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Acid Soluble Proteins fromMcellar Casein The present
invention relates to a nethod of obtaining acid

wa@elaloksspr ot ei ns of mcellar casein, to fractPCHEPN3/009669

the proteins, to the proteins for use as a nedi canent
and to the use of the proteins in the manufacture of
nmedi canent or consumabl e products. The Background Art

Di ab Id.itus is one..of.the most w despread
dl@é‘i?@i‘lﬁ ]%rf?&emﬁamn&ﬂ‘é?lbaraégs?ﬂo naj or Iof ornms of

di abetes nellitus: type | and type Il. Type | diabetic

P 'efﬂ?é ?ifveﬁﬁ%ﬁ%laﬁéé t%eanM(ﬁf‘oMtQi 9€id soluble lPr(eteins of
destruction of their rnsulin secreting pancreatic befa
caricellarmpsein; fo Hpetiens ef {hamretess, tohecprofeips bataie as a

I R%arRéntalnld BitAEe5E 6f Bt hrofdifs PR hBRiRAchRE OF ftbdi¥ament or
devel o ET(elgt &i‘!l nsulin resistance in the peripheral

t 68 PEA&S 1y 1iver and nuscle), and an
i nappropriate insulin secretion capacity. People with

t vRe &l di abet re at high risk for serious
I g[ﬁjge-]%%‘flfﬁr@b'megggti ons. These are essentially
cardi ovascul ar di seases, but al so retinopathies,

P%gﬁ{fﬁ?g{@%@@s 30 BT AR Fh Nt %ideﬁﬁ%?‘@ 'diste%E&]E fﬁgﬂ%swéﬂ& There are

. tes conpri se _severa asses . o rulgs,, . .
whvermaigr forans, ok diabietssemellitng: txperbianditype Lai kype I diabetic patients

i ﬁﬁéd'd}faaadﬂ&ﬁ’@@ll i dib@flg 2N ahﬁﬁrrﬁﬁﬁlwt i lltddgfrubﬁéémﬂ b tﬁ?ir' insulin secreting
produced (s rea i azol i di nedipnes, for

CRaneee el et 158 Tn diatle st RS isatent 98;95% of all
mdigbetid rEgiehts atrershiasaateryzdoeby eleivalopahdny ofhinsulin arsisfance in the
[ i I -] [ ' d o] ' . . .
qBaHbhaf B3es, AL RIP)IRRY I BRI aBA Al Tl Ropriate insulin
Pepareden cRieaamyl ), expressed al nost exclusively in

endocrine intestinal cells. The inportant role of this

~ EaBlsqURE-pRyl JeBEIIars Bt hishiity Fewtious dpnggterm complications.
pameseatare tessa@itlalfyunchidiovasBulaPerdisgdses,antut®. aMer kedtinopathies,
15 BRSBRR WA bR oREI& . [ cor por ated herein by way
of reference.
Actual treatments for type II diabetes comprise several classes of drugs, which
can be used alone or in combination with insulin, depending on the amount of
insulin still produced (sulfonylureas, thiazolidinediones, for example).
Eventually, when no insulin is produced any more, drug treatments may be
replaced by injection of insulin alone.

Insulin biosynthesis and proinsulin gene expression are stimulated by Glucagon-
Like Peptide-1 (GLP-1), expressed almost exclusively in endocrine intestinal
cells. The important role of this secretagogue hormone is well summarised in
"Glucagone-like peptide-1: a major regulator of pancreatic b-cell function, R.
Perfetti and P. Merkel, European Journal of Endocrinology (2000), 143, 717-725,
which document is incorporated herein by way of reference.

It was shown, for example, that after administration of intravenous GLP-1, the
insulin secretory response type II diabetics was restored to that of normal
patients.
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It was shown, for exanple, that after adm nistration
of intravenous G.P-1, the insulin secretory response

W 2@e/02158di abeti cs was restored to that of norP&l/EP2003/009669

patients. Furthernore, G.P-1 inhibits gastric notility,
gastric acid secretion, gastri @ enptying and del ays
enzymati ¢ breakdown and absorption of nutri ents These

Fffiemdtss CEEL pRIARORNSg AL, datff acfihebterion, gastric
hemptying efifledelaps egayn@tly lrsakdasvn iand) gbsosptien iafvantvieuts. These
| BrE&s 5?@3,]%&12 ﬁg%ﬁat ] rotﬁt§ﬂe I ahdt I Batief aq%h%d to

be an id 0 tr eat ment | abet es.
Mor eover, whenever one nol ecul e of GLP-I |s i ber at ed,

ONﬁ)rﬁ@if&C @IﬁP waéi d@ﬁﬁﬁ@ﬁéﬂe&&omlaiﬁeﬁe&t%xf’sé’ﬂetysand is likely to
nhsolllb%{ %1 atlngfromone si ngl e NMRNA,

G ‘%‘gﬁ‘%?&&& ROfMALEr i pt. GLP-1 and GLP-2 are
t hus cosecreted in the gut. GP- 2 inhibits gastric

SER5 (S RBHE oA Aol pp O e Ry Mot
such as enhancing tissue nass and nmucosal thickness, ’

dRAdrBwdrNGyhdiRveat (?néj fm@]ébﬁfeo 6Y LGLRPPAE Oﬁléirfxtdcy Sénd Qnolecule of

13%%3811 kﬁﬁé%ﬁg‘ﬁ @%5%@1@@2 geinajag frpghpne single

qﬂl@\’i&@ thd-ikegnmalan (iii’ogluc@gon thahsakst GIIng aalGIar-204re thus co-
Cini cgllil docr| nol ogy and Metabolism 200 , 86,

7HSTS 101/ 37850 (Societe des Produits Nestle)
for the flrst time an in vitro cell nodel to measure

deSCI‘-IQI &gﬁgﬁﬁtﬁ%ggﬁnﬁxgﬁﬁg&?g@?gg?sﬁag @oﬁﬁ% @hﬁgnb Sreatment with
depds? thag, bansificial Arephic f] HAe Antestingndich @ﬁ:@nh@@cmg tissue

Aq9% gha Qhﬂeosﬁ?fﬁ@kﬁ’es@ H&@éﬁh%‘tﬁe adrxt e Zte apoptosis, just to
a

SRS &P ASCRTERTGS AL SR Sae S el biological

paethdtyc enayf bat dérbest foome: fGlutztg:m bilat Peptidorist Dt Jeddrucker, The
I i O .
U RE Eh a8 ihotBed o Eb B my 200} &, 170 e

the present invention is one or several nDIecuIes t hat

Std Wb ®37850 (Société des Produits Nestlé) for the first time an in vitro cell
model to measure proglucagon gene expression and GLP-1 secretion is
described. The cell-line is called NCI-H716 and is deposited, for example, under
the ATCC number CCL-250. Accordingly, certain milk protein hydrolysates

stimulate GLP-1 secretion.

WO 98/31239 describes a method for the selective hydrolysis of casein in the
presence of at least one further protein constituent. It is mentioned that the
preparations so obtained are beneficial with respect to diabetes.

The objective of the present invention is one or several molecules that stimulate
the secretion of proglucagon derived hormones.

It is a further objective to find bio-active molecules that are considered
nutritionally safe, for example, because they are naturally occurring in specific
food resources.
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the secretion of proglucagon derived hornones. It is a
further objective to find bio-active nol ecul es that

wa@e@soorsgd dered nutritionally safe, for exanpl BCT/EP2003/009669

because they are naturally occurring in specific food
resources. Further objectives of3 the invention are to
prevent or treat diabetes type Il, to regulate glucose

CPUBREL SBERLA B 3 SEbebpr AP el Sty woe . 1o

ofeguﬂxﬁeu glueesd wahcenicbioal 1repcnth it rtyeat oor pm\@s éawel disorders
Ql%ﬁﬁe@'?)g ﬁix&%ﬁi/@f a?sefﬁgﬁfé&ﬁ gﬁ@?ﬁﬂegﬁ’ﬁal'ﬂiﬁe&aal epithelium,

and/ or to de
al% éncaﬁas(@b}f@cthlvl@mss thlﬁles%ﬁf%%ee ates; ﬁﬁéhﬁ ilBtestipali mycese and/or to

GuBorbaiibpRtidiehiid/ fSd fofallumens and manmal s. Summary of

the I nvention Surprisingly, a protein fraction of

mlk, which is usually associated with or in close

| fttisradss aw objeetive axdl tharpreseaeiimventi®ncdpiatprevefGLP-1 and 2 delivery

