WO 03/ 003019 PCT/ GB02/ 03001 1 PURI FI CATION PROCESS Field of the Invention
The present invention relates to a nethod for the purification of fibrils
and to 5Swproepesoas i ons of anyloid fibrils essentially freecafGraos@hous
aggregates and soluble precursors. Background to the Invention Anyl oid
fibrils are highly organi sed protei nacepus aggregates associated 10 with
pat hogeni ¢ di sorders such as Al zheiner's di sease or the transm ssible
spongi f orm encephal opat hi es. _ﬁﬁﬁlﬁfC&FION‘ pﬁ@&ﬁ_g&l ogy 1994 25, 403-414.
They are al so being explore res wwth a wide variety
of potential applications, Lashuel et al, Phil Trans R Soc Lond 2001, 256,

133-46. Prat.ejns susceptible to formanyloid fibrils do so fromat | east
partially Qﬁl‘ddf‘?fltﬁgiwﬁnmgst abilised states that |ack the conpact nature of
the native prot ej i { PG | i ei ns
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common phenuepnationand aayiped ébiits gssantislly freofof apoipiwepbgglegatbmamissolibie of
such nodel proteins is the SH3 donmain of the a-subunit of bovine

phosphat i d'PASE -0l - 3' - ki nase (P13-SH3), whose study has provided new 20
insight in the processes driving anyloid fibril formation as well as
details on the nolecular packing of the protein chains within the anyloid
fibrils. PBacgasoyngd tosthg Inyentional |y fol ded state in solution at | ow pH,

fromwhi ch the pfotei | ow egates .into.fibrils with structural
properties indi s‘xf‘lln g’ﬁirgf%@ﬁ g%f ﬁ%ﬂﬁ[}f %B%aESSQrﬁfBﬁe{%ae%'ﬁ AeEMAY aasf?cd?tF s

rel at edow twith upe@Rogdhibe @ferdedd sBEIS Pist AlLIEmeP B Sdideikabbe thélVieaSssitle t he
structural characterisation of amyloid fibrils there are still a nunber of

i ssues to FRORSIENRPY pregphalensHyes: hEwm piak Alstopthelpprd 9 PP n#@3-6it- oThene
structural propar lr)éil?% e?}élo{eﬁgaslpﬁﬂ | Andstidic esV\’watHI ar'\zvti(ﬁ"eevaf?l ![o?: pﬁotérlltg
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mai n problemto do S Nntrinsrc heterogeneity prese ma%y
anyl oi d fi kpplicamaplleshudBesi/drig] Thak R Sdotngid 200¥256ab33460t h sol ubl e

precursors 30 and non-fibril]ar aggregates are present in all anyloid
fibril sanples fioPIFEY fuscaptipieoto forin amyload diidhde, sor Fems gt {rastup@tialiopt ed by

the prqkei Foided b BedidtifidetStatRANBRU8EMS CHHED nature of the native protein. There

is a constantly increasing number of proteins whose ability to form amyloid fibrils

The

suggest amyloid formation is a common phenomenon and a generic property of
polypeptide chains. One of such model proteins is the SH3 domain of the o-subunit
of bovine phosphatidylinositol-3’-kinase (PI3-SH3), whose study has provided new

20 insight in the processes driving amyloid fibril formation as well as details on the
molecular packing of the protein chains within the amyloid fibrils. PI3-SH3 forms a
partially folded state in solution at low pH, from which the protein slowly aggregates
into fibrils with structural properties indistinguishable from those exhibited by
amyloid fibrils related with human disease.

