The chemical shift e\ twarsb adteitoenr n{i hSePd) uosfi nt
the following equation:

T® w0 — (11)

2. 2Fléeivmduced di spersion analysis ex

FIl eewvnduced Dispersion Analysis (FIDA) experiment :
RhrotUSyn in buffers of varying ionic strengths. FI
i nstrument(TabRiedvaiBtiho)f |l uorescence detection at 27
the intrinsic fluorescence of the tyrosine resi
di ssolved in 20 mM sodium phosphate buffer, pH 7
4 AC and experi meaitmtlaibudd eats wer&@.m nfibe capill
di amet er, 37 AC) @asl1wBMsN®HOH@intlHt tiedn coated with
HS coating buffer. The protTach®le5f or experi ments

Tab?2®e5 FI DA experi ment setup with pressure and time in
Component Pressure (r Ti me (s)
Buffer 3,500 90
Protein 50 10

Buf fer 400 180
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Each experi ment was repeated a minimum of
analysed using the FIDA data analysis soft we
t hat accompany an increase in NaCcCl concent
retention tismey tothenNaaGdmciong buffers was no

retention times of the experiment carried ou

2. 2Mo/l.ecul ar sgliymalmatci ons

Mol ecul ars(MPpamiianul ati ons were cartli efcheout
code was altered byasDrdeAl&eicadd®annAdThy somul at i
carried out at 310 K, pH 7. 4 atf otrhe ,i00Mi o rsatm
(350 ns).

2. 2Ca8e.nor habdi te xsp eerliengeanntss

2. 2. Failntenance

Caenorhabdi t(G.s eelleeggaatnesai ns wer e al | mai nt ai I
procedures. They were maintained on 6 c¢cm Nen
pl atTeb2® . To prepare the bacterial fEood sou
coOP5-DTab24 plate was used to inocugglamle 100
streptomyci n, and the culture was incubated
foll owinglLday¥, c250ure was used to seed each
pl ates were | eft tawréder yyveG.nirgldéag atresmper wer e

mai nt ai ned t wi ce weekly under a di ssecting
constructed of a glass Pasteur pipette with
nematodes t o freshly seeded pl ates. I n t
extrachr omoasysmanis.astSygN7: : )YFPstrains were ma
using a under a microscope with fluorescenc
retained the extrachromosomal arrays wer e me
20 AGhfetsetr m u-8@, AGr ftoerr m Buesget i(08n D2 . 2.

2.2.8tR2ain generation

For the generationC.ofel mpgwarssnti da&i nwser ®@f gener ¢
descridedtioonsard 22 1lla3rdvdldsdageC.N2e| vgaes

transferred to fresh seeded NGM plates 24 h
needles were generated by pulling 0.75 mm
capil Taei ®NA solution to Dagjdle cp | aosimn tdreardees tu p
and &€l 100 bp DNA | adder. This was transf
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needl es uslomgdinegdpiepette tips, and needl es were
humid box with a |lid. Loaded needliesvwetedpl aced
Zeifsxsi overt 10 i nj @axbdepsnu oh ctrhoastc otphee (t i p of t he n
in the centre of the miwf)o sacgoapreodsse fpiaed sd oonf 1v.i5e w

coverslips were generated and placed on a 100 A
Il ndi vd.ducallaegammas odes were then placed in a drop o
agarose pad and gently immobilised using an eye

nematode was then transferred to the microscope
was broken on t hee sddge toof attHheowc avhe DNA solution

objective was used to viscCal ie$ e gBliiea gdeo rwsaasl! sur f

then moved to enable insertion of the needle in
pierce the cuticle. The DNA sdNlauontiisbmngwadght ben i
axes Joystick Oil Hy dr-aQ RdJhrce dvs wrriosmach i iprujl ead toiro r'MGCs
(Tab2®connected to the needle until the gonad be;q

gently removwed efl egmimisbe was then transferred to
NGM plate in a dropalo® resofvewydbyusfleat ér, the g
the injected adult were screened for fluorescenc
The F2 generation was then assessed for fluores

injection.
2. 2. 8.3eldgasns for PCR

The strains generated by microinjection were ge
DNA upt &2k0e .anlidmal s wer e tlrCan seflePr@réngss i st ouObHer
(Tab?2®d® wiethpboteinase K (20 mg/mL). The | ysate w
80 AC for 30 minutes andCit hel Bgremmofrgdtl ®crolwas se
2.1 6.

