WO 2009/082229PCT/NL2008/050845 HIC/P83107PCO00 Title:Composition and fibrils from
proteinaceous materials The invention pertains to the making of fibrils from proteinaceous
materials uch as obtained from whey protein. In particular, the invention pertains to the making of
fibrils from pRSISMI&CEH IS material obtained from a 13-lactoglobulin, glycRfiF/&LpEamsss  As
described in WO 2004/049819, 13-lactoglobulin can be subjected to a process resulting in fibrils. The
process comprises dissolving the 13- lactoglobulin in agueous hydrochloric acid, repeatedly diluting
and filtering the (gz}gjgﬁ lution..and subjecting the resulting solution to elevated temperature (e.qg.
80C) for an extended period of time (e.g. 10 hours). As described in WO 2004/049819, this process
results in the protein being aggregated into fibrils, These fibrils can be used as an additive in a wide
range of food and non-food products, wherein the fibrils can have varying different functions, such as
foam stabilisatiomtenhancing ghwater-Rinding: s ad/er fexdsre meatet . meat-like products, general
texturizing properties including viscosity improvement, gelling ability enhancement. In general, the
fibrils have improved functional properties comprising thickening capability, gelling capability, foaming
capability, and emulsifyindbapatilityiol besainsprottemeritsnare desdr Bednyithteefarence to the same

protein in the same. cangentia ignb.tg\% NPk bng d to.the aforemention rocess. It will be
apparent that for not aﬁ Sf tﬁe%m?or?avea fl.Jrng%ona%?r 5%3?%&33110?%%%écblt}%%?rgg%ggﬁgﬁﬁriIs of WO
2004/049819, a ibfiEréextiens s edipalst opupthetiiaarasranatetdelnkt ohatbfrgofihese
products it will nptihe desiwad.fonthemanytagiyrer, or the person combining ingredients into products,

to conduct the above-described prgcess before (S)Uttin the additive into a product. In many such
cases, a ready-to-use addiivEeEUANEDIE &§ A4 AR PG Adrctigieprarsredovah taeehigity
preparation of proteinaceous:fitgs fréibriy Otdinprsing thepforendgntibned progess. 2 It would
be desired, withpyl dapacting fram.he. hinelionsl nossibiliies proided by the fitls themselves, to
make available similar functionalities in a’process that does not reguire & Ing of an extended period
of time. It would s disectie siedios proviskb metine thredi sdtro ductitatealybaastored and shipped
e.g. as a powdefoapd that.is capabieabPsingdanafermead nfe finle gt achasen paint in time. A

further desire in this respect is to provide an ingredient that can be rendered into powder from a
relatively low vist&iE Reiutolf GeanBH it i er e RSt 5\ HrovRiE s RRoeds&siP&hich the two
aspects of the atere-desedbet s, Waebaiionalpropariesaang fladliacaature; ganbedealized in

separate process.steps, oy at least in separate parts of a gracess. reference.it would be desired if
thus, by selectinfgf%%orgdﬁ‘t?g{r%??ﬁgolﬁsl riﬁoe%g(%:%r‘ﬁ%%%{ﬁ%h §nfg) ﬁ?ﬁcct%nga%\% B?Jiﬁ}éj%gd Shateous
composition andwetfibvils formes fivene febiticould, beltaitored oYWt ¢hdiaibmaméet one or more of
these objectives,dhe ipyenfion BraxidesaPeRideRrediknk compasiion abiainable by.the hydrolysis of

a protein selected from the group consisting of B-lactoglobulin-containing whey protein preparation,
glycinin-containiWﬁ@S?%E’&WBY@f%%Tp%%t%}l%%gﬁ%%%kﬁﬂég%@e@%@@@n the hydrolysis
is conducted undevagigiecendiiionsak elevateddesopgratineg and istesminatediwhanthe hydrolysis
has occurred in{gsgbﬁlj len manner so ﬁuﬂq for 7the1p tide builgi rb cks for the fibrils, but not yet
the fibrils themsées. This ??plé%ﬁar%?e}s} ) %npe%’ﬁaes %?ér}ﬁﬁﬁf’é ositiGh obtainable by the
hydrolysis of a proteir selecteddfolesthd gt euthoefisistingtoftBelastoglobtiin-cothaising:whey protein

preparation, Gy EiRRSORIAINING, sPx hean LRI RReNAtliaN-BRtAUN, ARd.IXIures thereo, wherein
the hydrolysis is conducted under at pH 8)

s 5-4 at a temperature higher than 20C, and wherein the pH is
increased to neutral after §t¥bdeshpriant that fyamseatlphthestarisset fheetids®rovided a method of
making a peptiﬂﬁr@ﬁ@ﬁﬁ%ﬂ I;ﬁ@ﬂmsmﬂdayoﬁmmﬁ%o&ysi&@fz@mm@?1%@'@@{@1%5@%&@@1»9 ri%UIO
consisting of B-lacto ulin-cgntaining whey protein preparation, glycinin-containing soy bean protein
preparation, patg |€r’11,1%aC? er’h%ﬁtt%élé é’r%%%?&&%&‘i‘gﬁ% Fovidiig a® 8@%‘3%‘{@% in an aqueous
acidic solvent, hesttingdimrsdlitiome nohendiloriizien) it tig: qenditionsn tinthte rngiralting tHethydrolysis

conditions by 'nfjgc%ﬁﬁl&g, %ec&thﬁgtr%%létg%lovg—described process before putting the additive
into a product. In many such cases, a ready-to-use additive, available e.g. as a

dry powder, were preferred over the in situ preparation of proteinaceous fibrils

from proteins using the aforementioned process.



In another embodiment, the disclosure pertains to a method of making a peptide pre-fibril composition,
comprising providing a solution of a protein as described above in an aqueous acidic solvent (i.e. to
subject the protein to hydrolysis conditions), heating the solution under fibril formation inhibiting
conditions, and terminating the hydrolysis conditions (e.g. by increasing pH to neutral). Ina
second aspect, there is [rovisldd bawetiodipvinbkinglatpeptide ferfithd éomposatilon obtainable by a
method as defined .above, comprisj oviding one or more micro-organi capable of forming the
appropriate peBﬂ%lsé ?H%g?e?é%ﬁéfe %%t%iaefr%rﬁgﬁéhge%ﬁ% \é%‘?ﬁsﬁ%tﬁln%kgf VAbIe Slmﬁ)al

BACILLUS_ WEIHENSTIERIANE MSIS s BtEHD ORAGTER Hillidte ABDLESGENTdStended
BIFIDOBACTERIU NG BIFIDOBACTERI LONGUM, BREVIBACTERIUM, LINENS,
LACTOBACILIf)ﬁ]go’%él88BH%U%‘%K%?@%&%ff%%%&‘ﬁ%ﬁéﬂ%&ﬁglg l?:%iff?é)u&tﬁ%ﬁﬁ,

LACTOBACILIceSbDELBRUEBC K pSBSE. BULGARICUSJLAGSTOBAGKIE USbaNSSERI,
LACTOBACILLUS _JOHNSON; L ACTQBACI R >1LE US REUTERI,
LACTOBAClLLLtEf‘é‘féK’i? lﬁ%ﬁbﬁiﬁﬁf@%&éﬁ}\?ﬁ%ﬁg@ LAAJCM%H&%O%E%%S@%%%S_CREMORls,
LACTOCOCCUSPEAGTIS gm@dnanuagn@djWW@ng@ENmR@gEsp@@n@meous_oEN|,
and PEDIOCOCEUS PENTASACELS STREPTORAGENS THERMARHLSaeloming b
micro-organisms to form these peptides, and harvesting the peptides.. In yet another
embodiment, the Wischshect provitesta varhay Srastessibing pbptaevprelfipatiesmpositions, including
uses in which tp&%ﬁ{m&@@mgﬁma{%&wﬁ@ﬂﬂe&or@laﬂlfewiﬂ%@é%@gggyﬁe-smggg,n&hgp be used

n

as described i 2004/049819, and uses in which the pre-fibril composition per se is contained in

end product, elgawiiR 6% HiRTOPSHIAG MRS THbRN SRRy HEd des B EHiduifption of the
end-product. In,a pariciar-emhadinentof thadiscesiissitheria-fibrhaommposiionisused in a diet
food for human or animal body weight contrgl. 3a_ . In a third aspect, there is provided a method
of making a proXeTHARBESAISRIEARI SRR Epriphisindonaem dhs prelia SrddiBritedntsdsition by a
method as defipgghalirvanang in-aiiid stapsubiechag higdedibriticompestion texmdasidic pH at
elevated temperature for a sufficient duration to allow fibrillary aggregation to start, As to the

~ conditions merRf3HERE Bie-BRLGOPRIFSEIARRA YGRS %Eéﬁ’ ’ﬁ@ﬁ%@#ﬁt@?@tﬁ%@@%@,ﬁ, preferably
of from 35 C tofl4f Seandupaenpieferabhpabiie dhGniediaikingRehagigieweanditions can refer to
any acid pH, but preferably a relatively strongly acidic pH, of from 0.5 to 4, more preferably of from 0.5
0 3. and most BISRRrAUFb ARG ARSI B ECHE W B AR HHE SYiferably above
100C, is particutaghy:psefieérseehin wiewohttie: poskitiiitysto sepdrate fiydrédysisiftamdibtitioraation, as a
higher temperature will lead to an increased.rate of.hydrqlysis. further reference on protein
forls obtainect By EASH RPRGTO S Sr B aC It e e L A e e RO (2006)
1:144- 150. Herein aufiipatimentis desoyitiethimwhicheipteteatinitieninbilrehsdof ghe@bokbs fibril
formation is stydied. It is shown that simple.sheat.can accelerate.fibril formation. In. a teference
experiment, mibAhy e o i P e i et o e el PR AR Coe 200
s-1 for sufficienthyrpestiag tilrtesredksho thiktoy drelfibidl $6 patitri te elected Awin Wo22001/049819,

the fibrils are d%:%%&%%%éo OP%YQ%%}.%BIHEIPE%%QIR% %?%rotein preparation, glycinin-
containing soy bean protein preparation, patatin, and mixtures thereof,
wherein the hydrolysis is conducted under at pH 0.5-4 at a temperature higher

than 20°C, and wherein the pH is increased to neutral after at most 5 hours.



