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

sol uble proteins of mnmicellar casein, to fractions of

the proteins, to the proteins for use as a 5

medi canent and to the use of the proteins in the

manuf acture of nedi canent or consumabl e products. The
Background Art 10 Di abetes nellitus is one of the nost
wi despread di seases in the world. There are two major
forms of diabetes nellitus: type | and type II. Type |
ditid Sotuble Preteins frapeMipellaxdtaseitsed by an aut oi mune

dest ruction of their | nsulin secreting pancreatic

a cell e || bet| at| ts, which ent
oLt it sl £ hnefof o oBihiding Al SBRER bir o
denikbpr@stingto frartions of theq:xrslbms;:@ the ptdteind forpme apher aI
F'rﬁé&i@ﬁn&rﬁrahﬂ%%t%ns)é dﬂﬂ‘{ HAURE hahntatRie Qf‘m]edlcamerht or

et i on capacity. Peo

|na late 1 ns
oy g‘b‘?&ﬁ%‘}“@? are at h| gh risk for serious

| ong-term conplications. These are essentially

caf éﬁﬁ@ﬁ%ﬁ&uﬁﬁﬂ eases, but also retinopathies, 20

nephr opathi es and neuropat hies. Actual treatnents for
type Il diabetes conprise several classes of drugs,
WhDiabetes amelliims us ede af treemost widespoedd dis¢dseninvthe fworld. There are

|
p%ucej rgﬁﬂﬁ B?tg% é{éﬁﬂ | a gﬁd g‘g@sﬂ‘ gbesitd1£6et1c patients
P Byractatsey B Bl PO SSFHRISR: A, Sels: Bai Seercting
anyamsma&p tettaigelly. émpweﬁtchabmly fatientse pihdcteebplbgsent 90-95% of all

i naﬁséﬁﬁOpaﬁémg Ny 'charaeéeﬁesd b# r&%%lb%@h@éf’ ﬂ%ﬁﬁ%rés@awce in the

proin ene expre

Li Rt tirges @@f@ §1Sy @kenwma}e insulin
[ ns&mimmapsmtyat esti nal 30 ceI I S. The i nportant role

of this secretagogue hornmone is well sumrarised in

paRERATIE: BPEd] Piapti arcgit ik MUk SERPYS 4AE-tpm complications.
MeThede, &mer ogpsentiallyur catliovhsciiud oatiseandsogybuf 2@N0) , retidSpathies,
7136&%@?&112111%5{;@%9%15%% i s incorporated herein by way

ence. was shown, for exanple, that after
adm ni stration of intravenous GLP-1, the insulin

S e @rcaiab taeatneao fisretypy (1 diabeids a‘bﬁip'ries syvaalr édsdseg ofl dfugs, which

thakn 8k 304 TRne AL &Miination 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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2 Furthernore, G.P-1 inhibits gastric notility,
gastric acid secretion, gastric enptying and del ays
enzymati c breakdown and absorption of nutrients. These
affects are nostly preserved in both, type I and |

di abetic patients 5 Mireover, G.P-1 was denonstrated
to have an effect on satiety and is likely to be

i nvolved in decreased food intake. G.P-1 is thus
considered to be an ideal candidate for the treatnent
of di abetes. 10 Moreover, whenever one nDIecuIe of

Ggﬁu%ehﬁoﬂe' k(ﬂfl?-tleﬁ:h1 Zﬁe Sg%)t{r gfﬂoﬁh% agﬁbc 38N &fo , gastric

P#%I dl?}éﬁél ellfzig(gl nbfg@kdgwrb ok nagjf ?1utr1ents These

t raaﬁwtsrarqamosﬂy_&eﬁemd iGhéth2tyae & ahdhﬂsdldﬁeﬂcfmﬁrnﬁﬁ ed in
the gut. 15 G.P-2 inhibits gastric secretion and

rlc% Chronic treatment with G.P-2 has
baYlateo¥st Préﬁ?ﬁs&emr@&ra@ ddp bave ap gieel omaatietyand idikely to
erdecineolngd in desteasedfirxl iaalle.rucosal t hi ckness,

decr easi ng the rate of enterocyte apoptosis, just to
nmention ﬁl ew. An qverview on G.P-1 synt heS| S,
b

sdekRtliis fhugcansidened 4p baen idgel candidaterey thestrersminteef diabetes.
from G ucagon-Li ke Peptide 2, D. J. Drucker, The 20

%%ggof %@éﬁ%&l{: Eﬂ%%gif/ g#gg%l’ ?S% ’Vg rggzgl IO%C molecule of

Pr@h’lﬁﬁg@'mtﬂeﬂld?'@r(ﬁ%zi isr algo ilbmtednqrxgmtmgcfr@elme single
MERINA, CheRemuhelif Pﬂig@ﬁo@%@m tARRLipe XELRISANGPD @ ihbis co-
SN(ﬁ%r%chg descrl bed he cell-line is called

and®s deposited, for exanple, under 25 the
ATCC nunber CCL-250. Accordingly, certain mlk protein
hy@Lbly ikt g@fttnmdeaieﬁoﬁla?rdl &06¢ eddtDiy, YRR %%aﬁ&nt with

deérﬂ"Zb ﬁgs ?%Igz? tcﬂl? gro Alc Eﬂ?ct%%necééé%g%ﬂ%d%ﬁq}{ %Iegnhancmg tissue

casel nce O
privas fwdcmngqsm iglnesy, tderreaping thorasel of Reterachite a@ptosis, just to

tprmﬁﬂﬂi(ﬁi ia0fesv, ?Anobtféi"vfb&ﬂ oA 6LIPenajyhthiesik, ‘tébdrbtlérﬁ%ﬁécﬁlologlcal
0 e V, r n,s

or R ThED e G5 Bph ?w%%g@[fw% £3500, 4, 0. Ikt The
of Jqwesd |0§ Chigisal qucawlqurmMgtabwm,tzooé, 86, fldP9-0dr

objective to find bio-active nol ecul es that are

COHPW O?%7t8§6'g$+clét%nd%l |1¥0§ esél%i g? thnqllrf,t’ tg&e Q% Sitro cell

t hey are occurrin
r eBigdelc dg 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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3 Further objectives of the invention are to prevent
or treat diabetes type Il, to regulate glucose
concentration in serum to treat or prevent bowel

di sorders characterized by injury and/or dysfunction
of the intestinal nucosal epithelium to increase the
t hi ckness and surface area of the intestinal nucosa,
and/or to 5 decrease appetitd and food intake. It is
al so an objective of the present invention to inprove

Sy o8 T APRRD g ove 1,

f riaglpigngloposei poncentiption i seswal toy ragfs ot psavedt Wowkl disorders
l ][bhaf&cfbszlzea b&ﬁﬁﬁﬁi lafdok @tyéﬂ*uﬁ@di(#rﬁbf th%siﬁl teﬁ’a_li_ndl Sme@RaAbSthelium,
of, stinul ating.the secrefion o e . ver

o8 BPH e PR S St Bea pobe dpisdlingissa, pndlor to
ordesreagereppetite anslafioed imfak®i n t o aci di ¢ conditions. Some

of the proteins conprised in this fraction have never

been characteri.sed.so far. Consequentl [ first .
2ol 15 R OBIGHER L T S A YRG0R 4 SmboNe ek L 2 delivery
obindiuniang afd setrimeals. of aci d sol ubl e proteins of

m cell ar casein, conprising the 20 steps of -

separatin 1 cellar, or enzyme-treated casein and whey

pr ?@W%f%%f‘lﬁepﬁ’ﬁg m cel | ar casein or

enzyme-treated casein to a pH below 6, - separating

SRS e s T SRR b ahabltis, o

s eUBITE R i gl e Br eAnehles O Smplafing 4he spergfion of

acGHPs Tl verp puttenfeactibn amynbe Bbdrated bgsaposing intact or enzyme

ChAEACd hictedo! Mbididordiridr, (sg,h?e 0pRhe ﬁteméd&&ﬁpﬂ&dcin this
hat t ractron is

Ie Pjﬁgég)%tfll}aggnng‘r’] r &gg't& gﬂ%&&&@%f% nery phase by a

nobi | e phase conprising 26.4 to 36vol . % acetonitrile.