Tab2¥¥6 Ther mocycl er conQ@.i telodgasdfssrf o hePCR.

Step Temperatur e Ti me (minut

Lysis 65 60
Proteinase K 95 15

Storage 4 b

2 Le of the product was used as the DNA templ ate

bvwgarose gel el ectrophRiog &d)g§Sse cttoi ovne).r2i .f2y. 1s.t5r ai ns |
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& :53 _$<<Q$<<Q_$<<QHK<<Q
R OICNING S
0o o S
R A R

Fi gkAaeVeri ficationCofebtéganss fmy PCR, foll
PCR and agarose gel electrophoresis.

2. 2. 8edtern blotting

Western blotting was used for the quantific.
new. el egamas ns. F500r0 tahniismal4s0Ower e thh aM$f err e
soluffabB®d( This was penfsommgeai hbeea nMald yF Mo d u
Stereo Mi €Tracod28) p ® ensur e t hat onl vy ani mal
fluorescence were picked. The nematodes wer
4009t separ etlet gabms O b-D. The pell et wash wa
ti mes welt hMBOWOuUuf f er and subsequent centri fu
bacteria as possible. The r es udLtCi.n gelpeglalnest
western blottiTahp RBysiTshebusfanpl €(s owenei anapq
nitrogen and themishdwedzeasi tcden repeated

times. The samples were next mechampietallty I
pestTaeb 2.6) f or 1 minut e, cemtfroirf ulgemi nautt el , 0adnC
supernatant containing the nematode | ysate r
quantify the concentration of protein in ea

bovine serum albuminF{ B2Bk. whE&ED HeBereadtedd(r e
was addegl tBoSA2Q at concentr &gl mhbst eq/b@dDdg fr

and | eft to incubate at room temperature f
absorbamce matzlL2 of nemat ode | ysatdsi nmeubeatddd L
with ¢e08®Bradford reagent for 10 minutes Dbe

Nematode | ysatef®0wdiCe usittorded sat
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Y = 0.000673*X - 0.00749
R? = 0.9988

0.6

0.4+

Ass (AU)

0.0+

0 250 500 750 1000
Concentration (ug/ml)

Fi gu2x5d Exampl e BSA standard curve and cor
' inear regression.

To run the western blot, |l ysates were thawed, d
egéL with 2X loadisagl bfUihd @2, anmmdd M9hen boil ed f or
mi nut es. Foll owL ngf thamplt e meas2AbWahreigcbneo a 4

gel .eL16f protein | adder was | oaded to allow for
weights of visualised protei mst. vionhea agel owa sl 0tOh eV
for 90 mBh-@APs TBAPEBurbdransfer(T8phR®ams

used to transfer the protein from the gel to a I
then bl oclweée)d minl Kbh%fnf eTred salvMmeTweeh(-UBS % (

T) for one hour-GFReahti modgye( BnoiLegend clone B34
mouse-tamtuilin (Sigma c¢clone DM1A monocl onal, T9O
duplicate me mbr anes i n tandem at concentratio
respecthiev aldoy.stel bamnltiin antitbedygyuawbhssesbdVéhs of

in each sampl e, which acted as a contr ol to norm
USyn: : YFP bands to. The antibodies were left to
room temperature on a roller for two hours. Af
wasthewi th 10-TmU oaf 1TOBSni nutes, three times. The
i ncubated wi t-Th vbi tdmo a®BS hor seradicsohuppedoxi dase
secondary antibody (1:5000) (Cel |l Signalling Te
anti body was whasnnle do-To fiTfi@SviltOh mi nut es, t hree ti mes
the bands, 2 mMWeét SBpeosPhQgUudl Chemil uminescent S
added to the blot and i maged usinbalkX2e Uvitec ch
Densitometry was perAlolrimerf6 aifd3f magr ¢ .heTMNriemee bi ol og

repeats were collected, |l ysed, bl otted, and quan
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2. 2.RBRg8ynchronisation by bl eact