4 Without wishing to be bound by theory, the present inventors believe that, other than
suggested in the art, the so-called B-lactoglobulin fibrils, are not in fact made up of intact
5-lactoglobulin protein molecules as a building block2hut are made of peptide components derived
from the 6- lactoglobulin. This novel insight into the nature of the aforementioned proteinaceous fibrils
opens up the wide range}tﬁnmeﬁunl pdssibilitiestnoke profferedidy dhenmeentiod. 1Samitarly, it was found
that fibrils of so péaro rlll? o(t)g%gl (PI’%tEI&e 9 Fp f Ren gi%sselecte dPartlclﬁlh%rly, by virtue
of the formatlo es, an |n gtep c ﬁ1e aforementloned process, viz, a
step in which tgeolupdafadgm&hg&ﬁﬁdamteglubaisuﬁmlemmwbﬁsqlmamfpmmipeptlde building
blocks for the fi rlls but na et the fibyils % ef ibril composition.”
The pre-fibril cgﬁﬁposl}l8%ncgnnbegcﬁ?grécter§mcf % %%ét3 gnuagt? %{lln ggrllégagél ﬁ%%%[ggocess under
conditions allomhagepﬁmdeainatIU@Vailr%@Iaﬁglﬁmp@ﬁﬁti@ foration anaaeierveRcilih rate, with
fioril formation ahoent oAt ALALNEILIN WRel s, IR RIPEESOARARSKIbed In WO 2004/049819
is followed, the' pre-fi “Hbrils are orme it the step in which the protein is alloweéd to stand in a solution at
low pH and higletarpsiatitbe iberaliratagedisiovaly puirrantmeepl gearadsaime should be
sufficiently long to allow hydrolysis in the acid environment to take place. Although within a few
minutes some hydrolysis will have taken place in part, this preferably means a process time of at least
15 minutes, and more preferably at least 30 minutes. The process time should be short enough to
avoid too high an extent of stable fibril formation. Although even within 15 minutes fibril formation
might occur, these fibrils will not be stable. In fact, for a period of up to 5 hours fibrils will be formed,
but these will disintegrate upon increasing pH to neutral. Preferably, the hydrolyzed protein is allowed
to stand for a period of time of 2,5 hours or less, more preferably 1,5 hour or less. Most preferably, a
period of 30-60 minutes is taken to obtain sufficient peptide formation without 5 undue formation of
stable fibrils. Similarly, the temperature can be adapted. It will be apparent to the skilled person that a
lower temperature will generally require a longer standing time for adequate hydrolysis, and will
generally allow a longer standing time until fibril formation occurs. Besides tuning time and
temperature, pH can also be tuned. A lower pH will lead to a higher rate of hydrolysis, which aids in
obtaining a process in which hydrolysis can occur separately from fibril formation. It will be
understood, with reference to the specific limits for pH, temperature and time by which the pre-fibrils of
the disclosure are obtainable, in a method of making pre-fibrils conditions can be chosen that vary
within, or outside of the specivci - In addition to, or in lieu of, the aforementioned process of
simply allowing the protein to stand under acidic hydrolysis conditions, the object of forming peptides
without forming fibrils can be realized with the aid of further measures so as to provide fibril inhibiting
conditions (i.e. conditions under which fibril formation is relatively slow, is retarded or is avoided, or
conditions under which fibril formation, if occurring, is at least partially reversed). These measures
include, but are not limited to, any one or more of the following: avoidance of shear forces (e.g. no
stirring), with timely increase of



pH to neutral; a low concentration of protein (preferably below 2 wt.% and more preferably below 1
wt.%; the addition of molecules exhibiting a chaotropic effect, i.e. molecules that will tend to counteract
the formation of hydrogen bonds and hydrophobic intéractions (e.g. urea, guanidine chloride); as a
result the peptides will have a lower tendency to interact as close as necessary to allow bonds to form
(as hydrogen bridges anéninpdtbphobiediterdctioritisaliebelimvtadniothe trshimtiditieiceefor fibril

formation); 6 thetaddition.ef compewadsthal-senve asinhititarseither by-breaking a fibril-like
conformation, %r revi rs'%%)fibrilogensis. The firsgﬁgro is gﬁlledtmintch%egrone% also termed 6-sheet
breakers, whic eﬁ?é%%é S5t Bid 16 the Seqlience ot the protefegion respoh

€ protein-region sponsﬁ:())le for self
association. ThHeydecyad grodipisrconipasad: ahsrdlh tholecudes, fithit foaresfdundribibeiable to interrupt
fibril formation. Thus, often tides or.proteing are used as 13-sheet blgckers. Other ntial
foockgrade 6-cHEb IGEReIE e R A, S e LA e S D s, A
cholesterol. Theedigelihsure can be realised on the basis of 6-lactoglobulin- containing whey protein

preparations, I.e. a ComquSQi_Q&&r?Jr:b%Ee'&%gl,gtW&%%%?S%ﬁeWE%@&X@&%‘E’%&&Q’&%B%Eiﬁ'lge-ﬁbrﬂ

13-lactoglobulin. Whey proteins ca escribed as those milk proteins that remain after curdling of
milk, i e precipitetpnafieaseitisnely nsohohestrdined abrenrerpréHasse kB term "whey

protein” is somgtipesused JQ jpdicatadhe pmite praieincompesitien efabheyp Ayt ysually indicates any
protein or combination of proteinstgresent in whey. The disclgsure pertains to any and all whey protein

compositions ceFfisHaRY eleriesh iEpmith WHIeRNSoRssBEmain whey proteins. Preferably the
6-lactoglobulinpeamtaining WIEN SIS THIERaETR TS, ey PO C TSR RIEMORDOI NG eENIsRIntial

8096) of 13- inctOb B R bl LRSS e CONCRRL Fieciosure can aso
be realized on mmg@mmmggwm, mgmgmmwggmb(oﬁgimlm from member_s of
wide range of RENLAD BAUHEHIL b BAORS TR AL o Gty between 1,000 and 10,000
Da and preferab DD SaS10fAeptioe i BRUSTKhhMIREB| &bt wRINTNiEShetween 2,000 and 8,000
Da. With respeft g X AP TS SRR 9] EAD EacILLUs_sorNsoNL,

LACTOBACILLUS_PLANTARUM, LACTOBACILLUS_REUTERI,

LACTOBACILLUS_SAKEI, LACTOBACILLUS_SALIVARIUS,

LACTOCOCCUS_LACTIS_CREMORIS, LACTOCOCCUS_LACTIS_LACTIS,

LEUCONOSTOC_MESENTEROIDES, OENOCOCCUS_OENI, and

PEDIOCOCCUS_PENTOSACEUS, STREPTOCOCCUS_THERMOPHILUS,

allowing the micro-organisms to form these peptides, and harvesting the

peptides.

In vet another embodiment, the disclosure provides a variety of uses of the

peptide pre-fibril compositions, including uses in which the pre-fibril

composition is turned into fibrils in an end-product — that can then be used as

described in WO 2004/049819, and uses in which the pre-fibril composition per

se 1s contained in end product, e.g. with the aim of forming fibrils (fibrillary

aggregation) upon use or consumption of the end-product. In a particular

embodiment of the disclosure, the pre-fibril composition is used in a diet food

for human or amimal body weight control.



that the pre-fibril composition comprises, as the dominant fragment, i.e. the fragment that of all
fragments is present most, defined by amino acids nos. 12 to 32 (f12-33) of from 13-lactoglobulin, i.e.
IQKVAGTWYSLAMAASDISLL. This fragment can bedgresent, as such, as part of larger fragments, or
both. Preferably the following peptides: f 2-32 IQKVAGTWYSLAMAASDISLL f12_33

IQKVAGTWY SLAMAAS DS thrfl 22328 @KALAG MY SleA M ARSENGE b making a

f11_33DIQKVAGTWYSLAMAASDISLLD LIVTQTMKGLDIOKVAGTWYSLAMAASDISLL

VT OTMROL BTSRRI LR R TA T B T e PRIR A By R B SE R AAS
fl_28LIVTQTMKGBLREHOME BWAESIoAMAASIDed abakE2 sl in a next step subjecting the
IQKVAGTWYSLAMAASDISLLD PLRVYVEELKPT PEGPLEILLOK WEND .
f11-63DIQKVA@%éﬁ%ﬁ%ﬁ%é%}%%B&%é&&%%ﬂﬁéﬁi%&%%@&ﬁgE{%‘Rmment f11-64
DIQKVAGTWYBIANAAS DI B AQBAPLRVIGAEE KPIHREGDLEILLQKWEND The fragment
s preferably present, as define DEsGIRRRIRLGAIH s SX2HE Of Mere:10AR A9% Sl Al ReRtigs present

means a temperature above 20°C, preferably of from 85 °C to 140 °C, and more
preferably of from 80 °C to 120 °C. The acidic conditions can refer to any acid
pH, but preferably a relatively strongly acidic pH, of from 0.5 te 4, more
preferably of from 0.5 to 3, and most preferably of from 1 to 2. A higher
temperature, above 80°C and more preferably above 100°C, is particularly
preferred in view of the possibility to separate hydrolysis from fibril formation,
as a higher temperature will lead to an increased rate of hydrolysis.

A further reference on protein fibrils obtained by the low pH
hydrolysis of B-lactoglobulin is Cynthia Akkermans et al., FOBI (2006) 1:144-
150. Herein an experiment 1s described in which inter alia the influence of
shear on fibril formation is studied. It is shown that simple shear can
accelerate fibril formation. In a reference experiment, initially without shear,
the hydrolysis condifions are maintained under a shear flow of 200 s for
sufficiently long lag times so as to allow the fibrl formation to occur. As in WO

2004/049819, the fibrils are disclosed to be made up of protein aggregates.



The peptide composition preferably further comprises one or more of the following peptides: f I-
52:LIVTQTMKGLDIQKVAGTWYSLASD IS DAQSAP LRVYVEELKPTPEG
f1.53:LIVTQTMKGLDIQKVAGTWYSLAMAASDISLLDAQSAP LRVYVEELKPTPEGD f138-162
KALKALPMURCEHRAZTQLEEQCHI 199-128 YKKYLLECMENSAEPEQSLASEEBLPRTPEV 99.129
YKKYLLFCMENSAEPEQSLACQCCLVRTPEVD 8 f9s428
DYKKYLLFC1VIENSAEPEQSLACQCCLVRTPEYV f97-128 :
TDYKKYLLFCMENSAEPEQSLACQCCLVRTPEV This typically refers to compositions as
obtainable by the aforementioned process of acidic hydrolysis. Other preferred characteristics of the
prefibril peptide composition so obtainable, is that the majority of the peptide fragments result from
cleavage of the peptide bdYiiBobéraiehdnaftebabparddadiseoTietbeerfitsanpeptiE@smposition is further

characterized, preferablabWaeerrrisingthenora kydrophebic paptides.ehiainablg from hydrolysis
of the 6-IactogIoPuIi,n-containing Protein preparation, bBy a low charge at pH 2, and by the absence of
proline. act made up of 1ntact B-lactoglobulin protein molecules as a

1brils, are not 11
building block, but are made of peptide components derived from the B-
lactogiobulin. This novel insight into the nature of the aforementioned
proteinaceous fibrils opens up the wide range of useful possibilities now
proffered by the invention. Similarly, 1t was found that fibrils of soy bean
protein and potato protein are made up of peptides.