St.j ' retion of GLP-1. The very protein

fi’gfé[qﬁ%lgﬁé %g(%/h%gmﬁ?%erat ed by exposing intact or enzyne

treated casein to acidic conditions. Some of the

pﬁghﬁhggspﬁp“ ﬁd’hthl s fraction have never been

characterised so Consequently, in a first aspect

t he present |nvent|on provi des a nmet hod of obtaining

fSﬂﬁiris@ﬁg:ly oh Iﬁ‘@teﬂn smédﬂhineop beitlei Whichf 1snillsﬁ1%ﬂlbfadsséé'@%chwnh or in
ri.sj %‘ﬁ e - separatnﬁg ? @ " £

eﬁ Fre Dt T %éi‘%lsf’ﬂafaﬁﬁs%e? Bt ‘?r‘?ﬁ stim 8Pagft§}‘FnsgeCfe 1o 0

nGiR-1l aThe assi prcﬁcmeﬁragtnm taydiceberatosd lmy trpaesipglimtatibor enzyme

6 eparaf i.ng S

) trg%tegrg eﬁf tg ?cﬁﬁfc 0?8411?12% ongieg fort\a‘%hfe dﬁfetﬁﬁ% b@mpﬁggd in this

pfr@t:&)mbava ne@riw@a@ha@@@ts@dtsmfar nvention provides a

sub-fraction of acid soluble proteins fromm cellar

sein, aracterised in that it.is gbtaina
aRemisBlE: ik Brsteehest i Pasarbisn Epgn RHOYdeieg Matod of

f bbxaimﬁg fragtiohsibEdcitirsobatsle pyoteaphefrmicetlantaseig ropnmyirésieg the
bil e phase conprising 26.4 to 36vol.-%

a%[gP%ﬁft rile.

separating micellar or enzyme-treated casein and whey proteins,

- acidifying micellar casein or enzyme-treated casein to a pH below 6,
- separating acid soluble proteins from casein, and
- separating different fractions of acid soluble proteins.

In a second aspect the invention provides a sub-fraction of acid soluble proteins
from micellar casein, characterised in that it is obtainable by hydrophobic
interaction chromatography and that the fraction is eluted from a hydrophobic
stationery phase by a mobile phase comprising 26.4 to 36vol.-% acetonitrile.

In a third aspect the invention provides a sub-fraction of acid soluble proteins
from micellar casein, characterised in that the fraction is obtainable by
hydrophobic interaction chromatography and that it is eluted from a hydrophobic
stationery phase by a mobile phase comprising 43.2 to 46.4vol.-% acetonitrile..
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In a third aspect the invention provides a
sub-fraction of acid soluble proteins frommcellar

w@a®msiorisscharacterised in that the fracti on i SPCT/EP2003/009669

obt ai nabl e by hydrophobic interacti on chromat ography
and that it is eluted froma hydrophobic stationery
phase by a nobil e phase conprising 43.2 to 46.4vol .-%

Y 2 i : .
SO Spelt B SPUGHL FOBRE, pERBRL SRRl pl. protpins from
cadesllarfcgpeinger ase as awavdieatannt o pisventéve pw thesapeutic treatment of

URIARBM bF ahinedlydayt of the human or aninmal body. In
a fifth aspect, the present invention provides the use

of acid soluble proteins frommcellar casein in the

PIER STt Aspech the presenEh {z@mm:pgmﬂi GesOthe B8 o€ aBRINYGIuble proteins
ephance i.nsulin secretion and/ g roi nsulin .gene .

R PLEoqlRr cpyein T RreBapdian ok gobsmablerodHeE frimpgdicaments
proossiithese fifmer]inssecrHtioncind/ coproi salipr geneicxprdssmm.

mcellar casein in the preparation of consumabl e

products or nedi caments for the prevention or )
t easivthtaspectd thebpresentt ipyentior pagvides the nse af seidveaduble proteins

?Pﬁ?%ngcélgﬂg“t dg{éﬁlilei]@:tgrbn"ﬁrfn_@%‘éﬂaﬁﬁ? R{:f?ggsﬁl%iaf) t ﬂgﬁﬁcﬁf oPfledicaments
pﬁgaﬁ? RESNSRUOR OF SFealinam of ¢ %ﬂ@ﬁ@%w%famﬂ% aments to

i ncrease A.P-1 and/or G.P-2 secretion and/or to

r | at ucose.concentrati.on i.n blood., In a further.

04, FieRl 3R I pleseRt Vit aE&et, T i SE.EFig soluble
sprlotdihe {poox eiinelldr onsem del fher pegmeation roft bensumable products or
PEBRAALR B irfcPlRUTBRIRR1 PEAGE QLB REAUSRIP AR/ diOty regulate

I
creasi'ng gastri¢ enptying a secretion. In'y
22lpgpseqnceapation 1 hoogk esent i nvention provi des the
use of acid soluble proteins frommcellar casein in

the preparation_.of consunmable products. or nedic t .
r1re RThR Rbnd uered i rbRRiifesdss ushpheeimyle proteins
| fromeascellpraseiatin. the prepaatien cdspastmableeprodasBnir medicaments
i L.Qn: | : ct conprising any
AR L B HE R SR "o The

present invention. In another aspect, the present

|V 98L h OftiriPeP ik p&s, HIRE prEenPinwRakidnSHovRl] PEOEK B acid soluble
proteins from micellar casein in the preparation of consumable products or
medicaments for regulating appetite, decreasing food intake and/or increasing
satiety.

In another aspect, the present invention provides a consumable product
comprising any protein fraction or sub-fraction according to the present
invention.

In another aspect, the present invention provides the use of acid soluble proteins
from micellar casein in the preparation of consumable products or medicaments
for treating intestinal disorders characterised by injury or dysfunction and/or to
increase thickness and/or surface area of the intestinal mucosa.

An advantage of the present invention is that it provides naturally occurring
active principles that are capable of stimulating secretion of GLP-1.
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frommcellar casein in the preparati on of consunable
products or nedi canents for treating intestinal

wale@siehsss characterised by injury or dysfunctPGHEP2003/009669

and/or to increase thickness and/or surface area of

the intestinal mucosa. An advantage of the present

invention is that it provides naturally occurring

active principles that are capable of stinmulating

secretion of G.P-I1.Another advantage of the present

i dnsitheroadvagtagdeent the greseot miventionds thab theprpieist fractioneip question
b NG ol . Lo

BT P RO RE RN e h S R LB EE R a3 7004 Broduct.
present invention is that it provides nutritionally

saf ﬁlrﬂiérrbﬁdv@hﬁ%et dTathe PRYSERE inhiedition isrthathe gé@i@%ﬂ‘hﬁhit@(ﬁnally safe
preventi o f digbetes t | ,and/or 1I1, ohn's . ..

GPERgHles’ Bl ey, feoysedyl B Biro reatime oty isi PRt df gliabetes type 1
gbndiosdl) Eveliss idisdabgoshorabdivet sinddonee, i inctheasegubidtioa of glucose

sat i L r. L nef 00d. | t .
RosR I bR, ot B TEERG S S o LR e ifregse in food
sintpkg.at ed by different protein fractions of bovine

m | k. The proteins were adm nistered at 0.5ng/ m

(shaded bars) and 5ng/m (dark bars), with the
ei‘%&ﬁggﬁfeéf the acid soluble proteins of mcellar

casein according to the invention, which showed the

hi.ghest, effect o -1 .rel.ease. even at. | . .
CEPAER | SomipS MG St bdr OISR i ke Sinufier by different protein
pfaptions of rbokied sailk. njer pBatbscedreBadidénis(ekdBB) 0.5he/ml (shaded
pbitisd 2B AL Qafha Wil Ak iof O ShE hEidSoIhBR proteins of
t Fceiar- gase) agersding ipi theolnyention.avairhoshawed drehighest effect on
S@L“H-Qci‘%eéfi‘s% @i/e@%tdtoiz? étmtc;@nﬁﬁﬁ’él‘?' RBaddd rﬂa?)?:' Mig< extracts were
casei n. erent. sub-fracti,ons r ni red in., .

C BenafeL h doeertingen Brcet Bty REISE).(pR.F o Gomprising 0.2%
t B&A. .eBecorttdlyconbstssafithe batfer (KRBB) ahd BSALD.2%6)dnly

show a prom nent effect on GLP-1 secretion. The total,

whi ch conprises the original mxture of all 14
f Figire oA scompareadiien(GE Pl exeleasendic vimo gitgnulated by different sub-

?%ﬁgﬁgﬁg 8F her ol protefisI Bict1BR QUseid. ﬁiﬁ‘f?fgéil}?aub—fractions were

raphobi ¢ | pteraction-hi gh performnce | i
ch laamﬁ@@?%h#nsﬁ%%s@ﬁr@mrzﬁf (30m2fmhe i is's dpung fht especially
stHeuhibefacém $.57,f8,dM, and 11 show a prominent effect on GLP-1 secretion.

The total, which comprises the original mixture of all 14 fractions, was

administered at much higher concentration (5ug/ml).

