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Background to the Invention

Amyloid fibrils are highly organised protemaceous aggregates associated _

with pathogemc disorders such as Alzheimer’s dlsease or the transmissible

| -spong1for1n encephalopathles Tan ef al, I—Ilstopathology 1994 25, 403~414 They

are dlso bemg explored as novel nanostructures with a wide Varrety of potential
apphcatrons Lashuel ez qf, Phil Trans R Soc Lond 2001, 256, 133-46. '
Proteins susceptible to form amyloid fibrils do so from at least partially

- folded or destablhsed states that lack the eompact nature of the natlve protem There

'j isa constantly.mcreasmg number of protems whose abrhty to form amylcud fibrils

suggest amyloid formation is a common phenomenon and 2 generic property of

polypeptide chains. One of such model proteins is the SH3 domain of the o-subunit

of bovine phosphatidylinositol-3’-kinase (P13-SH3), whose study has prdﬁded new

“insight in the processes driving amy101d fibril formation as well as details on the

molecular packmg of the protein chains within the amylo1d ﬁbrrls PI3- SH3 forms a

: partlally folded state in solution at low pH from which the protem slowly aggregates '
~into fibrls with structural properties mdlstmomshable from those exhibited by

amylord fibrils related wrth human disease.
Despite the considerable advances in the structural characterisation of

amjrlord fibrils there are still 2 number of issues to be clarified. Among them is the

_ deta,rled deﬁmtron of the structural pmpertres of the protein chains within the

‘ amylord fibril. The main problem to do so is the mtrmsm heterogenerty Ppresent in

many amyloid ﬁbrrl samples. Besides that, almost mvarrably both squble precursors

and non-fibrillar aggregates are present in all amyloid fibril samples formed in vitro.

Asa eonsequeﬁce? the structure adopted by the protein in the fibrils cannot be studied

with a high certainty. The development of strategies to isolate amyloid fibrils from
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_ amy101d fibrils before and after the punﬁcatlon procedure. Spech‘a were fitted to
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anaiyms Despite the. absence of a component at ~1612 cm™ when ‘analysing the ‘,.

f dlgested sample by second denvanve a better fit Was aclneved by artificially forcmg |
such a component before the ﬁttmg routine. Curve ﬁt shows a notorious decrease of .

_components at ~1684 and 1612 cm™ after pepsin digestion.

| 25 Figure 3 shows the degres of protein solubilisation from HEWL amy101d

: _ﬁbnls at different denaturant concentranons

Summarv of the Invention ' . | ' - ' '

‘The present mvent[on ut!]lses dlfferences in the stabmty of fibrils compared

30 | to other non-fibrillar contammants In a sample, and in partlcular soluble precursor

pepndes and non-fibrillar aggregates ina sample
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exanpl e by centrifugation or filtration of the sanple to isolate the

amyloid fibFil. 15
| Detailed Deseription of the Invention

The present invention relates to a method of purifying amyloid fibrils.
Samples of amyloid fibrils can be treated to reduce the hetmgenéity present in the

®)

fibril sample. The present invention is particularly concerned with removing soluble
20 precursors and non-fibriliar agpregates present in the fibril samples.

In accordance with the present invention, a method is provided to purify
amyloid fibrils from a sarople containing such fibrils, The present invention utilises
differences in the stebility of fibrils compared to other non-fibriflar components in
the sample. In particular, the method is applicable to the removal of soluble

25 precursor peptides and non-fibrillar aggregates in the sample. A sample is treated
with an ageot to which the fibril is more stable than the corresponding soluble
precursor or non-fibrillar agpregates, In particular, samples are treated with agents
which digest or degrade soluble precuxsors and amorphous aggregates or which
denature such aggregates to facilitate isolation and purificstion of fibrils. The

30  condifions are selected such that they do not encourage formation of further fibrils to
contaminate the initial £ibxil population. Suitable agents can be identified for each
fibril sample, for example, by carrying out analysis on aliquots removed from the
sample during the course of the incubation to assess whether there is a reduction in
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may be fibrils formed from single or multiple peptide precursors, and so may

20  comprise mixed fibrils. For example fibril samples can be obtmined from' a

polypeptide such as Ap, IAPP, transthyretin, 2 microglobulin, apolipoprotein, Al,

gelsolin, lysozyme, PP or any other amyloidogenic protein, or a peptide or protein

not related to disease, by incubating the polypeptide under at least partially

denaturing conditions in the case of proteins and appropriate solution conditions in

25 the cese of small peptides through routine adjustment of parameters such as

lemperature, pll, ion strength, organic sc;lvents, chemical denaturants and chelating
agents. |

The sample containing fibrils is treated with an agent in which the fibrils are

more stable than peptide precursors, contaminents or amorphous aggregates in the

30 sample. In one embodiment, the sample is treated with a protease. Any suitable



fromprotein sanples subjected to conditions leading to fibril formation.
The fibrils may be fibrils formed fromsingle or nultiple peptide
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with the protease using any suitable nethod.
core. Combinations of proteinases'may also be used.