Particularly, by virtue of the formation of peptides, an intermediate
step can be defined in the aforementioned process, viz. a step in which the
hydrolysis has occurred in a sufficient manner so as to form the peptide
building blocks for the fibrils, but not yet the fibrils themselves. This is
referred to as a “pre-fibril composition.”

The pre-fibril composition can be characterized as obtainable in an
acid hydrolysis process under conditions allowing peptide formation, or
resulting in peptide formation at a relatively high rate, with fibril formation
absent or at a relatively low rate. If, e.g. the process as deseribed in WO
2004/049819 is followed, the pre-fibrils are formed if the step in which the
protein is allowed to stand in a solution at low pH and high temperature, is
terminated at an early point in time. The process time should be sufficiently
long to allow hydrolysis in the acid environment to take place. Although within
a few minutes some hydrolysis will have taken place in part, this preferably
means a process time of at least 15 minutes, and more preferably at least 30
minutes. The process time should be short enough to avoid too high an extent
of stable fibrii formation. Although even within 15 minutes fibril formation
might occur, these fibrils will not be stable. In fact, for a period of up t6 5 hours
fibrils will be formed, but these will disintegrate upon increasing pH to
neutral. Preferably, the hydrolyvzed protein is allowed to stand for a period of
time of 2,5 hours or less, more preferably 1,5 hour or less. Most preferably, a

period of 30-60 minutes is taken to obtain sufficient peptide formation without



It is further envisaged to enrich the peptide composition (e.g. by fractionation) in respect of the
aforementioned peptides, and preferably in respect of f12,38. Similarly, preferred fibril-forming
peptide fragments on the basis of glycinin and patatinsare based on the following: Glycinin G1
Accession number: PO4776 f42-128
DNRIESEGGLIEIRMINBNNER R QCASVALISRC HiINR AN RRPE I N¥fatire can be adapted. It

QEIYIQQGKGIFGMIYPGCPST P RGQSSRPQD f42-127 .
DNRIESEGG LFE‘?P%NWﬁ%ﬁﬁggﬁ‘é%‘%gégéﬁ‘%ﬁ%’/&@gﬂ‘ﬁ§ﬁﬁéﬁfamm will generally
QEIYIQQGKGfeghit¥ R GRS THEPRQRQIRGASHREQ #43c178s, and will generally
NRIESEGGLIETWNPNNKPFOCAGVALSRCTLNRNALRRPSYTNGPQ

EIVIQQGKGIF Xﬁ%‘?ﬁ%&%@#@@%@%@ﬂé&?&@ﬂamﬂﬁﬁ&

Besides tuning time and temperature, pH can also be tuned. A lower
pH will lead to a higher rate of hydrolysis, which aids in obtaining a process in
which hydrolysis can occur separately from fibril formation.

It will be understood, with reference to the specific limits for pH,
temperature and time by which the pre-fibrils of the disclosure are obtainable,
in a method of making pre-fibrils conditions can be chosen that vary within, or
outside of the specivel

In addition to, or in lieu of, the aforementioned process of simply
allowing the protein to stand under acidic hydrolysis conditions, the object of
forming peptides without forming fibrils can be realized with the aid of further
measures so as to provide fibril inhibiting conditions (i.e. conditions under
which fibril formation is relatively slow, is retarded or is avoided, or conditions
under which fibril formation, if occurring, is at least partially reversed). These
measures include, but are not limited to, any one or more of the following:

- avoidance of shear forces (e.g. no stirring), with timely increase of

| pH to neutral;
a low concentration of protein (preferably below 2 wt.% and more
preferably below 1 wt.%;
the addition of molecules exhibiting a chaotropic effect, 1.e.
molecules that will tend to counteract the formation of hydfogen
bonds and hydrophobic interactions (e.g. urea, guanidine
chloride); as a result the peptides will have a lower tendency to
interact as close as necessary to allow bonds to form (as hydrogen
bridges and hydrophobic interactions are believed to be the

initial force for fibril formation);



NRIESEGGLIETWNPNNKPFQCAGVALSRCTENRNALRRPSYTNGPQ
EIYIQQGKGIFGMIYPGCPSTFEEPQQPQQRGQSSRPQ f128-140 f128-139 £129-140 129-139
f140-157 £140-156 f141-157 f141-156 f157-167 f157-£66 f158-167 f158-166 f176-236
DRHQKIYNFREGD DRHQKIYNFREG RHQKIYNFREGD RHQKIYNFREG

DLIAVPTGVAWWMYNNED: bd- B i VAMM OV AN b t MR T VAMB VY S e Dby

YNNE DTPVVAV VVAVS Il TPVVAVSIID
LIAVPTGVAWWM brea ingsal?’}%raﬂﬁce conformation, or reversing fibrilogensis. The

first group is called mini-chaperones, also termed B-sheet
breakers, which are peptides that bind to the sequence of the
protein region responsible for self association. The second group
18 composed of small molecules, which are found to be able to
interrupt fibril formation. Thus, often peptides or proteins are
used as B-sheet blockers. Other potential food-grade B-sheet

“blockers include vitamin A, B-carotene and coenzyme Q10, oleic
acid, and cholesterol.

The disclosure can be realised on the basis of B-lactoglobulin-
containing whey protein preparations, i.e. a composition comprising whey
protein, with the whey protein comprising B-lactoglobulin. Whey proteins can
be described as those milk proteins that remain after curdling of milk, i.e.
precipitation of casein, generally upon the addition of rennet to cheese milk.
The term “whey protein” is sometimes used to indicate the entire protein
composition of whey, but usually indicates any protein or combination of
proteins present in whey. The disclosure pertains to any and all whey protein
compositions comprising B-lactoglobulin, which is one of the main whey

" proteing. Preferably the B-lactoglobulin- containing whey protein preparation
1s whey protein isolate, comprising a substantial fraction (preferably, based on
total proteinaceous material, at least 50% and more preferably at least 80%) of
B-lactoglobulin, and most preferably it is B-lactoglobulin itself.

The disclosure can also be realized on the basis of glyveinin (soy bean
protein) or patatin (protein originating from members of the Solanaceae plant
family, such as potato protein).

The pre-fibril composition may comprise a wide range of peptide
fragments of various molecular weights, generally between 1,000 and 10,000
Da and preferably consists of peptide fragments having molecular weights

between 2,000 and 8,000 Da. With respect to whey protein fibrils it is preferred



TPVVAVSII  DQMPRRFYLAGNQEQEFLKYQQEQGGHQSQKGKHQQEEENEGG SI
LSGFTLENLEHAFSVD f176 235  DQMPRRFYLAGN
QEQEFLKYQQEQGGHQSQKGKHQQEEENEGGS | LSGFTLEFLEHAFS V f177-236

QMPRRFY MAENOERRFELKYQQEQGGHQSQKGKHQ QEEENEGGSIL BGNILERRIRIAFSVD fi77
235  QMPRITYLAGNQEQEFLKYQQEQGGHQSQKGKHQQEEENEGGSIL SGETLEFLEHAFSV
f251-270DKGAIVTVKGGLSVIKPPTD 251-269DKGAIVTVKGGLSVIKPPT

f252-270KGAIVTVKGGLSVIKPPTD -

that the pre-fibril composition comprises, as the dominant fragment, i.e. the
fragment that of all fragments is present most, defined by amino acids nos. 12
to 32 (fiz.25) of from B-lactoglobulin, i.e. IQKVAGTWYSLAMAASDISLL. This
fragment can be present, as such, as part of larger fragments, or both.
Preferably the following peptides:

f12.32 IQKVAGTWYSLAMAASDISLL

f12.3: IQKVAGTWYSLAMAASDISLLD

fiim DIQEVAGTWYSLAMAASDISLL

1133 DIQEKVAGTWYSLAMAASDISLLD

f1.39: LIVIQTMKGLDIGQKVAGTWYSLAMAASDISLL

f1 ss: LIVTQTMRKGLDIGKVAGTWYSLAMAASDISLLD

f127 LIVTQTMKGLDIQKVAGTWYSLAMAAS

f1.94 LIVTQTMEKGLDIQEVAGTWYSLAMAASD

f12.64 IQKVAGTWYSLAMAASDISLLDAQSAPLRVYVEELKPT
PEGDLEILLQKWEND

{1163 DIQKVAGTWYSLAMAASDISLLDAQSAPLRVYVEELKPT
PEGDLEILLQKWEN

fries DIQKVAGTWYSLAMAASDISLLDAQSAPLRVYVEELKPT
PEGDLEILLQKWEND

The fragment is preferably present, as defined hereinbefore, to the
extent of more than 40% of all peptides present

The peptide composition preferably further comprises one or more of
the following peptides:

f1.50: LIVTQTMEKGLDIQKVAGTWYSLAMAASDISLLDAQSAP
LRVYVEELKPTPEG

{15 LIVIQTMKGLDIQKVAGTWYSLAMAASDISLLDAQSAP
LRVYVEELKPTPEGD

fias1es  KALKALPMHIRLSFNPTQLEEQCHI

fog2e  YEKYLLFCMENSAEPEQSLACQCCLVRTPEV

fog.12s  YRKKYLLFCMENSAEPEQSLACQCCLVRTPEVD



10 1252-269 1313-332 1313-331 1374-332 1314-331 1332-348 /332-347 1333-348 1333-347
134S-403 KGAIVTVKGGLSVIKPPT DETICTMRLRHNIGQTSSPD DETICTMRLRHNIGQTSSP
ETICTMRLRHNIGQTSSPD ETICTMRLRHNIGQTSSP DIYNPQAGSVTTATSLD
DIYNPQAGYYPIRPER2YNPQAGSVTTATSLD IYNPQAGSVTTATSL  PCT/NL2008/050845
DEPALSWLRLSAEFGSLRKNAMFVPHYNLNANSIIYALNGRALIQVV NCNGERVFD 1348-402
DEPALSWLRLSAEFGSLRKNAMFVPHYNINANSITYALNGRALIQVY NCNGERVF 134 9-4 03
FPALSWLRLSAEFGSLRKNAMFVPHYNLNANSIIYALNGRALIQVVN CNGERVFD 649-402
FPALSWLRLSAEFGSLRKNAMEYPHYNLNANSIIYA%_NGRALIQVVN CNGERVF

1403-427DGELQEGRVLIVPQNFVVAARSQSD
fos12s  DYKKYLLFCMENSAEPEQSLACQCCLVRTPEV

fora2s  TDYKKYLLFCMENSAEPEQSLACQCCLVRTPEV

This typically refers to compositions as obtainable by the
aforementioned process of acidic hydrolysis. Other preferred characieristics of

| the prefibril peptide composition so obtainable, is that the majority of the
peptide fragments result from cleavage of the peptide bonds before or after
aspartic acid. The pre-fibril peptide composition is further characterized,
preferably, by a comprising the more hydrophobic peptides obtainable from
hydrolysis of the B-lactoglobulin-containing protein preparation, by a low
charge at pH 2, and by the absence of proline.

