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o (57) Abstract: A method of purifying amyloid fibrils comprises treating a sample containing the fibrils with a protease, detergent,
chemical denaturant or chaotrope. The amyloid fibrils may then be collected from the treated sample. The treatment is preferably
carried out under conditions which allow digestion, degradation or denaturation of amorphous aggregates and soluble precursors in
a the sample but which do not digest, degrade or denature the amyloid fibrils. A homogonous preparation of amyloid fibrils is provided
in which fibrils comprise at least 80 % by weight of protein in the sample.
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precursors. Background-to the Invention Anyloid fibrils are highly
or gani sed protei naceous aggregates associated 10 w th pathogenic. .
di sordergoyelseds A zheimer's disease or the transm ssi blgﬁ%{@@g%ﬁ?%
encephal opathies. Tan et at, Hi stopathology 1994 25, 403- . e are

fal so being explored as novel nanostructures with a wi de variety of
“potential applications, Lashuel et all Phil Trans R Soc Lond 2001,

256, 133-46. Proteins susceptible to formanyloid fibrils do so from at
least partially 15 fol ded or PHERIFEGATIOMNPBOGRSS t hat | ack the conpact
nature of the native protein. There is a constantly increasing nunber of
proteins whose ability to formanyloid fibrils suggest anyloid formation is
a comon FHieldosfeheineadioa generi c property of pol ypepti de chains. One of
such-nodel proteins is the SH3 domain of the a-subunit of bovine -
phosphat i dyl i no<haresent Iyprizadelatsdo gppgthodfydhe purifinatinn of Hbdlsiaddo new 20

i nsights i s‘ﬁg?-r' AN q@é ied fizbril formation as l.1,.as _
detail s o%r%%gatﬁ)ron?g)gu rmgggﬁl?sngs_o pﬂﬁﬁr"&"&%"ﬁ% iaﬁgreﬁfr&%ﬂﬁl?%éblanyl oi d
fibrils. Rr&uiidss.forms a partially folded state in solution at |ow pH, :

fromwhich the protein slowly aggregates into fibrils with structural
properties indistinguishable fromthose exhibited by anyloid fibrils

rel at ed'mﬁﬁkgm w&@iﬁ@enti%ﬁ Despite the considerabl e advances in the
structural ' ) anyloid fibrils there are still a nunber of
i ssues to be climyficdibrimarghichBmotgntsé progiracées gtddaidsi MBodited he
structﬁral .pQro E{j}ties f the protein chains within the anyloid fibril. The
mai n pt ob"BH (EUPECRIG disopdqis SHel i 35si/dzhaimer & gdieast yorp the eknspyssibleny
anyl oi d f iehdd o ; i de ; -0MSta 1 R ' -y g0k e
precursorgﬂg)(%i g%grgr%{gﬁﬁﬁl%r%ﬁ a?%%’i%lgg%‘ggﬁ%?‘gg 'ég%ﬁkg’i%%aﬁéa&rry%id :
fibril saep also fisimge dxploredi 4srwovel Asna@shuotusasqurith ce widehearsdty utpotentiatiopt ed by

the protein.in_.the. fibrils nnot be studie ith a high certainty. The
devel oprroAPPISFHSES Jegiiele al Pl Tient %@é@ﬂ%@ B3 #6m V0 03/ 003010 29
-Decenber 2005 @%@%&@9@1& QL ReMh SROGIETibkds db el £5A" 8 10k Nakysp! e
interest for the study of anyloid properties. 'Here-we report-a hod to
pur i f > amfaldedior dastabilssed stotes dhitdackoberpampatt satifhoSthe appropmieinl Tleved us .to

- characteri h condar. tructural ,elenents featured by P13-SH3 within -
the anyl ol P B R e e i b Srot G R oot BblB g goms

suggest amyloid formation is a common phenomenon and 2 generic pfoperty of
7 ‘polypeptide chains. One of such model proteins is the SH3 domain of the oc-sﬁbunit
of bovine phosphatidylinositol-3°-kinase (PI3-SH3), whose study has provided new
20 - insight in the processes driving émj;loid fibril formation as well as details on the
 molecular packing of the protein chains within the émyloid fibrils. .Pi3-,SH'3 forms a
: parﬁa.lly folded state in solution at low pH, from which the prbtei'n sloi';x}ly agérégates' '
~ into fibrils with structural properties ‘indistingu'ishable' from those éxhibiféd by
amyloid fibrils related with human disease. | - | |
25 _ D_espite. the considerable advances in the structural characterisation ‘o-f
' amyloid fibrils there are still 2 number of issues to be clarified. Amcng them is the
_ detaﬂed deﬁnifion of the structural properties of the protein chains within the
‘ amyloid fibril. The main problem to do so is the inhinsic he_tcrogeneity Ppresent in
many amyloid fibril samples. Besides that, almost invariébly both s_oiubie précu:rsors
30 and non-fibrillar aggregates are present in all amyloid fibril samples formed in vitro.
. Asa consequeﬁce? the st_rﬁcture adopted by the protéin in the fibrils cannot be studied
with a high certainty. The develoﬁment of strategies to isolate amyloid fibrils from




5 sol ubl e precursors and non-fibrillar aggregates. Description of Figur .
Figure 1. Sensitivity of different PI3-SH3 aggregates to |n d| estlon
nonitored by FTIR Sanples contai ni ng mai nly either armr&ﬁ es
(pH 10 13 0H403%y1 oid fibrils (pH 2.0) were incubated wp@f)@B@g,@g'ﬁnce of
pepsin at 37 Cin a ratio pepsin:Pl3- SHB 1: 200 in weight. Aliquots of both
sanples were taken at different tinmes of incubation and FTIR spectra vver{e"
recorded on them A shift. in the aggr@gati on band towards higher -

wavenumnber s of the conmponent. at 1684 cm 1(single
arrow) and g?\l%?%‘ltbgééssl\é’n eﬁegc}é ‘@’i‘@ éFhHl@GﬁOfOE therstudssof @@Mlmttdapmpemm}; are

observed i nHete weargpbg a:m&tk@urtbqlg]ﬁg}y P
Characterisation. of P13-SH3 amyloid f e qlsﬁgé t%?&pél}llrl%rf‘f%ﬁ’ ﬂs erbt)s FTIR ,
spect (rj a bgf PRIy %I%W‘tda‘és‘eto ﬁmﬂcéﬂnserfht lsbmltdartyr ﬂﬂﬁﬁm?tﬁlebrﬁexﬁﬁtﬁéa‘i’ﬁed_[yge (8
second - \/ n nts_present in each sanpl

“Curve fi tt:alrstlgs %{ anyl ol dmt&i?@ ‘fﬁb ?ﬁgﬁﬁﬁe@?@%ﬁmﬂ% gortriplidens fom R
pr ocedurie. @@ﬂbp&c‘a&bﬁaﬁdh&ﬁlﬁbhﬂaﬁ%gg@ﬁ%e‘gl an and | orentzi an conponents.