25 Despite the considerable advances in the structural characterisation c;f
amyloid fibrils there are still a number of issues to be clarified. Among them is the
detaijled definition of the structural properties of the protein chains within the
amyloid fibril. The main problem to do so is the intrinsic heterogeneity present in
many amyloid fibril samples. Besides that, almost invariably both soluble precursors

30  and non-fibrillar aggregates are present in all amyloid fibril samples formed in vitro.
As a consequence, 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



with a high certainty. The devel opnent of strategies to isolate anyloid
fibrils from WD 03/003019 PCT/ GB02/ 03001 2 other species is, therefore, of
val uabl e wotoafex19 f or the study of anyloid properties. HeCF/GE208POrt a
method to purify anyloid fibrils from other conponents. This approach
allowed us to characterise the secondar¥ structural elenents featured by
P13-SH3 within the anyloid fibrils by F¥IR net hods avoi di ng contri butions

from 5 soluble precursors_and non-fjbrillar. aggregates. Descri pti.on of
Fi gures Fi gP& SPecle 15 Hhergfors) oSvalepleeinisie _iarg,&%ﬁﬁ?d%gfg*f@é@_alp@sprp “t&hsi n
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aggregates (pH 10 1.5) or anyloid Tibrils (pH 2.0) were incubated in the
presence of agpepashrallpwed usGoij gharactesist thg eprondarPI1dustis] klaots featweid)foty.

Al'i quots of o anpl wer e. en at ifferent tipes of .incubation and
FTII gus cht r%ﬁ\ﬁiﬁés‘w, J%E%:eﬁmﬁﬁ“{ ﬁgﬂfs WE pl“?l%tméﬁho Sh@“’“ﬁ%%l”%@h%‘?@b%ﬂﬂ
t owar ds shi gdaiibl¥HRIEReIE nbRHBLHNEF aghrddated. decr ease of the conponent at

1684 cm 1 (single arrow) and an increase between 1640 and 1660 cm-1 15
(doubl e arrow) are observed in the sanple containing anyloid fibrils (pH

2.0). Figur . ragterjsation of P13-SH3 anyloid fibrils after
purificati B?& ) %ﬁ lJeEctra before (grey trace) and after (black trace)
purification. The. secqnd, der.ivative sho mai N _conponents present in
each sanple. (B) ﬁ'&fﬁ’/g' %eﬁl Ty of d ?Fﬁ‘i‘%ﬁ'%ﬁgrarglggegﬁ@? gg PeRAY ‘H\B?sgﬁont he

purificati oRopit6e€ by ETIRS 6% itSnihbtrhBdlyt SitP HRMSIud hedRGale@(HAL Zi an
conponents. Conponents were found by second-derivative analysis. spite

t he abs¥ncel.8) omaraplapbilris (RH 2100 vere mcubatedh enthawa¢sysdieraf nehsin atiBg&Stind
sanpl e by sge d El At d etter.fit s.achi.eyed by artificially
f orci ng su%%é)[gb nger%%%géﬁ%el%dpe}q i lg;h:t't ‘f“lﬂa oL 96 B0 .San&%lﬁgv 95 tt‘gkfﬁo a

not ori ous déi€erasdmes of HouRMoeAhE FAIR sp&sth vadid rddidbdomtherdl AeshifPaPHkn
digestion. 25 Figure 3 shows the degree of protein solubilisation fromHEW
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fibrils conpare 30 to other I'ar contam nant's |
i n par tiscul @oublelatbiv apradbsenvedin the sample containing amyloid fibrils (pH 2.0).

Figure 2. Characterisation of PI3-SH3 amyloid fibrils after purification. (A)
FTIR spectra before (grey trace) and after (black trace) puﬁﬁcation. The second
derivative shows the main components present in each sample. (B) Curve fitting of
amyloid fibrils before and after the purification procedure. Spectra were fitted to
20  gaussian and lorentzian components. Components were found by second-derivative
analysis. Despite the absence of a component at ~1612 cm™ when analysing the
digested sample by second derivative a better fit was achieved by artificially forcing
such a component before the fitting routine. Curve fit shows a notorious decrease of
components at ~1684 and 1612 cm™ after pepsin digestion.
25 Figure 3 shows the degree of protein solubilisation from HEWL amyloid

fibrils at different denaturant concentrations.