3005&633&&%’, th 288 _‘&épetct‘ ﬁleib(ﬁ&%ﬁ{ h@@ntﬂf%gﬁ%s Qmeﬂimfdacr)f

o SRR ieiaBs of P g0 HIS Pl THICAAG FF Rabomaprisng the
obstapnabl e by hydrophobic interaction chromat ography
and B3ratidg mfcefhé Sl RBAYASARARB 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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stationery phase by a nobile phase conprising 43.2 to

46. 4vol . -% acetonitrile.. 35 4 1In a fourth aspect,

the present invention provides acid-soluble proteins

from mcellar casein for use as a nedi canment or
preventive or therapeutic treatnment of the human or
animal body. 5 In a fifth aspect, the present

i nvention provides the use of ,acid sol uble proteins
frommcellar casein in the p?eparation of consumabl e
products or nedi canents to enhance insulin secretion
adu/foytloiasmact.i he geesentipvandion oprovides ackl-soliblagperins from

t ?ﬁc@l:lﬁz(ﬁ@ém o @atals %r}n gérih%gg)é&)?&eﬂﬁf%&f th@&gg?t%oﬂr&?&%m of
ﬁﬁ%ﬁ?@%ﬁﬁf“@m&?gﬂ‘{?ﬂ s or medicaments for the

prevention or treatment of diabetes type | and/or

I
S e e?fnaés 3585 i pafLie i%éﬁews
QM émﬁ SR thpre@aif?éle lﬁ:prgdmts onmedicaments
rmol enkemen tssulio seasreﬁ@aaﬁl/@ﬁomaml bére éphbsgionecr et i on
and/or to regulate glucose concentration in blood. In
a_further aspect, the present invention provides the
uds ao?lxicﬁsae@oﬂ\?mf@ﬂeﬁ? Bventien pravistes the s off acid seluhle proteins

t2 Heomp melpa]ﬂe&t dasdin G tieopreparatibe op E:@ﬂ&hﬁiabi@lﬁrogﬁ&’s o8 E’ft%a'ie“aments
]! !R | secreti on
%{ {e a fur % ﬁé’?ﬂgﬁ"w: Mj{?ﬁ é%éfg%}; &ﬂ@ght ion

prow des the use of acid sol ubI e proteins from

nilaed Iseivends @bect, nthe hﬁemne Aavaiion rbxt@{ud@s)@ﬁéiﬁﬁ?@'o? acid soluble
pr. S§ regul ati ng. appet |

ﬁ?%g{:sl ng{nf n{[géil nta&ge andﬁ%’r pF%, 238 fig© ’% b & pygfucts or
| AeermeNs deplisteasy K&l Prlesadior iGhRAt besretismovndies ta regulate
c giiseuyRlebecapiradoein bleedipr i si ng any protein fraction or
sub-fraction according to the present invention. 30

I'n anot her aspect, the present invention provides the

ud® aofurther epsef; theimsessnbmaention providenthealse af acidselubld proteins
t eorprefaliat ¢agsindh teoprpamiibe oﬂ’ﬁ;@ﬁ‘éiﬁiabl@{:roﬂﬁ% QR i Saments

o S B g 2o o1 =20

In yet a further aspect, the present invention provides the use of 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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i ncrease thickness and/or surface area of the

i ntestinal nucosa. 35 An advantage of the present
invention is that it provides naturally occurring

active principles that are capable of stinulating
secretion of GP-1. 5 Another advantage of the

present invention is that the protein fraction in
guestion may be easily isolated and supplied in
sufficient anbunts to any food product. 5 A further

advant age of the present invention is that it provides
nutritionally safe principles that nmay be useful in

t anethetadventage of theqresent mventiordisdhastths propgin fractiamity grestion
U, m&F b Basilydbs18R8 And SEHl{eddR Wit cionh 98 1B th Bng Rdd product.
regul ati on"of glucose levels in blood, and/or in“the

i ncrease of a satiety feeling and decrease in food

i A dlkdheri@ivantagt ef thegpressnt inregtioe id thadityaoeded hetriGomally safe
r | o .
i “sz e ﬁ%h?ag{;fdgg Pt BRoASH BF Qabetos type 1
crolle CEohny diseasgy Phrt PoRELSHRramepin e taulating of glucose
( davéls harbdgqd, \entior ti ¢heelocegase off acfatitlyefealingl and dedrktase in food
Prgtfkiens of micellar casein according to the

i nvention, which showed the highest effect on G.P-1

rel ease even at | ow concentration (shaded bar). MIk
exhrtheffigurasy e prepared i n Krebs- R nger Bal anced

Buf fer (KRBB), pH 7.4 conprising 0.2% BSA. The

coptrol —consists of e buffer (KRBB) and BSA (0.2% )
onf BBy L FrQgipazes thep Bhdr baclepse o prmo tipulgted by, dffereqt protein
st fracticaseat byviok hfike dit moteins wart administdred ek @.50g/th| (shaded
Pr 64r8) %1 Singfihf Rlabi@bars YA e hlcbsianbe Bllild 8RLEI8 Boteins of
were ~adm ni;stered 1n 1dentical copncentrations. .
(3%9% casginy apgording g f %I“W?&flo%s?fg'@g pyed ithe highest effect on
subliPr hakleass even 7t Bw tonceatrdtidd (shealed abgr).oMilke eiktracts were
ef bred sHk 19 i (K]R]B% kGh - o
co &?}i gﬁ%lnﬁége%}?lﬁjg %ﬁ?hﬁﬁgﬁdé?%wg 4P rg\%g ron r’lsmg 0-2%
wa&S4 dhesoatrel csish ahihs by 32 (§-gro) only
(59g9/mM). Figure 3 shows a H -HPLC (hydrophobic
i nF?%%&t | QBndpattl BT GEPIRRERadd Hivfho & L@ KPR drent sub- -
]9 ngq%pmt)r?sg(gfa argl(? ];ohjfgﬁefprr&gllnls %?L;’nigcglla{i'1 %nggnfqh ereent %{f‘t);-tfr%lc{i]gns were
administered in identical concentrations (30pg/ml), and it is found that especially
the sub-fractions 5, 7, 8, 10, 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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30 mcellar casein. The horizontal axis illustrates

i ncreasi ng hydrophobicity of acid soluble proteins
frommcellar casein, which were partitioned into said
14 different sub-fractions. The vertical axis

i ndi cates the anmount of protein eluted fromthe

col umm, neasured by W at 214nm 35 Further details on
t he flgures may be taken from,the exanples. 6