The sample may be contacted with the protease using amy suitable method.
The sample is incubated with the suitable protease under conditions which allow
digestion of amorphous aggrégatcs and soluble prccursors' in the sample but which
.20 do not digest the amyloid fibrils. In particular, the incubation conditions can-be
selected such tha{ any protein contaminants in the sample are digested while not
digesting the amyloid fibrils themselves. In preferred aspects of the invention, the
sample is treated with the protease and subsequently incubated for sufficient time to
essentially remove amorphous aggtegates and soluble precursors or other
25 contamunants from the sample. ‘
The temperature of the incubation is selected based on the stability of the
protease and amyloid fibrils under consideration. Suitable temperatures for treaiin_g
 the sample with protease include 20-60°C, preferably 30-40°C, such as 37°C.
~ Protease may be added to the sample in any suitable quantity sufficient to cause
30 digestion of the contaminants under the conditions of the treatment. For example,



The sanple i's incubated with the suitable protease under conditions which,
all ow digestion of anorphous aggregates and sol uble precursors in the
sanpl e but which 20 do not digest the anyloid fibrils. |Z9Racembar&ios t he

i ncubat i il ons can-be selected such that any protgi I nant s
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t he sanpl estalilinf efithdtontadinarits fo BOrdénwvaeiout 1: 100. Sel ection of appropriate
conditions is vm'th'hn the.routine skill .of those skilled in the art.
Suitably, the sail cédr%ﬂ%éﬂarynéléﬁaheeau?l@?d By Brivse b detergents, ehgmicalni nut es,
5 pref er abjehafartt HULRSIYRC boerté 3 n the
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chaot rapi c. agents. Such agents may be used t enature peptides and to
'~ dissa ér egfé?r“g' éﬁ}?w?%*dsn%?%mwfsr Mﬁ?ldpgb?ﬁ W i SPTHE | 355 &t W%8par at i on
of 11 br | rcdiltahéO) @hFa0AINY difori RERMARR S BED S alow i n sore

cases a strong resistance to denaturation by anionic detergents such as SDS
or LDS. BExsatormedhos HBWIL Gensde ovhikEiptogmen apgdoidifitiids sy zhatreimydonil oi d '
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or cationits deleiUeHs TillerdhdiiodR US B&koMid Betefdefis|ky afshed SscdTRnPr esence
of chem cal denaturants or chaotropes such as urea or guanidine, in
parti ddl arsilgilanfticife chl ori de or guani di ni um t hi ocyanate affects to a

di fferent exteng t onewr | (ot i n, naon-speci fic and anmor phous
- aggr egat es and&%e??e-"ss cr%uc 'uérhgﬁg%agy %”f%“?ﬁ‘%ﬂﬁ%ﬁ“&@@%ﬁ ditfi I?fg ur%e% cal
denat ur antgnasidete, &s particilar guanidine chloride or guanidinium thiocyanate affects to a

different extent the-moﬁomeric_ protein, non-specific and amorphous aggrcgétes and

| well-structured -amyloid fibrils.  Accordingly, "chemical denaturantssuch “as
20  guanidine or urea may also be used. Guanidine may be used at a concentration of o
less than .4M, such as 1 to 4M. Suitable incubation cbnditions, such as teminerature _ , :
and 1eLngth of incubation may be readily defermined for each agent ,td be used.
Suitable temperatures and incubation periods include these outlined ‘above for
. proteases. | '
25 In one aspect of the invention, a]iqﬁots may be taken from the sample voder
' trcaune_nt, fibrils separated from such aliqudts and suitable analysis such as FTIR.
(fourier transform infrared spectroscopy) anélysis, SDS-PAGE analysis or electron
microscopy or électrospray’ mass spectrometry to assess the levels of amorphous
aggregates or other coptaminants present in the sample. Such an analysis may be
30  used to assess rthé preferred treatment conditions to obtain purified fibrils. |
Prior to separation, for example by centrifugation or filtration, or further

~analysis, th¢ protease in the sample may be inactivated, for example by addition of




guani dine or urea may al so be used. Guanidine may be used at a
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t ranst or mabpihRaRIpSREAEL ARRARK) 0R!fShdle ?Q@ﬁﬂo@oﬂe@ﬁ&e&e@r getron

m croscopy or el ectrospray mass spectronetr 0 assess e levels of

anmor phous 1aggveiga thys washing e rangootinm craibarsie oe Seist pH r8.0.heOtenptaecasSuch an

obtay n pullRPE R PV TF Rl Ere oreEichas AR FBe dom fugat i on

or filtratdgRpti®(fof bkddSE 1803 MBY) Spepkiafin PHPL ei10 - ﬁaiﬁg%' be

inactivat ed@?or(exaﬁﬁg by_ag%lddi]?%)rﬁ) of g\% Og}lﬁ%%séldié;%g’aﬁgéenb r 2005

PCT/ GBA216380nlealdhrs mel atantipriot(Exseampls H) ngrsl”) BITA Xforskemplep) mg or ot her

pr ot eas'esnﬁaxl%?c i nactivated by washing in amoni um carbonate or Tris pH .
- 8.0. O her pffotéase inhibitors include PMSF (for exanple 1 mM, -

‘benzani di ne (f @ollewaiPireatheiMyith fr8M4RRPULRrdhObr SXRNRLE 1fn15E  Mr11d) |
pepstatin (for exanple 10 lag m 1), aprotinin (for 57exanple, 10 pg m-1),
anti pai n Cbrbeesepspited fpmgthai sampleEbyAagf snitelanpethod.0 Pypical isolefiort c.