Conponents were found by second-derivative anal ysis. Despite the absence of
a conponent at -1612 cm 1 when anal ysing the  digested sanple by second

deri vative‘rvgéﬁ‘@ﬁe@m%ﬁ achieved by artificially forcing such a
conponent be routine. Curve fit shows a notorious decrease
of conponents ag nd 16 2 after sin digestion. 25 Figure 3 '
shows the degree g?lp ro?«?ﬁmﬁu‘g I%ﬁ&é’é@lﬁm ﬂﬂ%atam @iepsin fdipestibs  at-

di fferent dmmtoredahy Emsgﬂ;hpﬁglcgﬁ rgpwé{} ;P&P]pr@\é%ntgl ég%%gse r esent
ity o

i nventi |l ises differences in the 30 to.

ot her n fr rqflqﬂb}fl‘“@dﬁbﬁéﬁﬁpﬁa?lﬂ)swm lacslmtml m,ﬂlapﬁbsen%elaﬁpépgthﬁjff SQIHJIJbI e .

- precursor speph 5$r| | 1 ar gat es in a sanple. Decenber”
2005 3 The pres |nven B %l‘ﬁ%‘gh% ”I%Fdogf’o Lﬁﬁpmsn'g’elaan’gakan dtfibrils

conpri si ngddiffapnttimesy diﬂi@bﬁtl@ﬂéﬁéﬂ BIEOH R e Ie'cgrrd%& 5o WU t@?‘ gﬁﬁ pglge n 5

prepared in vitro froma protein sanple subjected to condr ding to
fibril foffefPYR band fowards higher Wavenumbers together with a decrease of the

component at 1684 cm (smgle anow) and an increase between 1640 and 1660 cm

15 (double arrow) are observed in the sample eontalmng amyloid ﬁbnls (pH 2.0).

- Fignre 2. Charactensatlon of PI3- SH3 amy101d ﬁbnls after punﬁcatlon (A)

FT[R spectra before (grey trace) and after (black trace) punﬁcatlon The second -

- denvatwe shows the main components present in- each sample. (B) Curve fitting of -
amy101d fibrils before and after the punﬁeatton procedure. Spech‘a were fitted to

20 gaussmn and Jorentzian components, Components were found by second-derivative |

anaiyms Despite the absence of a component at ~1612 cm™ when ‘analysing the ‘,. g
f dlgested sample by second denvatwe a better fit Was aclueved 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 eoncentrauons

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 na sample



(b) tréating said sanple with a protease, detergent, chem cal denaturant
or .chaotrope under conditions to allow digestion, degradation or
denat ur ati on of anorphous aggregates and sol ubl e precur s@@Pgcembre2anpl e,
but 10 which do not. di gest, degrade or denature anyloid fibrils; and (c)
collecting anyloid fibrils fromthe treated sanple. In a preferred aspect
of the present invention, the fibrils so produced are «collected for
exanple by centrifugation or filtration of the sanple to isolate the
anyloid fibril. 15 Detailed Description of the Invention The present

I nvention relates to a nethod of purifying anyloid fibrils. Sanples of
anyloid fibrils can bg [ SRNGRs Pﬁﬂg& Y. - n the
fibril sanple.. The_pregﬁﬁ?i?ﬁﬁgﬁFign I's SgﬁFﬁggﬁg? y o%é@@%@gq@%#%
removi ng sol ubl EMPENEr ecur sors and non fibrillar aggregates present in the

fibril sanples. In accordgnc AL i aventd. a,nethod is
provided to purify a(ryl ord &%@P@@%%ﬁ%%@%@ N .vﬁBeeé‘uch. fibrils,
The present §nvpmpirshiutirpifoes a piottihcamplesibjetted Be cstidiiohé ida¥ingfo fblr i | s '

conpared to ot her gtgon;fi brillar conponents in the sanple. In particular,
the nethod is apr‘ll Mble to the renoval of sol uble 25 precursor peptides

and non-fibrillar aggreg@es tieatifg 'd%&ﬁpje%th,%pg&gméq aht! with an
agent to which the fibril is mreé%able than the corré&spondi ng sol ubl e

precursor or noffRTHB (of fhaolinge Spdete sonditions ator pllaw adigestemplogrdation o eat ed
with agents whidghurtigest aﬂ&gﬁﬁgr%g%m e &hﬂ:ﬂeeﬁ#égm S iR Ag %@@Fﬁ?ﬁfﬁﬁ and

aggregates or which denaturée suc gregates to I tate
purificati off of Whirlbdq not digaselegadaesddnatico amylaiddibsilst sxtt ed such that they do

not encourage formation f L hraides £ Q- contam.nate the initial
fibril population: Suita fe _%%%ﬁég%“é’ﬁ‘glgéﬁ.“%gﬁﬂtﬁ?{éﬁt‘?d&?m@ﬁth fibril

sanpl e, for exanpl elnbprefered sspergohtht presenl sémtionnhefitiriimoduesied from t he
sanple during t se of, the incubatiop to assess ether there is a
reduction in u2§laﬁ%°§e3#%reﬁmﬁ%§y ﬁcnﬁr%ga}!}p@g “‘tﬁ‘f"%gﬁﬁﬁ% tiselatethe ¢ he form of
sol ubl e precur saileidfimflon-fi brillar aggregates. The nmethod uses proteases,

detergents, chem cal denaturants or chaotropes to 5 treat the sanple. In a
parti cul arIV' preferred enbodi nent, proteases or other agents