Det ai | ed Description of the Iﬁventlon Wthin the
context of this specification the word "conprises” is
t dieniled Deseniption of thedasentdsidng ot her things". It is
not intended to be construed as "consists 5 only of'

ontext of the present invention, the term
cgwtétgﬂ’a CLoREr @ tthis SPEGifieatinadthe tvord i sompaises”dp yaken to mean
nutincledesn ahioyig Qhgr! t@lops0rit S81Rpt BnEed ty KeossndFad] 8s “consists
pr&@ygpa Hence, the conposition may be consuned by

hunmens, pets, such as cats and 10 dogs, for exanple,
and/or other animals. It may, be a bar, a snack, a

NUirthé comakt off e ffﬂﬂésént BVERticRS tie ekl lébﬁsxﬁﬁaﬁ?@ 8CisaR@nded

r 66 #Jﬁgsaet?lly éxg{l%l% c&&tpél?tnf ant Bﬁp@g ag%(éf;fmalbﬁ product.

an_1ce C

prfémf@t th%ﬁomposmn nisy be sopsyimedeby homans, meth, caciens cats and
r 1d, afd/ot bghﬁggnﬁ%ﬂt hy2BOLNRE, a R aﬁ@ ngmtlonal
: jfa)l qui ds%:;ﬁ U%ilqu%or%(}w%%g(x,ﬁ% reqopstttﬁég}e[;%%m aﬁé?fam or
i sba&erQrmulra; aihige groamuf dairy prodagt, biecmfe(éwnbnyspméuct or it may
f dsenal |saplﬂém@m$gip@ lﬁm f\OhidH rRay, Apti6AlL PeVdlided to another
| Yo s EH, e SROSHNEH oo inEl e b ©ligipric.

i nfants. 20 If the formula is used suppl enentary, the

dall" dryexa gw tif t}& fabe @Iﬂoéh/cﬁlst@mﬁﬂﬁklﬁal%ﬁﬁulaoft Iﬁe@ebe an exclusive

for as, .far
a co Sél?’ l?(k,a;i d#’ﬁ&x‘fhéswfh ngas‘é reua i%reconsumed n
i navﬂeiﬁtl@‘@ﬁ afd. @tz 2k é@lﬂif b)t‘:@@dtst mdaﬁympﬁ o thut 4L daily syinfasts.
a food product |tself or an ingredient or 25

oA R R bk QU o 1
thgem@nmf@memumﬁomaubs,fm@mmc casei n from whey
protel ns, or of enzyne treated casein from whey

prﬁ%@e@é‘, am%%nglmﬁ)?r fp%gr%g ellcréor 11{] to 2 pr%ge%Q m%er?t}/on 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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30 ultracentrifugation, or mcrofiltration, for
exanpl e. Whey proteins may al so be separated from
casein by sel ective renoval of specific whey proteins,
for exanple according to their hydrophobic
properties. Acidification of mcellar or enzyne
treated casein is made by adjusting pH below 35 6,
preferably below 5, nore pref&rably below 4.8, for
exanple, 4.6. Any acid nmay be suitable, as long as it

i S f de, t] id, d forth,.

7 SeaBilofof dfta e Bl tomanEsls GSeinmipiadf pefbic by any
c svihble maghedy sieh heultraprnttifngatign, flirptierh decantationdandsotbér.

as ultracentrifagation, filtration, decantation, and
iR BE e U b BE B SR 8050 L one
hyatcondingbie hydopdobicepropémies,efangraeily byyhlydrpplodbic interaction
| Ndba&lobRiph: Cgfﬁg éﬁa,t B¥ic( ety df kmatography (HI-
:Tgéiﬁlgg tlgg(ﬁ) Pllh aé Pgﬁ ro%gi oi?qggl?rﬁ%/ (I ”_(ﬁ&gf}% ana

a R s{;}p- ciples. plsg Qthgromethods may be

B4 Jue
medufitobls, sagh e separatiah| explditioh) siie oeRALREI Properties of different

exfl@ioht 18 1ar charge properties of different
fraccﬁiloon’s,rﬁ%eraﬁ%xarrpl e. 10 Wth respect of the

sub-fractions of acid-soluble proteins according to

t hWithi msppd:ti _oﬁ the rmia_-ﬁmjzioi_m offeddidrecluble phstéihs edcobdidig to the
C r .e. .

t E%‘V@f? o %ﬁ% %%e‘?ﬁ“‘ﬂ;eé@ by Eh%ﬁ?‘fdgﬁéga%?%ﬁﬁ A in Table
ackt dAPIer it| ghovis thal the frpgfiproeluied 40t thesgange- of an acetonitrile
cocanesipoatba ¢O2G4 rtariferobl, 2BrrespohBy 0d a mgd off 33 hofbesl.-% of
B i : i o - BUAT .

el i@ 1 Hi bRk g Or Bheplih ol Ha Sl RaFpIIPTIIE .
concentrations above are sufficient to characterise

t h€helranged ¢ff Bufien B mad tBudfer (A adaneerdt}atione rabbhe agb ewkficient to
el ' I : ene- i Vi
beaff@&a@‘éﬁﬂ%ééﬂ‘gsg 5?%??%@%%@93‘%&%@: 155 s b ARl fenges,
t theg?‘B Y cPolysiyEsnerdixiny BICHG URCady  arg susepcasTy statiorary phase.
17PEt& b2 the produsirenddrahe icstalogad Ne B RPal ToNeT-9727-02 from

phg&&;%sﬂaﬁl &%st:&%’s’h@fatioﬁ%ﬁpﬁ&e(’f el ution according to

th ove characteristi may generally be in the

range of 1.8 to 2.2, preferably about 2. This pHis
maimIparticdfargehé pddl dfyelutien awesrdingotfo thd fabuws @As@tietistics may
ac l; j £ .0 r . . .
SEAIR b 8t | o TR Ty s s iy

efined by the amount o voroacetic 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
10 conprises lactoferrin and fraction 11 conprises 30
(3-lactoglobulin. Thus, in preferred enbodi nents
according to the invention, the sub-fractions
according to the present invention are sub-fractions
5 6, 7, 8, 10, and 11 as gracterised in Table 1 by
elution at specific buffer or®acetonitri

concentration 35 ranges. Sub-fraction 5, specifically,

nmedy pbssible waysifedorkilgy ﬁﬁ:@m@dehblmvbﬁﬂ@&&aysmfsﬂsomﬁhg tiexspecific
prrﬁiﬁi? F)I‘dtﬁﬁ f#4ions! ?&ﬁﬁ{eﬁdhegén "f‘hﬁoﬁlﬁg g(%o‘?@ym%%tg%reﬁﬁﬁg way

esent | nvent
ﬁ@é.thqrearerﬁtﬂ%sbm%prpcpélaeﬁ fSIB'F?é’ereported her ein. This
may be done in any adequate way and there are at

| t

ac b 2Bl RAPCANC SRl ROE gl calR Rl g cobtained by
obiselatingl Kysein sé?(éltil Agilk aswi nskimaedni midkor (oski damvatives) by
mdl’:fa((eﬁfrlfdgétidnatﬂc\éﬁﬁi)inél skimbdedCallk fid hit@addn@ifuged at 30'000 to