Fol | owi ng ' WL -0l eas det end or ot her ent loid fibrils
can be oopeERuEF il SRR ST S ShORR anfor®isalirolfe Bt Bp
i sol atté oncerprifigation €sedimehtution)f | il Eethé @ases  IRfweeAMRbEIJHAT QHERs 3n the
pore-control | ed. menbrane and 30 Purified fibrils may be used for -

identi fi cSifass ofthgBhrilsana be ysqdfes thet puipese fygredpiydtharonpaligends of key

resi dues Gl . [ ; Lon..tn pathol ogi ca ot ei ns. can be
per formed on ;1)9??& h%ﬁ%&%ﬁ%@g@%ﬁ%ﬁ?ﬁ% té)lra%nvt)eb uﬁlaﬁgsd@ %‘iggkji %’%{aceétm € 10
cent ri fugedsearf stiphgtdrie ptoaps,0s).) ahd wasiiBe.C &hesidi0 \wedsse Tinkénd etildoNgd bgr oups in
. the 'surfac g&_ the . fibrils may be used for that purpose (e.g. sulphydril
“groups, | expqRleio 1gaet prefetentiyllp yithisalblgy ot ren-Hbmilar| ageregatse end) e

surfaees fRilflaedobAaiiL | A6ES &F Al AT >.) and

washi ng. Chem ga?IL c?oss- | NkKér s ﬁcd(gﬁ'f g&gﬁsg%)%belé%@%gsfdgfs%agg%jega%% react

- pr ef er ent shwiuld begteatlyGitabilised clue nohd ldogd hountafgictigagrmpapesdt ihabd | i tat e
at i Affinity of fihril - | ybl 2cul - smal | '

ZSS?;S a![ ggbnf‘sml'fgée. y refer%bqr ,I Cesﬂt%(igl’gztl{(s)ﬂ So(% Hﬁra%ogn {seﬁéjede%rit%r subggguent '

_ ' .coll_cction of the fibril components. - For example, the sample may. be centrifuged *

* between 100,000-500,000g preferably 300,000g for a period from 15 mins to 4

20 .  hours, such as 1 hour. After diséarding the supernatant, the pellet may be qollectéd,— 7

resuspended in sujtable medium, and the cenirifugation procedure repeated. . Silitable.
washes may also be carried out. . _ | o R o

. The'sémple of purified fibrils may be collected for example bjr,collecfcing the

pellet obtained by centriﬁigation. Such fibrils .may be resuspendeci or manipﬁlafed

25 for further investigationi or use, for example for carrying our further studies s'u'clilas

FT};R, electron micrbsco__py, eleétrospray mass spectromeiry and SDS-PAGE, or

- 6ther suitable methods to .ir-ﬁrestiga,te fibril structure such as hydrogen excilange

monitored by mass spectrometry and NMR.  Alternatively fibrils may be

manipulated for use innahosi;rucmres. e | | o

30 Purified fibrils ma_y be used for identification of key residues involved in

| aggrggation. Analysis of key regidﬁés that participate in aggregation in pathological

proteins can be} performgd only if highly_ pure ﬁbrils are obtaiﬁed (Hoshino et a:.



shoul d be greatly stabi | ised due to the I arge anbunt of active gr'oups
present in the fibril surface. Preferably, centrifugation or filtration is
used with subsequent collection of the. fibril corrponent2§ Decgmbeka0R31 e, '

t he sanplW0h®&9o3p centrifuged between 100, 000-50. 0, 0009 pegicindRioh:

300,000g for a period from15 rains to 4 20 . hours, such as 1 hour. After
di scardi ng the supernatant, the pellet my be collected, .resuspended igv
sui tabl e medium and the centri fugat i o procedure repeated. Suitable.

washes ma ) rried out sanple of purified fibrils. may be

col | ect edypa{m §§H‘£¥r g“ﬂ?%oqqogc? i 3¢~ 3t3ﬁgp14fétlﬁe§tmmfath¢ﬁededa@ueeemtcﬂva)‘/dugat i on.
Suchflbrlinsaggpgg ar furt

i nvestigation. aﬁﬁ%gﬁ??ﬁr exarrp‘IPﬁl ?g%lé]%)g{r‘rygg@o B{fyel? &ggﬁg?m%‘t%d‘?&e such as