It is further envisaged to enrich the peptide composition (e.g. by
fractionation) in respect of the aforementioned peptides, and preferably in
respect of f12 33,

Similarly, preferred fibril-forming peptide fragments on the basis of

glycinin and patatin are based on the {ollowing:

Glyeinin G1

Accession number; P04776

fa9108

DNRIESEGGLIETWNPNNEKPFQCAGVALSRCTLNRNALRRPSYTNGP
QEIYIQQGKGIFGMIYPGCPSTFEEPQQAPQQRGQSSRPOD
fag127

DNRIESEGGLIETWNPNNKPFQCAGVALSRCTLNRNALRRPSYTNGP
QEIVIQQGKGIFGMIYPGCPSTFEEPQQPQQRGQSSRPQ
fu.128

NRIESEGGLIETWNPNNEKPFQCAGVALSRCTLNRNALRRPSYTNGPQ
EIVIQQGKGIFGMIYPGCPSTFEEPQQPQQRGQSSRPQD



1403-426DGELQEGRVLIVPQNFVVAARS QS 1404-427GELQEGRVLIVPQNINVAARSQSD
1404-426GELQEGRVLIVPQNFVVAARSQS 1427-438DNFEYVSFKTND 1427-437DNFEYVSFKTN
1423 438NFEYVSEKTND 1428-437NFEYVSFKTN 11 f438-490
DTPMIGTLRAEANSPIRALPEEVIQHTFNLKSQQARQIKNNNPFKFLY PPRSESOAR05083H
TPMIGTLAGANSLLNALPEEVIQHTFNLKSQQARQIKNNNPFKFLVP PQESQ

fas.127
NRIESEGGLIETWNPNNKPFQCAGVALSRCTLNRNALRRPSYTNGPQ
EIYIQQGKGIFGMIYPGCPSTFEEPQQPQQRGQSSRPQ

f128.140 DRHQKIYNFREGD

f198.139 DRHQKIYNFREG

f129.140 RHQKIYNFREGD

f120.138 RHQKIYNFREG

140157 DLIAVPTGVAWWMYNNED
f140-156 DLIAVPTGVAWWMYNNE

fla1187 LIAVPTGVAWWMYNNED
141156 LIAVPTGVAWWMYNNE

f157.167 DTPVVAVSIID
f157-168 DTPVVAVSII
f156.167 TPVVAVSIID
f155 166 TPVVAVSII

f176.236

DQMPRRFYLAGNQEQEFLKYQQEQGGHQSQKGKHQQEEENEGGSI
LSGFTLEFLEHAFSVD
T176 235

DGMPRRFYLAGNQEQEFLKYQQEQGGHQSQKGKHQQEEENEGGS]
LSGFTLEFLEHAFSV
f177.936

QMPRRFYLAGNQEQEFLKYQQEQGGHQSQKGKHQQEEENEGGSIL
SGFTLEFLEHAFSVD
f177.285

GMPRRFYLAGNQEQEFLEKYQQEQGGHQSQKGKHQQEEENEGGSIL

SGFTLEFLEHAFSV
fas1270 DKGAIVIVKGGLSVIKPPTD
f251-260 DKGAIVIVKGGLSVIKPPT

fos2-070 KGAIVIVKGGLSVIEPPTD



Glycinin G5 Accession number: PO4347 f44-133
DHRVESEGGLIETWNSQHPELQCAGVTVSKRTLNENGSHLPSYLPY
PQMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLQD f44-'32
DHRVESEGGLIFTNGOHPELQCAGVTVSKRTLNRNGSHLPSYLPY PCT/NL2608/050845
POMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLQ f45-133
HRVESEGGLIETWNSQHPELQCAGVTVSKIZTLNRNGSHLPSYLPYP
QMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLQD f45-132
HRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRH\PGSHLPSYLPYP
QMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLQ ft:33445 f133-144 f134-145 fl 34-144
145-162 f145-164:8146-162 SHYRKYRAENEGBEPPT

f13.382 DETICTMRLRHNIGQTSSPD
IEEREY DETICTMRLRHNIGQTSSP
f314.832 ETICTMRLRHNIGQTSSPD
314351 ETICTMRLRHNIGQTSSP
f332.248 DIYNPQAGSVTTATSLD
fas2.347 DIYNPQAGSVTTATSL
fass.348 IYNPQAGSVTTATSLD
fazs.347 IYNPQAGSVTTATSL

f348.402
DFPALSWLRLSAEFGSLRKNAMFVPHYNLNAN SITYALNGRALIQVV
NCNGERVFD
f348.400
DFPALSWLRLSAEFGSLRENAMFVPHYNLNANSIIYALNGRALIQVV
NCNGERVF
f349.408
FPALSWLRLSAEFGSLRENAMFVPHYNLNANSIIYALNGRALIQVVN
CNGERVFD
f340.402

FPALSWLRLSAEFGSLREKNAMFVPHYNLNANSIITYALNGRALIQVVN

CNGERVF

faps.a07 DGELQEGRVLIVPOQNFVVAARSQSD
fa05.426 DGELQEGRVLIVPQNFVVAARSQS
f104.a27 GELQEGRVLIVPQNFVVAARSQSD
fan4.426 GELQEGRVLIVPQNIFVVAARSQS
fagr.aas DNFEYVSFKTND

fag7.as7 DNFEYVSFKTN

fass.438 NFEYVSFKTND

Tin8-457 NFEYVSFKTN



DSHQKIRHFNEG SHQKIRHFNEGD SHQKIRHFNEG DVLVIPLGVPYWTYNTGD
DVLVIPLGVPYVVTYNTG VLVIPLGVPYWTYNTGD 12 f146-161VLVIPLGVPYWTYNTG
fi62-172DEPVVAISPLD fig2-171DEPWAISPL f163-172EPVVAISPLD f163-171EPVVAISPL f
781-194DQRPRYEHIABINPD f 181-193DQNPRVFYLAGNP PCT/NL2008/050845
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faa8.490
DTPMIGTLAGANSLLNALPEEVIQHTFNLKSQQARQIKNNNPFKFLV
PPQESQ
£439.490
TPMIGTLAGANSLLNALPEEVIGHTFNLEKSQQARQIKNNNPFKFLVP
PQESQ

Glyeinin G5
Accession number: P04347

fas-133

DHRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGSHLPSYLPY
PQMIIVVQGEKGAIGFATPGCPETFERKPQQQSSRRGSRSQQQLYD
HPRES)

DHRVESEGGLIETWNSQHPELQCAGVTVSERTLNRNGSHLPSYLPY
PQMITVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLA
fa5.123

HRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGSHLPSYLPYP
QMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLAD
fa5.132

HRVESEGGLIETWNSQHPELQCAGVTVSKRTLNRNGSHLPSYLPYP
QMIIVVQGKGAIGFAFPGCPETFEKPQQQSSRRGSRSQQQLG

f133.145 DSHQKIRHFNEGD

fis3.1a4 DSHQKIRHFNEG

f1a4145 SHQKIRHFNEGD

f134144 SHQKIRHFNEG

145162 DVLVIPLGVPYWTYNTGD
f145.161 DVLVIPLGVPYWTYNTG

f146.160 VLVIPLGVPYWTYNTGD



182-iI94QNPRVFYLAGNPD f 182-193QNPRVITYLAGNP f
256-280DERKQIVTVEGGLSVISPKWQEQED f 256-279DERKQIVTVEGGLSVISPKWQEQE f
257-280ERKQIVTVEGGLSVISPKWQEQED f 257-279ERKQIVTVEGGLSVISPKWQEQE f
345-366GVEERIENRPFIENIARPSRAD f 345-365GVEENICTMKLEIE NfARS AHH0F0845
366-407DITYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPD f
366-406DEYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSP f
367-407FYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPD f
36'7-406FYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSP f
407-436DWNLNANSVTMTRGKGRVRVVNCQGNAVFD

fi46.181 VLVIPLGVPYWTYNTG
fi62.172 DEPVVAISPLD

fi62.171 DEPVVAISPL

fres.172 EPVVAISPLD

f163.171 EPVVAISPL

181,194 DQNPRVIFYLAGNPD
f181.198 DQNPRVFYLAGNP

{ing104 QNPRVFYLAGNPD

f 182.105 QNPRVFYLAGNP

fos6.250 DERKQIVIVEGGLSVISPKWQEQED
fase.270 DERKQIVIVEGGLSVISPEWQEQE

fa57.980 ERKQIVTVEGGLSVISPKWQEQED
f 257270 ERKQIVTVEGGLSVISPKWQEQE
f 345366 GVEENICTMEKLHENIARPSRAD
f 345265 GVEENICTMKLHENIARPSRA
f 366-407 DFYNPEKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPD
{ a66-406 DFYNPKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSP
f 387.407 FYNPEAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPD
f 567-408 FYNPRKAGRISTLNSLTLPALRQFGLSAQYVVLYRNGIYSP
f 407436 DWNLNANSVIMTRGKGRVRVVNCQGNAVFD
f 407425 DWNILNANSVTMTRGKGRVRVVNCQGNAVF
f 408435 WNLNANSVIMTRGEKGRVRVVNCQGNAVED
f 408435 WNLNANSVIMTRGKGRVRVVNCQGNAVE
f 456-a80
DGELRRGQLLVVPQNPAVAEQGGEQGLEYVVFEKTHHNAVSSYIKD
f 436.479
DGELRRGQLLVVPQNPAVAEQGGEQGLEYVVFKTHHNAVSSYIK