Amggg %g@sﬁ&méﬁgﬂbég{%%u“ r cent I f,gl%ted dg%?mS may be

f olecessesat FenstiftingsmigeHarmageinigr: men-sr)hnbtﬁm@ms
constituting mcellar casein (or: non-soluble

o DRl e Pal RS R csprSY 10 CACH FtbiNact 0.0%
ulzmdalltr@ﬁmtnugechae@oabove Aci d-sol ubl e proteins from

casein may then be obtained by acidification of the
15 I i

AR Ot biind o 3o B3 BED PrisPEpRL B ArdLRagop of the
di wpdhed aiceliarsestinnmsadecribel @bﬁweeFonmmim mmllamemo(non-
Caggile pw‘télﬁ} hﬁg veefigpetetlin S@dlﬁl'ﬂ &Eta@é)&ﬁer% bg. Due to

B aneipESEA ol p b S an o HE i %ﬂ?‘@ﬁyg%wtw acid (or

( 9otboosuitgblemc@dditi®o. t o 50mi n, for exaerI e) and the
super natant may be coll ected as aci d-sol uble protein

ac?gé Sgglruﬁlﬁ ear Sel é’gﬁfﬁ @empofzoaggloﬂb 3868 SYgin, for

deexample) pednt qarsup@nata@fomsbq icoleatéd ab celd-solullasmitein from
obii@laeehstin. cr oss-f | ow

Another way of obtaining acid-soluble proteins from micellar casein may be
derived from: Protein composition of micellar casein obtrained by cross-flow
micro-filiration 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 ulira-
centrifugation. Hence, micro-filtration membranes with pore sizes in the range of
0.1-0.2pum 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 1.4um 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 (0.14pm 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

(1999) 389-90. Accordingly, native casein is obtained

by mcro-filtration instead of ultra- 30

centrifugation. Hence, mcro-filtration nenbranes wth

pore sizes in the range of 0.1-0.2m are used to

separate the mcellar phase ofg mlk fromits serum

phase by a purely physical process. For exanple,

ski d | k vvarrredto 50C may be filtered through a
M agiopatedanta 3, retentals AneEhpPENCHY Sireampd operatipg in a

r eu:bmcmtratmn mamdee Aiftel réavhithg coneentidtiondyctod® (of8Y, dedilirgtion may

o be Sifles ”?i ?%‘%ﬂaﬁ f‘?iﬁdgfﬁﬁﬁfﬁﬁgd TR s, Ieiple) ofgiped afer
o&@ﬁ e e b ) i

fractlonated into a retentate and a perneate stream

OOl bl USRI L P LSRR cnion o
i nfediluied detshtate Bty ydreeh lanm(ﬁre ptiler, zagh watasetic)Taadd to pH 4.6,

r efclotvet] ércsbpz&am@d ofbir@r éiﬂn&{ﬂu &tidﬁ AR 1‘é§u1§ 3-Wetdfahe total N

¥ oinlTBE s@larBd Hont ALK Qa%iﬁi%@b%“t N T—

case
may then be obtained by acidification of rediluted

r elie 86 afoingviat lbrohe}iﬁl f@&dﬁoﬁab&nﬁ@sﬁn@ :ﬁtﬁ{m r§§ ;&l‘cﬁﬁbé'a%cﬁ%frirf?)serum
ac (0] atl o u

i ?’bgg%ﬁ oplgbflih 48, B SERIEL Ma®a, bt pagine an
be€ @tmhareé@ m@la;lﬁy( ﬂmlk@utwﬁ-é@t@glohmmwobe obtabtedi ns of

m Bedtheadnots $d fractidh 1&1 Bnipiké Prodedle %ﬁbﬁe Eéﬁﬁ&ﬁéﬁ@ 5 (B-casein

gﬂpnbﬁl W&gﬁﬁg’gﬁgés&peﬁ?%e 019%3’03‘3@%# %s and a protein
haV| ng an electrophoretic nobility simlar to

( SOﬂa@to@gip@héﬁts of Y adi@-s6RIbR PiRtbind b MNP ESeir 5}% defined by
%%gg y%x?gﬁgprlse proteose peptone conponent

105/1-107) and proteose peptone
corrponent 8 fast. Other conponents of the acid-soluble

p: Oifetdigse)ftho abghb afnetlRYS| ﬁsfggvd ?isg @}Sé%g@gs ﬂo? ﬁh% isolation or
Vv . )

PRy T AR o B micsey Ao PRS S person may

puP?ﬂﬂi}’@QMS@gﬁ ohenwpthods ferbaipingttesms from ni cel | ar

casein. The skilled person nay

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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easi |y envisage other nmethods for obtaining them For
exanple, it is possible that acid-soluble proteins of
mcellar casein remain 25 attached at |east partially
to casein after enzyme treatnent (for exanple,

rennet). In this case, acid-soluble protein of
mcellar casein may be obtainable by treating mlk
enzymatically, followed by recovering the curd forned
by the coagul ated casein. ThY aci d-sol ubl e fraction
of mcellar casein may then be at |east partially

| sphertsethble Akt dugnsonetltshobnds géafm Gotd ﬂﬁeﬁ&n@{hﬁw 8-laét@lumin,

e Sych 0 dur e ace th
" JEPRicRlgp il o l” CHOR! e B 30§ {35y | Ofabls, separation
ultechaiquetsugablofio rémove serlmtlvaky thieevheyi fileotioh ungngioned above, for
pre%ﬁblb%ﬁﬂl@bﬁﬂn'e%&h&?g%ﬁ!hﬁoﬁ&b a% remai n associ at ed
to the cl'eaved casein fractions. 5ylt may al so be
possi ble to recover the acid-sol uble proteins of
il peesentaiswéntionyis hasedi 61y ithe) soipirisingr caguithore ¢hati dckd soluble
T Btegﬁeoﬂofrﬁ’ée?lhf‘%a%‘i Uoiipdtie ol @bﬁﬁ&gielsa thilY &3t hifdble to

acl tter

 Furome CER s S?Wt@g "LiPR conponent s

conprised in acid whey (mainly a-lactablum n,

R-1ly @@%ﬁg' ARt @ublﬁé‘chgfx@c'&d BY theTQélﬁ i@}blé)gyr&@ﬂﬁ Rd¥maYcellar

suita aration cwnl ue s
S cHeSER P SGHeEnaE e AL P Sw s S Pfabiopad spible proteins
exafimpicelldncasdiCarprefemredxchange chr omat ography. 5 The
present invention is based on the surprising cognition
t ci d sol ubl ratei of picell casei

conptie s anisbaom of Brods effpiive skt Py g achieved
pr b)jnhychroﬂdbidmwaict(mﬂmmtdgramy (HEC)E d) bhipddphebie aisteraction
10; t S oyt
Sgﬁn }"g:’ﬁi% rmahb¥ ]ﬂﬁf id éﬂ}ofxfa %V&Qédehase high-

rom m | n a

r el icuid,hramgtogyapby sH§ b dkepplfchich are
pr based s theofame sephtation pﬂsenptBsafoe emm;bler red. Further

separ ation and i solation of nore effect ive

fractl chi eve dr ophobi
5%? REpEigles % ﬁa glrecs]hll POt faF jsamples are
| ntaaded: bntoran dqugtbrpiedfcoanmn(seaﬂomw phasé)raomgirsgrggp hydrophobic
( Bhiafd? }ag'etalﬁ h:%s Ghb! b GhABRLEmbY BE! for example
VPRSI Tl I rphchi: fitepingy

g?@%g%tp% ous c po(-fgrstyr%lqe commercla ised as Amberhte Xad 16
(XAD 16 from Rohm and Hass), for example. 15 RPC TN 17-0727-02

(polystyrene-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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based on the sanme separation principles, for exanple.