Summary of the Invention

The present invention utilises differences in the stability of fibrils compared
30  to other non-fibrillar contaminants in a sample, and in particular soluble precursor

peptides and non-fibrillar aggregates in a sample.



pepti des and non-fibrillar aggregates in a sanple. WO 03/003019

PCT/ GB02/ 03001 3 The present invention provides a nethod of purifying a
sanpl e ofwermloadodd fibrils conprising treating a sanpl e caoaraiBwiogpofii brils
with a protease, detergent, chem cal denaturant or chaotrope and
collecting fibrils fromthe treated sample. In particular, the invention
provi des a nethod of purifying anyloid fibrils 5 mherein the sanple is

treated with a gﬁq@ rope under
condi tions mhlcﬁﬂgﬁﬁ%ﬁﬁﬁmget gﬁ&%?”ggg at'l annr %%%z&ggggregates
and sol ubl ditpilecunsisisg {reatimgnitsampletdoatatang fibrilslwitlaa proddase, dedrgempect of the
present inventio t he fibr | s so ce e col | ted f.or anpl e by
centri fugat‘ﬁ%@ﬁ“cagﬁiemfj}r?l? tric ?’Pt’ES‘PePJPFg (gt.]?ﬁ%%%alslfm dreatrd Séﬁ?roi d fibril.
10 The i nvent i oM 3hi@ulse] it &ivehribroyiibd d ARIRALIBLAN ARl IoRELALd TibrITs

in which fibrils conprise at t 80% pre y “at” | east 85% or 90%
pr ef er alil y vateréin dist sa@djflé isliyeatedivgtita pbtepse defiergent) chémicshdgphiaranDet ai | ed

Description_of the invention 1 sent i nyent | ates to a net hod
oF pur Dt v PSR Srer scciiogs Whih e BB SR tn o S datpiof ehbholS v ot 04 1 o
reduce t he J3ptBhied 51'&?&51%19 bRSBRbrs 'p?es%ﬁ'ﬁn thd Sidgle.S @ferrth ‘ﬁsﬂ%@@ﬁﬂé

invention is particularly concernéd th renoving sol uble precursors and
non-fibril Ipa¢seaggmg@me§w;ﬁb®é%mpro¢ucte¢hererQOletled serrephmple byreenicifegatiance wit h

t he present rovid purify 20 anyloid fibrils
froma sarrp g’ft((’% Otnaqurih gm%pu%ﬂo I]SOI%tFIt G %d%I?@Sent invention utilises

di fferences in tie isveibiohialsy relhted tomrpdrﬁﬁdaqmadrmbd&aﬁiﬂ@ﬂ fibeil-ihivetiel | ar .
conponents in_ the sanple. In particular, the nmethod is applicable to the

removal of &mlﬁm@nﬁsraé&aﬁts&waméqfﬁab%atm §5h OF P@oi pneﬁﬁrak&ggfrlé@eé%% in the
sanpl e. Y, idreated with any agent to which the fibril
is nore sta&ﬁ’g&?ﬁdfp?%gﬁgglr&r%e%% ondi ng 25 sol ubl e precursor or non-fibrillar
aggregates. In particular, sanples may be treated wth agents which digest

or degrade soluble precursars and anorphous aggregates or which denature
such aggr emﬁedpeﬁgm tiop;ofithe Inveption on and purification of fibrils.

Exanpl gg of agenfis WhisGH #BWMRE HIRL td 4 ﬁfe%aaggep \ﬁfena%t 1Biae EifAs.