Figure 3 shows a HI-HPLC (hydrophobic interaction-high performance liquid
chromatography) chromatogram of 14 fractions of acid soluble proteins from
micellar casein. The horizontal axis illustrates increasing hydrophobicity of acid
soluble proteins from micellar casein, which were partitioned into said 14
different sub-fractions. The vertical axis indicates the amount of protein eluted
from the column, measured by UV at 214nm.

Further details on the figures may be taken from the examples.
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m cellar casein. The horizontal axis illustrates
i ncreasi ng hydrophobicity of acid soluble proteins

wo csoeiseel | ar casein, which were partitioned PCIL/BPRO3/I669

14 different sub-fractions. The vertical axis
i ndi cates the amount of proteirfeluted fromthe
col umm, neasured by UV at 214nm Further details on

Sy PR Pt ARy b0 (i 7 The context of

this specification the word "conprises" is taken to

rrW‘Hh gﬁ:t %’(qgéxt GTRAY s Ectiﬁf:attl&i ﬂgéworht“doﬁlﬂ}?s%s” is taken to mean

ten e constru onsi st onl «
M&f@%ﬁmm prhes éhmgﬁ vlérwurk% mtqailéletietpnb@: Gﬁ@ﬁﬁiﬂﬂl as “consists

pbﬁ puet.is intended to enconpass any nutritionally

conpl ete or suppl enentary consunabl e product. Hence,

the conposition may be consuned by humans, pets, such

a$n ¢tlad somnrt db s plesentexsontian, the démomn cothalaleipraHﬁct is intended

Lo BRomBE o B RS oy B AL AP ghBRT oA R produc
aHeunnﬁ,agne gwmpabtylonomﬂmllw cemstmed byechwnans,dpétsy such as cats and
P8 y%r e%aﬁm?ﬂ@ eﬁfd/&“@ﬂh)ér Qﬁﬁﬂéﬂgt il 'Be warbs sI"EHack a nutritional

ment di.cament
g@@aﬁw%% ér 1%6@%%1?@9 ag cfl‘?Ca%StttH’él ifh&myueeﬁn infant or
ab@h’f for}lcrﬁulmiﬁnabé Qrdden,3a Uhisy l;ﬁo@m&dlu%nf&ﬁfor@i@ duct, or it may
t he oduct i.s a nu ona
b SRRl 8P UCheiRaR A L hoRal TORTHLA, 41 J88% o another
eﬁmdjpnodacf ool hs thesonesugl ¢ty aboves Utedyi alsabe atisund podduct.
1.8 to 2.2L daily by adults, and fromO0.6 to 1.4L

daily by infants., If the fornmula is used
stippEsanleail the froddprodyctaisgunetritiongb sormulegitmeay be v exclusive

1fdrénfdh ok hesupprimémal Rinfle |AJ1§> eXEluk Rk @®ila fSQIsually consumed in

R E?W%L%@ioc%"&} il Bt g’ & bl duily’by infants
product It may be a food product itself or an

DE ARkl JRSTRABERheRlarBrhe @fy A3l anfub s o about 1/12
np £ 8iel amownats donexalhgive dpramdas,dior ekamald.ve or micel | ar

casein fromwhey proteins, or of enzyme treated casein

from whey proteins, nmay be perfoynmed in many ways,
S eY§Tih¢ consumable product according to the present” invention is not

restricted to any product. It may be a food product itself or an ingredient or
component of any food product.

With respect to the method of acid soluble proteins of micellar casein, the
separation of native or micellar casein from whey proteins, or of enzyme treated
casein from whey proteins, may be performed in many ways, such as by
ultracentrifugation, or microfiltration, for example. Whey proteins may also be
separated from casein by selective removal of specific whey proteins, for
example according to their hydrophobic properties.

Acidification of micellar or enzyme treated casein is made by adjusting pH below
6, preferably below 5, more preferably below 4.8, for example, 4.6. Any acid
may be suitable, as long as it is food grade, such as HCI, acetic acid, and so forth.
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ultracentrifugation, or mcrofiltration, for exanple.
Whey proteins nay al so be separated from casein by

w@ 200802158 renoval of specific whey proteins, POIEP2003/009669

exanpl e according to their hydrophobic properties.
Acidification of micellar or enzyme treated casein is
made by adjusting pH below 6, preferably below 5, nore

DSEREALLORLONILR ol O RSB oAty Tlione by any
aseitable msthod,smghss Wiacenisagatiani BHratfonadeenrdatiomlaad other.
casein frommcellar casein may again be done by any
e o QR R RS B may be done
giaf;édcﬁﬂﬁigt t® lli?/él_ﬁ'(ﬁ}ﬂﬂdﬂi@ hrrﬁgpértieg,ib;eoxs ekatapk py%ﬁ%@ghm interaction
e, done accor di 0 r obi.c._propert.ies or

o SRR EoBGERY 4 b ohaioRBBREC e, Hab b ippatosraphy (HI-
(HRD)C) aydimetholds dased emasimiter prigeibtesc Flsowithgr aplyods may be
oML PSS 00 Y PUARE i 3

eXigrapns, dgr exaspler char ge properties of different
fractions, for exanple. Wth respect of the

sub-fractions.of aci,d-sol ubl e _pratei according to ..

tN@ﬂP pepRat ot tflﬁe brfracionsy of P%Féé-sei}l IR epTotang 3esarding to the
chﬁfeﬁﬁﬁﬁl il may d (;ﬂfbﬁd&(fjd by t}ilégb ERitibn JielRhetedistidyonsgiven in Table
t hat-t.he fractjio ed..i n. the,r.ange an ..
Lot TARg | | b dnft MY hdtic" S1088 95 Shedfinge of an acetonitrile
coone@spratids Qf02@4rt@n_@@mif%3301resptmdslto- daaigedaf BartoBt5vol.-% of
I o . .

pSpficf Bh 4 AGRRS Laldilithel e BLER APRGSAeRedBoldiF Table 1.
concentrations above are sufficient to characterise

t Maeelanbed ofrBhffen B ranet Baffet TR @cdhtrafions bBevaey Qufficient to
es

el ution_ran r.ef er abl oly ene-di vinyl. benzene

pebitaSEriad 88 3ruBd PrElely mheiPy (G RHLETS Arorr LAy iifion ranges,

ppreferably pabdy sty temeedivalydipgrzehe . bdddE did hfed #27a0fafiomary phase.
[ [ r gzl i cAllNah;

RESERRR. D BB e e OREIobU30) 5 RPEATN P10927.02 from

chanershamiis vpedasraygtagionervaphasebe in the range of 1.8

to 2.2, preferably about 2. This pHis mainly defined

by the amount of trifluoroacetic acid TFA).. In ..

o i gL %wegbfr&éf 9%&%6%@ %stodﬁbesg}bq‘fte Flaracteristics may

| plagdrilly ht irs the tamet 6H1.8610 2.2, preferably about 2. This pH is mainly

defined by the amount of trifluoroacetic acid TFA).

In addition to presumably unknown substances, it is likely that sub-fraction 6, 7
and 8 comprise PP8 (proteose peptone), fractions 8 and 9 comprise PP8 and PP5
(proteose peptones), fraction 10 comprises lactoferrin and fraction 11 comprises
B-lactoglobulin.

Thus, in preferred embodiments according to the invention, the sub-fractions
according to the present invention are sub-fractions 5, 6, 7, 8, 10, and 11 as
characterised in Table 1 by elution at specific buffer or acetonitril concentration
ranges. Sub-fraction 5, specifically, may be re-tested additionally, because some
cytotoxic properties are suspected.
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and 8 conprise PP8 (proteose peptone), fractions 8 and
9 conprise PP8 and PP5 (proteose peptones), fraction

waosoessd ses | actoferrin and fracti on conpri SBGI/EP2003/009669

b-1 act ogl obulin. Thus, in preferred enbodi nents
according to the invent| on, thé sub-fractions
according to the present invention are sub-fractions

mg?sggblg%aglggwfo[r 1@%@?5&% ili etsn‘g%nt 1? q‘iﬁP ¥set 1&olg‘é{ng the specific

c onile protein ﬁacmmsgwo@ddadrcun tThos 183y bgedorfd tmhhy adequate way
MaNd Bferé Gid S9b54 284 #fo&@%nld suﬁ Ruse some cytotoxic

properties are suspec pOSSI e way of working the
present invention is by first isolating the specific

NMELK eRERIpE, NadifASIUKIB SprofRAY tfﬁﬂnhﬂic%llar cBREm HR B@ obtained by
doniaéln an ade atevva. andt re are at.| east

PP oSS Fotk o PEag g Sukyple  derivitives) by
pnhtaeemﬁlﬁlgmnﬁn Aectdrdrngdy,smmmm niitk cdouhraqemthfuged at 30'000 to