20 The principles of HC are known to the skilled

person. Cenerally, sanples are |oaded onto an

equi li brated colum (stationery phase) conprising a

hydr ophobic material retaining the sanples. The

hydr ophobic material nmay be, for exanple, nacroporous
crosslinked pol ystyrene, conmgrcialised as Anberlite

Xad 16 (XAD 16 from Rohm and Hass), for exanple. 15

RPC TN 17-0727-02 25 (pol ystyrene-divinyl benzene) from
Amer sham or equi val ents may al so be used. Before the
pridtegirntein sudt-fractions ctrted front the tchRinimmey ticamately beodederdbed by
”39 ?Hl ofif) H'E?’th%i)ﬁﬁe aliki®fe @X?Q&gﬁgé"cloh%ﬁf 1 eWeEt@d their
m

e action I's
¥ om %?%?%ewﬂmere phase) may be run over the

col um, whereby the 30 mxture of buffers varies and

nqyorr@{\é 1% ']a?{c?g CC r%Oer 191?0%51%#1 SéseﬁI m%&%e' [¥ded onto a

proteln rac |on

hyclepn dled; with mokbrstyrgee- éml%bf’fhenze@‘é bamt (16rRBE TNel/-0727-02
pr@omi Aﬁaemhamb da byffeo A sy E@tibﬁﬁbdl & dQSrﬁI-l"/bQﬂﬂu&oacetlc acid
r a b
bmg aﬂe ro elgngﬁﬂg Pnﬂﬁzgii’lng pr o gg?e%éf%ﬁ%hﬁél and
%Egé%ﬁ‘faﬂﬁ by reversed- phase hi gh-
perf or mance |iquid chromat ography on

) gﬁgﬁ}aﬁg?ﬁéﬁiﬁo lﬁ%ﬁ%‘ﬁ{] OF tyiert 4, 569H o), 58 copirolled by o
ThEpepiist asﬁpr@umf ppeanle s FELG €Xpst Papieim &igud Upkromaiography)

acuMIGORY stattol ierinbeid, Ahershhs) Cadfsid tesug tht B6lumn.
buffer m xture or acetonitrile content that effected

their elution fromthe stationery phase. 5 For .
ex A9 elited prodeis subtfrastipn geasi he detiesd by @a|qlutioncrpase @f mixing-

mayative oo ddedbenrt mention@l biffefs 14 @dd VB! fUSIig the specific buffer

pol:é/rﬁﬁ\nséﬁ&ﬁ tﬁ% \é!hﬂ}/o%lbﬁé iopmgvea %Zf RE %&e s;hg fg glﬁ 0}%&1}’ be
t r Aescribpd siganly bYatb,fF & atevmoum ofiacetpnifilg niessot flcthe proment of
nagluien d&ff & neotehs 306 YeadRigOR thd invafton. 1R $holBhl ®2: noted,

0

oulParich 3 et ok SR SpPRAE) L Cpeci i c.

syst em for exanple a FPLC (Fast Protein Liquid

ChimapRrt byedphigfinddNIACEIRN s6hubld pridvtdiPRakb-faetias of the acid-soluble

An%fcscgl?ln?r()ma&gceﬁlcuo\é@seﬁrp Qéﬁg&mg 8 liﬁ{;re'}ition 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.
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15 The eluted protein sub-fraction nmay be defined by
an elution range of mxing- ratios of the above

menti oned buffers A and B. Using the specific buffer
conposition, the elution nonent or interval of a
protein sub-fraction may be described sinply by the
relati ve anount of acetonitrile present at the nonent
of 20 elution of a protein fr%ction according to the
invention. It should be noted~ however, that the
elution order is pH dependent. Table 1 bel ow defi nes

14‘an ﬂ Sﬂi ﬂﬁb’cﬁ)ﬂ@ fdfta%im sGltbtefl grateidsOMemhickitd casein defined by

0 cell ar casei n according
A5 rRROR iBierRlioh Sl f o0 | 2 "

b fragtiond, 94 Buffora 3o Btiar, Lsetoniie| vp pasfoniois dh
sib-fraclt i off@rtaccprdie®d t pr &R red enbs@fimentd of
tnS ?r esjent zmven |_or>2@"e e=| ufegﬁ 12 Iabﬁiasl
fJU L acitt ot §U;m, JbngﬁzL\ﬁ:‘prp ;_zlrl 2f I| :1#08m ceHl ar
chr oat olgr apHy. flact 3Hn 9@ BuPS: o Buff & %
atetdnitfil e3®0o ac ptonB3rile st24t end sta&6d end | 1 20
2P 5516 18 3322. b 26338 20.8 25426 30 208874 30
U R R Y T R T
3 27 10l 4988 39l M5 11 =Bldg 43 o 4398 15 g
6}. 5846. | 543.513 67.5481.5(54 9.8 14 81.86100 5.2
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 I column

volume (CV), then gradient increased up t0 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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Buffer A: Water TFA 0.1% Buffer B: Acetonitril e/ Wter

| TFA (80% 19. 15% 0. 85% v/v) 5 Columm: Source 15 RPC
Amer sham (matri x: Pol ystyrene/ di vi nyl benzene),

colum volunme (Cv= 100m ) Gadient: starting from 20%
B Buffer, sanple was injected after 1 colum volune
(CV), then gradient increased up to 75%8 in 15 CV then
2CV to reach 10098 Buffer 1QG3lf desirable, the
sub-fractions nmay be concentrated by evaporation,

ultrafiltiration, r.dialysed to elinjnate organic ., .
S@}cyg selupler proteing 9§o Wégelllfag Passiih RPMBLiH, DIP “active principles
f tlest 2ohancs (G181 sefretionlinsadinhgmto maekn-, or any ot her
suitabl e drying process. 15 Sub-fractions 5, 6, 7, 8,

9, 10, and 11 are specifically effective in pronoti n%,
Glherefors; g Bastion, oF pelecied) sebrictionst may berused fop gegulation of

g ahp ?{rdmm di:m%ibﬁt7§recrm&onéd ulasx GLP1eSEIM-2 iop WiesulihOBxamples are
-1Lr . S . cohsti U . ev e

1% SRS oo wedmelt BPGidRE0 P 3 11 nlioR BE bR glucose

sleengenttatipay énhibitioni ef <esisiet muiilice|dnd s¢cretipn, ndegrease gastric

d'"éﬁf}ity_ fltyin let‘é%ﬁllhiuﬁs{) dndcdolias) dHﬁVeaﬁé avgll ‘iﬂteit_ﬁl‘éﬁ:lransit,linlﬁbition of
I mnl,sne RLL G 1 41 1N mans or,..ani L.

oD el B iRl decistsd TdhtiBRed p @ Bchrsighd, delay of

biepryghida brepkdewh \aad mbserptioh e nuttients ém Heenisdestnes, Hecrease of

S eppétite Offedréhsa Bf Fabdvintake, anadRé likd herefore, the
fraction or selected sub-fractions may be used for

regul ation of 5 any process dependent or controlled
bwgog_%ampla_ phe fsctipnsigry nbe Megdmpipedeaease oyvrall digestive and

PrY6iptive Acvity sRphurRM o0dn &HimREtes | or 11,
regul ati on of bl ood glucose concentration, inhibition

of gastric notility and secretion, decrease gastric

enpiey prajeinafractisn piagube 8ddat tas gbnwinablie prasists enmadicaments.