f 437.480

GELRRGQLLVVPQNPAVAEQGGEQGLEYVVFKTHHNAVSSYIKD



f 407-435DWNLNANSVTMTRGKGRVRVVNCQGNAVF f

408-436 WNLNANSVFMTRGKGRVRVVNCQGNAVFD f
408-435WNLNANSVTMTRGKGRVRVVNCQGNAVE f 436-480

DGELRRGQ SHPBRPAVAEQGGEQGLEYVVEKTHIINAVSSYIKD f 436 HF92008/050845
DGELRRGQLLVVPQNPAVAEQGGEQGLEYVVEKTHHNAVSSYIK f437-480
GELERGQLLWPQNPAVAEQGGEQGLEYVVEKTHHNAVSSYIKD 13 f437-479
GELRRGQLLVVPQNPAVAEQGGEQGLEYVVFKTHII?){NAVSSYIK

faa7.a79
GELRRGQLLVVPQNPAVAEQGGEQGLEYVVFKTHHNAVSSYIK

{ 480518 DVFRVIPSEVLSNSYNLGQSQVRQLKYQGNSGPLVNP

fasi816 VEFRVIPSEVLSNSYNLGQSQVRQLKYQGNSGPLVNP

Patatin

Accession number: CAA25592

f95-35 DTLGEMVTVLSID

{2334 DTLGEMVTVLSI

YR TLGEMVTVLSID

{434 TLGEMVTVLSI

fria0m DVIGGTSTGGLLTAMITTPNENNRPFAAAKD
1000 DVIGGTSTGGLLTAMITTPNENNRPFAAAK
f12.101 VIGGTSTGGLLTAMITTPNENNRPFAAAKD
f72.100 VIGGTSTGGLLTAMITTPNENNRPFAAAK
140150 DTRVHQALTEVAISSFD

140155 DTRVHQALTEVAISSF

f141.186 TRVHQALTEVAISSED

f141.185 TRVHQALTEVAISSF

f156.182 DIKTNKPVIFTKSNLAKSPELDAKMYD
{15618 DIKTNKPVIFTKSNLAKSPELDAKMY
fis7182 IKTNKPVIFTKSNLAKSPELDAKMYD
fisras IKTNKPVIFTKSNLAKSPELDARKMY

{12207 DICYSTAAAPTYFPPHYFVTHTSNGD
182908 DICYSTAAAPTYFPPHYFVTHTSNG

f183.207 ICYSTAAAPTYFPPHYFVTHTSNGD

f185208 ICYSTAAAPTYFPPHYFVTHTSNG

foo7.215 DKYEFNLVD

fon7.01s DKYEFNLV



f 480-516DVFRVIPSEVLSNSYNLG QS QVRQLKYQGNSGPLVNP f 481
516VFRVIPSEVLSNSYNLGQSQVRQLKYQGNSGPLVNP Patatin Accession number: CAA25592 f
23-35DTLGEMVTVL SID f 23-34DTLGEMVTVLSI f 24-35TLGEMVTVLSID f 24-34TLGEMVTVLSI f
71-101DVIGYE PUTEERe TAMITTPN ENNRPFAAAKD f PCT/NL2008/056845

- 71-100DVIGGTSTGGLLTAMITTPNENNRPFAAAK f
72-101VIGGTSTGGLLTAMITTPNENNRPFAAAKD f 72-amVIGG TS
TGGLLTAMITTPNENNRPFAAAK f 140-156DTRVH?4ALTEVAISSFD

foa.3s
fosa
fosss
fosaq
frra0
{71100
froae
72100
f140.156
f14p.185
f141.156
f1a1185
f1z6182
f1s6.181
{157,182
f157.181
182207
f 180208
f183-207
f183.208
faor015
fop7.214
fons-215
208214
foa9.067
f239.266
foap287
{20266
f300.333

fa00.230

DTLGEMVTVLSID
DTLGEMVTVLSI
TLGEMVTVLSID
TLGEMVTVLSI
DVIGGTSTGGLLTAMITTPNENNRPFAAAKD
DVIGGTSTGGLLTAMITTPNENNRPFAAAK
VIGGTSTGGLLTAMITTPNENNRPFAAAKD
VIGGTSTGGLLTAMITTPNENNRPFAAAK
DTRVHQALTEVAISSFD
DTRVHQALTEVAISSF
TRVHQALTEVAISSFD
TRVHQALTEVAISSFOO
DIKTNKPVIFTKSNLAKSPELDAKMYD
DIKTNKPVIFTKSNLAKSPELDAKMY
IKTNKPVIFTKSNLAKSPELDAKMYD
IKTNKPVIFTKSNLAKSPELDAKMY
DICYSTAAAPTYFPPHYFVTHTSNGD
DICYSTAAAPTYFPPHYFVTHTSNG
ICYSTAAAPTYFPPHYFVTHTSNGD
ICYSTAAAPTYFPPHYFVTHTSNG
DKYEFNLVD
DKYEFNLV

KYEFNLVD

KYEFNLV

DPKFASIKSLNYKQMLLLSLGTGTNSEFD

DPKFASIKSLNYKQMLLLSLGTGTNSEF

PKFASIKSLNYKQMLLLSLGTGTNSEFD

PKFASIKSLNYKQMLLLSLGTGTNSEF

DYYLSTVFQARHSQNNYLRVQENALTGTTTEMDD

DYYLSTVFQARHS@NNYLRVQENALTGTTTEMD



f 140-155DTRVHQALTEVAISSF f 141-156 TRVHQALTEVAISSFD f 141-155TRVHQALTEVAISSF f
156-182DIKTNKPVIFTKSNLAKSPELDAKMYD f iss-iSIDIKTNKPVIFT KSNLAKSPELDAKMY f
157-182IKTNKPVIFTKSNLAKSPELDAKMYD f 157-181IKTNKPVIFTKSNLAKSPELDAKMY f
182-207DICYSTRAEPIEY FPPHYFVTHTSNGD f 182-206DICY STAAAP TRHPRRMFAFTT SNG f
183-207ICYSTAAAPTYFPPHYFVTHTSNGD f 183-2061CYSTAAAPTYFPPHYFVTHTSNG f
207-215DKYEFNLVD f207214DKYEFNLV

15
f300.331 DYYLSTVFQARHSQNNYLRVQENALTGTTTEM
f301-332 YYLSTVFQARHSQNNYLRVQENALTGTTTEMDD
fs01.332 YYLSTVFQARHSQNNYLRVQENALTGTTTEMD
f301.331 YYLSTVFQARHSQNNYLRVQENALTGTTTEM

Based on the novel insight into the occurrence of peptides as the
building blocks of the B-lactoglobulin proteinaceous fibrils, the present
invention also provides an advantageous alternative method to acidic
hydrolysis, viz. enzymatic hydrolysis of the B-lactoglobulin-containing whey
protein preparation {or, analogously, of glycinin or patatin preparations).
Thus, the advantages of enzymatic hydrolysis, such as producing the prefibril
composition at neutral pH (i.e. no need for acidification and neutralization);
avoidance of fibril formation at neutral pH; less unwanted side-reaction that
occur at low pH) or relatively fast hydrolysis (.e. no need for heat treatment
for several hours, and unwanted reaction associated with this long heat
treatment) have become available to the process of making B-lactoglobulin
proteinaceous fibrils. The enzymatic hydrolysis provides a relatively great
freedom to choose, by selecting the enzymes and conditions, where to achieve
protein cleavage. This is preferably done so as to have a result comparable
with that of acidic hydrolysis, e.g. by the enzyme AspN endoproteinase which
cleaves the peptide bonds N-terminal to aspartic acid residues and other
enzymes exerting a comparable action such as gramzyme B (ex Abnova Corp),
V& protease (protease from staphylococcus aureus strain V8; ex Takara Bio
Inc.) and glutamyl endopeptidase.

In yet another embodiment, the pre-fibril peptide composition can
also be formed by peptide synthesis. Preferably the peptides synthesized are
relativley hydrophobic and, more preferably are peptides capable of
undergoing B-sheet interaction. Peptide synthesis can be executed chemically
in known manners, particularly using solid-phase peptide synthesis methods

as are well known to the skilled person. Particularly for relatively long



14 £ 23-35DTLGEMVTVL SID f 23-34DTLG EMVTVL Sl f 24-35TLGEMVTVLS ID f
24-34TLGEMVTVLSI f 71-101DVIGGTSTGGLLTA_MITTPNENNRPFAAAKD f
71-100DVIGGTSTGGLLTAIVIITTPNENNRPFAAAK f
72-101VIGGTESTGSOEIZFAIVIITTPNENNRPFAAAKD f PCT/NL2008/030845
72-100VIGGTSTGGLLTAMITTPNENNRPFAAAK f 140-156DTRVHQALTEVAISSFD f405DTRATH
QALT EVAI S Sf141-156TRVH QALTEVAI SS ED
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peptides, such as a the peptides indicated above, it is preferred to perform the
synthesis thereof by means of microbiological methods. Suitable miero-
organisms the genome of which encodes for the appropriate peptides, and
which thus can be employed to form these peptides, are known to the skilled
person. Particularly, microorganisms are to be selected that satisfy the
foliowing requirements:

being food grade microorganisms

their genome encoding for peptides consisting of 10 to 60 amino

acids, and preferably 15 to 25 amino acids;

the encoded peptides start and/or end with aspartic acid;

the encoded peptides preferably consist of a (at neutral pH)

uncharged amino acids;

the encoded peptides are capable of folding into a beta-sheet

coenformation;

Suitable microorganisms inciude: BACILLUS WEIHENSTEPHANENSIS,
BIFIDOBACTERIUM_ADOLESCENTIS, BIFIDOBACTERIUM_LONGUM,
BIFIDOBACTERIUM_LONGUM, BREVIBACTERIUM_LINENS,
LACTOBACI.LUS_ACIDOFHILUS, LACTOBACILLUS_BREVIS,
LACTOBACILLUS CASEI
LACTOBACILLUS_DELBRUECKIT_SUBSP_BULGARICUS,
LACTOBACILLUS_GASSERL LACTOBACILLUS_JOHNSONII,
LACTOBACILLUS_PLANTARUM, LACTOBACILLUS_REUTERI,
LACTOBACILLUS_SAKEL LACTORACILLUS_SALIVARIUS,
LACTOCOCCUS_LACTIS_CREMORIS, LACTOCOCCUS_LACTIS_LACTIS,
LEUCONOSTOC_MESENTEROIDES, QENOCOCCUS_QENL
PEDIOCOCCUS_PENTOSACEUS, STREPTOCOCCUS_THERMOPHILUS.