Detailed Description of the Ynvention
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




whi ch degrade sol ubl e peptides and non fibrillar aggregates are provided,
to degrade non-fibrillar peptides in the sanple, while retaining the
fibrils intact. In accordance with the present inventi on29Pepemhet25
purifying anyloid fibrils is provided which conprises: 10 (a)- providing a
sanple containing fibrils which have been prepared in vitro froma protein
sanpl e subjected to conditions leading to fibril formation; (b) treating
said sanple with a protease, detergent, chem cal denaturant or chaotrope
trader conditions to allow digestion, degtadation or denaturation of

anor phous aggregates and sol uble precursors in the sanple, but 15 which do

not digest, deqth GResios A BhidfufhafiHih et 1! dofiplcibndelols 60! Aciceiaflgh any! o d

fibrils fromthe treated sanple. The sanple to can be prepared
by any suitabl c®8#E8H6H in vitro, fromprotein sanples subjected to

conditions |eading t el .0n,...The fibti may, be fibrils fornmed
fromsingle or nmult ilglffédegé’gt“ ?Jéghg%ééu&r%?&@&&' W%‘L&Hﬁﬁﬁ OE'C‘)tWﬂ %t%m' xed
fibrils. For5 extepthe simplei [n s pagitwaly sreforrbbetiidahag drdte2e8 orcothep@penpept i de

such as Al13, | ranst hyretin, p2,mcr obulin, "lipopraqtein, AT,

gel solin, | ysoé@ﬁ%‘f &eﬁgge(%‘iwb&ﬁ&’ep&fl??&“dg?&?ﬁ ' Q%ﬁ’i‘?%feﬁﬁ‘@tpéq‘}h?‘}edotf’ dsgrdent i de or
protein not ralcaifibeillirpepli®ensBe salipld, Rk R{ainif thd'@brPikREPt | de under at

| east partially deﬂnaturl g conditions in the case of proteins and

appropriate sol uti on® 8eFREieRGeowKh e prssephimvention, ®methed) of pyeifiting)asylpidr ough

routine adj ust nimls iPproPREPWELE &h as tenperature, pH, ion strength,
organi.c solvents, chem cal denaturants and chelating agents. The sanple

containing ¥ brils (8 trisetidiag esaplosentaining fitirts whicichave heenfpirdpaiells are  nor e
30" sanpl o1 b ouEorp s e R SRl e R R e so. any
sui tabl e 29 Decenbefb)200featif S2id/sBAHI0 1itha pRiteaBRR/BRAOMEmiabt ease may be
For exanpl e delEHAIFAS CoHBEFEe LB PIOApRE B CaRatisg. JRBONIBF| o Lo pur i fy
;[‘ d?éwcféhalggpgmﬁ@?%??%ff%%?%ﬁ@%ﬁﬁﬁﬁ%ﬁ e erpl oyed
or similar _ gest, degrade or denature amyloid fibrils; and
(c)  collecting amyloid fibrils from the treated sample.
_The sample to be treated can be prepated by any suitable method in vitro,
from protein samples subjected to conditions leading to fibril formation. The fibrils
may be fibrils formed from single or multiple peptide precursors, and so may
20  comprise mixed fibrils. For example fibril samples can be obtained fom a
polypeptide such as Ap, IAPP, transthyretin, 2 microglobulin, apolipoprotein, Al,
gelsolin, lysozyme, PrP 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
temperature, pH, jon 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 sujtable



5 purposes include: Trypsin (optimal pH 7.5-13.5, 20-37C), Pronase (opti mal'
pH 6.0- 8.0, 20-40C), Proteinase K (optimal pH 7.5-10.5, 20-37C), Papain
(optimal pH 6.0 7.5, 20-37C), Elastase (optimal pH 7.5- §2DecembgrZ§0s

Thr omy No{:@Bsdomal pH 7.5- 9.0, 20-30C), Plasm n (optinmglbrRit80809- 5. 250,
etc. Low specificity proteinases (Pepsine, Proteinase K, Papain, etc.) may

10 preferably be used when the fibrillar material is highly resistant to
di gestion or when the fibrillar core is needed to be isolated for
characterisation purposes, for exanple to_ identify the residues involved
in the Poenseimeny of uteHesyd- &t forcexaeplofpeptie fAopropnaina@roteasapyen ARy ot her

f he.fibrils, ch s j .o di d d
Fr agrontacc B gt Shund P ebegiig dbohd sl ARei@ORy, dheRbiERe By 1577

Thronbi gnd@sreepniafie! ail jenysedush@mnditis! itpih hagpeotoa® SRRty tat W@vt O
degradation or when the intact fibrillar material is needed, including

| oops aBH Gphwel BE L& Rdr a0-37eCknblike mpledwianigbt pe enelesaAdpr omikst ) that do
; einate i L & : T o ; ‘
o bePliBRR el 5p dh (UG AL D 563 S0 A pRALO il BEOERL 0TS MY

sui t abl g.opeolaow), Piiignsa®p{pting! phcubatoes] 20iX7PCY, Pepsni(bpdhsl (T 610ease under
conditiogns which allow digestion of arm_r%t]ous aggregat es and_sol ubl e

pr ecur s6Ps 2P 7t ke Elagiase dopiinal\pil cho-80. d8-1ot)- ditgebiny (aptimal b8t d-Stibrils. 1n
parti cubar,n. I peubatd,en igtd §RSH - sel ected such that any

pr ot ei nb'?b%(t) gpn@r?ént S @nco?{%gg%grrg[deggi é@p’g&e{‘gt ed while not digesting the
anyl oid fibriLby tpeifidlyy@soteihnsesr P apeived faspants Xf Rapeini mtehtian, the

sanple is _treated wth the prot ease and supsequentl|y jncubated for
su??‘? ci Befer ‘?1 et“égg KE%%Fifgﬂfﬁ?f ISRy ToTE AR 18R 95 H#CR o] ubl e
“Precur S@ESiRfi1aPLAE s nebded BHARMRRR S éﬁa@iﬂtéﬂ%ﬁti&?ﬁﬂ&b@sesﬂ;b% e% rature of

the incubation is selected based on the stability of th r ot ease and
anyl oi didenbiyi the rendiess iooriseder dtd tma8on toedibhe Btemebratofribs fibolt atd eat i ng

the sanple with ot ease i ncl ude 20-60C, f er abl 0-40¢C, ..such as 37C.