invention include proteases, detergents, chem nts or
chaot r opes ,Sau‘tpg@mfcansyibida‘ﬁhrﬁs can be treated to reduce the heterogeneity present in the

fibril sample. The present invention is particularly concerned with removing soluble

precursors and non-fibrillar aggregates present in the fibril samples.
In accordance with the present invention, a method is provided to purify
20  amyloid fibrils from a sample containing such fibrils. The present invention utilises
differences in the stability of fibrils compared to other non-fibrillar components in
the sample. In particular, the method is applicable to the removal of soluble
precursor peptides and non-fibrillar aggregates in the sample. Preferably, a sample is
treated with any agent to which the fibril is more stable than the corresponding
25  soluble precursor or non-fibrillar aggregates. In particular, samples may be treated
with agents which digest or degrade soluble precursors and amorphous aggregates or
which denature such aggregates to facilitate isolation and purification of fibrils.
Examples of agents which may be used in accordance with the present invention
include proteases, detergents, chemical denaturants or chaotropes, organic solvents
30  such as alcohols (TFE, HFIP, isopropanol), acetonitrile, chloroform, incubating the
sample at high or low temperatures and the use of chemical agents such as cyanogen

bromide. The conditions are selected such that they do not encourage formation of



30 such as al cohols (TFE, HFIP, isopropanol), acetonitrile, chloroform

i ncubating the sanple at high or |ow tenperatures and the use of chem cal
agents suwb ta®ozyanogen brom de. The conditions are sel e®CatEROBOL hat
they do not encourage formati on of WO 03/003019 PCT/ GB02/03001 4 further
fibrils to contamnate the initial fibr4l population. Suitable agents can
be identified for each fibril sanple, for exanple, by carrying out

anal ysi s orgahdrG841s to 'c® tf MR AP Hubiioh NIStike1E Qstniec s bd he

i ncubation to assess whether there 1s a reduction in the presence of
cont anmi nantideritifietl er ahnfitnd] swipld|for pxapie, Snyr sargring Sun amel§sidon laliquots

aggregates. In ferred a cts, .t he nmet hod .uses .proteases, detergents,
chon cal - ey Sl Eoib e anaa duah e cout Poge iHeiEh Ssormhe T oul ar fy
preferred ;enbegiciBRtn R Hle8AREDrAonBiniRintsA8aAE Foh b RoHERI RESSRE UP! €
pepti des and non- fibrillar aggregates are provided, to degrade

non- fi bsi | Inen-fpelar dggregatest he sanple, 10 while retaining the fibrils
intact. In accordance with the present. i.nventio a nmet hod of purifying
anyloid fibrildn BERIG doclin ok E‘Sh’f}?i LE PRORASES: g S OBEAE1 SDEBIEhi ni ng
fibrils w tdena@urapfsologasiotdpécrigentat geRimple. denatdrARicudilyC hagtiape and
collecting anyloid fibrils fromthe treated sanple. 15 The fibril sanple
to be tr eateabodimenisepiokragssned ofer agonts nyhiehh Hegrpdriselubiphpeptidepand sonmy be
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sanpl e 10i solldleadtafnigmhe fibridoieact.ormed in vivo. Fibril sanples can be
obtained from biopsies and.tissue sanples_ from patients and ani mal s that
present anyl oi d [Bes6¥RRCEIItR JHE ATPRCRlGIYERAe ft Mgt dselc RuEkying pmyloibp,

transthyr etgyns (is?’ircWi&échh%u kbl rise‘?alpt?éa'tiﬂg\lpdf %’ﬁgféz cdﬁftainﬂl%l fiBLidsNwith Y5 0ZY B,
PrP or any other anyl ol dogenic pPot ei n. ternatively, the sarrpfe to be
treat ed couylrdeize, detergpmnte paaneidalbdenatuyans oi thdvt@pevhé edlledtimgvanylaid fhriden
protein sanpl eg subjected to conditions leading to fibril formation. For
exanpl e fi qma?m*eﬁéa@ak- be obtained froma pol ypepti de nentioned above,