;L‘%i@glitlﬁ].B@ og fo??ﬁrﬁaebligg(%dﬂc%sg% Igftritli%ag qgﬂnﬁlgéi?ﬂn?ant formulas or
51 u S X i . g

aertaybanforsiiah ARG, Aot o 1 SR Emyik sbR spte ctlied o

nutepitete-drink heierages: ddei fiaciiongauaehe cidded teyppherifoed products,

degichas @h8bolhROBark deideds, dali(l gir&ﬁlc{si, kR cr&ah, REAMALE, pet food,

gﬂgoé'e{e?gatiﬂsgpe,gﬂet,bﬁ)rlé)%aelgpltep ecrease overall digestive

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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absorptive activity of a human or an animal. 15 The
protein fraction may be added to consumabl e products
or nedi canments. Exanpl es of consunabl e products are
nutritional formulas, infant forrmulas or clinica
formul as. Ot her exanples are drinks, for exanple shelf
stable, chilled or ready-to-drink beverages. The
fractions may be added to other food products, 20 such
as chocol ate, bars, cereals, 1&alry products, ice
cream frozen food, pet food cof fee, capsul e,

t atlesf 250 mromamptm mMWefc&hddé\iﬂtG Qsemmlsmmﬂk\ts Beach a

c%.’r?\é? ?u‘@&l ggn(ftsn Ifu.l(?lh %nrp% gmilﬁ Brag éi[lt??rg?qﬂ%}/ d (E ?ﬂjaes contammg
prdslegof shimmedimilin | uperfc@dfaagbsmmmspfa} (Reckmen f8-60M

V\’Ql'.ltﬁéﬂenﬂfﬂl %2@(5(’@)912 Sfrdspeh A Wlom%%émlddle of the tube)

olatl n Protéin f [ ar Casein
BeR et Wﬁlﬁ‘ﬁ@%ﬁ%?ﬁ&%ﬁf o PR rar ket
(va| tzerland, Toni lait, 2000-02- 30 01). Cream was

e)N’Ifc@H&egasfeﬁPgMV‘Qleﬁs %gﬂffiém a0 b Lt?@i » %MNM@ 9% and

S ste
ﬂ’g‘ir%g% lﬁgqun%%r glggven gewgﬁhegnnwllmg §asetn & vared were

ugiispgrdeidxiadCadly | 22 nMMNECl1ShPVa hhd @SR aﬂ};ﬁlﬁted pon 250r mhglt was
3 | k,
Odh%?tléc HEBbeledRomisauble \r‘lﬂ}?{é ﬁﬁ\? c5gelrﬁl pd i %i m

team were reco e the top

Then 250 pl of CaCl2 200 m\/lwere added to 250 m of :
S l&tmnmg firarh K 909 whekahilk thd depakit 2 midkleaioersalatile proteins (17 g)
Thi ' ng

3% sl saar MRl dOniution SO

45 Tl (Beckman L8-60M wultracentrifuge; 32' 000 rpm
cdbncesqo«msthm bufferid® Btlp0er, phl (618) was didjustel tbh¢E6thyba)et16 acid
%ﬁlﬁ%ﬁa{, 3h& vole %@ Hgijﬁ&@d 39 hHﬁ'lﬁiuqi ﬁﬁﬂklng fdr@l 8 acetate

A Eomo B i vaF then <O RErd GA00he, 2B, sndhuamatant

g Qﬂﬂ%')whsrh:m«bdMzdaahéiapmaﬁmﬁenﬁﬁmeﬂmecasdins persed in
Cad 2 2 nM NaCl O. 9%and volunme adjusted to 250 m. It

s

wa, 0 aliquote bele non- squbIe pr ot ei ns
nfq,re B%e

APpaeeR i keapile fr belgH, Ui, scepl RgVas BRTerobY inpmsron in
mll1®1ﬂhﬂ:r@pmsd1stooked/\.ﬁsnéebnon sol ubl e proteins (17 Q)

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 Laitieres, 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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was di spersed (Potter) in 40 m sodium acetate buffer
20 MM pH 4.6. 15 Due to casein buffering behavior, pH
(6.5 was adjusted to 4.6 by acetic acid addition,
and volunme was adjusted to half initial m Ik vol une
(90ntl) by acetate buffer addition. Solution was then
centrifuged (12' 0008, 30m n) and supernatant (77 Q)
was | abel ed Acid-soluble prot&in frommcellar casein.
20 For the purpose of Exanple 3 below, the sanple was

fr [ [ [ Lquid. nitrogen and stocked at

| YR8 Rt SURER QlcklRa ol Selinfpl AFEChcR) Gt B oimed
MUK Fr actions 25 Material and Methods MH (meat

hySbigbly S girefeiran da@"bﬁcﬁﬁﬁ? a!rbék!l?ﬂefbd‘m:{ 0'a)1%&$u%) ¥&ifon  after
p aseo m_ ol ,an8. 1 ge S_ LI

B AR e N O il B S g er tspxamte 1),
9awgTolublae preteir (indtellal wasenk psingothebparit resdiensrbdn sediments
mih&eaffieet whey, acid whey, acid casein, soluble
proteins, non-soluble proteins (mcellar casein) were

adapted from conventional mlk processes (see: Aais
C.AdigBalubls peteinsdfroinanicellar ¢aseinpecre éxken Teonh Bixqmek: 1, basically
L ajbkdifs by ARIRI%H hhil WntrPEEAL ' -

159-178 .y35 Cenltgg?li fugation wigh%g%?%trﬁlrﬁe%agféﬁ%r?grthe above
adEI&RYti on rates and non-soluble fractions were

washed to increase selectivity and separation

eMNCLRTY6 hhdnanARtedifA LRl NineS A hﬁw%gle(gfﬁ&g[limmculmred at
s;@ogents afieﬁgmdbtreatr{et of,, ski nie mlk.,
Sot lub1 8 Goirghidtiied mepbgiorcantaiamen’s &w for Aroliferation, oclls were
sgrawnonn afespension t irncBRMIi fifgat insdinh gkifenf@dchridlégies Inc)
f GfuppRniintebORIR 0% FBSE1G) Y/ iffinl i
ngicwgiégllgbﬁﬂglr ot el n %m cell aﬁé%éf#lﬁ)“’ %(I) ﬁg/r?]hsge %o[n%ycm and
r re@ TG b A€ etqh Bndics, ells Verp laled o Matrigel-coated
prijates,nandf ingrbated @l days iodIBEMwviove ghadose) (IrifenTEotmotigies Inc)
1, suppRntatddywitRbod FBY, P0 AG/ndll Jenidi@ind rd |\
}\g?;ggigl ]ﬁ i nwgl aci d casein g?‘n?}%%gbovémg%r%%p{?#m and
- g ®intestinal cell line (ATCC nunber:
CCL-251) was cultured at
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 pl 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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37Cin a humdified incubator containing 5% CQ2. For