FTIR, el ecéngreening rarsgop Wariehts oifl @sieidyresi@sst 39 Q@hfepiRin ¥ BAH HRFEACE, or
tQ investigate fibri| structure such as hydrogen

ot her SUIt hods

exchange rrg ?dt%rlpée %gécgmgé?ﬁaﬂﬂpr@‘ﬁ@smsw dﬁlg@rnatheuacﬂgstrm brils .
may be 5 mani pul bﬁﬁqnh 9. _Decenber
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| denti fi calllaiﬂéﬁlatﬁﬂ'lalshesl@m‘:'@sh fitgls ¢anvbd tkeh spﬁnagﬂf satikomean Regegsential

in the des n. of revept aggregation.or in the engl neering or new

variants o agp‘r”%te%ftﬁiéﬁlgeaéilo QIE%%? OE&““&@@F F GHORAtiesdt Ysed ins mubix foralelt ed

proteins andwit, es@as bietPBRI-baRStBRARN in the

I ndustry. 5 Anyloid PI brils may al sgmgeﬂ%??g]fsdd%d[%gn l%%é#lgn?}?et ’a'ésEi

nanost r uctﬁﬁﬁ@%%ﬁhﬁnﬁmlé‘m thb dehvléqsr of dmgs fusbd iab 8 cogtihgR@ehtTpAnHRN i NL O

advant age of therr conductive

sil k-1 ke a t aki

pr operit i e3) Ee ng(g%g%%?n‘?% E@P gﬁ’? ) Gﬂtué%hf%ﬂ'ﬁ ggfaces)pineddpnpat i bl e -
and bi o- d@gasmaémﬁ"sﬁafaeésl abnfeRopt GARS-aki terial
for the delivery of dru (, usedI$ g%@%&?#%g%g%ﬁ%&?pal n#lgl@%%ﬂ]%&q?%nfer
specific E?F’é‘ﬁ%‘?‘%ﬁ%sqlé’ ar f aces (water-repellent, antifouling surfaces),
nodi fy properties of sui f aces (confer optical properties, such as
fluorescent em ssion, etc) to be used as sensors, etc. EXAMPLE 15 Sanples
of anyl oi EXAMBILE" prepared from Pl 3-SH3 are observed to contain at |east

sone antities, of both non aggregated and non-fibrillar material.
Separ ati on of “2plsi9fanleid %%Mre%@féﬁesl PBsPHS iacd dbsehvied toggsigat es, i S

1o 1 0 s o QIR L I i SRS ol e o
probl em &b nb\/vﬁappmﬁmmli&ame,d egpaciplly ttek Naseeodicle s IS0 achieve by
common biochemical approaches due to the similarities i in their propert1es and large
" size. To overcome this problem, a new approach based on protemase dlgestlon was o
20 attermpted; since both kinds of aggregates seem to show different structural
eharaotenstlcs they would likely exhibit different sensmwty to protemase d1gest10n
lFor this purpose pepsin was chosen due to its non—spemflc protemase actmty at low-
_ pH Samples of two different kinds of PI3- SH3 aggregates Were prepared as
descnbed elsewhere. One type of samples incubated at pH 1.5 contained amorphous
| 25 _aggregates, whereas the other, incubated at pH 2.0, contamed welludeﬁned amyloid
fibrils. Aggregate d1gest10n was monitored by FTIR a’t dlfferent times of incubation
(fig. 1). Spectral features associated to amorphous aggregates formed at pH 1.5 show
a qmck dlsappearance of ‘their ]3~sheet—related eemponents (1612 and 1684 cm
~ respectively) te_ render a main peak at ca. 1649 cm™ related to non-structured
30 conformaﬁons. By contrast the specﬁum eerresponding to the sample containing
- apyloid fibrils (incubated at pH 2. 0) show very little evolution with time as the main
B-sheet spectral femes associated with aggregation suffer only small changes even



20 attenpted; since both kinds of aggregates seemto show different
structural -characteristics they would likely exhibit. different
sensitivity to proteinase digestion. ' For this purpose p&gdiasenmhsr ¢¥8sen
due to WO B¥Obhecific proteinase activity at Low pH. SBSHFERIZHLt wo

~di fferent kinds of PI3-SH3 aggregates were prepared as described :

..el sewhere. One type of sanples incubatged at pH 1..5 contai ned anor phous 25
aggregates, whereas. the other, incubated at pH 2.0, contained well-defined

anyloid fishrl : | Is e . - di fferent
times of iaﬁg{%gt% }nbn '2?@%Egﬁ%%g%%%gga%ﬂﬂ%é%gr]%g{ea%g%%lltg;gg?l etaf%)angrgg'r phous
aggr egat ed68denccaatbeplisdrvad ®igether withui setalidihifa ppkighanesveniimbére by the

u-sheet -rel at ed ,.conponent s (63[312 Aand 1684 cm 1. res _tiv,el?% to render a
mai n peak B peak cfé%e #Prlolgcat e d bisFonblbesindicative ehrigestioof 89maPt ons. By
contrast ' t he: 2 LORtak Nl -oi d
fibrils (}ﬂ%gal%a“t"e%erdﬁ?k %ﬁ%@%ﬁ@gﬁ%&g%@& :Eltctﬁ?gmé@b‘ hifgrais %61?{%9 as the
mai n i - s¢tepettivepe dhes chingdssngsesatmbihi atreebhoint bpeeiyg meesani iarhe seufpler onl'y
smal.| changes even.. 03/ 003019 29 Decenber, 2005 PCTUGEB02/03001 9 after 3
hours of i%%gﬁt?ﬁwmﬁm i Rgrepsaregstare HRaEls; nlherR 19 QAR MEa8F M he band
ea. 1684 ;00isity KARe0L 1005 8hy ad6b WS NRie Y 4 %i%lfg rf;gh]maﬁl% fofe cﬁs%r{%gﬁgre_