or a 25spepti de 19 R RIS bd gbAbEEat Be BbRARADY Q%? REERALLRY The
pol ypepti de under at |ea partially denaturing conditions 1n the case of
pr ot ei ns arftbridppep pe ifdrids foomead ifiom single or multiple peptide precursors, and so may
comprise mixed fibrils. For example, the sample to be purified may be a sample
isolated from a plaque formed in vivo. Fibril samples can be obtained from biopsies
and tissue samples from patients and animals that present amyloid deposits
20  containing polypeptides such as AP, IAPP, transthyretin, B2 microglobulin,
apolipoprotein, Al, gelsolin, lysozyme, PrP or any other amyloidogenic protein.
Alternatively, the sample to be treated could be one prepared by any suitable method
in vitro, from protein saﬁples subjected to conditions leading to fibril formation. For
example fibril samples can be obtained from a polypeptide mentioned above, or a
25  peptide or protein not related to disease, by incubating the polypeptide under at least
pﬁrtially denaturing conditions in the case of proteins and appropriate solution
conditions in the case of small peptides through routine adjustment of parameters
such as temperature, pH, ion strength, organic solvents, chemical denaturants and
chelating agents.
30 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

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



conditions in the case of small peptides through routine adjustnent of
paraneters such as tenperature, pH, ion strength, organic sol vents,

chem cal wemawwants and chel ating agents. 30 The sanpl e PCarGRR/0800g
fibrils is treated with an agent in which the fibrils are nore stable than
pepti de precursors, contam nents or anngphous aggregates in the sanple. In
one enbodi nent, the sanple is treated with a protease. Any suitable WO
03/003019 PCTI/ GB02/ 0300 5 protease may, be used, such.as, for examnple
pepsi . ApgTBSTTar® pr otk ulh 3t S BtledEpE” Art o i Hen SHE TR on
the stabil idelecauhifdi d@shphy dégtadinebéd tis stabilyr bfbitedrie theCHbERI 1 Riffand
tenperature conditions. Pepsin has proteinase activity at low pH (optinal

pH 1. 8- 2. 5,unger gertajn pidyand tempenabue eenditiens: Brpsiahss pyelaingesy acdividy |ahlovs |
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(opti mals phhupées Ichide2Vrypéin) (optinab pHSES-8d) R0+BIPCY Hrdnase SofiimaAGIBE0) ,
Thronmbin (optinmal pH 7.5- 9.0, 20-30C), Plasm ng(,ogti mal pH.8.0-9.5, 250,
etc. Low spe®iZd-40 Ea} BspigingsenKeRtimplpld i/ el 0. brodr ¥ Gadaran (PpiimlPH 60c. ) may
10 preferabjy

, B blee  ofoial . ' . nt’ to
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char act er i s, 20R303G), Phsesn (dpimaa pahDe.5,85°C)detnt i fy t he resi dues invol ved
in the formation of the_.(3-structure of the fibril d _renove any ot her
Structural ol e (aRsrbis Polfrase. Goetaotiotise Reaat: 953 Bekor der ed
fragnenfos. die@habpesidedGitien (BE AbAIINARSRri SUS RighSy LRSI 1 diEAEHA o Whed ©
Thronbin are prefierably used when the fibrils are nore sensitive to

degr adat i ortheifibrilltreere l§ac¢dedde be fisobated foucharagtenisatibn purposesd éuat eximpleddi ng

| oops and other ructural | enent s or donai functional,or..not) . that do
ot par t1 o BTy e FREE Ry B ® QaRiThe S FERLCSR BF G des” ray
al so be usedmovéans airestiRVuriiecleniRhfGload th Fibrilsh@udH @t 4o, WRiies, dnY
suitable method. 20 Preferably, a sanple is incubated with the suitable

pr ot ease urdgrdersd diagmsnts. wiligh sperifisity drrgtesnesensesh asdilpmeins Faggr-&gat es

d | ubl i e . j . d] | oi d
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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 any suitable method.
20  Preferably, a sample is incubated with the suitable protease under conditions which
allow digestion of amorphous aggregates and soluble precursors in the sample but
which do not digest the amyloid fibrils. In particular, the incubation conditions can
be selected such that any protein contaminants in the sample are digested while not
digesting the amyloid fibrils themselves. In preferred aspects of the invention, the
25  sample is treated with the protease and subsequently incubated for sufficient time to
essentially remove amorphous aggregates and soluble precursors or other
contaminants 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 treating
30 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