Idéﬁ 6@# | ve%ﬁ&%{){)@gﬁﬂq%g tﬁ? r98§i{il i '&mrﬂoghgl( ae >;edlmen‘cs may be

s kdconexedponstiteting miacllantaseinyge: dlm-s@@t»taqo@t@nspom
or up to OO0y for45 to 90m n, for exanple. The

sedi ments may be recovere consfituting m
cAbeimicelar cien gamube av dé%éssperﬁmg B e pQﬂz %@MNﬁCI 0.9%

Mayd bRraseahfdgeY adabpes.sing it in Cad 2nmM Nad 0.9%
and ultra- centr| uged as above. Aci d-sol uble proteins

fromcasein may then be obtained by acidification of
t Aeidvaslnbtt prateink afiromasasem may thesdrd bbtimdubbe.ackdification of the

AL P 6RO 30015, ) T i o
ca@l@b}e Metdie} may bredispersed in w@%ace&ﬁ@muffﬁr@w pd 4.6. Due to

a@i‘éeﬁi’ﬁﬁﬁ@ﬂng%@hhﬁoﬁﬁ'@pﬂq{f aﬂiﬁ@ﬂ 6 Hiakyahy gorastel by acetlc acid (or
tion may then be centrifuged (900

i tion.
q@és@@%eﬁ@ds&daﬁiﬁ% for exanple) and the

supernat ant may be collected as acid-soluble protein

2ohg. Suffon haf SHEh e el 00, 383 00E8 50 to SOmin, for
dexample) fandnthePsupeinatant nipay i bd onllotedi aehrul-saublsi protein from
oRtit @A edsdi. cross-f1ow

Another way of obtaining acid-soluble proteins from micellar casein may be
derived from: Protein composition of micellar casein obtrained by cross-flow
micro-filtration of skimmed milk, R. Jost, R. Brandsma, S. Rizvi, International
Dairy Journal 9 (1999) 389-90.

Accordingly, native casein is obtained by micro-filtration instead of ultra-
centrifugation. Hence, micro-filtration membranes with pore sizes in the range of
0.1-0.2um are used to separate the micellar phase of milk from its serum phase
by a purely physical process.

For example, skimmed milk warmed to 50°C may be filtered through a 1P19-40
Tetra-Laval 1.4pum Membralox® module to reduce its bacterial load. Then it may
be warmed to 55°C and separated on a Tech-Sep 1S 151 micro-filtration unit
equipped with Carbosep® M14 (0.14um pore size) membranes. The milk may
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mcro-filtration of skimmed mlk, R Jost, R.
Brandsma, S. Rizvi, International Dairy Journal 9

W@ 1®90215889- 90. Accordi ngly, native casein is PUL/EPIV3009669

by micro-filtration instead of ultracentrifugation.
Hence, micro-filtration nenbrafes with pore sizes in
the range of 0.1-0.2 nmmare used to separate the

| |
gt}rﬁlgl b@r é/’é{ﬂ%lgf&{ rlférﬂgelésﬁét aJ[e %38% %@ﬂ%ﬁ%g\éﬁ@r koperatmg in a
vvaﬁmtliaboﬁw@mﬁﬁﬁeﬁﬁhmgr(@nccmm@hf@tm&ﬁb diafiltration may
TBErﬁht (P'b gﬂﬂi‘tﬁ% F ik alf?@g OT'h%di‘éﬁgntgfes obtained after

It m e vvar
sé ﬁ@@%@p 8 anrﬁ@éwols%e@ T waier{ B DICP?SA?FCPEﬁ migetlar casein.
equi pped with Carbosep(r) M4 (0.14 nm pore size)

TP A S s eI Bk e e R B e By heidification of

costibmed adtentaterwdth hditehlodacoi ntherppudnts ateiie) acid to pH 4.6,
f [ i [ [ b
ag@?c&[f%cﬁb%%@‘%lg% %fglch}d g&r \Egﬁterl;ﬁéqﬁ:&l /Q 5 ?stn,ﬁfj 32%9% of the total N
obtayi iveteparated fignatha wrdtasmlcbsolablmpmtgns vbmigeldarafasein.

wat er (cf 3/df6) constitutes mcellar casein. The

aci ubl e part.s mcellar.casein may then be .

g‘} épng%lmgy ﬁ%ﬁml fgﬁ‘t‘tﬂ% C@fnl’rrb?d‘il&ufl@é’ngét Qﬁle&t &‘%ﬁ)ffeﬁfln serum
humuﬁﬁhjl Ffmmmogldbﬁﬂmr Hsughdaiah@lhg C) ar&lil d ]E profih having an
Q e rifugatdi on.

relRrbBhRAE O LRE AR B - Bt Ry S e bR o

t Eerthemmorasﬂmcfralctmn malye;:qampmm potaiserieptdricacompemim.5 (B-casein
I r g, anongst

of 0B/ 107 o BERESIThEri AN pRRpBRERIY Bsh0. | STRNOSE

and L-chains, and a protein having an el ectrophoretic

W@j@hérl ddtnﬁcbﬂ@n'ts’ibfﬂib Bcidamiigsle Ghutdifs BRMiBEIA AERESke defined by
thern;r_gre the fraction may conprise proteose
IO

5 (b-casein 1-105/1-107) and
prot eose peptone conponent 8 fast. Qther conponents of

E')? 9&&69% % u%‘bﬁvgr&te g&st ”ée?% e%gl%gﬂ& ?{)119 th is%lation or

I ne resen I nv cour

npumﬁd&:thm@f a@é‘ﬁ@blbig pestains| @@nfmrceﬂwecasgm élfhemklﬂed person may
P4kl GRAd ge o@ﬁeﬂﬁb&oﬁ@'ﬁpbﬁtaﬁ{lﬁ%%é}ﬁ frommcellar

caseln I'1'ed person nay easily envisage ot her
nmet hods for obt ai ning them
For example, it is possible that acid-soluble proteins of micellar casein remain

attached at least partially to casein after enzyme treatment (for example, rennet).
In this case, acid-soluble protein of micellar casein may be obtainable by treating
milk enzymatically, followed by recovering the curd formed by the coagulated
casein. The acid-soluble fraction of micellar casein may then be at least partially
isolated from the curd by acidification as above, for example.

Such a procedure would replace the isolation of micellar casein by centrifugation
or ultrafiltration, in so far as the acid-soluble proteins of micellar casein mainly
remain associated to the cleaved casein fractions.

It may also be possible to recover the acid-soluble proteins of micellar casein by
acidifying milk or skimmed milk. Then the proteins according to the present
invention must be separated from the acid whey, the latter further comprising
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For exanple, it is possible that acid-soluble proteins
of mcellar casein remain attached at |east partially

wao osasssn after enzynme treatnent (for exanpl ePCT/EP2003/009669

rennet). In this case, acid-soluble protein of
mcellar casein may be obtainable by treating milk
enzymatically, followed by recovering the curd forned

DY ARG %8@%;@& cINBree i 281 Bhey (k8- Bbiablumin,
i Selagtogtotidiom lapwiewin). blhisc iyt |bcad01@¢1 ks atyoxse;tabbr separation
em cae sﬁfﬁéﬁleatoof Wﬁﬁetfﬁ’#@lg th€ Wh%geﬁ!lafoﬂ #RhAbh&M above, for

l'ar_casei n cent atio
uFxampla by Bt oF on §XSlangs chromRReEraBhY. sol ubl e
prot eins of mcellar casein mainl y rerral n assom at ed
t he cl aved asei n fractiops. al sa..
p be; piesen erSBﬁ%rlSt PisegcPa- |%}HPES F%%‘HQOBf that acid soluble
mpostkinar oft asie¢liarbyasem diofnprisg bio-kctore pkincipbes thdtkare suitable to

e AGERS) BT PRAR Rl e (R P R e o

furt her conpri si ngother soluble m| k component s

év%?dﬁirfhéi‘célﬁ) ﬂ‘i@ﬂoﬁd’fﬁiﬂ" by tﬁe'&‘fd %Bllﬂﬂ?: roteins from micellar
b- act ogl obul 1 n, aCtotﬁﬁ“ n) fs % one, by ag%/ )
s Giseampad SESEPHS Byepksd ‘F?RFBC%} t&%ﬂt’é’nﬁ& rtBfgeid Soluble proteins
sef afitélielcusdiharyprsfefredct i on nentioned above, for
exanpl e by H C or ion exchange chromatography. The
present invention is based on the surprising cognition
t Ratthec sapasatiarbéred podatedmef oforaiefectine seldrichions mayi be achleved

CoRIFRHRO L RSSPLER a8 o B By R nteraction
Hbigy arerfornenpe r ligulg- ﬁhﬁ@mamga@plbh GH-HREGacitgvewsedinhase high-

@Hﬁhﬁﬁnd‘ef R &%Wto@%?ﬁ?ﬂ@ﬁ[ﬁ@)e%ﬁd%erlﬂy@&{lﬁ of which are
dz(g} sub-fractions ubl e proteins

F g)m d sol
rsaggss&pﬁra‘;}ogl]ﬁql%qlg SetPr A er separati on
and i solation of nore effective sub-fractions may be

ﬁy eﬁ’r‘r’rijclﬁé %}ﬂg Qgg'kﬁlo%&}} 4 A § ﬁﬂe&LHe?%&{p WAy, samples are

0bi C |n eract on of e
d ante @n@qug}ﬂapt@yl qqliunm%@tlonc@vphwd cprmmslng a hydrophobic

P%r%"t‘c‘l%lft%fdﬁﬂ‘éethb' ﬁﬁigﬂﬁ hTRI® gﬁﬂfpﬁBBYc frﬁ'f’erﬁﬁ’ Ly RN Gor example,

s BRSFRRATERS wpﬂmggéspo YéFyréR%mﬁP@meFﬁ@ 15? RS gprekedite Xad 16
H()CA&] elknfwm tRoHhe asdi Hagg), pfyrserampnet sl RPC TN 17-0727-02

?prmyse[yrene divinylbenzene) from Amersham or equivalents may also be used.