proliferation, cells were grown in suspension in RPM

1640 nedium (Life Technol ogi es Inc) 15 suppl enent ed

with 10% FBS, 100 U m penicillin, 100 gg/nd

streptomycin and 2 nmM L-gl utam ne. For secretion

studies, cells were plated on Matrigel-coated plates,

and i ncubated 2 days in DVEM (J ow gl ucose) (Life

Technol ogi es I nc) suppl enent with 10% FBS, 100

IUm penicillin, 100 gg/m streptonycin and 2 nM

L-pybteina rffdsm .mitg’éelléfv@séi_ﬁmteb@elf@é&ofdli@g ®<Eﬁz§21hﬂ€ fllt l?a\féethé Sighest

. - S

pipal B} GEPA releald byt IGE e elalon O et o

washed once with HBSS (Hank's Balanced Salt Sol ution;

hiIhechﬁ?ﬁm;i, %ﬁ@—tﬁolhﬂl@) prodaifk |ﬂ‘6¥1§lf k}fﬁ]fcéﬁard_ f?‘a[sbﬂlg obttéiﬁztlble_: by the
in e presence Q e different p ein

o Sftiho8 nettidfilg ol BRI BéRnSie. bistacisp iEtrCibess These Brey be

Krised ik ihepprerentipar ofbdisease od tButpyeof therhuwtnah ocanital body The

ot o Rer oaBecils HSfitoss Nind, SRIGHEL MppliOfility, of these

L R ARG OP S e S S Rt

Protein solutions were added in two concentrations,

0. BxARple FTSWH-PERLIBnRES AcitESé ickl i

1 shovvglet he effe(:tl gf dlilf6¥ercent %B}ei}ﬁg)?égltngoﬁnﬁgal%%‘gsem

at different concentrations (0.5 and 5 ng/m ) on

GlAe- iydrephabie interaction diquid | chrembtoptaphil6 (HHC) tweis nperfornred as

M REbWAI A GIR 66:05000@hA Fllled GHR 800 ghl ISdufecaPRPC TN AYE0727-02

th@@l%hest.l act 031GLP-I relg%se@fé] at | ow led b

c ORSERDF AT YR MY BAgIHES GoRnediRt 10,8 LC s¥ttemseontpsllgd by 2

prONECORN Sﬁaﬁpm(émerdmntﬁhunm,ciaomc@ahb.blf_en‘d;oftﬂ@l a&d-soluble

g‘r?ii&{rtl&iii')nlé(gés‘é)]!i%%e Uy v&%l‘@b’gﬂ%d go%ﬁﬁ? ;?Z@at@ﬂgétﬁﬂ; 2'7 eCf mixed by

G Behecsid papaBeen Y micatCrghd B el Baugndorh gentifuge.

r ehBeasslteringrPa 0.45ugyddilkipars diltel (ROSEGAMPUANUES)) EH) ml of this

applep&atbn Way il§éctéd1ese principles in the prevention
and treatnment of di abetes and obesity, for exanple. 10

Exanple 3 : Sub-fractionation of Acid Sol uble protein
f r chromategraphic Casditions were: A buffer: TFA 0.1% in water (2°000 ml of

miliQ water 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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A hydrophobic interaction |iquid chromatographiy (H C
was performed as follows. A HR16x50 colum fill ed
with 100 m Source 15 RPC TN 17-0727-02

(pol ystyrene-di vi nyl benzene) was connected to a FPLC
systemcontrolled by a 15 UNI CORN station (Amersham
Pharmaci a Biotech). 15 m of HCO acid-sol uble
fraction (see Exarrple 1) weré7thawed 20 min in a

wat er-bath at 37 C, m xed by vortexing and

f t
BT Fepe o a7l ot EeBhly bRt R ERARAR S gven
fFigumB (306/ GSWPO4700. GS), 10 ml of this prepar atl on
was injected. 20 Chromatographi c conditions were:

b TEA..0. 1% 000 . of

7he o oSegegoTss YmenRrsel bl oulnd frof dbiSsi %%tﬁfxl e
(SnagaxﬂenmiGBja wap ®fniheir; mBnisof fofrelutiore thomn tthe | eohgangand the
Eﬁp%p 51?&31%4@961@11&8& Bbﬂcbfﬁréﬂ!?&xﬁ hydrbphd¥isigh)Om TaBle4d of the

| pore system plus 600 m acetonitrile,
dé@%’%@@ﬁm n an 25 uItrasound bath during 15 mi nutes,
and finally additionned with 1.7 m TFA). Col umm was

e ahgﬁé ? ﬁlwltlﬁel é"ﬁo%&? B¥ S-{lﬂef}acﬁ(ms‘%ff Ehgnpielsum

was 1 njec B buffer increased
to 75 %in 15 CV and to 100 %in 2.5 CV. At the end,

gﬂaﬂi sub-frdetionsackidined ROEYaBpleusf werd neeredClor Sldini ‘release
r 8 ﬁ% 86l secbrin %g%o fhe RpBrimfa GG @05t 0t hErmple 2

Fractiops, ept.
sep-frgctioneupre el 3 Quphnlmodi SHEPEBF) A £ Riistog
Wesub-fmmbﬁsj whicH #a$ teattdiab 6801g/mlsi i | i t ude of 14PLC
profile and concentrated by evaporation bef ore

B e Sohedeihot s RE Sy B oo RS E PRundhasoos were
Hltestpd af a Icence:nt@tmn 6+ 17 tidey laveer 3hatheheliitial laclfdrmb ®prpteins
Of oSkl Ein i EckinBfe F (SOML TRk e RSSIONARD. O

cteril se

chara y way of nonent. of elution from
the columm and the corresponding Acetonitrile

coTkerdsulats stovihindFigpredhNeatly Jalli fractiabs eaubed fin tpsease of GLP-1
dexge‘fegahggﬂf 9o, %S%‘% *cﬂ‘l grgnél iRel L858 fRIRRHE dub¥ractions 5, 7,

3, but alsolv%rt]l? 9,10, an%rﬁ at very low protein concentrations (30pg 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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10 The sub-fractions obtained in Exanple 3 were

screened for G.P-1 release pronoting capacity

according to the experinental design as set out in
Exanple 2. Al sub-fractions were tested at 30.tglm

medi a, except for "total", conprising all

sub-fractions, which was tested at 500pg/m. 15 It is
mentioned that in this experijgnt, hydrophobic

chr omat ogr aphy pools were teSted at a concentration
16-17 times lower than the initial acid-soluble
prre¢@nmsnddd vatues (313 kI/dD)asecomplbtelxwitip laeidsd|SElg/protein from