digestion of the contaminants under the conditions of the treatment. For example,



digesting the anyloid fibrils thenselves. In preferred aspects of the
invention, the 25 sanple is treated with the protease and subsequently

i ncubat edwbDa/osaelidi cient tine to essentially renove anorpaGBRYEEgat es
and sol ubl e precursors or other contamnants fromthe sanple. The
tenperature of the incubation is selectgd based on the stability of the
protease and anyloid fibrils under consideration. Suitable tenperatures for
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denaturants or chaodotropic agents. Such agent’s may be used to denature
pepti des ardgnatueantti ersdigoragatgensol Siishergantd nreyrbefusiod id denatyye peptittes and o

facillitate sgparation of fibrils 10.fromother peptide contamnants.
Ayl of d {1 87 (7 SOETORANT RO o ibalaf PeRite b JPERIHE BBtk A on by
ani oni codetfeyrgesthér Hefiide aontiagn&its. | Riny1518 PREHIFBALS inPSSth®TdARA Aoy (hen
egg white lysozyne) amyloid fibrils show that amyloid fibrils remain
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Accor diagl yimhedteal denaturants such as 20 guanidine or urea may al so be
used. Quani drlnne may be used at a concentration of

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 monomeric protein, non-specific and amorphous aggregates and
well-structured amyloid fibrils.  Accordingly, chemical denaturants such as

20  guanidine or urea may also be used. Guanidine may be used at a concentration of
less than 4M, such as 1 to 4M. Suitable incubation conditions, such as temperature
and length of incubation may be readily determined for each agent to be used.
Suitable temperatures and incubation periods include those outlined above for
proteases.

25 In one aspect of the invention, aliquots may be taken from the sample under
treatment, fibrils separated from such aliquots and suitable analysis such as FTIR
(fourier transform infrared spectroscopy) analysis, SDS-PAGE analysis or electron
microscopy or electrospray mass spectrometry to assess the levels of amorphous
aggregates or other contaminants present in the sample. Such an analysis may be

30  used to assess the preferred treatment conditions to obtain purified fibrils.

Prior to separation, for example by centrifugation or filtration, or further

analysis, the protease in the sample may be inactivated, for example by addition of
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fibril surface. Preferably, centrifugation or filtration is used with subsequent

collection 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 discarding the supernatant, the pellet may be collected,
resuspended in suitable medium, and the centrifugation procedure repeated. Suitable
washes may also be carried out.
The sample of purified fibrils may be collected for example by collecting the
pellet obtained by centrifugation. Such fibrils may be resuspended or manipulated
25  for further investigation or use, for example for carrying our further studies such as
FTIR, electron microscopy, electrospray mass spectrometry and SDS-PAGE, or
other suitable methods to investigate fibril structure such as hydrogen exchange
monitored by mass spectrometry and NMR.  Alternatively fibrils may be
manipulated for use in nanostructures.
30 Purified fibrils may be used for identification of key residues involved in
aggregation. Analysis of key residues that participate in aggregation in pathological
proteins can be performed only if highly pure fibrils are obtained (Hoshino et al.
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least some quantities of both non-aggregated and non-fibrillar material. Separation of
fibrils from 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 proteinase digestion was

20 attempted; since both kinds of aggregates seem to show different structural
characteristics they would likely exhibit different sensitivity to proteinase digestion.
For this purpose pepsin was chosen due to its non-specific proteinase activity at low-
pH. Samples of two different kinds of PI3-SH3 aggregates were prepared as
described elsewhere. One type of samples incubated at pH 1.5 contained amorphous
25  aggregates, whereas the other, incubated at pH 2.0, contained well-defined amyloid
fibrils. Aggregate digestion was monitored by FTIR at different times of incubation
(fig. 1). Spectral features associated to amorphous aggregates formed at pH 1.5 show

a quick disappearance of their B-sheet-related components (1612 and 1684 cm™

! related to non-structured

respectively) to render a main peak at ca. 1649 cm’
30 conformations. By contrast the spectrum corresponding to the sample containing
amyloid fibrils (incubated at pH 2.0) show very liitle evolution with time as the main