Pr ot casB ™y B Blide AU va e S aTY 4o M0t FUDh B QR CEYSuPF | of ont. to
cause 3@isgidgrat Easmaits.t hEiosp AN toRds LiRE SOMMdliANF0br-Khe

treat ment.. For exanple, 29 Decenber 2005 WO 03/ 003019 PCT/ GB02/ 03001 6

pr of easEhrempinarqppeietly inecdawhan it Bbrikirsaimore seasitive: tb0dagsadption®00 by
wei Ght_of oo REQLSRSEA AT ALEH 1 abdi2aS HRldhng Bk IRt 20 tO
~about 1: . Selection of _ R
elements or domains (functional or not) that do not participate in the B-structure
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,




'appropriate'conditions Is within the routine skill of those skilled inthe
art. Suitably, the sanple may be incubated for a period of tine from 10

mnutes, 5 preferably 30 minutes up to 24 hours, 2 days29Pagember d85endi ng*

on the ayanéddoyo@nd stability of the contam nants to be rgRpygeho:45Y! o d
fibrils may al so be purified by the use of detergents, chem ca&

denaturants or chaotropic agents.- Such agents may be used to denature
pepti des and to dissaggregate sol ubl eband non-fibrillar peptides, to
facillitate separation of fibrils 10 from other peptide contam nants.

Anyl oi d fi Biofgase §gwPs Bresaitdn coradie of ahqubdygl pedildiianktoqQ® Hemesigtl on by

ani oni ¢ de - | r..lL. i ) . (hen

cgg whi te PHIBElp el o SR, pieRy PRl IR BT TS ile R

i nt act upomppromiddatdmiitions id Withipriks srtiaes ekillddttigysg eldtle-@taenttr ati ons up to

about 1% w v. %her non-ioni.c or catiqgnic detergents nay al so be used with
st

simlar effects>UHaby, Shesammlemgy beraenhatnd 196 A 2etedhelt ime frosn AG MHBHES such as.

urea or > - . Lani di Lo | e i
hi ooy anat BonrT A pQ i8Rk 1Y Abul 20k BURE REkEhtn B T
non- speci f stabikifycofdhocqrioninaty ¢r egrnesednd wel | -structured anyloid fibrils.

Accordi ngly, -' chenical _denaturants such_as_guani dine or urea may al so be
used. Guani di neAﬂ&éplgeﬁ o ﬂﬁoc*e?ne&%ﬁ?dabmfheawe|Oésiet%rsamfs_,4m_ migdh as |

to 4M Sui {QRh8auitds; ' it ' th of
I ncubati on e?rlraty rbééq ?‘lég%f’?@’%%?%n ﬁg%f?gg?l %gﬁé@ﬁﬁ%geﬁﬁgg 0 a%&@@@éﬁ%ﬁi tabl e
t enper at urtesiizeaggregate beltible mng ewhneilsillan plepiides] toofeilliatt Iseperdtion abibdlsf or

proteases..|ln one as t of t.he inventiagn i quots may be taken fromthe.
~ sanpl 21_%un ¥ PP ,c%twwsséﬁ'&ﬁﬁlﬁegbﬁ# @ughs%f%f’cf@éfssaa?‘i@%ui t abl e;
anal ysi s sigibadse folddRa@fhtioh My dndbnit ldaRedRfuchTE @D‘Sdozslﬂﬁﬁé L%?:}@ﬁﬂﬁéﬁts '

anal ysi s, SDS-PAGE analysis or electron mcroscopy or e ospray nass

spect r onetpeyforged o8 FEEWLhdeh sgg | vehitsf lyapmmpd) cuylaid dibeilrshesy dhiat aittydoid

t am .S it t he .sanpl.e. .Such I S. be -used t _
aesces. tnd I FERRE o AR AROER Rt P S Bt AR oo PPs. prior

t o separ atib Gibouf 0% SraNBtRerdorcRBld bf UARH® BeRfpehis! hiPhisBbe Rbcd Withher
analysis, the protease in the sanple may be inactivated, for exanple by

addi tilén cimiy FEe03019

The presence of chemical denaturants or chaotropes such as urea or
guanidine, in particular guanidine chloride or guanidinium thiocyanate affects to a
different extent the-moﬁomeric_ protein, non-specific and amorphous aggrégétes 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 -

less than .4M, such as 1 fo 4M. Suitable incubation cbnditions, such as femperature , :

and 1eLngth of incubation may be readily defermined for each agent to 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
 treatment, fibrils separated from such aliquots 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




7 29 Decenber 2005 PCT/ GB02103001 appropriate protease inhibitors. For
exanpl e pepsin or other proteases nmaybe inactivated by washing in amoni um
carbonate or Tris pH 8.0. Qther protease inhibitors inclRk9decenBer 2008y
exanpl e WORIPO30Benzan dine (for exanple 1 mM), | eupepti RCTIGHO2E3WAPl e 10
A4ag m-1), pepstatin (for exanple 10 lag mi 1), aprotinin (for 5 exanple, 10
tpg m-1), antipain (for exanple 10 pg 4l -1) EDTA (for exanple 10 pg ml-1),
etc. Following treatnent with protease, detergent or other agent anyloid
fibrils g e dnfhibamst h Rl : uj L. Typi cal
I sol ati-on _ggﬁot?gg%u?ﬂ%fﬁcl udga%‘si' I ?rogt i on?@%?ﬁgam@e}@fﬁ%ﬁ%ﬁgg&ﬁe

por e- cont AeActizated hynbashieg dndunB0oBumi farkahatd br iTrs piy8.0e Qthed pfaiease

" identificati.on of Ldyes | d | ion. Anal ysis. of k
1 estdues | HPTeR ipf B RIS 0ER crulle T oD p S IRRER S, [En e o can b
per f or med @peytih {fohbedthpe RORE rﬁi‘l?,rﬂép%taﬁﬁ efoP Bk ahped 08 NDyroelin for 10

centrifugation (sedi nmentation). [n Some cases hlowever, fanctional groups in
the sérf gsenplke khiag mli hrantipaindfortrxampid] 4 pg mhatERTA {6z examply. 10sug phydri | -
groups, i a_%§c DNA oligos-, etc.) by binding the fibrils to active _

. surfaces ng gold surfaces in the case of sul phydril groups, etc.) and
‘washi ng. Chen @allo®ig fredtiidheHsih GReascalisierdaat ot bt | oo react
preferentially with soluble or non-fibrillar aggregatés and 15 facilitate
separ at i 0f20 Afef peparafedfirgm bihp | sgmply diys awgo isudsatde moetbedil eTypicalsisalation

aggr egat e ) | abi lLis d to the e ampunt of active
o oups” pr BrosSRR SRRk, B Bmi® ol o i Sl AL A5
filtrati oveitdfugation kddimentaiQOUEnt soi6lch@sthdwevef, fub€tioral gfdu s GRRONeNt s.
For exanple, the sanple may be centrifuged between 100, 000-50.0, 000g

pr ef er abl 28 o3 ¢y fibkls maybe perd for dhnt PBDOas (me.tswiphydg! giseps, digandsch as 1

hour. Aft i dj 1P ; ekl et , ma col |l ected,
. resuspe n?é\xdg i°§g§*‘fj %tgg Ibgrﬁn%%?g%{%@@ﬁﬁg&%%n Nah %Sg(éi"t%' éﬂﬁg%“s@%%w&ﬁ? epeat ed.
Sui t abl e. casnadsephydyil glonps,bac.¥ and washifglt ChEhtcdd agek-8inRérsRutildf dlgdbd i bri | s.