C%@ﬁﬁ%ﬁ&@@?&fd@m E?xgmybe result is shown in Fi gure

Near | racti ons caused an increase of GLP-1I
release in vitro. Extraordinarily strong increase is
f dIlmdamdt dolshlb-protedd iivadd&l iV phyéologitallal effectivé nfdunts. In a
r n [ 3
ogngﬁé{f: nf:xﬁhsﬁ’z@ %rﬁuglg (ﬁt@ﬁ@éd ?&%{lﬁﬁﬁh{é%\%?spe% ({?1?) the final
S ASIPPTHERIOBVES HiUstedla @ Lk yeimigh the Sorswila.hifamnulp yscful as

C o Gdupplepent staboflieBchutafion (int@nddd cdBsun@itibnl 2dtop@r idey) the

b' c?on@g a\fﬁnm%aic ﬁh%@tea alfol R Sﬂn‘l&}nﬁl ??%%F ﬁéﬁgﬂ%y ddses ¥ fire used

camsnts
d|%ﬁ§ Mﬁp@umstaqﬁéggdm idval gequigsmentsor obesity. The
varl ous ot her effects of GLP 30 1 in the hunan or

t her, licatio
2 RSP ppROY ACHRURi Gy i A0 Eifine Sy Srastiffie Acid-Soluble
nul’rqfﬁinéﬁmmli&wﬂa(béﬁpn sing Acid-Sol ubl e Proteins
from Mcellar Casein. 35 A nutrltl onal forrrul a

P& 4%
or R s At PRRECH iy Yoot Yk et SD b et 7 and
an@btem@m Hxamplecy @swgd phprpgein ﬁmdmgmggama]edes (3 1 5

kJ/dl'), is conpleted vvlth aci d sol uble proteln from

|
cof b B bt fop Bofle ﬁ% E;Eq"ﬁ%sg T 41 Griftiel fonuta is
an@dmtgd tQ heaﬁ %Sungmb ligwig, fosmvlaufor wecomameta] farngula f(seeddxhmple

COBR WARE0 a3 Zmllfo@%rdaﬂ Yibsd G2 d] (§iplentépcent ration
vvasﬁadj ust ed (?lg 0. 5rr§/m of thﬁ@PorrmF}; In

formul a useful as .. ,
A high dose formula comprising the sub-fractions was also prepared, (10 times

concentrated with respect to the 2dl supplement above). The concentration of the
proteins according to the invention was 0.5 —2.5mg/ml in 2dl.

(




a supplenent to other nutrition (intended consunption:
2d1 per- day) the concentration was adjusted to
1-5ng/ M fornmula. H gher doses are used according to
circunstance and individual requirenments. 10 Exanple
6: A nutritional Formula Conprising Sub-fractions
EhithsSol ubl e Proteins from M cell ar Casein. The
formul a of Exarrple 5 1is enriched with protein of
ub-fractjons and 8 _ 15 obtai ned in Exa

fnst #10% Pétc&t%masc%%m@ of ot solble I?Egpe#ﬁeo%ﬁ”é?ﬁlulﬁr
cdsenty yompmsmgtlmfstdpbefsub fractions in the nutritional

g@%hgnalé kw gﬁﬁm&h %fé%aégg aﬂé&q{ey? &bﬂg' d formula

s dikyIRe “PB‘? aa cam o w@eﬂef%ﬁ caé@ﬁ&ﬁ@‘ﬁlebﬁtweenz% apd 4.6,
kdpgtutitlg sieidf sotubld protedmsliorm i |cag:nt Iaﬁdsub fractions was

?v%]?%f’a' g Wi th respect to
the ﬁ@%%g%%gﬁesﬁé%cg &)ac e co centrat| on of the

proteins according to the invention was 0.5 - 2.5ng/ m
2n 2dA.méhod 8s cleimédrin Claind lyehdractendedahtthatrd sup-fraction is

bb@fkh Wh}ﬁg’r bgc ﬁﬁ%ﬂd& dn a{rg } A dHaCRhd e fir ction is
casel or e st e}aﬁ e% atl ng mcel lar 6or
MR A eﬁtqﬁloéﬁ‘a’ &5/0) p Qi Phase s mRTiFin gy
m'MOl.e%acasamnleor enzyme-treated casein to a pH
between 5 and 4.6, separati ng acid sol uble proteins

from case and. separafin fferent subp-fracgtjons of
3ci d ia?% as) Figiraedh @ I chamerarised 12, that A facoR; i,

dbtamied |’ogd1ydrolﬂ]etjw| intetdeéibn hmonirtdgrapttyi aml that it abelated dcbm

e
Al S i SRl PR PL00 i
‘h%‘? tomyile npbil e phase conpri si ng 26 4 to 36vol.-9

acetonltrlle 3. Anethod as clained in daiml1,

har aﬁﬁﬁréoﬁﬁﬁe Rordif@trofh ﬁ'ﬁ&lltd{ @&stehpgwﬂﬁcedo@ Edenﬁgthgéf of
drop eractlon romat ogr.a
amgd 3 use as a medlcament or preventlve or therapeut1c treatment of

the human or animal body.

5. The use of an acid soluble protein fraction from micellar casein
produced by the method of Claims 1 to 3 in the preparation of consumable
products or medicaments to enhance insulin secretion and/or proinsulin gene
expression.

6. The use of an acid soluble protein fraction from micellar casein
produced by the method of Claims 1 to 3 in the preparation of consumable
products or medicaments for the prevention or treatment of diabetes type I
and/or II.

7. The use of an acid soluble protein fraction from micellar casein
produced by the method of Claims 1 to 3 in the preparation of consumable
products or medicaments to increase GLP-1 and/or GLP-2 secretion and/or to
regulate glucose concentration in blood.




a hydrophobi c stationery phase by a nobile phase
conprising 43.2 to 46.4vol .- % acetonitrile. 4.

Aci d-sol ubl e proteins frompgicellar casein produced by
the method of Clains 1 to 3 for use as a nedi canent
or preventive or therapeutic treatnent of the human
8r arTiealusdasty an Sacid feolutde mbtedn feaction sbribhicedlaptcabdin
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and/or proinsulin gene expression. 6. The use of an
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meﬁ&sing %ﬁm 1 i ddocdhe pespapten insamsuma)e

phﬁuﬂs @vmﬁdmammts for esuieeing appetite adeeteasing Ypad intakersaidor

Hherehsin gg e of an acid soluble protein fraction from

m ce 1 r casein produced by the nethod of Clains 1 to

3 in the preparation of consumable products or

edi cHmentss 6{0 ah navié asdube Frdteandiatiofd fford secsilat | casein

g g o RO SR SNl et
QdBris apr Eapdigamentsy &m&r@%ﬂr@ym Fﬁimﬁ’eldFFQEfleé? chprgeteised Py
ihjun‘y dihéygiiespion adnd@n tofincreaseuthidkiness @rdistustirfaicOarea of the

ﬂﬁghﬁﬁﬁﬁﬂ&% for decreasing gastric enptying and acid
secrefion 8 The use of an acid sol uble protein
fraction frommcellar casein produced by the nethod
of Clains 1 to 3 in the preparation of consunmabl e
products or nedi canents for regulating appetite,
decreasing food intake and/or increasing satiety. 10.
The use of an acid soluble protein fraction from

m cel lar casein produced by the nethod of Clains 1 to
3 in the preparation of consumable products or

medi canments for treating intestinal disorders
characterised by injury or dysfunction and/or to

i ncrease thickness and/or surface area of the

i ntestinal nucosa.