B-sheet spectral features associated with aggregation suffer only small changes even
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pepsin, lanes were loaded as follows. Lane 1: native protein; lane 2: fibrils before

addition of pepsin; lane 3: pellet obtained after digestion of sample in lane 2 by

20 incubation with pepsin; lane 4: supernatant obtained after digesting sample in lane 2
with pepsin. A minor band appears below the monomer band in lane 2, probably due
to a small amount of protein degradation after the long times of incubation at low pH
required for amyloid fibril formation. This band is completely absent in lane 3, and
therefore in the 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
monomer, indicating that the fibrils are formed by the intact full-length protein.
Samples containing fibrils that underwent pepsin digestion and ultracentrifugation to
eliminate any soluble component show again that only the full-length polypeptide is
present and that no other protein fragment can be detected. By contrast, the

30  supernatant obtained after such procedure shows no observable band, indicating that

any soluble monomer present in the original sample was completely degraded.
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components of the main aggregation band, that at 1612 cm™, is absent by second

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
characteristic of non-fibrillar material present in the sample before the purification
procedure.
We can then assume that the hydrogen bonding components found in the
amyloid fibrils are principally 1618 and 1628 cm™ corresponding 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 indicates that apart from the main -sheet features some regions
of the protein could display flexible loops and turns within the amyloid fibrils. This
latter conclusion is consistent with the model of the SH3 fibrils based on cryo-EM
30  analysis but is remarkable given the lack of susceptibility of the protein in the fibrils

to proteolysis. It must reflect the fact that even those regions of the polypeptide
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amyloid fibrils by techniques such as FTIR to ensure that signals from disordered
and soluble material do not contribute to the spectra. Further FTIR studies of purified
amyloid fibrils are required to confirm the parallel and/or antiparallel nature of the j3-
sheets and their connection with defined aggregate/fibril structures and

20 morphologies. Interestingly, studies of highly fibrillar samples of insulin have also
suggested a parallel B-sheet structure, as has solid-state NMR and FITR in some
samples of amyloid fibrils. However, there is still no certainty about the required
conformation of the B-structure within amyloid or its relation to precise fibril
morphologies, 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 studies of highly purified materials are therefore needed to
establish conclusively the orientation of the B-strands in amyloid fibrils. The ability
to study fibrillar material, generated by approaches such as thét we report here,
should be of particular importance in these studies.

30 To evaluate the resistance of amyloid fibrils to chemical denaturation,

aliquots of fibrillated sample of HEWL were incubated in the presence of different
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that the full-length protein is preserved within the SH3 fibrils studies here. FTIR
analysis shows that the protein within the fibrils has FTIR bands typical of a B-sheet
structure that is mainly parallel in character. Other regions of the polypeptide chain
20  appear to form turns and disordered structures that are likely to link the B-strands,
although these seem to be tightly held within the fibril structure. The approach
described here should be applicable to a wide range of other amyloid systems, and to

be important not only to investigate disease-related aggregates but also as a means of

preparing and characterising novel materials assembled from protein fibrils.

25 -
Methods
Amorphous aggregates were prepared by incubating a 0.5 mM solution of
PI3-SH3 in *H,0 at pH 1.5 for 5 days at 35 °C. Amyloid fibrils were prepared by
incubating a 0.5 mM solution of PI3-SH3 in H,0 at pH 2.0 for 30 days at 35 °C.
30 Samples were characterised by EM before proteinase digestion to confirm