. may be col Iq%g%Ped for exanple by callecting the pellet obtained by

‘cent ri fugiisofPt SaERls fogreretPrefarntally withspbibirer ron-famila Asateaates aml f or
furthey | B¥ARAGG8SATn. ORI of BIiIE VTR 1AL HfALddsY A LUILHEL Studies
such as FTIR, el ectron m croscopy, electrospray nass spectroffetry and

- SDS- PAGE, stold be igesatlyuitthalided dwettt dlits large amvasitifgmtiee fridupk prestuttatihe e such

. h d . . a - : . ! - .
as ny rogﬁgﬂleégr ac%ge Preferably, centrifugationi or filtration is used with subsequent

~ collection of thé:ﬁbril'cqmponeﬁfs. ‘For example, the sample may be-centriﬁlged '
* between 100,000-500,000g preferably 300,000g for a period from 15 mins to 4
20 . hours, SuCh. as 1 hour. After diséarding thé supernatant, the peliet may be qollectéd,— 7
resuspended in sujtable medium, and the cenirifugation procedure repe,ated._ : 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
other suitable methods to .ir-ﬁrestiga,te fibril structure such as hydrogen excilange
monitored by mass spectrometry and NMR.  Alternatively fibrils may be
manipulated for useixlnahosirucmres. 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:.



nonitored by mass spectronetry and N MR Alternatively fibrils may be

mani pul ated for use in nanostructures. 29 Decenber 2005 WD 031003019

PCT/ GB02103001 8 Nature Struct. Biology. 2002, 9: 332-33@P Dacgaker £00ati on
of these Wegd/tiser i nvol ved in aggregation can be essenti abridhobiSogesi gn

of drugs to prevent aggregation or in the engineering or new varilants of

proteirns resistant to aggregation in both disease- related proteins and
bi 0-active peptides and proteins used & drugs or in the industry. 5 )

Anyloid filrjls v al.so be purified for their use as nanostructures and
nanonat er | g%@.re §g'ﬁ¥tf gé‘ioﬁ -b"'rq%%&c?‘éﬁa@@-t Frentifipation offthessirediddes evdlvddr es,
used as ng,n@gr' & Baki Lr conduct.ive properties), used
as matrix for céeg_lilﬁ()ﬁ S%Wﬁfse‘ﬁg%ma@ggf’%? %){(q:&%llg%?%l?)%%tiaﬁgg ?ﬂ’i’g‘ or in fhe

bi 0- degr adetigieenng ey Béw i variant| afijrsteindseeistaas (e REMREMA INBotBliskal for

the delivery.of drugs, .used as a cqQating agent (paint) to 10 confer

specific prr%aﬁ%ti?rloéeg%t %‘d;iﬂ?”fa%%esp %Seqﬂdr?é?fémsélﬁ@ff asghpgs uh hegndustifyaces) , .

nodi fy 5 propert]j ‘ H ' fer. [ - erties, sych as . .
Al MARSESS oS R0l K07 RO SR i s oo

- fluorescent emission, etc) t used as Sensors, 5
of anyl oi duanpmatdriglspr dhuifed fibiln Rn3bSHBemrspupbiaty wiREliko MRRL ajshd als | east -

sone quantj.ti of. bot h non-a ated_and non-fibrillar material.

Separ at i onﬂa(E)lP Wke ¥ th%ngsadp f“%ﬁ?‘%%g‘g’r Spadyctiye pEapsaties yspd By mabigyfosgalies, s
di fficult growshiseuephitic bRIBRAIHHR Eoy e to the
sinmilarities .in thei F properties. an%{ﬁ%{ﬂg??ggﬁ??@%ﬁ 0 aé\%%ﬁ%ts’t?ﬁeg _
probl em #SKEGARIRIsBASeierial dor the dgiveteofdmgs,disgd at h @batisas2 (PhihNBt ed;

si nce fot j regat.es emto show different structural

char act er P‘g ﬁeg g'ﬁ ?(ﬁ%(f/ %%Jue S QH%%GMWF‘WW‘?PGHF% epidfonling purfaces)i mpdify

pr ot ei nas erabegiiast dfanrfacdsqeoiil SptRul ROS&HRERSE a fior AUe, LONILS
non-speci fi c proteinase ca(f:;t I Vi E‘Ii/ atﬁlg?)w- pH. IJ%arrp gg&g{}l? \Allgéﬂt?fll’fe?cgrt%nt ki nd
of PI 3- SH@%’@@?‘%‘%&P%’W@F@ prepared as described el sewhere. One type of
sanpl es incubated at pH 1..5 contained anorphous 25 aggregates, whereas.
the other, incubated at pH 2.0, contained well-defined anyloid fibrils.
.Aggr egat e Bn was nonitored by FTIR at different times of incubation
(fig. %) S’pect.SraI -fgg,tures_ associ ated to anor phous aggregates forned at pH
1.5 sHdw a quiRPHSLAFFNArditelverepared frou: EHeSH3 re cliserved anpuonaintas (1612

and 1684 gdiktlsome quantities of both non-aggregated and non-fibrillar material. Separation of

fibrils frqm other species, especially big aggregates, is difficult to achieve by
‘common biochemical approaches due to the similarities in their properties and large