wavenunbers by the main peak centered at ca 1. This co

i ndi cat i vepasiesdiligesied peptisies)s bevpepfide frhpnagyr egat ed species present in the

sanpl e,- whi ch ntribute _at 1684. and..1612 cni. 1.5 respectiyely. These
_chgﬁges suggesﬁ%Fﬁ‘g?gq%ﬁgfﬂ?ﬁfWﬁB@]gﬂ%éﬁ%%Qemé@‘?ﬁn‘?rh‘%%@abé?%ﬁ’% are

di gestied @R BRoghySibalttb@nRfueb ERAGoERhS SR Bhed bP @ieléﬁen Hi&b&oby al so an

‘increase in intensity between 1640 and 1660 cm’, due to a higher
popul at i ofFMj aealyos obthe damplse shawed abiugédant edagepryladé Siprils after perspt | de

f 4 The integrity . of th l.oid fibrils, .af . di '
anal ysod Bpeoits SR Bt Be ol Bt el v B R BBR: noa by

el ectron whereas 60RYyptddf agasphies ﬁ&r@ﬁn&k&memtéﬁﬁﬁ%@w&@ﬁm i ntact

anyloid fibrils after pepsin digestion which retain the overall norphol ogy
evi denced™olpctleevibiip dhaarnyleidetibiila tas mesessed i recesding AB-NMB speclit ofiggr egat es

wer e ypnde abl_¢ i 4 Ly t he ej B~ Mol ecul,e Wi t hi.n .t he

my ot f P afer Aol WG dittpfin deife SV e IR Eitlfhedid el 20 o

af ter anyTbé shecirbiere indissingthadle fisigatGFiia1thtivEpraasid piiet @ di ng procedures.
The spectra were indi stiG%gi shable fromthat of the native protein prior to

aggr egat | B3CEBORPRES-HAGHf PEMSHT Bomitibeils beforsand edcniieptarriorith r eat ment
B e i S
of sanpl eadditidreofpepsinylane 3:pellet obtained after digestion of sample in lane 2 by
20 incubation with pepsin; Vlane 4: supernatant obtained after digesting sample in lane 2
with pepsin. A minor band appears below the nio_nomer band in lane 2, probably due
to a small amount of protein degradation after the long times of incubatioﬁ at low pH
required for amy_loid,ﬁbﬁl'fOrmation, This band is complefely absent in lane 3, and
therefore in .th-e amyloid fibrils. Interestingly SDS-PAGE of samples containing PI3-
25 | SH3 amyloid fibrils show a band migrating at the same position that the PI3-SH3
o monomer, indicating that the fibrils are fom;ed by the intact full-length proteiﬁ_ |
Samples COﬁtainjng fibrils that underwent pepsin digestion and ultracentrifugation to
eliminéte aﬁy soluble component show again that only the ﬁ;ﬂ—length polypeptide is
pfeéent' and that no other protein fragment can be detected. .B'y contrast, the
30 'Supiematant' obtained after such p:c_bcedure shows no observable band, indicating that

any sol_iib_lelmonomer present in the original sample was completely degraded.



20 incubati-on with pepsin; |lane 4: supernatant obtained after digesting
sanple in lane 2 wth pepsin. A mnor band appears bel ow the nononer band
in lane 2, probably due to a small ampunt of protein deéPQ%E?ﬁ“Bﬁ"%ﬂoﬁer the-
| ong ti rresVQ)ﬁMJiﬂmlmbat ion at low pH required for anyloid f ctlf mat i on.
~This band is conpletely absent in lane 3, and therefore in %’F I d
fibrils. Interestingly SDS-PAGE of sarrgl es containing P13 25 SH3 anyl oi d,
fibrils show a band m grating at thes position that the P13- SH3 i—
nmonomner, indicat hat .t he _fi | eforrredb the intact full-length
protein. Sanpl ggcgrgégrgy Mﬁ?@ Spe MS)%wﬁwﬁmw@p@ﬁhnmml on and

ul t racent r idfteg@dpsrdi e daLha nt show agai n t hat
only the full-len thg pg?]ﬁbjéptl g(ﬁ}eg{%trrggéﬁr?%%nggﬁgﬁﬁ%n@ﬁ%r protein

fragment c&RIBPO & g fulBiengMIBﬁﬂ ddnizen 30heepatonsthé ¥m Mt Rhheg: af t er

such proce ban ndi cating that any sol uble

m)norrFe)r prgt%gtéagmﬂég%g s#&alp‘ég %\D&a‘@éﬂﬁbﬂ g’l aﬂégméwlogal Decenber
2005 W05 03/a0082EQ04 ic@%éfé SRLAY ectronetry ( EMS) ‘
anal ysi s of a?ﬁ:o?dﬁ?ﬂl bri l sggrr%%e%&bﬁl?fﬁei {h%ep5| n- 3‘@%{?1@%3% %qb‘lyaesequent :

ul tra cent FPFErgeRd Srvkusyredy Wé@ﬂdagleéﬁ $1a3 meemmtecmmté thetwigl-bdkled! engt h