Bl eaching was used to sy@cherebdémsgages nlse pages
experiment seqirFoCi denlisgamas odes were transferr
NGM pl ates (four plates per strain). Four da
plates withTMBPRA olanmtdi otnr a(nsferred to a 15 m
vol ume was made upCtoelldgandt @achels tWwere centri
1,50ox one minute. As much supernatant as p
strain.Ch elLbh&mcshi ngTsobdZut was @dded to the
which was then shakmenumaesualbhyifothteiadul't n

had dissolved. The tubes were i mmediately to
centrifugedfat A4Aané&0®i mut e. The supernatant
pellets were washed twice more with 15 mL M9
After this, the pellet was resuspended in 1

Eppendorf tube. The pé¢acletdi ng e@aggodtwaweé or t o h
foll owing day, the numbercLofo®haMachaedume malt a
250 animals were pipetted onto seeded NMG pl

2.2.8o0mf ocal I maging

Conf ocal i maging waslSueedYFP vhnsubheibedyhwal
o fC. el segams nw/)v 2% af ose pads were prepared |
i magi ng. Nematodes were transferred to a dr
agarose pad and a 1.5 mm coverslip was place
either an upright or inwméectredTtcadplass LSM880 c

For aggregate quantification experiments, tt
Pl &Apochromat 40rbjledt OVéeé WILCh a do&rFdPp wafs i mn

vi sualwsiseg an excitat Aout dalsewasatc dllldeant. ed t

head region to visualise aggregates in all/l
i maged per strain per experiment, and three
al l experiments. Puncta wgreaugomatefli evbr k§i

| mageld, whi ah tthlker ddhumlrckkescence signal and qu:
t hanem?To test for stati swiagalANal gei 6i ddn c\weA
(ANOVA coup!| @ wiGi dB&! t i pl e comparisons test
GraphPad Prism 10.1. 2.
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2. 2.Bi.ffespan assay

For the 1ifes(Pamemastsades 4&#t day 1 of adulthood w
seeded NGM pl ate; three plates were prepared per
scored as Oaliveb, 6dead?ad, or 6censoredd wuntil
cl asdsiafsi ebcensored6 if they had crawled up the s
aC. el wgansot moving, the pharyngeal pumpi ng cou

not respond to a gentle touch with the worm pick

were steamed to a new seeded NGM plate every o

synchroni sed popul ation. Three biological repeart
were analysed in a Python*2%cir-iomghk adapt eflof r owe d
by podftoBonferroni correction was usefdort o compar
statistical significance.

2. 2. 8BoBiLl ity assay
The motility assay was the behavioural test wusedc

expressing the diSyher & FP. vEoi ahhsspfnematodes we
drop of M9 solution on doupinsked@dSeNGMspl ate. /
E3CMQPS&Samer a attached t GXthve cepesgioped€ aoaf trh& O0OM
Bi nocul ar Stereo(TZbP@GwdMs cuoaesdotpeeceadr g¢i 8 os

of the diff &r.enetl ¢dptarmasihnisngofi n dememaodoondedt | east
were recorded per strain per experiment, and ea
times. The rates of body bends per second was ¢ca
on | nfdyeA wawdNOVAi t pbodtomul ti ple compari sons Tuke
was performed i n .Grta® hdPeatde rPmii rsem sltOat i st i cal si ghn

2. 2.Bl.L.9orescence recovery after ph

Fluorescence Recovery After Photobleaching (FRA
mobi | UIyyn:0fYFP aggregates. Nemat odes were i maged
usi ndl @Appochr omat 63xb6hj dctdivie. DIFCO T FRAP experi
aggregates were zoomed -painx eddddiitainentaelr 4r0eXg.i oA 1o0f

was selected in the middle of the aggregate and
100% | aser power. The fluor eswemny esaecnd efrgr wa®
seconds. This was then fit to the following equa

w O p Q" (2
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Where A is the maxi mum fUiuso rtehsec etnicree rceccrosvtea n
waWYWNOVwas used to assess the statistical S i

curves of di fferent strains.