~ size. To overcome this problem, a new approach based on bfé%ciﬁaée'digesﬁoﬁ was
20 atterupted; since both kinds of aggregates ‘seem lto- show d;ifferént structural
'Charaoterisﬁics they would likely exhibit differeﬁt 's_enSitiﬁty to proteinase .digestion.
.'F-OI thls purpose pepsin was chosen due to its non—spcc_iﬁc pi‘ote‘iﬁasé éctiﬁty at low-
- PH. Samples of two different kinds of PI3-SH3 'éggregafés -_'Weré prepared as
described elsewhere. One type of samples incubated at pH 1.5 contained ainofphdus
| 25  aggregates, Whe;eas the other, incubated at pH 2.0, contained well-defined amyloid
fibrils. Aggregate digestion was monitored by FTIR at different times of incubation
(fig: ). Specttgl features associated to amorphous aggfegates férhiéd at pH 1.5 show
a Di_ck disappeéram:e of their ]3~§heet—rclated' cdmﬁdnents (1612 and 1684 cm™
| respectively) tq_ fender a main peak at ca. 1649 cﬁa’l related to non—s‘tructuréd
30 conformaﬁons. By contrast the specﬁum Cprresponding 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 changés even



respectively) to render a main peak at ca. 1649 crn71 rel ated to non
structured 30 conformations. By contrast the spectrum correspondi ng to the
sanple containing anyloid fibrils (incubated at pH 2.0) 28RskemPey2905tt | e
evol uti RO ¥ e as the main fi-sheet spectral featuPEL/CLEhted with
~aggregation. suffer only small changes even WO 03/003019 29 Decenber 2005
L PCTUGB02/ 03001 9 after 3 hours of i ncybation. Interestingly a decrease in
the intensity of the band ea. 1684 cni 1 can be observed together with a
smal | shif | : \V2 L0 BE@#} 1618 cm
1. This cgﬁfxfj@%lgh%n |‘%%%@§H'or$l ?%?Séi%]t){%ﬁe%‘?@é%ﬁe 0 t&glh@}é%gg%r%%g?gd speci es
present i 684 emsanplte obsttivedtopettier ivithtacsnaill shifBé higHerlwa@®nemberd by the
respectively. These changes ggest t hat the anor.phous species present in
the sanpl én‘y’%P e&&f—‘ﬁﬂ‘gﬁ %1655&% : jTGsStcomvebepméwéB%%0¢J‘§§?%k°a SQGPT | 5.
There is Ly | ' W i 1 due to
a hi gher ?lcl)p ggt%agncs%?tﬁgf%fg%ggre glg%%%%i ggfc?ﬁ?%kgétﬁfeé tgggf'} %@gfsﬁl?%e.
pepti dé f respectively. Thhe dhahggrsipyesothat the aawyphoing spdcisiprasen ihelie papdd n '
di gestion was. anal ysed b 0 different bigphysical techniques. M crographs
obt ai ned Bf it ﬁhﬁmf%f'_ﬁ& SpRFOTECEM S IAIRE _55%1 - OFIThE FSHpP FETROHed
abundant ifitRe BAWEQ] Hodd Bhd l13687deT, REPR! ?h@&?}%ﬁ?ﬁﬁmlo‘f%\;ﬁ%%d‘ the
~overal |l norphology evidenced in the origina pf epar at I ons, ereas ot her
types of &apppiesddigestedpemdides)ine.quptidd fragii¢nds.i ntegrity of the protein

nol ecule withip,the anylai.d filrijl S, assessed by recordin D- - NVR
_spectra of 15 % “gﬁglr%o?g}e aél?'PaP’(SIl @Jrf\%?%@?rlp.epﬁ?gﬁﬁ%rb?{%ah@g%ﬁﬁ Gnd HA and
ref ol db Ng dFFPE&R BipRFsical TBnfRRS! | ethishd i that of the
‘native protein pripgl?sltco aggr eggt F%%ﬂd@fgghé PAGEE%?QE%[%@%%&?F%& ibrils

bef or e an(EM) eealysis ebthensauples showesieabsindgnt lirgens smowdoié fiboikeaster pepsfrol | ows. Lane.
"1 nati qt ej ;. - fibril addi tj. f . in: | 3:

pel ot opfiEefich ek FSin the tyoPih mireteliy i e d iR dn S o BB RiRctBat: on wi ¢ n

pepsin; | aMereds ofePEHEAS PdplerdpBicd vtesmafciREabth, %é‘iﬂt?it?%ﬂﬁe%rbt@iﬂ ane 2 wth

pepsin. A minor band appears bel ow the nonomer band in |ane 2, probably due
to a smal Mokgepleivitiyn the srcid Hedls s essessed by aecording LBRYMR spestradf | ncubat i on

at lowp gorel [.: 1 o fibril f t 1 QPs Thisihand is.conpletely
Sbsents PP SAYSRECah At boind QYT BE1 il FabBEGAERT ©
SDS- PAGE The smoph e&redistingiisigabfl So@h48id3 terakiot grdtéia pidos tshow a band
mgrating at the same position that the P13-SH3 . .

. aggregation. SDS-PAGE of PI3-SH3 from fibrils before and after treatment with

pepsiﬁ, lanes were loaded as follows. Lane 1: native protein; lane 2: fibrils before

' “addition of pepsin; lane 3:peliet obtained after digestion _ofhéé:ﬁ_ipl_e 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.



mononer, indicating that the fibrils are forned by the intact full-length,
protein. Sanples containing fibrils that underwent pepsin digestion and
ultracentrifugation to elimnate any sol ubl e conponent SR&RcaMALHO0Rat
only the W@ 3deagmgt h pol ypeptide is present and that no Otﬂlﬁrcﬁfz% I n
~fragment can be detected. By contrast, the 30 supernatant 0o {al Red CAf t er
such procedure shows no observabl e ban(il I ndicating that any soluble
nononer present in the original sanple has conpl etely degraded. 29 Decenber
2005 WO 03/0030 /- GB02/ 03001 10 El ect rospray Mass Spectronetry (EMS)
anal ysi s of anyllﬂg?cgr%gérﬁ}" as§ Hﬁqt%%ﬂehé'féw)ﬁ@ﬁé’ﬂﬁoﬂﬂ@&bﬂdﬁhﬁbﬂadlpiaabsequent
ul tra cent rdfittigmbinaiSesyibe HIBAR QLT . 1o0.the full |ength :
P13- SH3 donaii@mher%eas n(la)ﬂ%ﬁlher sﬁg]lﬂrrg?éﬁftﬁa Hﬁfﬁl\?\ggdgﬁs%e@t ed. Therefore,
SDS- PAGE arf8respendans po i Suld Feangtht Y& £ SH hénrain pilodrei ioad theraRth IS PRSIHES COPi C ’

characteri st i-Rl b Lbri fter the cleanin rocedur e
correspon 121 %%aahx g?ﬁ%&/l&ﬂf E‘{fgr % épﬁtf%{%}taﬁa ﬁ@a @%’Sﬂﬁﬁ?@%@ﬁhﬂ;@ a?cjrpphqh)gi@g
wel | - or der edd spoybsbpiclchliblefist ARShiblibd B e A Aer RS BEE A00RLS & VETY

conpact conformatjion in the fibrils that nakes i'nacc t he .
pr ot ei nas e COEFTBRAdRxCEusHelY toeiiilitlength BIBySHH3 thebiporatkd s thenyallgidgage I esi st ant

and t hat, AT 3 r phous...a eqat es .and sol uble protein still
pr esent |ng%ﬁﬁléo9%§i&g%n]g{ﬁ§t %‘%ﬁfg‘ie@a‘&?@@gﬁg_#@%ﬁa@@'m@bm protpgionin
char act er i the fibiés thatrmaltey ivinadRaibE eS8 pRItAhLLd by anyloid fibrils using