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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PCT/ GB02/ 03001 15 CLAIMS 1. A nethod of purifying anyloid fibrils
conprising (a) theatifgngthodaphparifang amyleid fhisi saanpiising La) trepténgsa,
detergent, ghenic epat t 5 r col | ' | oi d
fibrils from the c?’#%%?@% g‘é‘?r‘% ‘égﬁlz.a Rpoqngagéioggtgrc%g?m&%mt%gl quglg.l m t Ipér ein
step (a)5 cochaotremesartdr(bptdliegting anglosdfifdile fioht the arepteds@apke, det er gent,

chem cal denat u&gnt or chaotrope under conditions to allow digestion,

degradati on or denat urdR7BAC FCosBE IR SlRma h gheEar teP (@) GoBPristsl Begbingcur sor s
in the sanpls shubicWRicEh SRt0RL, Bb@Rshy il oi d
fibrils. 3. A ﬁet’hgd acco?di ng to cll%gi m%g%?ﬁgﬁgﬁq {ﬁ%?%‘?ﬂ“%eﬁéé)
conpri ses tonddionmdo elhew sligestien, wiegtadatiqr ot dasmraiva ofwudbphowgaggnesatanpl e
from 30 m nutes 24 hours.. 4. A od .accor di to .an receding claim
wherein st e%ld(%’)h}b?igm@ﬂ)r 18 de F%ﬁ% ‘?lﬂgh g&r’%’f B%e b flﬁ@%ﬂg% FRATEf g
prot easg | namylbRIMAR{IAt ure range of 20-60 C. 5. A nethod according to any
one of the preceding clains wherein step (a) conprises treating the sanple
with a protease,3-and 4 methrdacserting o grissbor clim & wheaeinete (2] c@i@ptisss 1: 10000
br Ot eare |t il ALrall Gl N proREselund B R SGADH Aohn'H) AMRIG 28" e
hours.

4, A method according to any preceding claim wherein step (a)

15  comprises treating the sample in the presence of a protease in a temperature range of
20-60 °C.

5. A method according to any one of the preceding claims wherein step
(a) 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.

20 6. A method according to any one of the preceding claims wherein step
(a) comprises treating the sample with a protease, selected from pepsin, trypsin,
pronase, proteinase K, papin, elastase, thrombin or plasmin.

7. A method according to claim 6 wherein the protease is pepsin.

8. A method according to claim 1 or 2 wherein step (a) comprises

25  ftreating the sample with a detergent selected from an anionic, non-ionic or cationic
detergent.

9. A method according to claim 1 or 2 wherein step (a) comprises
treating the sample with a chemical denaturant or chaotrope selected from urea or
guanidine.

30 10. A method according to any preceding claim wherein step (b)
comprises subjecting the treated sample to centrifugation or filtration and thereby

collecting the amyloid fibrils.



(a) conprises treating the sanple with a protease, selected from pepsin,
trypsin, pronase, proteinase K, papin, elastase, thronbin or plasmn. 7. A
nmet hod acworodiomyi12 o cl aim 6 wherein the protease i s pepsi RCT&BoAo0s®@i hod
according to claiml or 2 wherein step (a) conprises 25 treating the
sanple with a detergent selected from 3R ani onic, non-ionic or cationic
detergent. 9. A nethod according to claim1l or 2 wherein step (a) conprises
treating the sanple w i . L one ct.ed from
urea or guani dinﬂe'. %%?W%g%&qrr@tﬂ%%% réglg’% ggr%ﬁrﬁg&fi ?"ﬁ%%r%@@%ﬁ %g}]l?“ 1|8

wher ei n st e 14als) 80% bypweighe of prolgivdn thegampr. t reat ed sanple to centrifugation
or filtration and thereby collecting the anyloid fibrils. WD 03/003019
PCT/ GB02/ 03001 16 13‘?&%&%&%’@@9@&%@@# Hbrl peerding footlaing L brwhesein s aj d

{1 bri1s CORId AU coftridea s Y WEUAINE AR PHEARER, (e sampl e, 12. A

honbgenous preparati o ril's acco to clarm wherein said
fibrilsSconpriseldat |4 apstifiodprdpyaration @litmyioip fibtiki dbtainatilbby skepkthodf13. A
purified preparati op. of ar‘%oi d fibrils obtainable by the method of any
one of cl aiff¥ opepclpgns 1 to 10.