2.2.8. Phalloidin staining of m

Al exa "™®Bl4worPhal |l oidin was wused for tiCe visua
el egamsains. 50 day 4 adult nematodes were ¢cC
to M9 buffer. The 1.5 mL Eppendorgfit ot ipked | vedas
the nemat odeBE. b@Bb-hhSButp etrtneat ant was removed fr

whi ch was -ftrheememniamp |'iquid nitrogenegL Tolfe pel
i cceol d acetone added, such that al | nemat ode
were peirsnedbi Afiitregdtef irweom t emperature, the tu

all ow evaporation and drying of20t AcC.pel |l et ,

For staining, t he nemat ode pell ets wer e t
resuspended in 2 "We4T7Tsphohal Abiedian Fi nceh. t ot al
Tubes were incubated at room temperature in

nematodes were w&s hed sgwimden gwlibtbre.®e.r Pel | et s
were resuspelndw9d ianppllCiwed) ag@armoXé& gad, and t
a coverslip. Animals welradm o anfarg4edda 1b.y4 uGsiiln gD It

objective with a dTrhog3 30 fnnm maeneaisti atni ooni I l.aser
visualise th 4K eehadtfFdii@ibimg sl ice of the nem
the |l argest signal -hweaisghgeloefcttelde aismaghee. zA
nematodes were i maged per strain.

The confocal i mages were analysed in Python
randomi sed to ensure no bias. I f the sum of
pi xel boxes of the supplied images was g¢great
wer e aabotvhker eshold normalised intensity of O.
further processing. Selected segments were |
they clearly included more than one muscl e c

i mage weergnatdhdeerd 2z 0 a final size of 200x200

s
of each segment was then computed using 2D F
s

intensity at 40 in the Fourier space was meeé
spectrum was taman aovelrawleadt bkt ween all segmen
C. el sgams ns. To convert from the distance

di stance, the following equation was used:
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Y YO (3

WherYeYOs Real Spa®XOBi Ftoamd e Sfas et Deé ssiane eqf
the processed i mage 0(i300xh20@ixiedelss)ze dmMd 415x0. -

2.2.8. lllontger m st oQ.agel edgfarmas ns

C. elegamsns were fr e8z0enACanftioersidoosnegdr ae. Thr ee
cm NGM pl ates of nematodes per strain were all
nematodes were recovered from the plates with M9

xgf or one minute. The pellet was resuspended in
C. el ¢égaegoinhgfTa b BD( Strains were newitaltsransferr
and plaascoe dAC horizontally. A few weeks | ater, a s

for by transferringviaalchumkafseemdedcNGMrpyloat e an

for viable nematodhasy. f our days post



Residues Uynhordgofate an95

3Resi dute® @ymegul ate amyl oid f

3.1. Il ntroduction

Since the di sdSoywmeAr5y3 Toff amhki al mutiat itchre i n
i mportance of the aWsiymo ianc icdo nstertod e mehegisaafmy | o |
beeninvesti ¢ atoend mul tiple perspectives [
mut af 194 203.245.36643%9. F1lgPEY L&/ant P dhtcAE ®Hin%e3 406
PTMS4 %48nd variants debsngmspde diasteaidogose gaft i on
prone regi bAst?2( APRshi snewapti abIyngaf gener at e«
following computational predictions of amy |
characterised. Thi dSwghNi7i,ahtas DeFdMdGmet t edas

from the sequence.

Whi |l e truncat-t enmi naliSy nohfe orlCsi st ent !l y accel e
f or mai%i 3d'h°%%% t he rol # ermrmi ntaHe dM mai n i n regul
assembly is | ess clear, as minor changes 1in
di fferent*iot clotmEtéhet wor e ndependent studies
show thattertnhienaM ~11USyesimbmesnepf f-of mditmg i
i nt e?* P 2Be N7 regiontbbentiapg whntéarface, sucg
del etion of this region may impair monomer

process of amyloid propagati on.