FTIR FTIR specbra of the original and purified sanples show an overall
simlarity (figYBoRye confamedithatqmybeid fivtlstaroprotdirase eadisthdtund @8 Hyo t he

amde {pb b O npl.e .cone from.the fibrils present in the
"~ sol ution, aﬁ%%m%‘%%?ﬁ&%&c%?é ﬁa?eggggﬁ‘g}@g PLotgp shi presguidn the @gw@dl s sone -
di f f er encessmpde/ird ent, wegaotdeded &y ﬁlﬁhm&aﬁsﬁéﬁzéﬁﬁ‘%ﬂgctgﬁi Té’a@nlr'e%’ 'Tganjbq{edb ot h
y

spectra arg co red. The _conponent -at 1684 cm 1 1s virtua M ssi ng
after di ge%f'?%ﬂgﬁa‘ﬁﬂﬂﬁﬁ%n%FTmeFTlﬁrS@@ﬁa@fm& aof] pubidiedeimiplaggr egat i on
~ band, thatshaty sh@Veral¥kiladiS ¢ n .second derivative analysis (fig. 2).
Thi s_sugge‘st‘g ig&t;;fgg ban%s(ﬁg'tsf)l%lg%\é%ﬁr%ﬁjfgnﬁs%%tﬁ?c%‘i‘@’%ﬂﬁ%ﬂthecorrponents
- in sanpl es™@8al bandi ofghaengiphicumpbo@heohis thd S0€s bi@entbh th ic -
char acltseriﬁ(;&&epf %g%%—_fi rill gr mat eri al resen% iﬁnthe i%%n%ﬂel' before the
‘purification 'pr’&:. d anggusiz ghtheifaertade sopetdiffementgpdeaden bondi ng
conponent paftiubilyiwheniBe second derivatives of both specira are compared. The

component at 1684 cm™ is virtually missing after digestion, and ome of the three-
components of the main aggregation band, that at 1612 cm™, is absent by second
derivative analysis (fig. 2). This snggests that the bands at 1684 and 1€ 12'§m'1, the

20 main components in samples containing amorphous aggregates '(sée ﬁg 1), are

2

 characteristic of non-fibrillar material present in the sample before the purification
procedure.. ' ‘ | |
. Wecan then assume that the hydrogen bonding components found in the
amyloid fibrils are priricipally 1618 and 1628 cm™ corresponding to characteﬂétic 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 ipdicatés that apart from the main B—she_ef features some regions
of the protein could display flexible loops and turns within the amyloid fibzils. Thisr
latter conclusion is consistent with the model of the SH3 fibrils based on cryo~EM |
30 analysis lbu_t is remarkable given the lack of susceptibility of the protein in the fibrils
t.o Proteolysis. It must reflect the fact that even those regic_)ns of the b'blype_pt-ide .



anyloid fibrils are principally 1618 and 1628 cnvl corresponding to
characteri stic 13 25 structure. OQther conponents at 164%19 and 1665100c5m 1
are stilyoRBReRME in the fibrils aft er digestion indicat d% %"
contribution from di sordered confornmations and 13-turns resrfgctl ver whi ch

indi cates that apart fromthe min f3-sheet features sone regions of the

protein could display flexible |oops dhd turns within the anyloid fibrils.
This latter conclusion is consistent with the nodel of the SH3 fibrils
based on chgins EM iBOvedhddfined $-theet steichmsmrdtphily Iyl enithith thel firitlanf

-SUSCEpthI|IePé) of the protein in the fibrils to proteolysis. It must

reflect tH&s that even those regions of the pol ypepti de WD 031003019 11
29 Decenber 2008 wECH FBERHLAB300derth #lrisraek W o s S Lis Sheet
structures are tightly held V\Ilthln'?(%‘ll- |br| aSr Sagsere%}f]lﬁglsc 7 As wel |l as
provi di ng FRIRdsalysis fiorepditéd @rchﬂhlgwbbsmwbnpmmﬁnﬁmdyamn-pammhr e, FTIR

anal ysis is orted bo di st ngw sh_ between parall el nd anti parallel 5.

conf i gdr at® t“?PI’[Sén Fbegts. Lig POt SQVVBY S, e eroif £ Refmetheoidpeci fi c
geonetry f B, r _frequenci es
fromt hos%f t%agggsllnctgf ﬁtop?sr&%ldh%r{upﬁhr algt%queﬁcq%—g#ﬂgana ycgallsélg%lf()f? he purified
anyl oi d f ishédt kisucineys the not ori ously decreased contri but lon at 1611-1612

cma and vi rtu%gy no contributjon at 1684 cm1 (fig. 10 Thi's
observation st Ili%| ajalyis Q& thepuried W&@%@&%%@%Bﬁﬁ?@ﬁ@ﬂf@e@ﬁ@m

associ at e | g pect ral
features ggfsltgipl\} %?ggla#b%cﬁ %@8@%@3 ﬂc?c&gz[-lﬁﬁtl'i‘@rptat %%‘Pval 3e§ ont.ai ni ng
anor phous Thipptegatten éﬁoxglﬁ&ugg@sﬁtethaaihﬁmdecmm airﬁpcﬁibﬁwe atsaciated tpuri f i ed

fibrils of c%gﬁﬁnents at ca. 1684 CM 1 ggests an al nost . i nexi stent .
cont ri but PeFUSRIagEEeEetns) W 2erespant Wih thy wﬁtath fgptunes qbﬁ%f@%&rlsgﬁg & These

results | AAKBALE o BAknIHEPTE GRS GHBILRELAlEMAR LFAIRl BT, ofe 2V ol d

fibrils by techniques such as FTIR to ens di sor der ed
and sol ublebnoshtcomipiite Gbsamoe inahe rpubified fboils o csmmbms Fued iS4 FFEAR st udi es

f fied | d fibril dt f h |1 d/
On ot ol Fiheefts it okt pbystedts fabiEitdrg O rforeu i crti 0 Qs o
aggr egat e&ﬁtéﬂa&idns STRA4E reHuRs ifichtRaP iR QY Sfist t@t&&ﬁg& {3y 1§ tord' es of

highly fibrillar sanples of iInsulin have also suggested a par
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and soluble material do not contribute to the spectra Further FTIR studies of punﬁed .
amyloid fibrils are reqmred to confirm the parallel and/or anttpara]lel uature of the p-
sheets and their connection - _w1th defined aggregate/fibril structs._ues and