Before the protein fraction according to the invention is loaded onto the column,
the latter may be equilibrated with a buffer. After the fraction is loaded, a buffer
or a mixture of buffers (mobile phase) may be run over the column, whereby the
mixture of buffers varies and may have, therefore, varying properties of eluting
protein sub-fractions according to their hydrophobicity from the column.

Separation of whey proteins according to this method is described in:
"Simultaneous separation and quantitation of the major bovine whey proteins
including proteose peptone and caseinomacropeptide by reversed-phase high-
performance liquid chromatography on polystyrene-divinylbenzene", D. F. Elgar
et al., Journal of Chromatography A 878 (2000) 183-196.
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| oaded onto an equilibrated colum (stationery phase)
conprising a hydrophobic naterial retaining the

W a09ploztss9 The hydrophobic material may be, forPEREPIINE09669

macr opor ous crosslinked pol ysti{{r ene, conmercialised as
Amberlite Xad 16 (XAD 16 from Rbhm and Hass), for

exanple. 15 RPC TN 17-0727-02

(pol ystyrene-divinyl benzene) from Anmersham or

equi val ents may al so be used. Before the protein

f dhetproteimsdwitctigns gluterdefnonv‘dm ¢adumingniy adewrately betdescribed by

?Ae“ H&nﬁBaFthaéft e lgi?ﬁf éﬁgﬁ% lok bac?#oe Btrifd tcBn?enl? "ﬂfléteéff?cted their

raction is r or
b@h\‘t’@ﬁsfr@mﬁbﬁls@tlﬁﬁﬁ@’ely fﬁ&y be run over the coI um,
whereby the m xture of buffers varies and may have

tEerefore var ertle of eglﬁ roteln
B Erample e id sofihs AEsteliss faft nplassBire Ay by dpgded onto a
t belunm lﬁgied ﬁahapdyStherga‘—dWmeﬁmmel hseadaC(ddrHPGgT_N) 17-0727-02
i . .
gty IR, AR e BTHLA 038100 9B Phceic ac
i ﬁEFAx)Jl ingwptast sad e pupicond aap b‘asﬁtﬂfm@da@é? (ﬁﬁ)é’pi-l% eadsyonitril and

rg\@%pd%pnagqn Eg@lperfor mance |iquid chromatography
on pol ystyrene-divinyl benzene", D. F. Elgar et al.

Journal of Chromatography A 878 (2000) 183-196. The

PThER) tthcf wiixfrigaahd Otm%nsfpbﬂt efl Huffei tA eaxﬁlonamﬁhfm)é controlled by a
accur.ate escrl e i.on. 0

DSHaRRS pbteie )y SSBBnA FPEE SRR ol Miid dShugmatography)
t RNIC@RD statior (Riartitaeiss tanesheny, pithewnRbrougteatiplcelumn.

acid soluble proteins frommnicellar casein may be

| oaded onto a colum filled with
pdhg slyted qurothin isutibestivanmayebel defined kyaurrlutionoremgeopd mixing-

f FRIBsABEI BB 2 oved n%iftfo@i%dAbﬁﬁMrsb% ekl BedU§ﬁ11gO tHy %ﬁaecﬁ@c buffer
trlfluoroac tic,acid (TFA a pbu 0y
bomgPsion. i¢ ShIGH someNo HNErak i PSR SubsirAion may be
| deswaibed. sniibl:}nby tthe refhative gnaouht of avstoaittil® prdyshf & theAnoment of
e
2BHBpaBY LR EEPL OB ReoRoBREH] WE USRI, gyl be noted

thwemt shattho elutiPhaordecispH depedeat) , and f1own

through the colum. The eluted protein sub-fraction

ma efine an el n range  of i ngratios of
ﬂ‘éb@bb&@ @ééd%gﬁlﬁépﬁ l;d(ed?{gtegl S fo tt%lilé of the acid-soluble

Spﬁﬁéﬂhl frobtfnhi@Ellar casein according to the invention by a vol.- percentage
range of buffer B, or a range in acetonitrile, within which sub-fractions according
to preferred embodiments of the present invention are eluted.



conposition, the elution nonent or interval of a
protein sub-fraction nmay be described sinply by the

WO 200802189 anount of acetonitrile present at theCTBP®N$/009669
of elution of a protein fraction according to the
invention. It should be noted, lhowever, that the
el ution order i s pH dependent. Table 1 bel ow defi nes

.l L sobub ﬁgﬁ%%ﬁeafﬂio SOBLId BRLARS Qb hiSllar §osejn, defined by

10

15

20

t hediophebid mterhxytlcm clobmatpgaphyt age range of buffer B,

Qrfr@ctiohNI% B Budfeft | O%E BufRr |4 Bétdnithileh %5 Hbetbhitfild Qns
gccordi ng t Qe ef grreguygnbogi nengge¢of tlhe prggent
ilnventian are elutled Table | Sub-fractilons of acid
dol ubl e |prot @0 ns fir om2@iskel I|ar cd$ei n defi ned8by
Rydrephadbi c ¥ er dct | 0P6 chr gnat oqqgaphy fracz(} 9n 78
dbU IIIlIIIU bULLIIIlIII start

nd_sStarlt enf- 1 20 iﬁ) 18 &gﬁ 24 1&7@ 8 3 24
30 26.8 24 4380 33 24 Q%.4 5 33 96 26.4 28. 26%36 39.5
48.8531.6 7 39.5 43.5 34.6 34.8 2?643 5 45 348836 9|45
493 39 219,49 54 3 4372 1T 4372 fpe 4 127158
G- ':@/'R 454%3 645 §?$5 65- 2’§ 510 RS 2—40
Buffer A W9 TEA 0439 Buflf er géAcetonltr?ﬂ%/V\at r
/| TEAS (80% 194315%% (. 85%45 v/ v) 34.8

9 45 49 36 39.2

10 49 54 39.2 43.2

11 54 58 43.2 46.4

12 58 67.5 46.4 54

13 67.5 81.5 54 65.2

14 81.5 100 65.2 80

Buffer A: Water TFA 0.1%

Buffer B: Acetonitrile/Water /TFA (80%/19.15%/0.85%; v/v)

Column: Source 15 RPC Amersham (matrix: Polystyrene/divinyl benzene),
column volume (CV= 100ml)

Gradient: starting from 20% B Buffer, sample was injected after 1 column
volume (CV), then gradient increased up to 75%B in 15 CV then 2CV to reach
100%B Buffer

If desirable, the sub-fractions may be concentrated by evaporation, ultrafiltration,
or dialysed to eliminate organic solvent before drying, for example by vacuum-,
freeze-, spray-, fluidised bed-, oven-, or any other suitable drying process.

Sub-fractions 5, 6, 7, 8, 9, 10, and 11 are specifically effective in promoting
GLP-1 release in vitro and constitute a preferred embodiment in the sense of the
present invention. Sub-fractions 5, 7, 8 and 11 constitute an even more preferred
embodiment.