The pre-fibril composition as formed by enzymatic hydrolysis, by
chemical peptide synthesis, or by microbiological peptide formation, can be set
to form fibrils upon acidification. This preferably is done to an extent

comparable with the pH resulting from the aforementioned acidic hydrolysis,



f 141-155TRVH QALTEVAI SS FOO f 156-182DIKTNKPVIFTKSNLAKSPELDAKMYD f 156-181D
IKTN KPVI FTKS NLAKS PELDAKMY f 157-182IKTNKPVIETKSNLAKSPELDAKMYD f
157-181IKTNKPVIFTKSNLAKSPELDAKMY f 182-207DICYSTAAAPTYFPPHYFVTHTSNGD f
182-206D|CROSPAATI% F'PPHYPITHTS NG f 183-207ICYSTAAAPTY ESPRYVRRFENGD f
183-2061 CYSTAAAPTYFTPHYPVTHTSNG f 201-215DKYEFNLVD / 207-214DKYEFNLV
f208-215KYEFNLVD f208-214KYEFNLV
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i.e. the enzymatically hydrolysed 8-lactoglobulin pre-fibril composition is
preferably subjected to contact with a liguid at pH 0.5 to 4, and more
preferably a pH of 0.5 to 3, and most preferably of from 1 to 2, thus resulting in
appropriate charging of the peptide composition. The rate of fibril formation
may be increased by subjecting the mixture to shear or ultrasonic treatment.
One of the advantages of this route is a shorter duration of the low pH heat
treatment.

The fibrils formed according to the present invention preferably
have an aspect ratio of greater than 5, i.e. defining the longest dimension of
the fibril as its length, this length is at least 5 times larger than the diameter
or width of the fibril. Preferably the length is of from 10 nm to 1 mm, and the
diameter is of from 2 to 10 nm. More preferably the aspect ratio is greater than
50. The invention provides the advantageous possibility to tailor the aspect
ratio by steering the peptide composition towards the presence of peptides that
facilitate the formation of fibrils (which will generally lead to a higher aspect
ratio) or the presence of peptides that inhibit fibril formation, such as the
aforementioned B-sheet blockers, which will generally lead to a lower aspect
ratio.

The pre-fibril composition of the invention is suitable for a variety of
uses. This includes uses of the pre-fibril composition itself as an additive in
food and non-food products, e.g. as a structuring agent, and particularly as a
texturizing agent, i.e. for viscosity or gelation. It also includes the use of the
pre-fibril composition to make fibrils which then can be used int. al. in the
same manner as described in WO 2004/049819. In addition, the invention
opens up the possibility to end up with fibrils as described before, but then
formed in situ and/or at a chosen point in time. Thus, the peptide pre-fibril
composition can int.al. be used to stabilize an emulsion or a foam. Upon
adsorption at the appropriate interface (i.e. water/oil in an emulsion or
water/air in a foam), the peptide pre-fibril composition is capable of fibrillary

aggregation at these interfaces, which results in a robust boundary layer, and



f239-26 7DPKFASIKSLNYKQMLLESLGTGTNS EFD 239-266DPKFASIKSLNYKQMLLLSLGTGTNS
EF f240-267PKFASIKSLNYKQMELLSLGTGTNSEFD
f240-266PKFASIKSLNYKQMLLLSLGTGTNSEF

600-333DY WOSTRHEIARLISQNNYLRVQENALTGTTTEMDD PCT/NL2008/050845
fs00-339DYYLSTVEQARHSQNNYLRVQENALTGTTTEMD 15 f300-331DYYLSTVFQARHS
QNNYLRVQENALTGTTTEM f301-333YYLSTVFQARHS QNNYLRVQENALTGTTTEMDD
f301-332YYLSTVFQARHS QNNYLRVQENALTGTngMD
f301-331YYLSTVFQARHSONNYLRVQENALTGTTTEM Based on the novel insight into the
occurrence of peptides as the building blocks of the B-lactoglobulin proteinaceous fibrils, the present

invention also plovides hishivaintdgeoudatte mdiem tisthodsiotaddidesydreipsis, viz, enzymatic

hydrquS|s of theﬁ%ﬂﬁ@%@%ﬁﬂ@'&@@i@k@ﬁlﬁ)%ﬁﬁ%ﬁé@%@ PISRALRtian (RLanalegersly, of glycinin or
patatin preparations). Thus, the advantages of enzymatic hydrolysis, such as producing the prefibril
composition at rfSTRSPELPT ¥, *he WEERTBR Atidfific alaﬁsaﬁ‘a]ﬁfé’u&?&ﬂ%m{lmih%ﬁéélasﬁbrn formation
at neutral pH; legsscunwantedoside-sadationiibat ocedrsatdaviiphi)l of. sebativelyitastr-hygialysis (i.e. no
need for heat tre Eg}%”%% S %ratlglpﬁ‘[& a&nd unwant dfrgactignea}lc%sotci?ge% I§L/\(/f1tlr11 ”3{15 long heat
treatment) have becorme available 10 thé Bro%%rs§ otfl maﬁlngmé‘?la%tog%bu mpprotelﬁaceous fibrils. The
enzymatic hydrolysi§iroviskewidl felaipraleygtdattireslibledtochons & by wBlasting thetenzymes and

conditions, wherg i, a¢higyie; RIQIRIN CIaNAYE o] NS PEERIARIY HONE S ASAR DAV A Tesult

comparable with that of acidic hydrolysis, e.g. by the enzyme AspN endoproteinase which cleaves the
peptide bonds W@é?ﬁh‘ﬁh@ééﬁ%\?ﬁ&“éﬁéiﬁﬁfbg?dﬁégrﬁﬁdv SrferRAn 88 BxéblfPa edMibarable action
such as gramzymeB{eyIARno vadceip)a v pEotaasedpiatense fmsiapbyedarausiaureus strain V8,
ex Takara Bio Ina(m: 'gj%ng% rlalrjlt.aiggﬂigu a? ye teiadrae gﬁded effect is desired, it will be advantageous

to add the pre-fibril peptide composition in an encapsulated form. This can

have the advantage of further retarding the effect from fibrillary aggregation.

Retarded fibril formation provides a particular advantage in
production, as the product can be maintained as a low-viscous mass during
processing steps, such as pumping, in which a low viscosity can be beneficial.
The pre-fibril peptide composition hag a great advantage in that it does

not itself have a substantial influence on the texture of foods and drinks. This

enables making a solid or liguid food product that has a built-in effect of

satisfying the stomach (satiation). Thus, when consumed by a person, the

peptide composition will not disturb mouthfeel, as it will remain intact until it

arrives in the gastric juice. Due to the pH thereof, and the benefit of elevated

{(body) temperature, fibrillary aggregation will occur almost instantaneously.

Due 1o the gelation occurring in situ there, the person consuming the food

product containing the pre-fibril composition of the invention, will experience

satiety, i.e. the impression of a relatively larger meal than actually consumed.

This can also have benefit for animal diet foods, e.g. for companion animals. In

view of peptide taste, it will be preferred to employ the pre-fibril composition

in taste-masked or encapsulated form, particularly if relatively small

hydrophobic peptides are substantially present. In another preferred

embodiment, in which pre-fibril composition are chosen that are enriched in



In yet another embodiment, the pre-fibril peptide composition can also be formed by peptide synthesis.
Preferably the peptides synthesized are relativley hydrophobic and, more preferably are peptides
capable of undergoing 8-sheet interaction. Peptide synthesis can be executed chemically in known
manners, pafcHitiRFi3thg solid-phase peptide synthesis methods as arBCHEERHERFHEdSthe skilled
person. Particularly for relatively long 16 peptides, such as a the peptides indicated above, it is
preferred to perform the synthesis thereof by means of microbiological methods. Suitable
microorganisms the genome of which encodes for the,appropriate peptides, and which thus can be
employed to form these peptides, are known to the sKilled person. Particularly, microorganisms are to
be selected that satisfy the following requirements: being food grade microorganisms their genome
encoding for peptigesstondistiderontotionsd sty dEibe candpidferablyp B @B #mino acids; the

encoded peptid%a@gg@pgéga endhydth aspritis Acigk the encoded peptides preferably consist of a (at
neutral pH) uncharged amino acids; the encoded peptides are capable of foldlng into a beta-sheet

conformation; Suitable mlgﬁ?&‘b‘aﬂfs“‘r#g el RABReNI NG S AR e RIS PRPIRARERISIS,
BIFIDOBACTERItIdADR ESfNI1h; BIFIRORBACHERIWND ) h@NﬁU% elucidation here.
BIFIDOBACTERIUM_LO UI\/I BREV SACTERIUMEFI‘NS \ TOBAClLLL%S AFlDOPHlLUS,

LACTOBACILLITS BREVIS® FACTOBACH LOEUEAL ¥ profeIactons hate
LACTOBAC|LLLB@@@DB!F@UE@@M&U%@ME@E@MB@lyg)ttm@T@Bm@rLrL@mmW

LACTOBACILLUS, JOHNSQNMAGT QBAGUALSRLANTARUM  LACTQBAGH LS, REUTERI,
LACTOBACILLUS_SAKEI, LACTOBACILLUS_SALIVARIUS, LACTOCOCCUS_LACTIS_CREMORIS,

LACTOCOCCUSCTERESHS [EACH L8 (RONTIETIE WESERTERS SESMOERIGEDEEUS_OENI,

PEDIOCOCCU&h%&%ﬁﬁ%ﬂﬁoﬂﬁﬁﬁ?@ﬁ@@%xﬁhﬁ&? NP LLHESe produckheppre-fibril

composition as formed b¥ enz%/ '[IC hydrol SIS % mical B‘FE de S ntheS|s or bp{ rglcroblologlcal
[

peptide formatlon }:eJih ehsee 5 form i giulﬁ%’n acidificatior S preferabiyis tone 16 an extent

comparable Wltmh@eﬁﬂhtt@ahﬁgﬁmrﬁahe@m@nm@medﬁmdmhwn@lys“met‘i@ to a
concerted process of hydrolysis and fibrillary aggregation.

The invention encompasses the use of the aforementioned pre-fibril
compositions, as well as the fibrils obtainable in accordance with the invention,
in food products, particularly in acidic dairv products such as voghurt or
cheese. This use serves the aforementioned purposes, such as providing
structuring properties. The invention also encompasses the resulting food
products.