P13- SH3 doggifig ¥he; t.her s ment was detected. Therefore,
SDS- PAGE andyEli\/B ang’ﬁ%ésltgﬁ){ S o%c?lﬁﬁtrﬁ:% hg% 81v6B1 Wpachwf@mn@scopi c

character i ﬂmlﬁtmlghhmhalteedtmxcdeﬂﬁblfe't@thleg%téihﬁs%r the cl eani ng procedure
correspond excl sively to full length P13-SH3 incorporated into the :
“wel | -ordered oV e confEmedghat Olﬁﬁhalsyardamge%s%tﬁkﬂfﬁnadﬁptb& a very

conpacip cogﬁn%gpa,;ﬂg _ hat .nakes it inaccessible to the
" proteinase. Once V\gﬁsgg%fﬁgg%? 6[5%5 H@F’Bf(ﬁelflls iPreseniie e eiginalase resi st ant

and that, #ynploarcant, M&qﬁ‘oc&dﬁi PhRHEerala 88 EMe 3R ?é)alt@ :ﬁﬁb?{eﬁ still

pr esent i the .ori . e _are not, we proceede

char act er i e@ﬂ@%‘?’?’ﬂﬂ‘%&ﬁ%aﬁmemfﬁm @ngmﬂwndryahﬁjed shriled | s using

- FTIR  FTI Rhspestd f r n | es, show an overal |
simlarity (f i i; Varags%ﬁl?@a(?g 23 anhd%?gur%{gjfd %ﬁ?‘%&%‘?%ﬁ%ﬁ o the

ani de | baeide mdeofdhegmgmhlmﬁﬁ@nm&ﬁ@mﬁlbgrgsbﬁﬁhlﬁe ol ¥-1Y inthe

sol uti@Qn. v ai | anal ysis of the spectra revea s sone
-di fferences, evl’ Beshderdacdsy atidengs o ot
ditferd }}gyg;ygy\e dﬂeﬁa@wea Pgﬁwpwvéﬁe‘fqa@ somechfers d f both

spectra armmrmﬂﬂggecoﬁ@ag@‘%ﬁg S@I{boﬁ? one?rrl‘lnf“ié S V'eéit #gl |y -m ssing

after digestion, and one ree SFRH Fn aggregation
band, t hatcompengt at Wrmllﬁ\aﬁeﬂlytmhmngeﬂ&nﬂ esdmlaﬁatdu%ef%%%bﬁéél s (fig. 2).

.Thi s sugg e _bands at .16 1612 cn the 20 mai n conponents
in sanpl e?%:lg IE“%ff)strﬁftrl © Rt pesrRat: Bﬁg?‘é’gg{a\%ét ](6518@131 g8 ab]s)mt'tar@cond o :

derivative analysis (fig. 2). This suggests that the bands at 1684 and 1612 cm’ , the

20 main components in samples containing amorphous aggregates (see ﬁg 1) are

et

 characteristic of non-fibrillar material present in the sarnple before the punﬁcanon
procedure.. ' ‘ '
- We can then assume that the hydro gen bonding components found in the
amylo1d fibrils are pnncnpa!ly 1618 and 1628 cm’ correspondmg to characteristic B
25 structure. Other components at 1641 and 1664 cm™ are still present in the fibrils after
digestion indicating some contribution from disordered conformations and B -turns
“respectively which mdlcates that apart from the main - sheet features some reglons
of the protein could dlsplay flexible loops and turns within the amyloid fibrils. This
Iatter conclusion is consistent with the model of the SH3 fibrils based on cryo-EM
30 amalysis but is remarkable given the lack of susceptibility of the protem in the fibrils
to proteolysm It must reflect the fact that even those regwns of the polypeptlde .



characteristic of none-fibrillar material present in the sanple before the
purification procedure. W can then assune that the hydrogen bonding
conmponengs hRdgdo i n the anyloid fibrils are principally e‘g%gr(% cnv|
corresponding to characteri stic 13 25 structure. O her corrpon_en?s at 1641
‘and 1664 cm 1 are still present in the fibrils aft er digestion indicating
'some contribution fromdisordered conflbrmati ons and 13-turns respectively
whi ch indicates that apart fromthe main f3-sheet features some regions of
t he pr ot eichaimpndidndidbiefineflfesticb! srubossratightiyuneld withimthe fibmdlaany| oi d

fibrils. This, latter conclusion is consistent with the nodel of the SH3

fibrils bdS¥HEIsS-cryo- EM 30 analysis but is remarkable given the |ack of
suscepti bi ity ofwbigs plo9tdtdleviflerol forldiffrbhiStypd o OSRalY Shivd t _Must
reflect the fact that lg{(/)en t%%s%e reg(irons ro]#tstylpﬂe pol ypeptlﬁgﬁV\D-’OBlOOBOlQ 11
29 DecenbdiTIRGO8ysPETERGR! B3ghguishbasvean paiaticlhwld andieparalkd 1i - sheet
structures g}ﬁe tightly held w.thin, t.hg fibrillar assenblies. As well as.