Sub-fraction 5 has been shown to have a toxic effect on cells of an in vitro
model, hence this fraction may prove to have diminished applicability in humans
or animals.
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Col um: Source RPC Anersham (matri x:
Pol ystyrene/ di vi nyl benzene), colum vol une (Cv=

wa@s#02158r adi ent: starting from 20% B Buf fer, BEIPP®03/009669

was injected after 1 colum volune (CV), then gradi ent
increased up to 75%8 in 15 CV then 2CV to reach 10098
Buffer If desirable, the sub-fractions nmay be

ntr oration, ultrafiltration r .. s
ciREic SBles bt (ARRIElIaE Apset soBirerldenfy, aptive principles
fihiat extemekeaGhR- Ivaeecwetion, infareizwitro mpdely-, f1 ui di sed
bed-, oven-, or any other suitable drylng process.
Sub-fracti ons 5 6, 7, 8, 9, 10, and are specifi cal
eThereforee tha fractiomtarragleated subdtastionsimay iber esednfpr regulatlon of

C@gf&d&? d él{cﬁ:‘h‘? bf %Qnﬁﬂﬁé’&j 'ng@LPL n_&he-3epsesitin. Hi@mples are

|nve t1on. actl
e DravETHOR N VEATRER eOérdémert@Se& %‘h’égdﬁ%‘ﬂﬁtmn of blood glucose

S@tﬁrcfelh‘léﬁﬁbﬂn iRhiBasorP &g gﬁé’t@l\&n ni(ﬁ1lit§‘v @?dt 5&]§et¢m§f Hleeriease gastric

on ce ence ractjio

B0 0 rfisye s e Qo seESar rna e gy Tibition of

asinﬁaﬂhs nAscte sotivity.e dperebss mseadfinducml Ighicosasetaursions, delay of
In!ng[g Bf Al agh gkl a&%‘bﬁ?n Ry Iqll%i‘]]%{ll%s o fdl m?éklfﬁf%ﬁ €decrease of

ORI En 4 Ther ef or &
famthM®rea§e|0£éo@hlr§d@,mddhe bKs. may be used for
regul ation of any process dependent or controlled by
GP-I, GP-2 or jnsulin. anmpl e reven n .
o¥ ot rexamplat the Iéfi“g’é’é‘t &aay qua ?‘ég‘lﬂc‘é‘ﬁS 0‘6?rahl gb‘v’&?StWe and
ghBEoRsEvE AROER! 684 homaniorhinkidimah of gastric nmotility
and secretion, decrease gastric enptying rate of
i quids and SO|IdS decrease small intestine transit,
i The hjrbtein actiomaeidy hesaddedats iconsymablecpredsets or medicaments.

”E%I'?EMUSP ggﬁéLEﬁz%‘lg (rOaHE 'a‘i‘@snutﬁﬁbﬁéﬂ Pcfmﬁﬂ&sy N@fAft formulas or

sorp 1oNn O nutrients In
i elinigal framulere Qibes exanplep pee driaks reécagml%ﬁm% gtpble, chilled or

| pladkGo-dittk blCedable. TIRO lfra%i@ﬁ'ﬁ"rﬁay theeaddedicto etheafpodeproducts,
use to dec ease over al.l g%}%{est e and absor

SBHNAT SIS R CB ol (o, PR erhdoognpet food.
nm'ffb@ cﬁpsielé tablet ofos wxainipbe. product s or nedi canents.

The following examples are given by way of illustration only and in no way
should be construed as limiting the subject matter of the present application.
Percentages and parts are by weight unless otherwise indicated.

Example 1: Isolation of Acid Soluble Protein from Micellar Casein

Bovine milk was obtained from a local market (Switzerland,Toni lait, 2000-02-
01).

Cream was extracted from whole milk by centrifugation between 1°000 and
4°500 g. The selectivity of this step was improved by increasing acceleration up
to 13’600 g using fixed-angle rotor Sorvall GS3 (9°000 rpm during 30 minutes).
Starting from 2°200 ml of whole milk, 90g of cream were recovered in the top
layer.
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Exanpl es of consumabl e products are nutritional
formul as, infant fornulas or clinical formulas. Oher

wex@sptesd are drinks, for exanple shelf stabl ePCTRP100&I669

or ready-to-drink beverages. The fractions may be
added to other food products, $¢dch as chocol ate, bars,
cereals, dairy products, ice cream frozen food, pet

38, 51 LES AR S gl 37T ad Bl it reach

ofingl annilM reomgenteaticsh oillisl thidk cwas nttoedemsifiged (6 igbesheontaining
Sﬂglle%totf%ﬁhhﬁ{eg%ﬂkﬁ HAUE 1A R0 :%hgl%t 10k 4?%@%31%&% L8-60M
szrﬁwatrlﬁlgﬁs&’ﬁﬂﬂ ofﬁnwome;smnémgm E)Qﬂ?Qﬁ&xmthﬁrrmddle of the tube)

Mg paddte GRS RoBNYdmMSo1blemiRIlapRhaiined from a | ocal
mar ket (SwitZerland, Toni lait, 2000-02- 01). Cream was

extracted fromwhole mlk by centri fugati on between
IMiCE) andastid (24 @) Whe dsspleesdd iti 22001 tCaGl, ST epviNaCl 0.9% and

PG Tlecd§f RPRECTRECE: o sl (BidsBlat bRl Rgyered were
3dispersades) Cabla2unhiNaCn 99 pdnolomandlustad Ik 2500pl. It was
AR e P/ A g RRI R B R T

reach a final 2 mM concentration. This m |k was
USid’rﬁn Qﬂhﬁ'l@'@ 8rhdl6 nhillb efe G&UsA & Wﬁs}fb%l rioerélﬁble proteins (17 g)

ki d
?B’I@E e otietBragtbh SodipiipactaB St ol mi ol 46.
corresponding to | O0O00Qgi n the m ddl e of the.tube) to
Sl\ﬁﬁgr ;(?as\cgfa}g)eﬁu%fef ggr\%i]la%fur ?!H;‘J §1r5§ %désaﬁdjglg%ﬁmb é,gday zacetic acid
nddision, endvwlinde maSraeih@%ed o m&‘emlfa&l mikwelumed 99miy by acetate
VBEfTeraddifish! 8b1LERRGKAS HRACREESH r(qzq) B@ﬁﬁ%} Bnd supernatant

3@3 &)ZW%NR%%d 3@%’@3&%&%%&% n%%%?@ Geseli cel | ar

casein) and frozen. Starting from 190y whole mlk the

d f . ..
8T ol iR S s ARRIG UhoE, e isiaBl; S BedtERy jpmersion in
nipid nitt®geDand stooked et R20UEf eri ng behavi or, pH (6. 5)

was adj usted to 4.6 by acetic acid

Example 2: GLP-1 Release Promoted by different Milk Fractions

Material and Methods

MH (meat hydrolysate) and EAH (egg albumin hydrolysate) were purchased
from Sigma. Matrigel was from BD Bioscience. CGMP was obtained as
described in WO 9853702.

Fractionation steps to obtain skimmed milk, sweet whey, acid whey, acid casein,
soluble proteins, non-soluble proteins (micellar casein) were adapted from
conventional milk processes (see: Alais C. 1984 Science du lait, Principe des
Techniques Laitiéres, 4éme édition, SEPAIC, Paris, 29-35, 159-178).
Centrifugation was performed at higher acceleration rates and non-soluble
fractions were washed to increase selectivity and separation efficacy.
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addi tion, and vol une was adjusted to half initial mlk
volunme (90m ) by acetate buffer addition. Sol ution was

wo b@sozesse ri fuged (12' 000g, 30mi n) and super naP@NEPZ0837009669

g) was | abel ed Acid-soluble protein frommcellar
casein. For the purpose of Exahpl e 3 bel ow, the sanple
was frozen by imrersion in liquid nitrogen and stocked

e e 8 Sl by LA T B s

hydiko| ysat e) and EAH (egg al bum n hydrol ysate) were
pgbﬁiﬁéedpr()fé?ﬁ@ Si §9 ihd geﬂgc V\% B? gb&?sc' 8Bhftion after

bt al ne escrib
FHlEACP OO ERAON 08 KBSy fa b 00000 pecalso Example 1),

Whg-soRble prassin @Qﬂcéll@ﬁ%éséln) Witk the PpAt SeBEvered in sediments
nﬁ% sﬁ uble proteins (mcellar casein) were adapted

ventional mlk processes (see: Alais C. 1984
Science du lait, Principe des Techniques Laitieres,

CAER S OB SR e 8 e i El g 1. bsicaty
r@bt@me&lngy rﬂﬂtdlﬁdngkﬂnéi cenitifuging mr@suhmge@mdcpasem of the above
[ %gpaiﬁl.sel ectivity and separation efficacy.Acid

casein’is casein collected fromsedi nents after acid
treatnment of skimed m k. Soluble proteins are

PNOIEHT$6 heateiesktinal 6@111 h@@%&mgtﬂmﬂb@f GTL-251) was cultured at

(AEE S RGN R PRy Bk ol RbE >y Gy Ry prediiape. colls were

cglsm’m) ithesuspensionpant RRNbveitdd imediadi ndnifs Technologies Inc)

t@g@%&@%dfﬁ%quﬁ k’ﬂﬁé el{)@r]gﬁ'/ﬁﬂ:;ﬁﬁr{l&ﬂf%r@dbe%%@%l &A5%bRycin and
Vi-glytamince dor rSieﬁlij?@hoﬂgSttlﬁ’@Sf wer@ plaged O@alé@mgel coated
1atd@.e aABOMBuPAEAD & Sg;elﬂ\l@kmm mwngmcbw) e(ﬁiféﬂqfleclﬁﬁhbgles Inc)

I i ne Jﬁ( 1@%&% dPVﬁgEEQ % ﬁ@?mﬁaﬁa cul.t, d]@a ug/rrﬁ streptomycm and

P2 Vi lergdtifaarinecel | s were grown in suspension in RPM
1640 medi um (Li fe Technol ogi es I nc)

Two days before the experiment, cells were plated at 1 million cells/well in 12-
wells plates. On the day of the experiment, cells were washed once with HBSS
(Hank’s Balanced Salt Solution; Life Technologies Inc), and incubated during
two hours at 37°C in the presence of the different protein solutions. Test proteins
were dissolved in 1 ml of KRBB (Krebs-Ringer Balanced Buffer) pH 7.4
containing 0.2% BSA (fraction V; Sigma). At the end of the incubation period,
supernatant was recovered in 10 ul PMSF 200 mM and immediately frozen at —
80°C.