The-t Nrmi nal Womaiins oafl so the primary site t|
binding, due to the amphipathic KTKEGV repe
di sorder ed Mealoitcedaln s end ohidalrtdy 144 t18% t&euhflee’n® i al
truncatio#tserami nNBeeoNave been shown to progr
he membmawmeed hel iUsByan, fodmomgyt odti ng how cr i
i s in membr?&lner hbdisndiiansg i mpl i cati ons for unde
unctWSoym,ofbut also its pathologicallSynle, gi
| i pradggcroegati on in the pathodeh®®s?ilS of synucl

Here, the rodeodBSyneasrduesplored in terms of
formation in both the absence and presence
ability of the N7 region to regulate aggreg:

in vsvexplor €d ehsgamnéw.
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3.2.Which regUoynns aorfe predicted to ¢

amyl oid assembl y?

To predict aminyacitdthategirone® aimyl oid formation,
USy n has been avalryadéddgoruiQrnegs exampl e, of whi ch
Zyggr é€g/atomansi ders sever al physicochémical prop
including secondary structure pridadmenpsrietdyi,cthydr o
regions driving Amgt berd &w»amemti@gSolwhi ch uses

physicochemical properties of amino acids and t
regions with Ap o &i r ¢ cald oglimipiltthhym 4% ZH ippre rBp s a

sliding window of si x abmd tnrou catcuirdes oofntNNQGQNeY carnc
calculates the energeticbizippkey Ros etatt a oe pir @mp etn
which is characteristic of amyloid structure.

| mportantly, tehpagelegongt himeseo UShe seghéngatefthe
hydrophobic core edmaibny (arlds itdniFéese BehE.p rAcsac hes (
this domain i nci8®detshan e shiadvuee sbe7eln shown to be e
sufficient for 2Amylheiseé fresmatisondemonstrate the
approaches to predict regions with high amyloid
terminal U8y mak®vLorivi@and (PKEGVVHGVAT)VARer e al so

highlighted by t hese appr oacchhaersac '@ ffswer e pr e
Specifically, d3e6 ett@Sod® D) a lsslhiesileem pBSginty of

to form amyloid at pH 7. 5C. aenl ds faagagsrne geaxt per ensusmmbnegr s
USygP1l: : ¥F®ignificantly reduced compared with a ¢
USynWT: : YFP. Al though deloersdtonsiodnitfhiec aMm2t |rye giinopna
rate of amyloid formation at pH 7USS®mpits del et
vari ant sarywlldischef or mati on at pH 4.5, validating t
predi crtuirarhse.r mor e, i ndividual amino acids within
were shown to be essenti®al Tdopet haemyl otidi sasmsaetmb
demonstrates the sensitivity of the P1 region fo

and potent sprleidibct i ons.
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Hydrophobic core

w wiu'
]

Figwrneln spredoction of amyl oWUSdyongA2nyigeg rreeggal
predictor-dofi vamgl oiedJi ons based on( BEaysSiod c
predictor of regi(o@s ppfer PBomassbtipp-pEli myong
F o A-C, red dashed | ines indicate the threst
or poor solubility, blue dashed | ines rep
propensity or high solubility. Red bdmrarpgpool
propensity.diBdautee braessi dunes with a | ow amy
sequenlSeg nofis di splayed at the bottom of t
Regions of predicted amyloid propeéeama(trye soi
6195) are highlighted in grey.

T h e sien Sspriedoctions al so -tleirghiniag htxeavenher el
MDVFMRKRG@Gsbeing i mportant for amyl oid format
(Figwrn)e. Althoughmimal Nseven residuesbare not
zi pper by Zipper DB, neither is the P1 regio
amyl oi d f or ntaetfiiohfedi's®®awéfifls demonstrates the
studying the flanking regions**bfwhkieyh amayy on a
form t hkeaneyrloosisd structure itself yet drive t |

into this conformati on.





















































































































































































































































































































































































































































































































































































