pr ovi dPng RUHEHESED P-heetpe fldhpossiplie Soevesclbihibasyed e seame®, ot they R

anal ysi s i t | St ' e 4 parallel 5
confi gur atﬁlssbtfnagagﬁltﬁgﬁgﬁg’gdtogdﬂ 8 |%Elggggil[%jg?ﬁﬁ%%%lg%?gﬁi%s@?h@%speci fic
geonetry Ghedt biguctirds.strands in the fibrils could perturb the IR frequencies
fromthose cl ai:%j cal of, [- sheet structures. FTIR anal ysis of theeguri fied

anyl oi d fibril $TEheRayeiRe! fsimrifisdsmyled belsdavidhe potouordy dareased 1- 1612
cma and Vhidiaid of P LTS BH 00 a8 Einhdbat 2684 HATTRES)),
observation strongly suggests that thesé decreased conponents ‘are .
associlat edhisoobsavatidn firdnglhasuggegs dgathes: ddcheas@l esnpotientd 4rb agdaciapest r al
features Obs%ﬁ’égd for sanp)les incubated at much | ower pH val ues contai ni ng

anor phous PSEPEY At 258198215, 1) 2erepment Withds speetip) fertaresiobesrved fof semplepuri fi ed

fibrils of,SBNRPRE 1@‘1@[] : : Dﬂg&gt lL,NBXirgL ent
contribution of anﬁ%g?gwlegpﬂre g?s%ta#én%_gg%ﬁ]%@s%g?é era((i:i%]lg'ngﬂ.ﬁé These
resul ts i mtineshtcempled¢ absencerie therparified tithis af arvnponbhis #nal, yi6iss @i’ anmyl oi d

fibrils by techniques such as FTIR to ensure that signals from disordered
and sol ub?é‘éggi’?ﬁtf ef? aﬁ"_’&ﬁt AOTIR e F?‘Hﬂg@% Olfh%ntéﬁj‘é‘i‘:lf 1 f

ol arelgtye: i rPEHeR st udi es

of punkfi eferagtidis! Pheberbdlts it tHaPOMRRL AOnmSbd faled h}?m@%@kﬁ@ lo;and/ or
antiparallel nature of the [i- sheets and their connection wth defined
aggr egat eatiyloid ifibgits b teshnimen shckOasnBFIRht opnes that sigmelssfromglisordgtdidi es of

PO g BB L Y R B G e

amyloid fibrils are required to confirm the parallel and/or antiparallel dature of the B-

sheets and their comnection with defined aggregate/fibril structures and

20  morphologies. Intereéﬁngly;_ studies of highly fibrillar samples of insulin have. élsq
suggested a parallel B—sheet ._s11'ucture,_ as has solid-state NMR and FITR in som_e
samples of amyloid ﬁ_brils._ However, there is'still‘ no certainty aboﬁt the requii'ed '
conformation of the sttmdtu_re within amyloid or its relation to precise 'ﬁbﬂl'
morphologies, since alsb- antiparallel .strﬁcture has been reported for some. other

25 amyloids, whereas otherr anthors yet postulate that a mixture paraﬂel—anﬁfarallcl '
could coexist. Further studies of hlghly puriﬁéd materials are theréfore needed to
establish cqnolusively the orientation of the B-strands in amyloid fibrils. The _aBility_
to study fibrillar material, generated by approaches such as that we report here,
should be of particular iﬁ;portance in these studies. o .,

30 To evaluate the resistance of “amyloid fibrils to chemical denamfaﬁon,
aliquots of fibrillated sample of HEWL were incubated in the preséncc of different'



" non- speci f PGP SFolbilised

sanpl es of anyloid fibrils. However, there i's stillno certainty about the.
required conformation of the j3- structure within amyloid or its relati on

to precise fibril norphologies, since also antiparallel 29tRasembee2lPRs been -

reported MY 0XWAM ot her 25 anyl oi ds, whereas ot her aut hor spygiceRashi ate
that a m xture parallel-antiparall el could coexist. Further studies of -
highly purified materials are therefore needed to establish conclusively™
the or ientation of the j3-strands in a]r?yl oid fibrils. The ability to

study fibrill. X ner.at ed by approachés such as that we report
her e, shou%ogl@% #}Epar%‘ta%%ﬁ“ﬁ' ﬁ?‘?p@?‘?%@ Profeif gekbilised by dw tr@0mdd vewal uat e

it edh sampl oo LBV nerc: ncouat B A Enc g ot BserapeifEn: vo

03/003019 19T b§owe khereperngont SeThaBO2S HBANT NSO M Al ARSsE tsstarﬁtfa di ne.
The anmount ﬁ%i etp?lﬂ%ﬁle@ v?a%l bi |I33§! the treatment was evaluated arter
sedi nent ati‘on ése' sa ﬁ%ctﬁo%éﬁt”ioﬁ‘tqmal The rewlisfargebewdlng f or
1 hour. 5Th§1gurpér nat ant obtai ned was neasured at ‘280 um At the sane tine

the pellet obtajned was analysed by electron mcroscopy. The results are
shown in 5 Fi g?\‘[@f is Afatlsinellefs ovtaimed ladies plotiitioad vifi egnahiagddat i on

wi th guani ¢ o t to 4M show | arge amounts of anyloid
fibrils.wi tlrjtﬂkgﬂlnﬁ.t5 oeltfrg Hﬁsfrt(itrgplr&tleﬁt 35?‘35 & CHYBIeR |@F3t1%1§ BYrilsnwitkasigdlas anpl es.