In the invention combinations of the various fibrils can be made.
Further, combinations can be made with peptides obtainabie from lysozyme,
which are also fibril-forming.

The invention will be further illustrated hereinafter with reference
to the following, non-limiting examples, that include a description of the

Figures,

Example 1

The pH of 2 3% protein solution of bovine B-lactoglobulin was set to 2 by

adding a concentrated HCI solution and heated for 20 hours at 85°C in a



i.e. the enzymatically hydrolysed B-lactoglobulin pre-fibril composition is preferably subjected to
contact with a liquid at pH 0.5 to 4, and more preferably a pH of 0.5 to 3, and most preferably of from 1
to 2, thus resulting in appropriate charging of the peptide composition. The rate of fibril formation may
be increase® ®y08eB§aRIng the mixture to shear or ultrasonic treatment. EMEBPHIE R 4htages of this
route is a shorter duration of the low pH heat treatment. The fibrils formed according to the
present invention preferably have an aspect ratio of greater than 5, i.e. defining the longest dimension
of the fibril as its length, this length is at least 5 time FJ}arger than the diameter or width of the fibril.
Preferably the length is of from 10 nm to 1 mm, and the diameter is of from 2 to 10 nm. More
preferably the aspect ratio is greater than 50. The invention provides the advantageous possibility to

tailor the aspectstetioiby sesinirry theopeiptidshennpusitdr 20vdrd3 e Hralched 61956Medés that
facilitate the f0rQ‘i@«}mmﬂ,{gg%gia(m@ém%g@ae@{w@g@aosﬁmgwa@&eﬁ%@m prdherpresence of

peptides that inhibit fibril formation, such as the aforementioned B-sheet blockers, which will generally
lead to a lower SEPEBHFAE™ O 0-8 #heldbalisHI L BATLBRRIE RS B THBRBHRA Gt &Bfe for a variety of
uses. This includespises«et the pre-fibtikeenposifogsit sdtkas @fVadditive. footitend non-food
products, e.g. as a structuring agent, and particularly as a texturizin I.e.far viscosity or
gelation. It also Fr(l%ﬂ} ets?t(f% %sué%g& { re%?e%ﬁf%%r%ﬁ%éi&%lﬂst%ﬂ?n“é %ngﬁ%tﬂvéﬁghﬁihen can be used int.
al. in the same rinpireres daserbecianO II0RIOPISEN i sirfckBe RS- IHVERTBAZSHRMS up the
possibility to end, upcwithfibtils.as Sesered herare, huh thendemed ifsitiandiopat archosen point in
time. Thus, the peptide pre-fibril compgosition can int.al. be used to stabilize an emulsion or a foam.
Upon adsorptiori: ﬁ’ﬁ%‘gﬂﬁ}?}p‘f%@ﬁﬁ{é}?ﬁ@e (i.e. water/oil in an emulsion or water/air in a foam), the
peptide pre-fibril composition is capable of fibrillary aggregation at these interfaces, which results in a
robust boundary,layer, and, 18 hence a highly stable emulsion or foa esult of a decreased
disproportioning%ﬁ%ﬁ%t%%%i.%aﬁot {&r %(gég’ire]{ \{fvﬁ%%ﬁ%e g@p%ewpﬁgewﬁ%-?igﬁ%ﬁg%ﬁgﬁ% the invention is
used for its abilityetaofernrfibriigrdgHsydapidivgrire cormpusitiohlad antingretiiertto Bheacidic liquid (e.g.
fuit juice or yoglgh eink) ot Fesitin.flciln:Aogsaaation g exientxdepanding on condiions
-as will be apparent to the skilled person). This will result in a viscosity enhancement or gelation (the
effect dependind%ﬁ&%@@ﬂ%%&??% PRE S YE BECurs can be steered with reference to
variable parameters such as pH and concentration, so as to obtain immediate or retarded fibrillary
aggregation. Partic Ing h%t retaEdegl Eﬁe%hi%.dﬁs_:iregé it will beigd_vggaggg_us to add the pre-fibril
peptide compositiBAIR AR dncas St ToH FRiS AR HaVE e aduantage of further retarding the

~ effect from fibrillahyaggregatibp under fiRetalidedt fibiildommatiomprbvites thphitichiaragvantage in
production, as the rodugt can he mainfalned s, g.|QW-YISEoHs MASHIHWIRGPFOGeRRING Steps, such as

pumping, in which a-low viscosity can be beneficial. The pre-fibril peptide composition has a great

advantage in thaithaeied Adersaichulie et sdtartisriatabied biehehaaktiaests68ds and drinks This
enables making @ seligwritiguisdiesdr educiibaihns a-budtin eifect Obsatislying the stomach
(satiation). Thus, whep consumed hy a person,.the peptide compositian will not disturb mouthfeel, as it
will remain intachfﬁ?ﬁ%ba {}égol%(ﬂ% S@a%t?igejﬁﬁ%:geés[gﬁlg o rf\%}ﬁ’lf éﬁrcé%t},!‘\/ yc\né’?ﬁf’ésggﬁ%ﬁt of elevated
(body) temperattukefipiitardagogdgation wilbéC8ur almost instantaneously. Due to the gelation
occurring in situ there, the person consuming the food product containing the pre-fibril composition of
the invention, will experience satiety, i.e. the impression of a relatively larger meal than actually

consumed. This ¥ateeuser awes BERiferaP TRt Ty Eh @ ke o comp ittt drirtraiidn view of
peptide taste, it will.he. Rrefers-ietermploy.ihe: presfibril compasitiapdaiastenmasked or encapsulated

form, particularly if relatively small hydrophobic peptides are substantially present. In anpther preferred
embodiment, in WHREHESrEFHALEH Séﬁﬁ?ﬁeér%%?%%%r%’&%a&%?é) gf?r@éhﬁ:% i%hié FBSHREL B the
aforementioned tﬁhaﬂbe‘@lys targenpapticé sf aagaﬁ&eémaggmis:sa ﬂbemkadtngédxfnpeta’s'@masking
measures. i Techniflgsdor iaslemackina andiorior e eaeapsyiatian@LRaRigesare known to

: fragmgn
the skilled person, dnd do not require elucidation here. ~ _
the peptide bonds before or after aspartic acid. Four peptide fragments were

present in the retentate and the total heated sample and not present in the

filtrate, viz. [f1-32], [f1-33], [f1-52] and [f1-53]. The peptide fragment



The invention also pertains to fibrils of a proteinaceous material based on a 6-lactoglobulin-containing
whey protein preparation obtainable by a process as substantially described hereinbefore. l.e. the
process of two steps, comprising first subjecting the protein to hydrolysis so as to form peptides, and
then allowiNgOfAPA323tion to occur at acidic pH. The resulting product§ SB{Ma8F RSt peptide
composition, are distinguished from a process in which the ll-lactoglobulin-containing whey protein
preparation is subjected to a concerted process of hydrolysis and fibrillary aggregation. The
invention encompasses the use of the aforementiongg pre-fibril compositions, as well as the fibrils
obtainable in accordance with the invention, in food products, particularly in acidic dairy products such
as yoghurt or cheese. This use serves the aforementioned purposes, such as providing structuring

properties. The dnventotlakxs wndompasSbsihe red{ifng oot products. In the invention
combinations ofihewadausyibriiscan emyadertwthgigompinationsGantie madacwith peptides
obtainable from lysozyme, which are also fibril-forming. The invention will be further illustrated

hereinafter with reference to the following, non-limiting examples, that include a description of the
Figures. Example 1 The pH of a 3% protein solution of bovine 6-lactoglobulin was set to 2 by adding a
concentrated H%}{golu ié)Q and heated for 20 hours at 85C in a 20 shearing device at a constant
shear rate of 323761, uring this heat treatment fibrillar aggregates were formed. The heated sample
was diluted to a protein concentration of 0.8 el. Fibrils and non-aggregated protein material of the
sample were separated using centrifugal filters (MWCO 100,000). The retentate contained fibrillar
aggregates, as was shown b TQioélavin T fluorescence surement g:%l]gg{ erformance
size-exclusion-chriratey iphy GhAerHR: E&&&%ﬁ#@‘&@fﬁﬁ%ﬁ@ﬁd@ igé%r?céﬁiéagﬁbn
microscopy. Thefiate:dichnoiaedtairsfitiileithhesrdientdtewasnuaskiddland, devrifuged twice with a
P 2 FiC1 solutpnn.[amaye fon-agaiesaies mglalacaonomaltalial el nisdetenipte. The
proportion of proteihaceous material present in tf'le fibrils In the heated Blactoglobulin solution was

approximately 28sidesaniioskydt ohies retetated Withdt Bhastsr T as e sstefu oS matography
under fibril dissogigtingicopditiansshawad.ihatdnthe joielheaied sampleidaientate and filtrate, no

peak was visible at the position of unheated B-Iactoglobﬁglin, an(}fll aterial chut d later than unheated
Blactoglobulin, iRBEALH§ ROt ASHIE RS RSO SE Bt hbAt e BREEIS BBt Fnolecules, but
peptides derived-fsessithenasiddaddrolysis that takes place during heating at pH 2. Molecular masses of

the peptides pregent in.the heated sample, retentate and filtrate wer cgﬂgggq{' ed ysing MALDI-TOF
mass-spectromi%%‘.ufhle%é’&? egr ac r%’oS ecu %F%%%glelgrgg%\?\?geﬁn 3%00 a_nd'8,'ja(§00§g Da, which means
that the fibrils are-bompoded ohpaptitie hedpizsisamhinmdjerien of thd Beptidéifragments (both

aggregated and nan-agaregated wesgaresukot seavage. ofdhe-neptide-hondsiefoms @rsafter

aspartic acid. Four peptide fragments were present in the retentate and the fotal heated sample and
not present in theltERfeCRAY A1 2Y dpalvsa Mrt o Fies sy be fie Puptiy lﬁ:}ﬂ;arhent

aggregates of B-lactoglobulin.