Protein solutions were added in two concentrations, 0.5 and 5mg protein per ml
medium.

Results

Figure 1 shows the effect of different milk protein fractions at different
concentrations (0.5 and 5 mg/ml) on GLP-1 release in vitro. Acid-soluble
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suppl enented with 10% FBS, 100 11U mM penicillin, 100
mg/ M streptonycin and 2 mL-glutam ne. For secretion

wa@eadiozsgo cel | s were plated on Matri gel - coat edP@i/BP83/009669

and i ncubated 2 days in DVEM (| ow gl ucose) (Life
Technol ogi es I nc) suppl ementedl@ith 10% FBS, 100 IU m
penicillin, 100 ng/mM streptonycin and 2 mv

L-gl.ut am ne. Two, da sbe hee er | nent ells .
wRresR e micear 5 Pofifed AR B hpals 4 ve the highest
pimpact.onGBLPRE releysecdventut lewmmmmmtmméﬂ.ﬁmg\lmi)e

washed once with HBSS (Hank's Bal anced Salt Sol uti on;

Li fe Technol ogies Inc), and incubated during two hour s

aln Tpaclusiemeagidesobihle poteine fioms arieelarp caged,n obtainable by the
SgldihdPAcorlitiss 1&FXaBif1e ]}"’%Bﬁlﬁﬁs@%blﬁ%ﬁvb d’f}‘t)leg’f These may be

KRBB, ( Kr.ebs- Rimger a .anced ainin

0Usef, BHq preyenfign of: disgageer 1 qapyh%tp @W lgpalg 0 ammaig body. The

l ftslelé:s@t iofNGI- |10§u gsgmmaﬂﬂmﬁssm@ﬁdrﬁﬁm\sﬁta&dapphch@ﬂif[y of these
| medl at

BRae Pl E Dreteboniandirshobs Rt 8F dpbeiesa0d ety St Example.

5ng protein per m nmedium Results Figure 1 shows the

s S4B SRS PR3 o Mipetar Cosi

release in vitro. AC|d sol ubl eproteins from mcell ar

CAS% r@m(ﬂh@ e’@ltéﬁ@t%rﬂ'lﬁﬁn& %tﬁzsﬁm%gfaﬁhﬁa(m@y 8vas performed as

bR A MBI sqlgmn lSHSVRE AB0 TR Shurenl SRES T 47-0727-02

p(pltl?;%tyﬁeﬂer-@lmmlbﬁizleae) mectcmmeotwatmatﬂlm(bwysiem controlled by a

m@c g{ﬁﬁg%@mﬁmglacﬁ%géegpgv L n?& o#, EITCI acid-soluble

diisetige (sge Examnlsyl )dcfvelteﬂéawl@dra?rﬁ) win am arvadtetybath at Bve°C, mixed by

r obReSReUndd&itti Ealin é{SBf goo Q 54R9uSidendbrf centrlfuge
S o 0 et

faﬁaﬁemﬁl waSuljeftedct i onati on of Acid Soluble protein
fromMcell ar sein A hydrophobic interaction liquid
chromat ographiy (H C) was perfornmed as follows. A
HRbhBorhatopwaphin donlditeshswivete: 18 bufferSdliA 6).1% RP&atét (2°000 ml of

131'1%2%% filtered on a 0.45 pm Millipore system, plus 2 ml TFA (Sigma
91699, 100 ml)); B buffer: acetonitrile 80%, TFA 0.85% (400 ml of miliQ water
filtered on a 0.45 um Millipore system, plus 1’600 ml acetonitrile, degassed in an
ultrasound bath during 15 minutes, and finally additionned with 1.7 ml TFA).

Column was equilibrated with 20% B buffer. Then, after one column volume
(CV), sample was injected, B buffer increased to 75 % in 15 CV and to 100 % in
2.5 CV. At the end, gradient decreased to 20 % B buffer in 0.4 CV. Flow rate
was fixed at 3 ml/min.

96 fractions of 18 ml were collected in plastic tubes. Fractions were kept at —20
°C. After HPLC analysis, the 96 collected tubes were pooled in 14 fractions by
similitude of HPLC profile and concentrated by evaporation before lyophilisation
for subsequent screening.
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(pol ystyrene-di vi nyl benzene) was connected to a FPLC
systemcontrolled by a UNI CORN station (Anmersham

webh@sozssa Bi otech). 15 m of HCO aci d- sol ubl er¢T/BR100D009669

(see Exanple 1) were thawed 20 nmin in a water-bath at
37 C, mxed by vortexing and déntrifuged 1 nin at
13000 rpmin a 5415 Eppendorf centrifuge. After

SR B P B L hppe 1 o s v i

iHigeet32d. Chromat ographi ¢ conditions were: A buffer:
TFA 0.1% in water (2°'000 M of mliQwater filtered on

a 0.45 mMm M I lipore system plus 2 nj TFA (Sigma .

die99l4 196-fitarfiony ofif qt@q_afsoggg@ oRreteInse g@g)b r%ﬁgll@r_ géasein  are

gcélg?aec%riﬁ}augylll gy Qg%if 'tﬂlbﬁ{eﬁﬂlcqneﬁltﬁﬂﬁdgﬂm tie! dlpome and the
) etonitrile, degasse .

oriesReRHB S L ACRLARIFILH LORCRRaion ThydRREPR) i Table 1 of the

afidetipowed with 1.7 ml TFA). Columm was equili brated

with 20% B buffer. Then, after one col um vol une (CV),

sanple was injected, B buffer increased to 75 %in 15

Qvxamgpld 4: GICP-%b ReleasGPevmoted byiSwrdiracgionsiofdixample 3

decreased to 20 % B buffer in 0.4 CV. Flow rate was

fixed at 3 mM/mn. 96 fractions of 18 m wer
cBhe subeiactipns| abtained il dsxamplec S yirge vc‘ﬁé’?%eq'?gpfora@LP'l release

é%g&oéﬂgtn @Jfgbﬁ‘ gggmgygst‘osmetmleﬁtﬁmém c};&@tl_g'gﬂad sdoe;?t ieEgample 2.
[ Si i e 0 " i . .

A Sh ey ad sblpBu L st St R0 gpprisng

f Qib-Sbs@agy eviticls srasaestedat MG oipt i on at 215nm was

recorded, the corresponding HI C profile is given in

Figure 3 The 14 sub-fractjons of acid-soluble proteins
fitasnmentieinked thatzisethis experisnentaby diophebicshrgaptegraphy pools were

MREBALt Y cShddntRohM M 1 Bigndolows? thagl thé énitial acid-soluble proteins
cor respondi ng Acet |tr|I§ ggne tration

(gt BERAISF €T OfFRPEEIS 2 {0 SHEC BB e fo S0que/mD.

Exan'p: e g: TGLP- I bRel ease Pronoted by Sub-fractions of

ol e e sub-fracti [ . .

BT S o LR A e O RARA R AP Ftabeor -1
actendingitro. Extraoxdinatilyesitailg detsagn iaﬁg@d with subyfractions 5, 7,
Eé,aﬁﬁ%' Ssfwith 9, 10, and 11 at very low protein concentrations (30ug protein/ml

media).

Tt was found, however, that sub-fraction 5 has toxic effect on the cell-line.

In conclusion, sub-fractions 7, 8, 9, 10, and 11 comprise bio-active molecules or
principles. These may serve as medicaments, especially in the treatment of
diabetes type II, possibly also type I or obesity. The various other effects of GLP-
1 in the human or animal body explain further applications of the sub-fractions as
given in the claims.

Example 5: A nutritional Formula Comprising Acid-Soluble Proteins from
Micellar Casein.