However somerpradegien to ahpeagthibied By Slg{hléQﬂ ki dj ate
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 their morphology. Sample incubated at pH 1.5 for 6 days at 35 °C showed non-
 fibrillar aggregates, whereas the sample incubated at pH 2.0 for 30 days at 35 °C
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undigested fibrils was then resuspended in *H,0 pH 2.0 and centriﬁlged agaiﬁ 111 '
| identical conditions. The pellet was again resuspended in 2H,O pH 2.0 and then
20 analysed by FTIR together with an aliquot of the original sample before the
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Sci 2001, 98, 2375-80. 29 Decenber 2005 15 CLAIMS 1. A nethod’of “purifying
anyloid fibrils conprising: (a) providing a sanple containing fibrils which
have béén 5 pre[%ﬂéuﬁd:emli]?h‘b@NEﬂDAbﬁ.Eﬁlﬁil'b&sgﬁ?g_%osubj ected to conditions
leading to fibril. formation; (b) treating sa’d sanple with a protease, 5
det ergent, chem cal denaturant or chaotrope under conditions to allow

di gestion, degradation or ' : :

=




denaturation of anorphous aggregates and sol uble precursors in the sanple,
but t D which do not digest, degrade or denature anyloid fibrils; and (c)
collecting anyloid fibrils fromthe treated sanple. 2. A 3/Rersinhescii ng
to claiml wherein step (b) conprises treating the sanple with a protease
and incubating the sanple from 30 mnutes to 24 hours. 3. A nmethod
according to claiml1l or 2 wherein step (b) corpuses 15 treating the sanple
in the presence of a protease in a tenperature range of 20-60 C. 4. A

met hod according to any one of the precedPng clains wherein step (b)
conprises treating the sanple with a protease, and the protease is present
ina ratio of 1:10 to 1:10000 proteasELAIMS otein by weight. S. A method
according to any one of the preceding clains wherein step 20 (b) conprises
treating the sanple with a protease, selected from pepsin, trypsin,

pronase, proteinase K, papnethoddfpurifyios smyloiddityilncomprgiogsm n, 6. A net hod

according to claim5 wheggin DI ot ease |s.pepsi A t hod accordi ng
to claim1 wherein step Eag) c@%?‘ﬁég%qp B faffﬁnﬁoﬁjéﬁsvsv%l%ﬁgewee?h a detergent
sel ected frofn aprepanédon @itro rfeom iaGidtein Gampletsubjeeted te caidpdns leadibe & fibeimet hod

according to cl imt{ wherein step (b) conprises treating the sanple wth a
cheni cal denat ut*3HE %8t chaotrope selected fromurea or guanidine. 9. A

met hod according to any W)écﬁfﬁaﬁ%ﬁd%tﬂ?m%ip?otﬁsﬁmﬂeﬁg% cheRRERI | ses
subjecting the treated sanple to centrifugation or filtr atfion and ther eby
collecting the 4 oF | Peetrope wler conditions to allow digestion, degradation or
denaturation of amorphous aggregates and soluble precursors in the sample, but
10 which do not digest, degrade or denature amyloid fbrils; and
(©)  oollecting amyloid fibrils from the treated sample.

2, A method according to claim 1 wherein step (b) comprises treating the

sample thh a protease and incubating the sample from 30 minutes to 24 hours.
3. A method according to claim 1 or 2 wherein step (b) comprises
15 treating the sample in the presence of a protease in a temperature range of 20-60 °C.
' 4, A method according to ﬁny one of the preceding claims wherein step
(b) comprises treating the sample with a protease, and the protease is present in a
ratio of 1:10 to 1:10000 protease to protein by weight.
5. A method according to any one of the preceding claims wherein step
20 (b) comprises treating the sample with a protease, selected from pepsin, frypsin,
pronase, proteinase K, papin, ¢lastase, thrombin or plasmin.
6. A method according to claim 5 wherein the protease is pepsin.
7. A method according to claim 1 wherein step (b) comprises treating the
sample with a detergent selected from an anionic, non-ionic or cationic detergent.
25 8. A method according to claim 1 wherein step (b) comprises treating the
sample with a chemical denaturant or chaotrope selected from urea or guanidine.
9, A method according to any preceding claim wherein step. (c)
comprises subjecting the treated sample to centrifugation or filtration and thereby

collecting the amyloid fibrils.
30