Exampie 3

Fibrils of protein like B-lactoglobulin and soy glycinin can be prepared by
heating the protein at pH 2. The peptides present after heating at pH 2 were a
result of hydrolysis of the bonds between an aspartic acid residue and any
other amino acid residue. Fibrils of soy glyeinin are also predominantly
composed of peptides. An isolate of soy glycinin was prepared from soy bean
meal using isoelectric precipitation at pH 6.4. Fibrils of soy glycinin were

prepared by heating (85 °C, 20 h) and shearing (shear rate of 323 s-1) a 2 wt%



21 dominantly present in the fibrils was [f12-33}, i.e., IQKVAGTWYSLAMAASDISLL. This peptide was
also present in the filtrate. Example 2 A solution of 2 wt% 8-lactoglobulin in 50 mM Tris-IICI and 2 mM
zinc acetate, pH 8, was incubated at 37C with AspN endoproteinase (P8104S, New England Biolabs),
which cleav&$gesitié2Bbnds N-terminal to aspartic acid residues. After ByO/SRHIEII8450f intact
8-lactoglobulin was present, while the rest of the protein was hydrolyzed into peptides of different
sizes. The hydrolyzed protein solution was then acidified to pH 2. As a result, the viscosity increased.
Figure 1 shows a transmission electron microscopy '&rgage of the 8-lactoglobulin solution after
enzymatic hydrolysis and incubation at pH 2. Fibrillar‘aggregates with a length of -1 pm can be
observed in this picture, which shows that the enzymatic hydrolysis is an alternative route to obtain
fibrillar aggregatey gh@ikacteglobotint PXhmpléEs Filisiksattpronsifilikéseactoglogatirzaird soy glycinin
can be prepared, by hgating dhe aratein b pH 21The ReRtides HresekAfigtheating at pH 2 were a

result of hydrolysis of the bonds between an aspartic acid residue and any other aming acid residue.
Fibrils of soy glycHiiare i fretiminaht)tohosta BrpeprricseAr ioiate ‘R diycinin was
prepared from spydear) theabhsiagrisesiectrie-nracipiialioReat gtk 641 Fubrils whsoynglyetrin were
prepared by heating ( nd shearing (shear rate of 323 s-1) a 2 wt% 22 soy glycinin solution
P2, Aftr eSO ey Ao A et Brirar e B RSE) o other using
centrifugal filter thmsigoieculditwegveouteffof k00 kbmnTHehdreseparateddraction, the fibril

fraction, the nonzagaregaied fragtion and inheaied.soy @lxcIDNWALe,ARA)ARA Ysing HP-SEC (high

performance size-exclusion-chromatography). Fibril dissociating conditions were used, which means
that the samplesif@idiyiatolel ¥ alt Heaftivity B MoGlrmhdihe caflsriert sAmplavEL 4-
dithiothreitol (pH:B)swwbha Fi2u9EE elution profiles of the different samples is shown in Figure 2.

Figure 2 depicts HP-SEC (fibril dissociating conditions) elution profiles of (a) unheated soy glycinin, (b)

total heated sample, (g} ibril fragtings andqdinen:;acgresatachpraienpateirk;Gibpisiuere dissociated
using 8 M guanidjne chloride and 0.1 M DTT (pH 8). The increase in UV signal. of the e|ytion profile
after 11.5 ml (indicAeiByHed 8%¥t§7d"i?ﬁé’j"i§’&g‘ét?@iﬁ%t%ﬁﬁ?dﬂi%?’g(ﬁ)a HErSHaBE e heated
material eluted later dbgarethednirettedsay ghiciFinrie lution dwhich shDwsth &t Mydrahysisadook place
during the heat treatment at pH . 1hys, peptides were present after the heat treatment.Most material
present in the fitgjrf'?'ll}al raction a(%oﬂg[lutegl 5I(gter%han (tﬁﬁxelélﬁﬁ#’é}alte sogillsﬁl%llr?flr} 'ﬁ??su sog _léot at soy
glycinin fibrils areffsretibinbftigicainposebofpéptitios) Bxamplethe elution of guanidine

chloride.

The heated material eluted later than the unheated soy glveinin
golution, which shows that hvdrolysis took place during the heat treatment at
pH 2. Thus, peptides were present after the heat treatment. Most material
present in the fibril fraction also eluted later than the unheated soyglyeinin.

This shows that soy glyeinin fibrils are predominantly composed of peptides.
Example 4

Fibrils were obtained from patatin by heating and stirring a 2 wt% protein
solution for 24 h at 70 °C and pH 2. Figure 3 cshows a TEM picture of the fibrils
obtained from patatin. These fibrils were shorter (~500 nm) and more flexible

than fibrils formed from soy protein or B-lactoglobulin,



Fibrils were obtained from patatin by heating and stirring a 2 wt% protein solution for 24 h at 70 C and
pH 2. Figure 3 shows a TEM picture of the fibrils obtained from patatin. These fibrils were shorter (-500
nm) and more flexible than fibrils formed from soy protein or 8-lactoglobulin. 23 Example 5 The
conditions d&stil§edsiBe*Example 1 were used with the exception that 8 MKfEaRE4HE¢ed to the
starting mixture. The presence of urea in the mixture affects the formation of fibrils, but does not affect
the hydrolysis of the of the bovine B-lactoglobulin. Urea counteract the formation of hydrogen bonds
and hydrophobic interactions which interactions are B lieved to be the initial force for fibril formation.
After 20 hours the solution was cooled to room tempgrature, and the pH was increased from pH 2 to
pH 7 by drop-wise addition of NaOH (aq). The urea was removed by chromatography (anion
exchange). ThioBadmPliforescence measurement and transmission electron microscopy was used to
confirm the absence of fibrils 24 Claims 1. A method of making a peptide pre-fibril composition by the
hydrolysis of a protein selected from the group consisting of13-lactoglobulincontaining whey protein
preparation, glycihinepodtaimniagsayibsafvpiiteinpecparationepatatintanckeaptioreshthic f,

comprising provi&l}gg @a%oiﬁﬂ%‘ t%fg}bgﬁg%%i]% @(ﬂighggueous acidic solvent, heating the solution under
fibril-inhibiting conditions, and terminating thé hydrolysis conditions by increasing the pH to neutral. 2.
A method accordifg ®ecergies af W@ﬁéﬁﬁhh@%@ﬁé@céﬁﬁe@r formation of fibrils, but does

not affect the hydrolysis of the of the bovine B-lactoglobulin. Urea counteract
the formation of hydrogen bonds and hydrophobic interactions which
interactions are believed to be the initial force for fibril formation.

After 20 hours the solution was cooled to room temperature, and the pH was
increased from pH 2 to pH 7 by drop-wise addition of NaOH {aqg). The urea was
removed by chromatography (anion exchange). Thioflavin T fluorescence
measurement and transmission electron microscopy was used to confirm the

absence of fibrils



acidic conditions is conducted at a temperature higher than 20C. 3A method according to claim 1 or 2,
wherein the hydrolysis is conducted at a pH of 0.5-4, preferably 0.5 3. 4. A method according to any
one of the preceding claims, wherein the hydrolysis is conducted at a temperature of 80-120C. 5. A
method according to any one of the preceding clai&fs, wherein the protein is p-lactoglobulin. 6. A
method according to claim 5, wherein the domir{% . e&tide in the proteinaceous material is peptide
IQKVAGTVVYSLAMAASDISLL. 25 7. A method of making a peptide pre-fibril composition obtainable
by a method according to any one of the claims 1-6, comprising providing one or more

micro-ordanisms capabketbfbohinmgitie gppropriate paptidis;ibreferablyi seledgdifrom the group

BIFIDORKCTERTME L BREUME S BORACTERUME G ON BREVHACRERBR HIRENS,

LACTOBAQIHAINHIACHO Pk &S, pAGEORAGI b1y SirBREVIZ EAGEQBAGIEAY S GASE!,
LACTOBACILL)%%ODELB ECKII ,SUBSP BUtI@%rARI US, LACTOBACILLUS GASSERI, .
LACTOBRERTEE ToaREHRII 2PRCT SBAGH LT BhATPPARILE RETBRAE VL BEUTER,

LACTOBAGHS PSotBAKE  drAGTQRAGbELS: SALMAR LS HACTHRGOREMS hACH SHSREMORIS,
LACTOCOCCUS LACTéS;LACTIS, LEUCONQSTOC MESENTEROIDES, OENOCOCCUS_OENI,

and PECIEEBEED SO PENPBE AL S BIREDTO B IR T RIERAP RS Rllowing the
micro-orgapismsitisiers Hiese pealiges, and harvesting the peptides. 8. A method of making a

proteinacze'ous fibrilﬁorrnngﬁii)tciiogbgg;n 1gsglr’]c% claim 1, wherein the hydrolysis under
acidic conditions is conducted at a temperature higher than 20°C.
3 A method according to claim 1 or 2, wherein the hydrolysis is
conducted at a pH of 0.5-4, preferably 0.5 3.
4. A method according to any one of the preceding claims, wherein
the hydrolysis is conducted at a temperature of 80-120°C,
3. A method according to any one of the preceding claims, wherein
the protein is B-lactoglobulin.

6. A method according to claim 5, wherein the dominant peptide in

the proteinaceous material is peptide IQRVAGTWYSLAMAASDISLL.



making a peptide pre-fibril composition by a method according to any one of the preceding claims, and
in a next step subjecting the pre-fibril composition to an acidic pH at elevated temperature for a
sufficient duration to allow fibrillary aggregation to start.

25

7. A method of making a peptide pre-fibril composition obtainable by
a method according to any one of the claims 1-6, comprising providing one
Or More Mmicro- orga_nisrris capable of forming the appropriate peptides,
preferably selected from the group consxstmg of
BACILLUS WEIHENSTEPHANENSIS BIFIDOBACTERIUM _ADOLESCENTIS,
BIFIDOBACTERIUM_LONGUM, BIFIDOBACTERIUM_LONGUM,
BREVIBACTERIUM_LINENS, LACTOBACILLUS_ACIDOPHILUS,
LACTOBACILLUS_BREVIS, LACTOBACILLUS_CASE],
LACTOBACILLUS_DELBRUECKII_SUBSP_BULGARICUS,
LACTOBACILLUS_GASSERI, LACTOBACILLUS_JOHNSONII,
LACTOBACILLUS_PLANTARUM, LACTOBACILLUS_REUTERI,
LACTOBACILLUS_SAKEI, LACTOBACILLUS_SALIVARIUS,
LACTOCOCCUS_LACTIS_CREMORIS, LACTOCOCCUS_LACTIS_LACTIS,
LEUCONOSTOC_MESENTEROIDES, OENOCCOCCUS_OENI, and
PEDIOCOCCUS_PENTOSACEUS, STREPTOCOCCUS_THERMOPHILUS,
allowing the micro-organisms to form these peptides, and harvesting the
peptides.

8. A method of making a proteinaceous fibril composition, comprising
making a peptide pre-fibril composition by a method according to any one of
the preceding claims, and in a next step subjecting the pre-fibril
composition to an acidic pH at elevated temperature for a sufficient duration

to allow fibrillary aggregation to start.