20  morphologies. Intereéﬁngly;_ studies of highly fibrillar samples of insulin have. ;tlsq
suggested a parallel B—sheet lstructure, as has solid-state NMR and FITR in some
samples of amyloid fibrils. However there is still no certamty about the reqtured |
conformation of the B—structure within amylotd or its relation to precise fibril
morphologles since also antiparallel structure has been reported for some other

25 amyloids, whereas other authors yet postulate that a mixture parallel-antiparallel -
could coexist. Further studws of highly purified materials are therefore needed to _
establish conoluswely the onentatton of the [3~strands n amylo1d- ﬁbnls ‘The ablhty_
to study fibrillar material, generated by approaches such as that we report here,
should be of particular lmportance in these studies. o

30 To evaluate the resistance of “amyloid fibrils to chemical denamfation,
aliquots of fibrillated sample of HEWL were incubated in the preséncc of different'
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denat ur ant gartikBk&mgieRr oach has enabled us to denonstrate that the _
full-1ength protein is preserved within the SH3 fibrils studies here. FT1R

anal ysi s shows Infenchision mnatleidribmls ﬂbﬂofﬂﬁoxfph@ﬁé Akl RolaRds typical

of a Pgsh (;tructureth& i s mai nly paral
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“detergents and cherirical denaturants. Thls approach has enabled us to demonstrate
~ that the full-length protein is preserved w1thm the SH3 ﬁbnls studles here. FTIR
| ana1y31s shows that the protein w1thm the fibrils has FTIR bands typtcaI ofa B—sheet
structure that is mainly para.llel in character Other regmns of the polypepttde cham |
20 - appear to form turns and disordered stnuctures. that are likely to Imk the ﬁ«strands

ﬂthough these seem to be tightly held mthm the ﬁbnl structure The approach - ) ﬁ

. described here should be applicable to 2 wide. range of other amyloid systems and to
| be mportant not only to mvestigate d1sease—re1ated aggregates but also asa means of |
| prepa;tmg and charactensmcr novel matenals assembled from ) protem ﬁbnls
25 . o
| Methods |
- Amorphous aggregates were prepared by mcubatmg a 0.5 mM SOhlthIl of |
7PI3-SH3 in 2I-IzO at pH 1.5 for 5 days at 35 °C. Amonxd fibrils were prepared by
incubating a 0.5 mM solu’aon of PI3-SH3 in "'HZO at pH 2.0 for 30 days at 35 °C,
30 o ‘Samples were characterised by EM before proteinase digestion fo conﬁrm. |
 their morphology. Sample incubated at pH 1.5 for 6 days at 35 °C shoeved non- |
 fibrillar aggregates, whereas the sample incubated at pH 2.0 for 30 days at 35 °C
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hydr Qxi de d?sgcgc%tgd g/ysin%lr}gal.t%sgisgmples in 10% ammonium hydroxide before MS analysis. |
Samples containing amyloid fibrils prepared by incubating a ImM PI3-SH3
15  solution in ?H,0 at pH 2.0 and mcubating it.f'or. 30 days at 35 °C were digested with
pepsin in a ration pepsin:PI3-SH3 (1:100) in weight for 3 houré at 37 °Cland then.
subjected to ultra-centrifugation for 1h at 300,000 g. The pellet. c.ontajning' tﬁe_
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
purification procedure. - N '_ 7 . _
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29 Decenber 2005 15 CLAIMS 1. A nmethod of purifying anyloid fibrils
conprising: (a) providing a sanple containing fibrils which have been 5
prepared in vitro froma protein sanple subjected to cond%Pesesbesg®dhg to
fibril formation; (b) treating said sanple with a protease, detergent,
chemi cal denaturant or chaotrope under conditians to allow digestion,
degradation or denaturation of anorphous aggregates and sol ubl e precursors
in the sanple, but t D which do not digest, degrade or denature anyloid
fibrils; and (c) collecting anyloid fibrilbs fromthe treated sanple. 2. A
met hod according to claim| wherein step (b) conprises treating the sanple
with a protease and i ncubating the sanﬁ%m 30 minutes to 24 hours. 3. A’
nmet hod 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 tlh anﬁmﬁgoiﬁfpvﬁ@ingﬂmbﬂiﬁlgﬂmmmmerei n step (b)
conprises treating the s | e Wik r ot ease.. d. Qtease i s present
ina ratio of 1:10 to 1! 00&%@@%%&%@? %’n%%aﬁbﬁﬂ%"g i Sﬁﬁ?"“s A et hod
accor di ng tosanprepanel Of vitrhefrau @ qeetein Ganplai sibjeved te conditioad leadifly ¢ fibglonpri ses
treating the saﬁ’gl e.Wwth a protease, selected from pepsin, trypsin,

pronase, protei % papin, elastase, thronbin or plasnin, 6. A nethod:
according to claim5 whe(in tdifngdMaitlsBAHI8 with aRPRRSAs) detbrget, SRBRIRAD accordi ng
to claim1 wherein step ?jg) conprises treating the sanple with a detergent
sel ect ed from #fnaHTEEhiIoE  chaelrrpr owider eenditicos ofei ellayet digegtion, . degsdaion pomet hod

ted from cmaHEBhi, i _ _ hod
Chen cal denat i inueadh SF EhOpANE o AR (A pREOS h WiqmRRIRYe 111

met hod accoiti nghiclodany digessoisgiadeoremmiture mhpoiifbrdg epd  (c) conpri ses

subjecting the treated s l e to.centri.f lon-or filiration and thereby
collecting the anyloid f{%gfi lcghecgagamylmdlﬁgg{s ﬁ%mt?mmte&smpfe‘
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