A nutritional formula comprising, in percent by weight of dry matter, 14%
protein, 62% carbohydrate, 18% fat and 3.2% minerals and vitamins according to
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Al'l sub-fractions were tested at 30ng/m nedia, except
for "total", conprising all sub-fractions, which was

wo ewsozlisees 500ng/ m. It is nentioned that in tPCEEP2003/009669

experiment, hydrophobi c chromatography pools were
tested at a concentration 16-178tines |ower than the
in|t|al aci d-sol ubl e proteins frommcellar casein of

S et MR T SRAGS i o mbiTE b thE st protein from

| niicelirecaséinGlootdinglie#xemphe ¥i tro. Extraordinarily

strong increase is found with sub-fractions 5, 7, 8,

but also with 9, 10, and at very | ow protein

c&ﬂi@e&tﬁld aaaloble peoeiy [ eddech/ind phystnlagically effectiveunrounts. In a
pﬁmféte Eﬁélhsﬁz‘ébférhﬁﬂﬁ'(%eédé@%oh Eu@ﬁfﬁcﬁ IOBeIt 'aﬁy) the final

1 ne. ncoc usi on

- RENGEAIoBavEY aduEtedi Urbribsmebal of th fmmaﬁelg'x foppada useful as
may sgslesicas ﬂ@edjtn@nemitﬁmmes@mnaédi ycmsmﬁ;ﬁldrf eaﬂhqﬁtr day) the

et ﬁi}@i SRe RS dr Sedli? FokRig Highah dasts are used

aacemtingomycisoymhstamee amd illlleldp@]l rieqairemeatsof t he
sub-fractions as given in the clains. Exanple 5: A

nutritional Formul a Conprising Acid-Sol ubl e Proteins
f Egamplect:| Ar natitional i?}()mmulatﬁ?@mrmng rukrfractions Acid-Soluble

CPFBidiné ADm MiR¥aasehy, Wei ght of dry matter, 14%

protein, 62% carbohydrate, 18% fat and 3.2% m neral s

and vi tam ns accordi ng torecommended val ues (315

kThel formiuta @dnBk&nptt Bi isheratchdswhithbpeotpinobisabiftavtions 7 and 8

o8P el eSS S i A Bl A BB R ve
anounts. In a conplete, exclusive formla (intended

Cqipguy Bhﬁ@ ts(ci)l% %ieﬁ?c& &P?ﬁrﬁ tsﬁ? ﬂa}]d?ﬁ‘)bocﬂﬁ ‘fl?é‘trﬁlﬁriﬂl&ﬁhl formula is

was, a USt e

f édmteél iosles 81- %%u%{nﬁdwlé rfeﬁpulcaofcm%é@rrwiﬁtﬁ .fprraﬂla (see Example

( SF‘teﬁlﬂdjﬂﬂ—Q@O?'giﬁl fQna dad) dosy ofiZd)(stpsleaRAGENt rat i on
was adjusted to |-5ng/m fornula. Hi gher doses are

used according to circunmstance and i ndi vi dual
r dghighedese fornidarphepr&ing\tieu sub-fractiahs Feasnalba prepared, (10 times

CopRLdntialh Witk Ife[sﬁ'@étitB At 261 gjp%%ﬂi@hteabove). The concentration of the

proteins according to the invention was 0.5 — 2.5mg/ml in 2dl.
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Proteins fromMcellar Casein. The fornmula of Exanple
5is enriched with protein of sub-fractions 7 and 8

wobiaizised i N Exanpl e 3 instead of protein accoPdi/RERIDE009669

Exanpl e . The amount of dry matter of the
sub-fractions in the nutritiont fornula is adjusted
to be5- 2g/mM liquid fornmula for a conplete fornula
(see Exanple 5), and 50 - 250ng/m for a daily dose of
o8laims hp ement ). A high dose formula conprising the
sub-fractions was al so prepared, (10 tines

ncenr u
above) ™ Fidodl o obRIRRE ispubh of heidl RAEE Bhofeins pf micellar
t baseim eentirisings geps of 2. 5my/ m |n 2dl . dainms 1. A

ngéaa xfgfm‘i’@l?a'r%&%ﬁzﬁh@gﬁéa‘i’éﬁ%ﬁenﬁ&ﬁ&vﬁﬁ ;ﬂ;b&lﬁ ot ei ns

sein, conprising the ste ara |ng
neigitying icellas FAELIR OB gREYMEALRT lﬁxﬁ)e@pb‘fmq
agd kitmgﬂﬂclms@mm@pr&aﬁﬁlffbxﬁrcaeéinymﬂt reated casein to

ca%@rfﬁe' ifeep R Pt hratid BRI one of aci ¢

soI ubl e pr oteins. 2. A sub fractl on of acid soluble
ot ei I ' Ghad [ a

i e %b% ﬁﬁ%ﬁ&ﬁ Blfid o rofeiiity ﬁ*‘éh’?{ﬂlé&fﬁr dasdiflatharacterised

chr ﬁlﬁétlbgir gbﬂawdnlm )(?D’h%l'drphboblﬁ dataraetions chramatggraphsn and that the

hydeQphoRi ﬁu%@tﬁ&HGEYh?&%?/ﬁgphgt gtrﬁl?i?rﬁlhl 4 ;M&@é €&y a mobile phase
Q .

conpri.sjn
Sg@,mppg}@gg%é & 39?5?]3'/\/&09 If¢-ot ei ns from m ceI | ar

casein, characterised in that the fraction is

t ai ngbl d ho t h
e e
piraﬁmt the Eraotimi ieoblimble bmﬂryldscppig)bm itHerastios. dwminatography and
agek ol #sr 'e!hﬁed4froﬁf'éj $hilr Qhed f?ﬁﬂ%emlflj/el al fobile phase

casein for use as e nt.or preventive
t RRMAPEE 4 gﬁ%élﬁrf'é’ml &awlﬂﬂﬁan or ani mal body. 5.

The acid sol uble proteins according to claim2-4,

\ggie [gglt g&wggﬁy% %@%&eﬁggﬁgg{]géig%fﬁg n?]% ﬁ‘ére blg%?atéle grsledicament or

preventive or therapeutic treatment of the human or animal body.

5. The acid soluble proteins according to claim 2-4, wherein the acid soluble
proteins comprise proteins selected from the group consisting of the proteins
according to claim 2, claim 3, proteose peptones 5, proteose peptones &, f3-
lactoglobulin, lactoferrin, serum albumin, immunoglobulin and mixtures thereof.

6. The use of acid soluble proteins from micellar casein in the preparation of
consumable products or medicaments to enhance insulin secretion and/or
proinsulin gene expression.

7. The use of acid soluble proteins from micellar casein in the preparation of
consumable products or medicaments for the prevention or treatment of diabetes
type I and/or II.
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according to claim2, claim3, proteose peptones 5,
prot eose peptones 8, b- lactoglobulin, lactoferrin,

W@ egoa/eEBOuUM n, i munogl obulin and m xtures theCEBP2008009669

The use of acid soluble proteins frommcellar casein
in the preparation of consunmab2@ products or
nmedi canents to enhance insulin secretion and/or

PLOI NSk | i . f acid soluble .
B0t o Ant isgSTSoRLRIBR Howcifs ATIF RSB caliin By pPesaration of
c opriadlle ppedats ps nrdiecariénta e ineretssr GLPe 1 pndienGLBR secretion
0 i I r 11.8. The use

olfcfl n%/gi?? fs%%%??%%? g:itoﬁgel#t?dg%nnlp ?gﬁf)(g'r casein in the

preparati on of consumabl e products or nedi canents to

| gcr eaFhe @ of asitéslblelftoiss foat hﬁaem%@éi% i the gr%l%aration of
e use,

requl at | ucpose concentration.in,blood. 9. T, )

REPIP BB PSSt O ECEicBmentsclor decreastis gasto rBptying and acid

psepetiat.i on of consumabl e products or nedi canents for

decreasing gastric enptying and acid secretion. 10.

The use of acid soluble proteins frommcellar casein

i h0t heThe spapharishsadableqmetemeshfrenpmickltarcasein in the preparation of
. y . . : ¢ :

NESHSEAHDIE Proé@icts QFURII A PP §bt E%u%ﬁ@?%g%ﬁgﬁ&écﬁggeasmg food

i nt ake d/or Increasjng satiety.
SENRIN MWPLISTSISING SR -cel | ar casein in the

preparati on of consunabl e products or nedi canents for

' ' Lhal .di der h i sed .by inj .
P L ST BRSPS B S5 Modpration o
seofsapmbde egraeduathie drntmsdicamlentsuc fora. tré@ing intestinal  disorders

gﬁﬁ?ﬁgﬁ%@oﬁ g‘g%@f 8,? %g?i?%ﬁ%ﬁxg ag?%g ﬁé ?@egse%ﬂﬁ&&egy ald/or surface

area of the intestinal mucosa.

12. A consumable product comprising any protein fraction or sub-fraction
according to any of claims 2-5.



